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binding and BZD agonists binding. If we confirm that BZD with English in the writing of the paper. 

agonists exhibit a high affinity shift in photolabelling mem- 
branes, in our hands the two cyclopyrrolones agonists have Rhone-Poulenc Recherches 
a low ‘photoshift’ (Tables 2 and 3). Low photoshifts for 

J. C. BLANCHARD 

ZPC were also found by Mohler and Karobath [4.5]. 
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Our results clearly suggest that. contrarily to a recent 
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hypothesis, the existence of a pharmacological agonist Cedex. France 
activity is not necessarily linked to a reduced affinity for 
photolabelled membranes. It must indeed be stressed that 
ZPC and SRC behave pharmacologically and clinically as 
agonists [ 10. 111. It should also be noted that these findings 
with the cyclopyrrolone family agree well with the results 1. 
reported by Brown (81 for the pyrazoloquinolinones. 

Moreover, we confirm our previous data [2], indicating 2. 
the existence of differences in the recognition of BZD 
agonists and SRC by BZD receptors. The BZD receptor 3. 
model of Crippen [12] offers a tentative interpretation of 
these differences. According to this model, a ligand inter- 4. 
acts with the receptor through ‘binding site points’ corn- 5. 
puted from structural and energetical data characterizing 
various agents able to bind to the BZD receptor site. In 6. 
this model. ZPC interacts with less than half the number 
of binding site points associated with diazepam or FLU. 7. 
This suggests that ZPC possesses a higher flexibility for 
binding to different conformations of BZD receptors 
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Characterization of the amine oxidase activities of liver microsomes of different 
vertebrate and invertebrate species 

(Received 13 December 1982; accepted 4 July 1983) 

A clorgyline-resistant amine oxidase has been described in 
different tissues of several mammals [l-9]. This enzyme 
shows some similarities to the benzylamine oxidase activity 
which has been described in the blood plasma of non 
ruminant mammals [Blaschko, lo]. It clearly differs from 
the classical mitochondrial monoamine oxidase (MAO) 
(E.C. 1.4.3.4.) in its sensitivity to the inhibitors such as 
clorgyline and deprenyl [Buffoni, 111 and it is very similar, 
in its sensitivity to the inhibitors, to the diamine oxidase 

(DAO) (E.C.1.4.3.6.). Discrimination between 
clorgyline-resistant amine oxidase and DA0 is possible 
only by means of competition experiments with different 
substrates. Because the physiological significance of the 
clorgyline-resistant amine oxidase is still unknown, it 
appeared interesting to us to characterize the amine oxidase 
activties of liver or digestive gland microsomes in vertebrate 
and invertebrate species in order to better understand their 
distribution in nature. 

Materials and methods 

The maintenance conditions of rat (Wistar), quail 
(Coturnix coturnix japonica), trout (Salmo gairdneri) and 
mussel (Mytilus galloprovincialis) are reported in Table 1. 

The animals were killed by decapitation or by a blow to 
the head. The liver was removed, weighed, then perfused 
with an ice-cold solution of KC1 0.15 M at pH 7.4 and 
homogenized in a glass-Teflon homogenizer at 1: 4 (w/v) 
ratio with ice-cold sucrose 0.25 M containing tris 
[Tris(hydroxymethyl)amino-methan] 0.05 Mat pH7.4. The 
homogenates were centrifuged at 9000 g for 20 min; the 
resulting supernatant was centrifuged at 105,OOOg for 
60 min. The pellets were resuspended bv hand in a glass- 
Teflon homogenizer in KC1 O-i.5 M at pH 7.4 and centri- 
fuged at 105,OOOn for 50 min: the final oellets were stored 
at--70” until the enzymatic assays (less than 2 weeks) were 
performed. 
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Table 1. Maintenance conditions and charactertstic\ of the animals 

Animal 

Rat Ouatl Trout ~lU4~CI 
~____ 

Temperature (“C) 19-21 19-21 room temp. 14-15 
Acclimatization 

(days) 8 20 7 
Diet Commercial Poultry Commercial Synthetic 

pellets feed+ pellet\ \ca water:;. 
Sex Males Males hlixcd hlised 
Age (days) 60 60 
Weight (g) or 

dimension (cm) 200-250 12tSlhtl 20(~300 IlL I I 1‘111 
Light/dark 12112 1618 11:1t1 12 12 

______ 

The microsomal fractions of mussel were kindly supplted by Dr. A. Viarengo 111 the 
Institute of General Physiology of the University of Genova. 

