Studies on Quantitative Double-Labeled
Autoradiography in the Rat Brain Using
N-isopropyl-p-[125I]iodoamphetamine and
3H-deoxyglucose
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Abbreviations : CBF, cerebral blood flow; DG, deoxyglucose; DMP, 2,2-dimethoxy-
propane ; GFR, glucose flow ratio; *H-DG, *H-deoxyglucose ; IAP, iodoantipyrine; '#°I-
IMP, N-isopropyl-p-[***I] iodoamphetamine ; rCBF, regional cerebral blood flow ; rCMRgl,
regional cerebral metabolic rate for glucose ; rGFR, regional glucose flow ratio.




322 ]

BTERVLOD, EMORMBERAHEE, B
HETCEDDELERLTHA, UL, VIHO®K
w3 M, RMO—FOALPREL &2 s
%<, BORETOMR, RBOBBELFR -7 LT
RB22ZEenEETH-7. Lol, BuATIHE—%
FLCBEOTA Y b =7 % &5 0 T, M e R#
EEBICRET A ZEEBA - T IH TT T 4 EM
W|ESND IR TER, ZHIZRIOOKED
FEEADEE BT 2 ERMPAE L, wFAr—F
DEREE O T EFERFE D ONH 2, WEHEDOTH
BB TH 52, — 7 shelf-life ic & by, &
SEDOV2 L Thy, BEOAFEREE L Diemer
Sy S THRE SR, B AkeEizo05, #
5 1 “C 8, @ jodoantipyrine (IAP) & *H #E#H o
deoxyglucose (DG) # MW7,  22- dimethoxy-
propane (DMP) 2 & 0 AP #3 100%¥E 72 & 417z
2, DG iFe s ofc b EL T3, L
ML, FOBROBNT, 20KV 5 BEOBREETY
IAP BRSNS, 7127 DEE, DG O—F
LIV EN D L ORE MY B S0, FERERE, Y
FELR PO TERLRN LB TH 5. Diemer
SBLRIAP N L T, BARFE & L7z N-iso-
propyl-p-['#I] iodoamphetamine (*2°1-IMP)!®~1®
B IAP I EE~BNIME A ER RS A 28 <, RS S
DY STZ LHSE 0, MFOBEWEMIT b &E5EK 2
SLRTIE A OELREETSE, LHERLHET
b B~ KFEOERIE 2O DMP I & B {LFEE
BIEIC BV TC, AP I TRmBE AR & L TERT
V3 SLIMP % 2V 2 — AEREITH % *H-DG &
FRCERT A2 EERA — b IV T 7 1 iR
TL, ESEENET T v b OMH &H % R
WHIET 2 2 sk b, ZORFEL NIERAEOE
SIEEHT 2 2 EIlH B,
W B L UHFE

1. BB

1. ER0ADEERFED FEIZ B 5 BE

A= IV ATTT 4 THESNIA A= £EHI
T2 7 BEGEALETH S, FlE, ERO
FodkEl s & (B CIREE O BRI BE 2 R D b D L L T,
K10gle¥IF %2 2.5gDEGTE»L, Ziicll
HIPEED *H-DG 202 THE S 22X 20 4 DY
FEERFE L L TRV, ZOBRMBEOBBEREL
T ANLIERERZOEE L BE EOBFERD
F2. EERRICRGRE Y A — Mk DIERR L 7 1F LR
B BLUTHAORERIFE H~A 70 Ar—
(T=vvl, BE)HREIU 7 4 L AIENS & LR

il

ESR U AN

2 . cross-contamination O#EES
CEEBRA— NI UA ST T4 BT ORI A A=
SRMIVIZEBLTALDIIE, A-NTYA T L
B2 2BEOBBOHEVCORE, Tihbb
cross-contamination £ B/NMI T2 LEMNDH H, Kk
XD FETIE DMP 0% I RO H BRI A5
T BOERIVEEE kB,

1) DMP iZ & 3 =L.IMP O /)

