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We have developed a procedure for the acourate
measurcment of histidine decarboxylase in tissucs ex-
pressing low levels of engymatic activity, Briefly, his
tamine is enzymatically synthesized from ["H]-labeled
histidine, followed by purification using high-pecfor
mance lguld chromatography (HPLC) and quantita-
tiom by liguid scintillation counting. This method pre-
sents three advantages over previous technigues.
First, prior to HPFLC purification, excess precursor
I"H]histidine is removed on an anlon-exchange resin.
Second., purification by HPLC is considerably more
selective than that of classical cation-exclunge gray-
ity columns or organic selvent extractions. Finally, the
accuracy of this method is improved by including non
radislabeled histamine as internal standard, which is
quantificd by ultraviolet detection. This simple proce.
dure allows highly sensitive and accurate determina-
tions of histamine synthesis, o 2608 scademic Proa

Key Words: histamine; histidine; high-pressure lig-
uld chromatography: histidine decarboxylase,

Histidine decarboxylase (EC 4.1.1.28) is a regulatory
enzyme that catalyzes the synthesis of histaming from
histidine, Expression of the enzyme is characteristic of
specific cell wypes, including histaminergic neurons
mastocytes, and pastric enterochromaffindike cells
Sinee histamine is involved in many relevant physio.
logical actions, accurate determination of histamine
synthesis could be important in research studies as
well as in the process of new drug development. How-
ever, in some biological samples, histidine decarbaoxyl-
ase activity may be too low to be accurately determined
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using previously reported procedures. Previous meth-
s Tor determination of histidine decarboxylase in Us-
sues typlcally invalve Incubating samples under var-
ous  ondivons,  followed by purification and
quantification of the resulting histamine, Two major
drawbacks of these technlques are the relatively poor
selectivity of the purification of histamine and a lack of
sensiiviy of the quantification procedure. In general,
Chiese methods can be classified as Ouorlmetrke, ra-
dllmsmeyrmatle, arel radlelsotogpic,

Fluorimetric methods typically involve the derivati-
zation of histamine with o-phthalaldehyde and quan-
tification of the resulting fluorophore by spectro-
fluormmetry {1-3). Unfortunately, neither the derivati-
zation reaction nor the spectral characteristics of the
fleorophore are highly selective. and thus the specific-
ity of these technigues is largely based on the previous
purification of histamine. Some authors have purificd
histomine on phosphocellulose colummns (1, 2), How
ever, the cluate volumes are relatively large in such
columns, and the removal of histidine is incomplete,
which reduces the sensitivity of this methed, In more
recent studies, histamine has been purified by HPLC,
This methed is very sensitive and selective, but it is
also technically difficult and requires specialized
HPLL equipment for postcolumn derivatization [4).

In a second approach, called the radloenzymatic
method (51, once histamine is formed, it is then enzy-
matically converted to radiolabeled methylhistamine
by adding the enezyme imidazole-AMomethyltranslerase
and radiolabeled Sadenosylmethionine to the incuba-
tion mediom, Radiolabeled methylhistamine is selec
tively extracied with organic solvents and then quan-
tified by liguid scintillation counting. This method is
hath specific and sensitive, but it 1s alss tme-consum-
ing, it requires expert handling, and, inour experience,

33



Chapter 1.1

112

the relative instability of radiolabeled S adenosylme.
thionine may result in poor reproducibility.