’ The trouts were kept in fresh stream water until sacrifice. 
+ Plata cornflour 43%. barley flour 100/c, oatmeal 4%. soy extract hour 35’;. dehydrated 

lucern flour 4%, CaCO? 1.5%. CaPOJ 2%. vitamin additive 0.5c;: to this vvcre added tract 
mineral premixed in NaCl 0.25% and methionine 0.02%. 

+ Prepared according to La Roche er nl. (12); made up to 35<;. 7 

The mussel digestive glands were minced and hom- 
ogenized in ice-cold sucrose 0.9 M containing 20% glycerol. 
0.02 M HEPES (N-2-hydroxyethylpiperazine-N-2-ethan- 
sulfonic acid) at pH7.6 and EDTA (ethylenediamine- 
tetracetic acid) 0.001 M, dithiotreitol 0.005 M. cysteine 
0.01 M. PMSF (phenylmethylsulfonilfluoride) 0.66 mM and 
trypsin inhibitor (Boehringer, from soybean) 120 mgiml 
and were centrifuged at 30.000 g for 20 min. The resulting 
supernatant was centrifuged as described before: all the 
centrifugations were made at O-4”. 

In order to check the purity of the preparations. the 
microsomal fractions were examined by electronic micro- 
scopy: mitochondrial contaminations were measured by the 
determination of cytochrome c oxidase activitv [Wharton 
and Tzagoloff. 131 and cytoplasmic contaminations by the 
determination of lactate dehydrogenase activity according 
to Bergmeyer [ 111. 

The amine oxidase activities were determined radio- 
chemically by the method of Buffoni and Ignesti [ 151 and 

the diamine oxidase activity according to Ku\che er rrl. [ Ih]. 
The protein content was determined according to Lowry 

et al. [ 171. Tyramine-(7-“C)-hydrochloride (56 mCi/mmol). 
5-hydroxy-(side-chain-2-“C)-tryptamine crcatinine sul- 
phate (53 mCi/mmol) and (l.l-“C) putrescine dihydro- 
chloride (113 mCi/mmol) were obtained from The Radio- 
chemical Centre. Amersham, U.K.: benzylamine 
(methylene-‘JC) hydrochloride (13 mCi~mmol) from ICN 
Pharmaceuticals. Irvine, CA. All the other reagents wcrc 
analytical grade products of Merck Darmstad. F.R.G. 

The amine oxidase activities 01 the microsomal tractions. 
assayed with different substrates. are reported in Table 2. 
Electronic microscopy and enzymatic assavs \hov.ed that 
cytoplasmic and mitochondrial contaminanona were less 
than 1% (except in the mussel) and rccovcry of amine 
oxidase activity (with benzylaminc as substrate) was iOc; 
in the trout and quail. 17? in the rat and 5“; in the mus\cl. 

Table 2. Amine oxidase activity in microsomal fraction (nmoltqmg’hr) (mean ? S.E.) 

Benzylamine Tyramine 
5-Hvdroxy 
tryptaminr Putrc\cinc 

Rat (N = 5) 
Trout (N = 5) 
Quail (N = 5) 
Mussel (N = 2) 

44.8 t 4.6 108.4 c 10.8 53.6 2 I.8 0 
2.1 rc_ 0.2 29.6 ? 9.6 - 0 

18.2 * 2.2 116.4 i_ 16.4 65.6 i 7.6 I?.(1 t 1.7 
8.1 - 17.1 - - l5.Y Ih.1 

MAO acriui!\ assay. 0.1 ml of microsomes resuspended in M 15 phosphate buffer (2-5 mg ot 
protein/ml) and 0.15 ml of Ml5 phosphate buffer at pH 7.4 were preincubated by 10 min at .37- 
(a); 0.05 ml of substrate 4 mM (“C) was then added. The reaction was stopped. after Xl mm. 
with 0.1 ml of HCI 3 N and the aldehyde extracted with 1 ml of ethylacetate: 0.5 ml of this \\a’ 
counted in 15 ml of Instagel. 

