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In Situ Quantitative Histochemical Analysis on
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In situ quantitative histochemical analysis on monoamine oxidase (MAO) activity in rat
brain and liver was performed for its region specificity. Nitro blue tetrazolium was used for
the formazan producing reductive reaction caused by enzymatic degradation product of
tryptamine as MAO substrate. A linear relationship was obserbed between the integrated
MAO activity and the absorbance analyzed by PC-associated image analysis. The MAO-A
inhibitor, clorgylin, inhibited the MAO activity dose-dependently in brain region and liver
tissue #n vitro and in situ analyses with well correlation. These results suggested that this
method could be useful for the quantitative analysis of MAO activity in tissue sections,

especially in the rat locus coeruleus that plays an important role in noradrenergic neurons.
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T/)IVEFFTVF—F¥ (MAO) 1Z3I b v F
VTHBEICEEL, ATa—-VTIVHE, kO
P ROEREHEOT I VEORBHICES T
577 VBETHSD. VMAO IZIZ MAO-A &
IMAO-BDOY 754 7HHEHEL, 2 WY 7%
A THIIWDIZE A EDEMICHERET S LD
HoENTWE, ¥ W77 A4 F7O5EITF Dk
HREMED L WITRIRMEERICN T 2 B2
BRUBEFOEERINCL - TR ENTVS, 9
MAO-AX/ VWITE¥ART Y UvHiHwidta b=
DM TORELRICEE L, BfiEERIC
BOWTEELKELYREL TS, MAO-B /¥
—F UV UVRFILEE TS, Y 26, B
MAO 13 Z DEBHEERE BT, BB LkE
(Hz02) ZEAT L. H:02 i3 EBER LT VAL
EAELEYTHY, BMdbsVIIEKICBIT 58
LA P L RAIZBWTHEMRE LB L L T4
RHRICEEAR L, ZOMEZERTIES.
O ZDZErbEARN, FICHMICBITE MAO
EHDORRE IEMMERER CBRILA P LRI
LABEBOEBEBIANTHALEEZONTVA.

LaL, H#M%: MAO BHEEIIMOEMD 5
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RESH, BEELENRE, 8 SERS
FEMEOFERICZTIERITIEY 2D,
BABRKIDH SN TWAERIIL v, —F,
T DO EFFRZHED & T 5 REM R OKR
HSREY) O F I3 ) DFOMEMMIEEE D
BICER SN, AHEIBREINTHIDH
v, TNOOEYIIINTTLIRELR LB
FCHERYARBETLAITREODAZ L HH#H
BIN5b L}, FHHMAO HE/LED Y —
AL LT BEEE:,

MAO fHEEDEERILORBIIB W T
MAO DIEMIHEIC L ) B E 9 \F 2 RO
EVEETHL. O LIEMAO DEZL %
HBIWI¥EAXT7Y Yy, T¥R7) Y, kab=
YRUF =3I VHEROBMATORRSEN
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b, M, BEBEN I VAV v TR
(anorexia mutation mice) 9 (2B THRHEID
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MAO-A, tE b=} ¥ AK—%— (5HTT),
JNVT¥EARTY) Y bT Y AKR—%— (NET), F
oy vk Fo¥y5—+¥ (TH) ® mRNA D5
BARSMAMICL VBEFICERDL Z LD in situ
hybridization 12 X Y & 2 Shrz. 10 FRIZ,
MAO-AmMRNA DREBEB NG VATV 2=y 7=y
A TIZFPH (locus coeruleus; LC) T A
ENTBY, ¥ (raphe nuclei; RN) TIZIE
HEITREBEADS NI EEPS, F DAL
BUIIERTHIEVEREIILZ>TETVA.
it T, MAO FHEEDRREIZB W TIE, XD
MAO FHZEEMED in vitro IZ X B ED 5 Wi
in vivo TOATENEEIEMFHEICMZ, HLWE
BFRFEORENIFrEEING., KAHETIEIMAOM
EHTH 5 clorgyline DT v biw K& OFF MAO i&
P 5 8%, tryptamine ® MAO 12X 5%
B A Tad 5 indole-3-acetaldehyde @
tetrazolium ¥R ICIEMH 19 ZIoH L7z in situ M
BALFEEIC L D IRET L7z,

= B F &

1. EBREY 8B Wistar REHT v b %
FRLZ. 9y PXEREER (25 £17T,
55 &= 5%) THAEA (7:00 ~ 19:00), HEH#H (19:00
~7:.00) O®WET, EF&HE (CE-2, HAZ LV
7) EKEKEBHICERS .