Kadisisstopic techniques are based on the utllization
ol radislabeled histidine as the substrate in the eney-
matic reaction and quantification of the resulting ra-
diolabeled histamine [G-8) or CO, (9, 10). |"'C]CO,
trapping has not been widely used since, In some s
sues, Uhe incubation of ["Clhistidine produces greater
lewels of COF, than histamine, suggesting that histidine
might become tronsominated to imidazole pyrovate
and subsequently decarboxylated (11). On the other
hand., methods based on the determination of [*H]
labeled histamine suffer from the drawback that com.
mercially available ['H]histidine may contain impuri-
ties and have a relatively high radiolysis rate. Thus
this substrate frequently requires repurification and
determination of specific activity, Also. given the low
rate of transformation of substrate into histamine (001 -
0.5% in rat brain homoegenates), the sensitivity of this
approach requires a strict separation between hista.
mine and the excess histidine. In previously published
procedures, the purification of both commercial radio-
labeled histidine and engymatically produced hista.
mine has been accomplished using cation-exchange
gravity columns (Amberlite CG-30) [V, #). Unfortu.
mately, these columns do not provide effective purifica-
tion of either substrate or product, giving nise to high
basckground values and variable resulis,

In order Lo study histidine decarboxylase activity in
small brain regions and subcellular fractions, we have
developed an improved radicisotopic approach by de.
vising more sclective purificotions of histomine and
histidine. To do this, we ok advantage of the high
resolution of HPLC columns, In our experience, purifi
cation by HPLC is much more reproduc ble than that of
Amberlite cation-exchange grawity columns. and it can
b more sasily monitored through the use of anline LTV
detectors.

MATERIALS AND METHODS
Chemicals

During the course of this work, ring-labeled [2,5-
"Hlv-histidine stocks were obtained from Amersham,
ICHN Pharmaceuticals, or New England Muclear. We
frequently found it necessary to repurify commercial
radiolabeled stocks and to reevaluate their specific ac-
tivity [sce Purification of ["HlHistidine Standards).
Amberlite resin {Supelco) was purchased from Tekno
kroma [Spain). Other reagents were obtained from
Sipma Chemical Co. or were of the highest purity avail.
able

Ceeneral Procedure

A simplified flow diagram of the procedure is shown
in Fig, 1. Fresh brain regions were homogenized man
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FIG. 1. Schesmatic of steps imvaolved in epistitat ive determintion
of ["Hhist amine kevels.

ually wsing a plass-Teflon homogenizer in 0L1-0.15
vidumes (wiv) of ice-cold 10 mM potassium phosphate
bulfer (pH 7.4). Protein content of the homogenates
was determined by the method of Lowry, using bovine
serum albumin as a standard. Aliquots o approgi-
mately 0.2 mg of protein were incubated with 10 pM
@'ridml 3 -phosphate amd 025 phd  prepurified
[*H]histidine (1 pCi at a specific activity of 40-50 Cif
mmaly. Homogenizotion buffer (40— 60 pl) waos added to
bring the final reaction volumes to 100 pl. Reactions
were initiated by the addition of [*"H] histidine and were
incubated at 37°C for 1 h in a shaking water bath.
After incubation, the samples were immediately placed
on iee and deproteinized by adding concentrated tri-
chlaroacetic acid to a final concentration of 0.5% (wiv).
Blank samples were prepared in exactly the same way.,
including the addition of trichloroacetic acid, but were
not incubated, The trichloreacetic acid added to the
reaction alse contained 100 nmol of nonradislabeled
histamine per sample, which was used as an Internal
standard for the quantification. All samples were vor-
texed, chilled on fce, amnd centrifuged at 12,000g at 4°C
for 10 min.