DA0 acriui~ assny. 0.2 ml of microsomes (2-5 mg of protein,ml) and 0.7 ml 01 \l, 15 phosphate 
buffer at pH 7.4 were premcubated for 10min at 37” (a): 0.1 ml of putrescinr (“C) wLis then 
added. After 1 hr of incubation 0.1 ml of perchloric acid 2 M and 1 ml of strong ,ilkalinc huttcr 
at pH 17.2 were added. Reaction products were extracted with hml ot hutyl PBD tl.Jlr in 
toluene. 3 ml of which were counted in 12 ml of the same phase. 

(a) Trout and mussel microsomes were incubated at 75’. Benzylamins. try amine. Sh!drovc\ 
tryptamine were used at 0.66 mhl concentration. putrescme at I mhl concentration 
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Table 3. Percent of inhibition of the amine oxidase activity or rat. trout. quail liver and mussel 
digestive gland microsomes by some inhibitors 

Inhibitors 
5Hydroxy 
tryptamine 

Substrates 

Tyramine Benzilamine Putrescine 

Rat Ctorgyline 98 I? 0.2 93 t 4 78 rt 2 
Semicarbazide ?+6 1s 2 4 722 

Trout ~-Aminoguanidine - 60 Z 3 - - 
Iproniazid - 100 - - 

Quail Semicarbazide - - 44 -+ 3 I00 
Putrescine - - 0 - 

Mussel Semicarbazide - - g&-96 6&66 

Activity assay as in Table 2. with 0.05 ml of inhibitor instead of 0.0s ml of buffer. The final 
inhibitors concentration was IO-” M; putrescine concentration was in all cases 1 mM. The substrates 
concentration was 0.66 mM. 

Results are mean 2 S.E. of S different microsomes preparations from rat. trout and quail and 
from 2 different preparations of mussel microsomes. 

In the rat hver microsomes no DA0 activity was found, 
whereas amine oxidase activjty is very high; thts enzymatic 
activity is almost wholly inhtbtted by clorgyline, as shown 
in Table 3 and Fig. I. The activity of rat fever microsomes 
is of E.C.1.4.3.3. type: it is in fact completely inhibited by 
clorgyline. with only a trace of semicarbazide-sensitive 
benzylarnine oxidase. The existence of MAO activity in rat 
liver microsomes has been previously described by different 
authors (18-211. 

No DA0 activity is present in the trout liver microsomes, 
whereas the amine oxidase activity is partially inhibited by 
Lu-aminoguanidine and completely by iproniazid. as is 
shown in Tabie 3. In the trout a semicarbazide-sensitive 
benzylamine oxidase is thus present. 

Strong DA0 activity exists together with the amine 
oxidase activities in quail liver microsomes, but DA0 is 
not responsible for the betlzyIamine oxidation, as is shown 
in Table 3. 

1 1 
IO’ 8 

I 
10-6 

C(orgyline (m) 

1 
10-4 

Fig. 1. Effect of different concentrations of clorgytine on 
amine oxidase activity of rat liver microsomes (mean -c 
S.E.) (N = 5). (e) 5-Hydroxytryptamine 0.66 mM, (A) 

tyramine 0.66 mM, (A) henzylamine 0.66 mM. 

ix To whom correscondence should be addressed. 

Table 3 is also indicates that in the mussel dieestive gland 
is present a benzylamine oxidase activity inh~b~tcd by semi- 
carbazide and DA0 activity. 

Quail liver microsomes oxidize benzylamine, tyramine 
and serotonin in the same way as rat liver microsomes do, 
but they possess the added activity of oxidizing putrescine. 
The benzylamine oxidation does not depend on the pres- 
ence of DA0 because there is no competition between 
putrescine and benzylamine, and the fact that this activity 
is partially inhibited by semicarbazide suggests the presence 
of a semicarbazide-sensitive benzylamine oxidase. This 
activity is also present in mussel digestive gland alongside 
the DA0 activity. 

The comparison of these four different animals reveals 
that a mitochondrial type MAO activity is present in all of 
them, albeit in different amounts. A semicarbazide-sensi- 
tive benzylamine oxidase seems to be widespread. The fact 
that mussel is very rich in connective tissue as well as in 
benzylamine oxidase activity may add further support to 
the observations that this enzyme is of connectival origin 
[Buffoni ef al., 22; Papini et al. 231. DA0 activity is present 
only in quail and mussel. The absence of DA0 activity in 
the assay of rat and trout liver microsomes is not dependent 
on the presence of enzymes able to metatolize the aldehyde 
formed, because the addition of lo-‘M acetaldehyde, which 
inhibits such enzymes, does not vary the results, 
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