DMP D ¥ 11 % & % 12812 L.IMP @ & % 10
uCiEELIc Y 4 A9 —F v b R BIE 2 S BICHRE
L, EehZEEtL, P4 714 R2T-70°C i
WHIL fo~F 4o THEAE L7 B L 22 S 200 @
R EER L7, ZOYIF 2 5T D6 207
=I5 DMP Tz Lic 7 7 ABBOBTEY
LiahsiEl, 04, 104, 30 4%, 1HFHE, 2 55,
SERBIBOZNFAD I L — 7OHRSEEE Y 2 LB
vFrv—varhavry—CHELL, YiIkESL—
THFTBEBIZAT A ADTHIZ X 2 HEEED &
Ll Tal, 60BECYIRE 5KRTOED
7. E12H-DGOA%E 200 uCigfiE LIz 4 A5 —
Fw b EFEAS SRICHEL, LIMP Ok L
WEEYIE 2 ER L 4 DD 7 L — 7125313, DMP T
04y, LW, 26%f, 3ERBtEE, Vhesnrse
D, WiEY v FL—varhv e F— 12 THRETRE S
EwL, —H, vyt 74n4 (LKB, A7z —7F
V) W2erBRURFRBXSCBOEERHEL 2.

2) L IIFREIZ LB H-DG DO R— 7 ROERI,
BLOBLIMP O > =gIo T 58
SH DR— FEOERIZH OB EE 64 OH—7A R
VIFLr oL I SEOERIER 01T
YERG L 72 BLIMP A 25 L7127 v b L *H-DG D
HEHE L7y O 2EEOYIAIIL I TR A DS
#, Hhawnny EEENC 2 A IS e E
NO7 4 v LDBCE &L 72,

1. En4p3EBR
WEEEF A2 LA — b 594 75 7 1 2 Hf T
Uiz R 203D Y 1 29— v 1918 (&
B 250~500g) T, 95 SUEAIER, 5VLA 24 I
EE TV, 9ULAY A8 BRI O T F AL ThH 5.
5w MM EERMETT 24 BERIET & 0 AKDASMIME R & L7
% 7 EERAZ BRI A R 534 & ETT L, PaO,, PaCO.,
pH, B X UEIIBIIRIE & #IE L 72,

1. E¥Z v b

¥ 78— LHREE (30mg/kg) TIZKEVIHE,
Fa—7EEALREEERL 72, 2 ORISR
) LF L rF a—7 SP-31 (BERBIER, s 2 fv




Ty MBS ERN BRI - 74 9 T4 323

ThZa—L—3ia>E{Totz, RIZ*H-DG (New
England Nuclear tf, %E) # 100 xCi (FLHSTHES
mCi/pmol) BE L, BiE 43 £3% £ TEINRIN %49 60 ]
F ORI 14 R L 72, Ry > 7L idE B IS
BEOLTMEESEEL, °H 7L a—A0EEREI
Hiod, M7 02— A BB EERRRIGIC X Dl
EL . BE4A SBICELIMP (HAX Y 749y
7 Ath, EH) %50 uCi (PLAESEE 1 mCi/mmol) &
L, 2450 TRBZEIRMM % 35 k1 30 10 [EHRM
L7z, ZOEMRMY > 7 v ik ‘BLIMP O EtEER
BRIECHG 2 (K1), 8P ORES L Togn
FEEHD PLIMP 0BG 2 LATOHETRD 12, T4
hHE8IRM20pl i 75 27— % 2mlBE, K
Ty 7 AL FH—T15FMERL 2000 EE/53T 10
SEE DL, ZHIZ k> TIRIBEEO IMP X4 7 ¥
J—VEIZRAITT 5. Lk, A7/ —LE% 1ml
EDRIMOA 7> MIEBET LI ik -T, R8I
NTLAEVED “LIMP OE&E ROz, 2284
LEHDGEIT A TEBIZTy P EWELL 2.1)
LEER, B3 200 OFEFIR R ER L 2, M 1
A=YEYIFCL : 5L R T3HDG DR—¥
%R L X-Omat AR 7 4 L 4 (Kodak, #E) 1
1, 20B8EXsgs itk THEon RBI4

3H-DG

A—2 13 DMP TYIH % 3 EFMlse L ¢ BLIMP %
HEOWRLCHERAD YA b 700021, 20A8E
HREL I LIZENESRL, BEEKNO R —Y]
FTixa <, Ba-nvhcimim, R3Be Ll
Wl EREO L OBMBEOEEGES L. 1. 0H
BETEIFr EHOTHERL, YIFERAC7 4 4202
BXIEL, FLHDGIZL 7L a—2 KRB0
A—=—bI8F 57 4 RETY 212, DMP Tt
L7zYIR O~z 2 72 R THE, 208
MERL TohunBEEREL 72