Twelve milligrams of Amberlite strong anion ex-
change resin (see Elimination of Excess Substrate with
Amberlite Anion-Exchange Resin Tor details) was
mixed with the deproteinized supernatant in the upper
part of microspin filter wibes (LIDA, USA) containing
DAS-pm pore cellulose acetate membranes, The tubes
were Then vortexed for 10 min in an automaric shaker.
During this step, the resin binds ot least 93% of the
[*H]histidine through its carboxylic group, thereby
clearing most excess precursor from the samples. The
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FIG. 2. Reverse-phise HPLC profikes, obtaeesd by UV detection ai
225 rame (A Standards of histidine, histamine, and felemcthyihis-
tai fime | LOMD pimmnin] ek, T aiviflaibs gaiase conitalimal 100 b oo aie=-
sl acdd, 103 M swlomy phasphiate @ 3. @] 21% methaeed, (H]
Profik: of a typical sample, shoving the histamine used as ntemnal
spardhard (100 nmsd] as e main peak. HELC sonelivions were a5 in
A | “H| Hist amines was colbecied from the colusne during U detect ion
ol the intermal starcbord el ot led) histamine, (C) Purificotionof &
| "Hihistidine staswdard. Commercial [H[histidine rom Asmeesham,
02 mll siockl was injectal fno the HPLC, which was st up to msabis
i linear gradient from | to G mM NaH PO, The histkline prak
sl was catimaled a5 24 nmol agains an externnl hisoiline
stanilard fletortor range wos st up ol highor sensitivicy than in A)
The peak was collected ad s spevile actbdly caboulates] for
further use,

tubes were then centrifuged at low spesd (40005 for 3
min, and the filtrate recovered in the bottom half of the
tube was injected into the HPLC system.

Histamine Purification by HPLC

[*H]Histamine formed during the incubation reac-
tiom was purified by HPLC. The system consisted of a
reverse-phase Cop column (Tracer Extrasil ODS2, 5-um
particle size. 23 % 046 cm: Teknokroma, Spain) and an
ion-pair mobile phase, made up of 10 mM octanesulfo-
nic acid and 0.3 M sodium phosphate bulffer, adjusted
to pH 3, plus 21% (v/v] methanol, The flow rate was 1
ml/min. This HPLC system completely separated stan-
dards of histidine, histamine, and fefemethylhista.
mine, the main histamine metabolite in brain (Fig. 2A)
Because these standards contain imidazole rings, they
could be detected by UY alsorbance at 225 nm. How-
ever, the samples contained extremely low levels of
rathiolabeled histidine and histamine (several pioo-
moles or less per injection) that were undetectable by
LN absorbance. Similarly, endogenous histidine and
histamine levels were also too low te be detected by
LV, Thus, a typical UV profile of a sample consisted
largely of one peak, the internal histamine standard
(100 nmol per sample; Fig. 2B}, completely devoid of
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interferences. The histamine fraction was recovered in
a scintillation vial, mixed with Optiphase HiSafe [11
cocktail (Wallac), and |*H]histamine was quantified in
a liqquid scintillation counter. The recovery of the inter-
nal standard in each sample {internal/external stan-
dard peak area) was quantified from histamine HPLC
peak areas, obtained Iu.'.mF Kentron data system 430
software. The amounts of ["H]histamine formed during
Chie hdstidine decar bogylase incubation were caloulated
from [*H] dpm, the relative recovery of each sample,
and the specific activity of the ring-labeled [*H]histi-
dine precursor used in the incubation, Average ["H]
dpm contained in blank samples were subtracted.

Flimination of Excess Sphsirafe with Amberlie
Anfon-Exchange Resin

The= ||-'|uli".-l-.|_l,' laaies rer el age ol |tHI||I.~|.li|1I|||.1 =
verted to [*H]histamine (see introduction) makes it
advisable to remove most excess ["H]histidine remain-
ing in samples after incubation in order o prepare
them for HPLC. To do this, deproteinized supernatants
were simply vortesed in the presence of & strong andon
exchange Amberlite resin (IRA BOD, Supeloo, mesh 16
30). a quaternary amine that efficiently binds carbox
ylic groups such as that of histidine,

The resin functional group is originally supplied
equilibrated with chloride as a counterion. However,
since carboxylic ions are not strong enough to displace
chloride, we regenerated the resin o replace chloride
with OH™ as the counterion. Besin regeneration was
achieved by passing 20 volumes of 1 M MaOH through
a large resin column (30 ml) and subsequently rinsing
with 20 volumes of MilliQ) water. The regenerated resin
was then recovered and stored in Milli) water.