2. In vitro TO MAO FHEFEMORAE 2 5 v
N ABEEFE B ISR L, 1.16% KClIZTE
Ml - B AT, D 26V 0.1M PBS (pH
74) [ZTHAREI A=} 9000 X g LIEHES &4
72. FKEY R — MZ clorgyline ML, 0.1M
PBS buffer (pH7.4), 3.6mM sodium azide, 10mM
MgClz, 7.5mM tyramine % & ¢ 12mM HEPES
buffer (pH7.4) FT 37 C, 20min 1 ¥ ¥ 2 X—
v ary L. #D%05M citrate buffer (pH 7.4),
2.0mM 2,2'-azinobis[3-ethylbenzthiazoline ] sulfonic
acid (ABTS) K UF5U horseradish peroxidase (2T
Zf X4, 1.0M HCl K TR 21k L%
415nm |2 BT HBAE = HlE L 7-.

3. Insitu MAO B¥SRHEIL¥ %
BRUHHEGROER F v P 2WEE L2,

BEHICREPIFZ2#H L, tissue object holder
|Z tissue-Tek O.C.T Compound (Sakura Finetek
USA Inc., Torrance, CA) |\ ZTEZEL, WEKER
CTHAEE E R B AR 157, AU -
80 CTHRALZ. HEEHGEMBE L cryostat
microtome (MICROM HM505N, MICROM
International GmbH, Walldorf, Germany) (2 2h
DiE#E (20°C) L7z&Ic8l (BN 16 um, JF
8um) Z{E# L, 3-amino-propyltriethoxy-silane
(APS) o — b ¥ 172 micro slide glass
(Matsunami Glass Ind., Ltd.) 1Z~¥w ¥ L7z,
R8T B O E#LIE Paxinos and Watson @ Atlas ¢
\ZfEo 7o, ‘
In situ MAO B¥F##Ei{bSE " 80 CTHRHAF
L7 Ed &R 2 2R T 20min #21E%,
6.256mM tryptamihe, 0.3mM nitro blue
tetrazolium, 0.14mM Na2SO4, 0.1lmM PBS (pH
7.6) % ETRICTIZKIBE D clorgyline % N
LT37C, 30minf »FaxX—arL7 M
#LIF % 0.1M PBS (pH 7.6) 2T 2min, 2 [
PeHE L7288, 0.5gml 757 TARICCTEEL
7o, MRS L-FRfBE (formazan) (3R
¥ v+ (EPSON ES-2200) © PC (IBM NetVista)
ICELD SAA, BIEAENTY 7 & (L Process V2.0
K U Image Gauge V4.0, FUJI PHOTOFILM Co,
Ltd.) Z AW CEENICERBTLE LT o 7.
Tryptamine % 2% & L 7z formazan A O K&
% Chart 1 IR, EEEEMHETICET
% HE#E, indole-3-acetaldehyde (31.77nM ~
190nM) ZEEE L THY, M LFRLE
ED¥ 7 F (100mg/ml) EIH L TRERERDRKIE
PATWER L7, BOoNTRER % Fig. 1 IR
3. HHBIREAT0.985 L B AHBEM 2R L
Z &5 5, Formazan (uM) = 1.43 X 105 X
Pixel+0.00169 & L 7=.

4. HEHOE FEBRI3MEEVEL, in vitro
MAO {EHEDHIEIZB VT, n =36, in situ B
FHBLFEICBYTEn = 72 THEELR
2. ETOEIZFHELFEEFRETRRL,
Thompson NFEHRE (p < 0.01), ANOVA (p
< 0.05) KU Bonferroni i (p < 0.05) XX V&
BEEZRE L. RERIEREOEE S
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Chart 1. Determination of MAO Activity by Using Reduction of Nitro Blue Tetrazolium
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Fig. 1. Caribration Curve for Formazan by Quantitative Image Analysis
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Fig. 2. In Vitro or In Sitw Inhibition Assay of MAO
Activity by Clorgyline in Rat Liver
—@—, in vitro, —M—, in situ. The data
represent the mean * S. E. %, significantly
different from control value, p < 0.05.

Simple Regression T, FFHREI A — bR
ML A 12 BT 5 MAO FHEEMEOHBEM O
%113 Sperman Rank Order #T4T - 7-.