Bohd—b+IV4 77 4% CCDH AT TIL
22A 11 (NEC, ®X) &/¢—v+rarytda—4 PC
98018 X U 4 A—¥ 4 & )—K—F [256%256
pixel X 6 bit (64 EXf)] (ADS, £R) #FAVwTFY ¥
Mel, BEREOREEBEY, ZO04—-b5 97
75 LDEE R FY 5 At LI B = 0RO R
VENRRZRD:. B2 uFYInEBo 7oy 7K
ERT, Ty b 18 hATOIMITCEOEEE LD %
NEROTIPLEEZRD, 20XV MRER
O ELIMP 8 & U SH-DG QEE R EH L7, {5
FREE LT, SHEEEY, BEAY, HEEE AR
HE, ASHED 5 »F, HETHE L THHMUERK, #
KT, 7reri% BINE BER BE, LEo

B MP decapitation

& f

|

.‘

ofttttttt t t

(
)

fashtififyd f pesm

Fig.1. Procedure of the measurement of simultaneous autoradiographic technique.
Arrows indicate arterial blood sampling time.

I T.V.
monitor
CCD image memory
board
camera 256x256x6bit
PC-9801
Light

Fig. 2. Schematic diagram of digitizing system.
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Fig.3. Relationship between cumulative activity
of standard and optical density.
Materials of standard: ©—0O, gelatin; @ —®,
brain homogenate; A—2A, commercially-avail-
able standard scale (tissue equivalents); o—o,
commercially-available standard scale (polymer
layers).
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Fig. 4. Relationship between washing time by 2,2 -
dimethoxypropane and relative activity of slice.




ujiﬁ«ﬁ%W%/LQm&>w%i HhH,
5 12 L AIEHERRE, BN T Y 4 — M IZ X BB
ﬁnrﬂwmwﬁﬁﬁMJLTng DELE L £

HBIL Tuieds, ¥ 9 F 20D & A EHEE
YA — MK BEERE L EOL 2RSS R
ﬁ%%@@ﬁﬁ%ﬁﬁﬁ%ﬂt AWEEIT-T
b(a&fw‘*ﬁ {BBIZDNIKEE Y 4+ — b DI & D&
LK ELS o,
2 . cross-contamination DRzt

325

1) DMP 2 £ % '=L.IMP O #ighn
DMP 12 & 2 3T LIMP 285077 v kO
Yl O BORE L 10 T ARMIC R L 3 %
2RLATIZHA L7253, *H-DG ##5L 75 v b Oy
VI OGRS B e o7 (0 4), Bk 1
A=V T, H-DG 25 L1 7 v  ORYIE 11564 %
fToTunwEIF LB b THEOE 2
oz,

2) VST 5 3 H-DG O — ¥ 80 ER T,

Fig.5. 5a. Examples of autoradiograms of CBF (left) by N-isopropyl-p-['?*I] iodoamphetamine and
CMRgl (right) by *H-deoxyglucose at the level of caudate putamen, upper row : normal rat, middle

row: model rat 24hr after gradual compression, lower row: model rat 48hr after gradual
compression.
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Fig.5. 5b. Examples of autoradiograms of CBF (left) and CMRgl (right) at the‘ level of thalamué.
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Fig.5. 5c. Examples of autoradiograms of CBF (left) and CMRgl (right) at the level of inferior
colliculus.
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Fig.6. An autoradiogram obtained by washing a
slice with DMP covered with thin polyethylene
membrane on the left half.

Table 1. Regional cerebral blood flow (rCBF) values, regional cerebral metabolic rate for
glucose (rCMRgl) values and regional glucose flow ratio (tGFR) of normal rats
Structure ml/ {EJ:(])agI;min o mél(}%%gl/min u ﬁcﬁ‘}{ml

Cortical areas
Visual cortex 70+ 9 52+ 9 0.77£0.09
Auditory cortex 106+14 69+11 0.68+£0.15
Parietal cortex 69+10 55+ 9 0.88+0.08
Somatosensory area 85+ 8 62+ 9 0.75+0.11
Frontal cortex 56+ 4 6010 0.81+0.09
Subcortical structures
Lateral thalamus 72+ 8 50+ 6 0.88+0.09
Subthalamic nucleus 65+ 7 48+ 5 0.70+0.08
Ammon's horn 70+ 6 54+ 8 0.77+0.10
Caudate putamen 89+ 5 57+ 8 0.63£0.09
Globus pallidus 81+ 5 44+ 6 0.72+0.10
Substantia nigra 63+ 5 50+ 8 0.73+0.09
Superior colliculus 80+ 8 53k 7 0.75+0.07
Brain stem structures
Cochlear nucleus 123+12 86+13 0.76£0.06
Olive 59+ 3 41+ 7 0.58+0.08
Inferior colliculus 137+14 75414 0.72+0.06
Lateral lemniscus 54+ 6 35+ 5 0.70£0.07
White matter
Corpus callosum 41+ 2 28+ 4 0.72£0.11
Internal capsule 39+ 6 18+ 3 0.66£0.05