The efficiency of histidine removal was calibrated
using nonradiolabeled standards. Regeneration im-
proved the binding of histidine to the resin by a factor
of 20. The resulting resin binding capacity (about 0.5-1
mequiv/g) remained stable for several months of stor-
age simply in water at room temperature. However,
immediately prior to wse, the resin was rinsed by
changing its soaking water 10 times. Eighty microli-
ters of resin bed (equivalent © 12 mg of dry-weight
resinj was carefully pipetted onto the top part of mi-
crospin filter tubes with a standard yvellow pipetie tip
cut 2 cm from the vp, Deprotelnd 2ed supernarants were
thien mixed with the resin, which typically binds more
than 95% of the excess |"H]histdine, The anlon-ex-
change resin also binds the trichlorcacetate ion, rais-
ing the pl of the sample from 2 to 8. Efficiency of the
removal of [*H]histidine by the resin was controlled
1:||,|1'i||5 5;||11F|n]1-. |:||'n-|:|.~.'|..-1.ir|.g Ir:,' |i|||,|i|:| seintillation ceunt
ing of a 10-pd aliquot of each sample prior te injecting
the remainder of the sample inte the HPLC,
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Purification of FHIHistidine Standards

Standards of ring-labeled |2.5-"H)-histidine (40-60
Cifmmol) typically show a decomposition rate of at
least 1-3% per month, as specified by the vendors, and
this rate may even increase during storage. Such radi-
olysis generates unwanted by-products that must be
separated from ["H]histamine in samples (see Hesults
and Discussion), To maintain a high degree of purity of
the standards, we purified aliguots of the original stock
by HPLC upon arrival and subsequently after every 3
months of storage. The system used for HPLC purifi-
cation consisted of a reverse-phase G column (Tracer
Extrasil ODSZ, S-pm particle size, 23 = 046 om:
Teknokroma, Spain) and a linear gradient mobdle
phase from 1 to & mM sedium phosphate bulTer (pl 3
in 12,3 min. A low percentage of methanol (2%) and
octanesullonic acid (0.1 mM] were constant througliow
the gradient, The Now rate was 1 mlfmin. Under these
conditions, histldine cluted at 9-10 min {(Fig. 2C). Us-
ing a minor modification of this gradient, we observed
that elution of histamine would require 20 mM phos
prhate, S0 our ||ur|'f"||-|:| lj'l [[histidine was noet contami-
nated with ['H]histamine. In a typical purification, 50
i of ["Hlhistidine (2 nmol) was injected into the
HPLC and the whaole histidine fraction {0.5-1 ml] was
collected. The amount of ['Hlhistidine was quantified
against an external standard calibration curve of non.
radiolabeled histidine (Sigmal by UV absorbance ai
225 nm. The limit of detection for the histidine stan-
dards by LIV was about 50 pmal at maximum sensitiv.
ity. An aliquot of the purified fraction was subjected to
ligquid scintillation counting, so that the specific activ-
ity of the purified product could be obtained by dividing
total dpm in the purified fraction by the amount of
histidine detected. Since we recovered purified ["H]his.
tidine in a mobile phase containing a low concentration
of ectanesul fonic acid and methanol, we confirmed thai
such traces of these chemicals did mol alver histidine
decarbmiylase activity assays [data not shown).

RESULTS AND DISCUSSION

The present method significantly improves previ.
ously published procedures to determine histidine de-
carboxylase activity by the radicisoiopic method ai
three levels. First, we found that a much more selective
purification of |*"H]histamine from samples is achieved
wsing HFLC instead of cation-exchange gravity col-
ummns, This is critical. as the histidine substrate is in
great excess relative o hstamine formed during the
incubation. The similarity between histidine and lis.
tamiine molecules makes chromatographic separation
of these compounds difficult. unless columns with
much higher resolution ore uscd, such as those for
HPLC. Second, removal of mest of the precurser
[*H]histidine from samples with an anion-exchange
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resin greatly increases the sensitivity, Finally, quanti-
fication of ["H]histamine is carried out by incloding an
internal standard, which further enhances the accu.
racy ol the procedure amd reduoes the variability of
sample processing.