BRRAUEBER

1. FFREY 2— P RUHEBYIR O MAO &
HOMEE clorgyline X 57 v MFREY X —
F 9000 X g EiEHE 5D MAO &M DORHE % #il5E
L7z&2%, 10 uM T 28%, 1000 uM T 60%
L RERIERICRRE SNz, In situ BRI
ZHETIE 1.0 uM T 7%, 1000 M T 56% DH
BERKAFHLRHEREE 2RO, LEOKRE
Fig. 2 12783, In vitro & in situ T MAO [H
EFHEEORBICIE, MHBIREAT0.901 & Rif 24
MDD b7,

2. BEBYAICHT 5 MAO EMHDOBEE In
situ BEEMARBLSEEIC X ) BAEERY A © MAO
EHOHEZ HIE LR %T Fig. 3IIRT. 1.
DHER L FERIZ, clorgyline (& 3.33 ~ 330 xM
CBWCHERENICHEL.Z. LaL, 20
HERFMICLIIRZ2oTBY, FUHK
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Fig. 3. Comparison of Iz Sitw Inhibition Assay of MAO
Activity by Clorgyline in Rat Brain Regions
—@—, locus coeruleus; —ll—, cerebellum;
—4&—, pyramidal tract. The data represent
the mean £ S. E. %, significantly different
from control value, p < 0.05.

Table 1. ICso Value of In Situ MAO-inhibitory
Activity by Clorgyline in Rat Brain Regions

ICs0 { M)
Locus coeruleus 35.03
Cerebellum 74.09
Pyramidal tract 189.09

(Locus coeruleus; LC) 12BWTiE3.33 yM T
25%, 333 uM T 84% Tdh o 7=h%, /MK
(cerebellum) K& UM$ffAEE (pyramidal tract; Py)
IZBWTIE3.33 uM TENREFN 17% & 21%,
333 uM Tl T1% & 55% Td o7z, FEMIIB
1} % MAO J&MERHE D ICso fE% Table 1 12777 .
ICs0 fE1X LC T 35.03 xM, cerebellum T 74.09
M, Py T 189.09 uM T, LC IZHBVTH#HW
FHEZ D755, Py TOHEIZLCOH 1/5 T
Hotz. BEALDOR VY A7) VR
ELC A EZE LTHRFLTEY, MAO-AD#HE
RIFAESHE TDH 5 clorgyline |2 & B HEH LC 12
BWTH LD SN2 LITBEBRE.

B MAO 13 MR RIS BV TEE 2 HREE
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ERLTVE9 0, EBEREOHFAETT
hydroxy radical (OH - ) % AT 5 H0: %
O BEERB I B TEET S, Hydroxy
radical I$BILA P L AICBWTHD TEERG
TEEEEME (reactive oxygen metabolites: ROMs)
DOEDTHY, ¥ X7 BERUIRE DB
zHl & LMICHEEEZ 52 5. Y ROMs @
EAFELLTHMBEICBIT S xanthin
oxidase, 370V — LB FERRFI bav
F)7EFEERTITONES, I bar Y
T EFRERIIHZ L% ROMs DELEFTH
A, ST, IbaVRYTIZEHOEELL
ROMs |2 & o> T DNA DEF L2, ZhiZidA
YRR YPHEELEVI ER SR ICEE YT
TR, 202 EPEIREILEOMEH LI
B5T5LEXZONTED, W TIINLT
—RIFRIEICBITAI Py B THRERE ®
EHbE THEREY., b MRTIIEBEA ML
ADIERS T L 7% D, AP-1, NF-«B % 0&ER
FEHEHEL, BEDEBEZTFHORHALFEL
TROMs DHERLETCHEBEZEHHIETLF
v 7 AR AT o TWwWab. 19 RAY R TRARH
REWIIHH MAO BHEMEW D — XL LT
b BERZE <, §TIZ flavonoids, 29 xanthones,
21 coumarins, 222% stilbenoids, 24 chromones,
25) alkaloids, 2627 J& UF quinolones, 28 %Y MAO
[HEEELZ R T I EPHESNTVS. T/,
EHRROFA P VAR ® OXH = XL e L
THE/ 7 I VHRERNOEEPRBR I T
%20 %, ZORBIITHOMAOILLZEE/T
IVEONHERICT T 2 2B IERT 5 L i
BEIND, Z2TIRT v MRRUFFO MAO &
Hizxt 3 5 28 % tryptamine O MAO 12 & 5 Bk
{LEBY TH % indole-3-acetaldehyde
tetrazolium EZETTI/EMH 1V ZFIH L7z in situ Hl
BALFEEIC L DRET L, BICBT 5 2 0EALEE
Ry HEHEEOMICE R L7z, TOFEC
£ 0, MAO HEEBRZEOH LV ERASHIRFTE
b, SRELIT, REWD»HD MAO BHEWE
DIRFEDII D, EH AR OEEHIERSED A 7
ZALDBERHIZHIEHL W FETH 5.
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