Values are mean+SEM (N=5).
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Table 2. rCBF values, rtCMRgl values and rGFR values of model rat 24hr after gradual compression

CBF rCMRgl 1GFR
Structure {1’11/100g/mir1C yImol/IOOg/mi(r:l #mol/ml
Cortical areas
Visual cortex 63+ 6 6913 79411 88+14 1.2740.15% 1.3340.11%*
Auditory cortex 68+ 8* 65+ 8* 85+11 94£11 1.2740.09%* 1.4440.04**
Parietal cortex 65+ 8 62+ 6 75+ 5 82+ T* 1.21£0.11*  1.3440.10%*
Somatosensory area w* 64+ 7 * 89 10%* W 1.41£0.11**
Frontal cortex 51+ 8 56+ 8 8511 92+12 1.69£0.14** 1.66-+0.07**
Subcortical structures
Lateral thalamus 63+ 3 61+ 6 67+ 8 73+ 5 1.06£0.10 1.2240.06*
Subthalamic nucleus 61+ 8 66 7 66+ 7* 75+ 6%*  1.09%+0.10% 1.14£0.04**
Ammon’s horn 45+ 5* 51+ 3* 65+ 5 68+ 4 1.5840.24* 1.3540.10**
Caudate putamen 63+ 9%,  73£10 82x11% 8T+12* 1.31£0.05 1.2040.03**
Globus pallidus 50+ 7 50+ 8 61+ 7* T0+£12* 1.2740.12%*% 1.4440.14%*
Substantia nigra 66+11 70+ 9 0+ 7* 70+ 8 1.1540.15% 1.03+0.11**
Superior colliculus 53+ 6 59+ 6 73+ 8 T+ 9 1.29£0.10%* 1.2840.14**
Brain stem structures
Cochlear nucleus 104+13 106414 99+15 107£13 0.55+0.09 1.02+0.07*
Olive B3+ 7 63+ 7 6111 59+10 1.00£0.17  0.94+0.12%
Inferior colliculus 106+14 10010 122+17* 123+ 15% 1.14£0.04** 1.22+0.05*
Lateral lemniscus 68+ 6 T4+ 8 73+ 8** 7+ 9 1.10£0.12% 1.1240.14*
White matter
Corpus callosum 234 4** 47+ B* 2.2540.24%*
Internal capsule 33+ 4 44+ 6 3T+ 4 48+ %% 1.07£0.11** 1.1040.06**

I, ipsilateral; C, contralateral.
Values are mean+SEM (N=5).

% p<0.05, %% p<<0.01, vs. normal value (Table 1) by Student t-test.
# p<0.05, #4# p<0.01, vs. contralateral value by Student t-test.

# The details are listed in Table 4.
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Table3. (CBF values, r*CMRgl values and rGFR values of model rat 48hr after gradual compression
rCBF rCMRgl rGFR
Structure ml/100g/min #mol/100g/min # mol/ml
I C I C I C
Cortical areas
Visual cortex 47+ T% 54+ 5% 48+ 8 49+ 9 1.26£0.30 0.94+0.15
Auditory cortex 35+ 6% 524 5¥* 46 7 50 7 1.36+0.28 0.98=0.10
Parietal cortex 39+ 5%, 54x 4 4T% 6y 583+ 7 1.3220.18,, 1.00£0.15
Somatosensory area ¥ 574 4** ¥ 494 6%* ¥ 0.89£0.13
Frontal cortex 37+ 4% 45+ 5 47+ 8 51+ 9 1.32+£0.22  1.21x0.22
Subcortical structures
Lateral thalamus 56+ 4 85+ 5 40+ 7 39+ 6 0.69+0.10, 1.6040.07*
Subthalamic nucleus 61+ 6 83+ 6 34+ 5 36+ 5 0.58£0.08 0.58+0.07
Ammon's horn 53+ 6 584+ 5 41+ 7 2+ 7 0.7940.11  0.71+0.09
Caudate putamen 514 4%* 594 4wk 39+ 7 a4+ 7 0.68+0.10 0.71%0.18
Globus pallidus 42+ 3% 47+ 3% 28+ 4% 29+ 4* 0.63+£0.06 0.59+0.07
Substantia nigra 65+ 7 68+ 7 39+ 6 36+ 5 0.624+0.09 0.57+0.09
Superior colliculus 62+ 6 B4+ 6 38+ 6 37+ 5 0.61£0.09 0.59+0.08
Brain stem structures
Cochlear nucleus 104+14 108+13 62413 6613 0.69£0.13 0.71+0.13
Olive 62+ 7 683+ 6 36+ 5 35+ 5 0.60£0.12  0.58+0.11
Inferior colliculus 96+£13 99+13 73£10 72+10 0.79£0.10  0.78=0.10
Lateral lemniscus 5Tx 5 56+ 5 35+ 6 34+ 6 0.6340.10 0.63+0.09
White matter
Corpus callosum 264+ 2%* 18+ 2 0.7040.12
Internal capsule 23+ 4%, 30x 4 19+ 4 20+ 4 0.840.18,,4 0.56+0.11