In general, radicisotopic methods are more specific
and sensitlve than Nuorimetrie or other methods of
hiistidinge decarbosylase determination. However, such
apecificity and sensitivity depend directly on the level
of bockground {dpm) remaining in banks, The blanks
are critical in this assay, because the percontage of
histidine converted to histamine is typically wery low,
and thus minor contaminants could greatly impair the
reproducibility of results, Keeling et al. {8) described a
radicisotopic method of histidine decarboxylase deter-
mination in a paper that critically sddressed the high
level of dpm in the blanks of the original methed de-
veloped by Bauwdry & af (7). However, Keeling's
method was complex and alse used jon-exchange grav-
ity columns as a final step of purification. Because of
the high resclution of HPLC, our method is much more
selective than that of either Baudry or Keeling. with
improved sensitivity and lower levels of dpm in the
Manks. In fact, inour HPLC system, direct injection of
2.2 » 10" dpm of [*H]histidine {the amount typically
added 1o one sample] resulted in approximately 340
dpm (0.015%) in the histamine fraction. This was most
likely due to "tailing” of [*H)histidine impurities in the
system. Such Manks would allow the injection of depro-
teinized samples into the HPLC without prepurifica-
tion. However, to increase the sensitivity of the assay,
we introduced a prepurification step in which the mao-
jority of excess |"Hlhistidine was removed from the
samples prior to HPLC, The Amberlite anion-exchange
resin quickly and selectively binds histidine, but not
histamine, through the carboxyl group, This step effi-
ciently reduced blank dpm to the values shown in
Table 1, and frequently even lower values were oh-
tained, The use of other HPLC possibilities, such as
gradient elution, could inorease the sensitivity further
still. As shown in Table 1, the dpm levels in the Blanks
were niob significantly affected by varving the method
by which the blanks were prepared, including the fiol-
lowing: (A) incubating tissue in the presence of 0.5%
trichlorpacetic acid; [B) boiling tissue at 10070 for 30
min prior to incubation; {C) incubating samples in the
presence of 0.3 mM a-(flusromethyl) histidine, a spe-
cific histidine decarboxylase inhibiter {12, 13): ([}
omitting sample incubation; (E) using no tissue at all
in the incubation. These results indicate that there is
no identifiable source of the low level of radicactivity
remaining in blanks, which should be  attributed
mainly to impurities or radiolysis of |'H] histidine stan-
dords, which "tail” leng cnough te reach the histamine
retention time. MNMevertheless, sinee the blank values
shown in Table 1 would be the dpm equivalent of 0L7



Chapter 1.1

HISTTIINE ECARBOXYLASE DETERMINATION BY HPLC

TAEBLE 1

Dpmin Blanks [(Run in Triplicate) Obtained by Different
Methods: 0.5 mM o (Flusromethylihisidine, 0.5% Tri-
chloroacetic Acid throwgh Incubation, Previously Dena-
tured Tissue by Bolling, Bulfer Tnstead of Tisswe, and Mo
Ineubation®

il Dpm 1| Dyam 2 Dy 3 Mean dpen
Pip Lissumr i) 13 48 48
Preolisl bl piasiss aT A 43 KH
ar-{Flucromet by lihist idine 13 4% %] a5
i imcuhat fon &1 18 a3 al
Triclikwroscetic acil B lica il it
P It Iva= cimal i L] EH | AR 526G

* Al samples contained inaially 2,2 = 10 dpen (25 pmol of por ified
|"Hihistidiae). Positie axtrols are hisgiine decorixeolase aoiv
ties of the same whole-bradn homogenates, Ineubation timee, 1

fmol of histamine (the specific activity of the ["H]histi.
dine used was B1 dpmiAmael), the detection limit of this
assay would be about 2 fmol of [*H]histamine (three
times blank values).

As noted by the manufacturers, commercially avail-
able [2,5-"H]L-histidine has a relatively high rate of
radiolysis. The majority of radislysis is likely due to the
exchange of tritium from the partially aromatic imida-
zole ring to water or protons in the media, although it
is also possible that a small percemage ol decomposi-
tion could resuli from sellf-imradliation (E4). In the soud.
ies of Garbarg ef &l (13}, radiolabeled substrate was
purified immediately prior to use by passing it repeat-
cdly through Amberlite cation-exchonge columns sim-
ilar to these used for histamine purification. This pro
cedure would be  predicted te  eliminate any
contaminants that could bind to the column at the
same time as histamine, However, this method adds an
additional experimental step to the determination pro-
cedure, It is also important to point out that Garbarg et
al. (15) did not report the specific activity and concen-
tration of the purified substrate. Perhaps their purifi-
cation procedure did not significantly alter the specific
activity of the substrate, but dearly this would be
predicted to change its concentration, which is eritical
for reproducibility of the results. Accordingly. these
authors did not express their results in absolute units,
but only as dpm. With our methed, [*H]histidine could
be efficlently purified by HPLC gradient elution, which
provided simultaneous quantification of the histidine
concentration. One batch of our purified product was
used reliably for a period of 3 months. This purification
procedure allowed ws w successTully use batches Trom
stocks that were several years old. On the other hand,
since [2.5-"H|i-histidine standard is ring labeled, de-
carboxylotion to histamine would not change its spoe-
cific activity. Thus, the results obtained are fully quan
titative (expressing the absolute levels of histamine
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formed). Such quantitative radivisotopic determina-
tion of histidine decarboxylase has not been achicved
by previous methads, which merely expressed the data
as dpm obtained.

The majority of excess |"H]histidine (approximately
95%) is readily removed from the sample by binding to
the Amberlite resin after deproteinization. Just 12 mg
of resin per sample s sulficient, although higher
amounts of resin further increased histidine removal.
However, very high amounts of resin could alsa de-
crease histamine recovery. Although histamine has no
niegatively charged proups and theoretically should not
interact with the quaternary amine of the resin, we
have observed that in the presence of high levels of
Amberlite a low-affinity interaction can occur, perhaps
via a hydrmophobic affinity with the polystyrene matrix
of the resin, Therefore, it is best to determine (using
nonradiolabeled standards) the optimum amount of
Amberlite to provide an efficlent removal of excess
histidine while maximizing the free levels of histamine
in the samples. In our hands, the final recovery of
histamine from homogenates subjected to the entire
purification procedure was about 80%, and this per-
centage did not show sipnificant variability betwesn
samples (5ee Tabe ). Nevertheless, even iF histamine
recovery were reduced, the accuracy o Che method is
maintained by the inclusion of nonradiolabeled hista-
mine as an imernal standard within each sample,
which would account for any changes in recovery.

In their studies, Bawdry ef a2l {T) and Garbarg ef al
(15) added nonradislabeled histamine (L1 mM) to the
samples during incubation. However, we would not
recommend this, especially since Savany and Cronen
berg (16) and we ourselves (data not shown) have ob
served that | mM histamine can act a5 a competitive
inhibitor of histidine decarboxyase, Instead, we added

TABLE 2

Intra-assay Varlabdlity of the Histldine
Decarboxylase Determdnation”

Hisvicline: chocarbaosy lase

ek o lememvsal stsrebar actbdry (Tl mig
Bk [Fgum areg [my i proein T b ¥
Replicate | 1153 Th 1643
Replicate & 1350 a3 165
Roylicaie 3 12845 ™ 184
Feplicate 4 [ 98 1692
Replicate 5 1263 a8 1592
Replicate 6 1382 £ 1)
Blank 1 165 [LEH]
Hlank 2 131  [Fe)
hean + K1 M = RS |3+ 55