1, ipsilateral ; C, contralateral.
Values are mean=SEM (N=9).

% p<0.05, %% p<0.01, vs. normal value (Table 1) by Student t-test.
# p<0.05 ## p<0.01, vs. contralateral value by Student t-test.

# The details are listed in Table 4.

Table 4. rCBF values, rCMRgl values and rGFR values of the compression sites of model rats 24hr
and 48hr after gradual compression
rCBF rCMRgl rGFR
Structure ml/100g/min # mol/100g/min £ mol/ml
24hr 48hr 24hr 48hr 24hr 48hr

Area just beneath 25+ 5i% * 6113, * 2.360.19%% *

the compression site
Area just around 52+10* 94+ 9,,. 82+ 9 62+ 8, 1.851+0.26% 0.66:0.06,

the compression site
Non-compressed area in 47+ 3%* 44+ 6%f T4k Ty 45+ Ty 1.61£0.09* 1.08=+0.17

Somatosensory area

Values are mean®:SEM (N=5 for 24hr model, N=9 for 48hr model).
% p<0.05, %% p<0.01, vs. normal value of somatosensory area (Table 1) by Student t-test.
# p<0.05, 4 p<0.01, vs. contralateral value by Student t-test.

% Values are not available due to tissue necrosis.
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Abstract

Fundamental Evaluation was made to perform a double-labeled autoradiography using N-
isopropyl-p-['?*1]Jiodoamphetamine (1% 1-IMP) and 3H-deoxyglucose (*H-DG) by the chemical
washing method with 2,2 -dimethoxypropane (DMP). As the standard for quantification, gelatin
was found to be the most convenient material producing a correct result as compared to brain
homogenate and commercially-available standard scale. Though more than ninety-eight percent
of 15]-IMP was washed out from brain slices by three-hour washing with DMP, neither the activity
nor distribution of ®H-DG was influenced by DMP. The beta-ray of *H-DG was completely
stopped by a thin polyethylene membrane of 6 y thickness. A gradual compession model was
obtained by inserting laminaria at the epidural space of the rat brain. The measurements of
regional cerebral blood flow (rCBF) and regional cerebral metabolic rate for glucose (rCMRgl)
were performed on fourteen compression models and five normal control rats. Images of
autoradiogram of brain slices and standards were digitized using a microcomputer and CCD
camera system. Radioactivity of brain slices was calculated by comparing the digital counts of
brain slices to standards. Coupling of rCBF and rCMRgl was observed in normal rats and the
glucose flow ratio (GFR) value ranged from 0.58 to 0.88 (xzmol/ml). A marked decrease in rCBF
and a mild decrease in rCMRgl were observed in the area just beneath the compression in the
model after twenty-four hours. The elevation of the rGFR indicated occurrence of anaerobic
glycolysis. A mild decrease in rCBF and a mild increase of rCMRgl were observed in other parts
of the compression area, which seemed to be due to early cerebral edema. Compression site of
the model after forty-eight hours was in necrosis. rCBF and rCMRgl also decreased in other sites,
which seemed to be due to the progression of cerebral edema. Temporal and spatial discrepancy
of rCBF and rCMRgl was observed in the model rat. This autoradiographic technique is
superior in convenience and quantification to previously reported methods. It seemed to be
useful for evaluating both rCBF and rCMRgl simultaneously in model rats under various
conditions and for understanding the pathogenesis of cerebral diseases.