“ M ran hypothalamus. bomogenate coaining 025 me of protein
wirs incushated for 1 boadeks 025 p®d | “H| s dire Mean recovery of
the intermal s oredord was B1%.
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histomine immediotely after the incubation, in our
case to be used as an internal standard. The wse of an
internal standard represents a clear improvement to
the determination of [*H)histamine. Our low variabil.
ity [(see Table 2) reduces the need of running large
numbers of replicates of each sample, unless a great
degree of accuracy is required. Quantification of the
internal standard was carried oui by taking advantage
of imidazele ring UV absorbance of histamine, since it
is present in large amounts {100 nmol/samplel. 1n con-
trast, tissue histamine and ["Hlhistamine are at con-
centrations at least 1O times lower and thus did not
interfere with LV absorbance of the internal standard
As expected, the recovery of added | H]histamine (from
Amersham) and nonradiclabeled  histamine  (from
Sigma) to samples containing (0.3 mg of protein) dis-
plaved a linear correlation (Pearson’'s &= UA99%, n =
4) and had similar recoveries (Bl and BG%, respec
tively). Furthermore, since [*H]histamine and the in-
ternal standard share the same HPLC properties, e
internal standard is also useful to monitor column
elution of [*H]histamine.

Using homogenates derived from rat hiypothol amus,
we found the fermation of histamine to be lincar up (o
at least 1 h of incubation (Fig, 3A), In addition, incu
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bation of increasing amounts of tissee produced in-
creasing amounts of histamine (Fig. 3B). However, this
relationship was not linear unless we corrected for the
isotopic dilution of radiclabeled | "H] histidine (0.25 pM)
with the endogenous histidine from rat hypothalamus
(25 pg/p of tissue, according to Ref. 5). Thus, increasing
amounts of tissue contain increasing amounts of en-
dogenous histidine, and therefore the relative amounts
of ["H]histidine substrate in the homogenates are pro-
portionately decreased.

I'hee catalytic activity we measured here is in close
agreement with previously reported data for histidine
decarboxylase, The optimumy pH was 7.4 (data mot
shown) as previously reported by Garbarg ef al (15) at
similar subsirate concentrations, pH has been shown
to influence the Kinetics of histidine decarboxylase,
The catalytic mechanism invelves the formation of a
Schiff base with the pyridoxal 5'-phosphate cofactor in
such a way that the state of protonation of the sub.
strate and the SchifT base would be critical for catalysis
(17). This mechamism would also explain the fact that
the optimal pH of the enzyme depends on substrate
concentrations (£, 16, 1T). Thus, K, obtained at a dif-
ferent pH would not be comparable. Maintaining the
pH at 7.4, we obtained a &, value {74 gM, Fig. 3) that
is in between that reported by Garbarg ef al. (13) in
human bradn (30 M) and that previously estimated in
our laboratery wsing Muerimetry {approximately 200
b Bel, 210 Incubsating che reaction at pH 6.5 would be
expecied w yield higher K values than at pH 7.4 (1, 2).
The Vo value sliained bere at pH 7.4 (10,2 nmol g of
protein ' b} s similar o that which we previously
reporied in ral brain homogenates (6.7 nmol g of pro-
Leiin "I '. licin Kel. Ej Hiwwever, siuch L":.”l anil .I'{'m
walues are l.||.|ilt-e difficult to O rare wilh literature
walues since Lhese measures ane H_Il.‘dll}' il luiegiced h}'
Lhe Factors mentiomesd albowve.

Determination of histamine synthesis may be neces-
sary in many studies in both basic research and drug
development. In particular, ligands of the recently
cloned histamine H; autorecepior {18} modulate hista-
mine synthesis and release (19, 20). However, a very
sensitive method is required to accurately quantify the
low amounts [*H]histamine formed in such studies, [t
is also uselul that HPLC routines are easily automated
by somiple injectors and fraction collectors, The present
method overcomes many limitations that impaired pre-
wious methods amd promises to be useful for vorious
types of studics of histaminergic function,
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