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Application of Thallium Autometallography for Observation of Changesin
Excitability of Rodent Brain following Acute Carbon M onoxide I ntoxication

Min Soo Lee, M.D.}, Seung Bum Yang? Jun Ho Heo, M.D.!

Department of Emergency Medicine, Wonkwang University School of Medicine, Iksan,
Department of Medical Non-commissioned Officer, Wonkwang Health Science University, Iksan?, Korea

Purpose: Thallium (TI+) autometallography is often used for the imaging of neuronal metabolic activity in the rodent
brain under various pathophysiologic conditions. The purpose of this study was to apply a thallium autometallo-
graphic technique to observe changes in neuronal activity in the forebrain of rats following acute carbon monoxide
(CO) intoxication.

Methods: In order to induce acute CO intoxication, adult Sprague-Dawley rats were exposed to 1100 ppm of CO for
40 minutes, followed by 3000 ppm of CO for 20 minutes. Animals were sacrificed at 30 minutes and 5 days after
induction of acute CO intoxication for thallium autometallography. Immunohistochemical staining and toluidine blue
staining were performed to observe cellular damage in the forebrain following intoxication.

Results: Acute CO intoxication resulted in significant reduction of Tl+ uptake in major forebrain structures, including
the cortex, hippocampus, thalamus, and striatum. In the cortex and hippocampal CA1 area, marked reduction of T+
uptake was observed in the cell bodies and dendrites of pyramidal neurons at 30 minutes following acute CO intoxi-
cation. There was also strong uptake of Tl+ in astrocytes in the hippocampal CA3 area following acute CO intoxica-
tion. However, there were no significant histological findings of cell death and no reduction of NeuN (+) neuronal
populations in the cortex and hippocampus at 5 days after acute CO intoxication.

Conclusion: The results of this study suggest that thallium autometallography can be a new and useful technique
for imaging functional changes in neural activity of the forebrain structure following mild to moderate CO intoxication.
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Fig. 1. Regional changes in thallium ion (TI*) uptake in rat forebrains following acute carbon monoxide (CO) intoxication. Upper three
photographs show the uptake of TI* ion that is histochemically stained with brown color by autometallographic technique in sagit-
tal hemi-brain section of control, CO-30 min, and CO-5 days groups. Animals of control group were exposed at normal room air
for 60 minutes. Animals of CO-30 min group and CO-5 days group were sacrificed at 30 minutes and 5 days after 40 minutes
exposure of 1100 ppm CO followed by 3000 ppm CO for 20 minutes, respectively. The more dark-brown color intensity repre-
sents the higher uptake of TI+ ion in the cells in the brain area. Lower three photographs show pseudo-colored images of TI* ion
uptake that were generated by transformation of original images into 8-bit grayscale images. Pixels on the gray image were thresh-
olded, converted into pseudo-red colored image by using Image J software. Fr, frontal cortex; mo, motor cortex; so, somatosenso-
ry cortex; vi, visua cortex; st, striatum; hi, hippocampus; th, thalamus; hy, hypothalamus. Scale bar. 1 mm.
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Fig. 2. Statistical analysis of gray scale value of relative TI* ion uptake in major forebrain structures of three experimental groups. For
quantification of gray scale value of the TI* ion uptake, pixels were thresholded via the Image J and gray values of pixels above
threshold in a specific area of the brain were analyzed with 8-bit gray scale level (0-256) using the built-in function ‘Measure-
ment’. Vaues are mean+S.D. of 5 rats of each experimental group. * Denotes significant difference between control and CO-30
min or CO-5 days (*p<0.05, **p<0.01). * Denotes significant difference between CO-30 min and CO-5 days (p<0.05).
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710X G E A = A FIHFE (interneuron) o]
#AZ =AU} 53] djH 9 Ao 4550 & =

g FrEolA 73 Tr gAo] 2 B2 H nt(Fig. 3).

control-cortex

CO-30 min-cortex

L E24 BISIE AYoD| /I8t &8 Autometallography2| &&

38 774 CO F5 302 F ti=v2elA dgjv]=
2 % TN U F7F astlen, 53] 92
FEY AEA A T M o] 7 il ofye}

BN = FHaste] $3E7] 9] Zol7t ZhasiAu
3E717F Qlol AMEAT A2 == At S7HE

H#4 CO T5 54 F U= Z ver|E w2 H F
HrEelr 34 CO $5 302 Fok vlaste] ti+v]d
o] HH| E 2N T F71 S7tet ot A4 di=
¥} Hlatsto] Ak et (Fig. 1, 2).

S 2HE AR Z2aAE o] 8ste] 54 CO T5F
ol &gk ti v de] 4-5F A Hr|= 2o TI' F5

CO-5 days-cortex

Fig. 3. Changes in TI* ion uptake in the layer 4-5 of the somatosensory cortex rat brains following acute CO intoxication. Upper pho-
tographs, autometallographic images for TI* ion uptake; Lower photographs, pseudo-colored imagse of TI* ion uptake. Arrows
indicate TI* ion uptake in the pyramidal neurons and asterisks (*) represent interneurons. There was a marked reduction of Tl* ion
uptake at 30 min after acute CO intoxication. Scale bar, 100 #m.
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Fig. 4. Statistical analysis of changesin TI* ion uptake in the pyramidal neurons at the 4-5 layers of the somatosensory cortex following
acute CO intoxication. For quantification of gray scale value of the TI* ion uptake, pixels were thresholded via the Image J and
cells with gray values above threshold were counted using the built-in function ‘ Analyze Particles . Other notations are the same

asin previous figures.

J KoreaN Soc CLiN ToxicoL / 71



UHerat=4stalX\ Ml 17 2 M2 S 2019

control-CA1 CO-30 min-CA1

#SP=SR
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s s
control  CO-30min  CO-5 days

Fig. 5. Changesin TI* ion uptake in the hippocampal CA1 areafollowing CO intoxication. Three photographs shows autometallographic
images for TI* ion uptake in the stratum pyramidalis (SP) and stratum radiatum (SR) layers of pyramidal neurons of the CA1 area
of 3 experimental groups. Bar histograph represents statistical analysis of changesin TI* ion uptake in the SP and SR of pyramidal
neurons of CA1 area of 3 experimental groups. SL, stratum lacunosum. Other notations are the same as in previous figures. Scale
bar, 200 «m.
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Fig. 6. Changesin TI+ ion uptake in the hippocampal CA3 area following acute carbon monoxide (CO) intoxication. Three photographs
shows autometallographic images for TI* ion uptake in the CA3 area of 3 experimenta groups. Arrows indicate astrocytes with a
marked cellular uptake of TI* ion. In the photograph of CO-5days-CA3, high magnification image show typical morphology of
astrocyte from yellow square area of low magnification image. Bar histograph represents stetistical analysis for the number of
high TI* ion uptake- positive astrocytes in the SP and SR layers of pyramidal neurons of CA3 area of 3 experimental groups. Other
notations are the same as in previous figures. Scale bar, 200 «m.
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) Z=9] 3futollA CA (Cornu Ammonis) 1 ¢ e] 3
g = FEA TI'e] F577F AWsA 2= A=, o]
] AlZA7F L3 Ju]=Z(stratum pyramidalis,
SP)AlA 7V A3t Al 7 BEEHN L FEVIE 2
F3 "hAbE(stratum radiatum, SR)&}F A7FZ(stratum
lacunosum, SL)eX&= FE7] TI'0] FE 0] &2
A o] 7hE o g AR EATH(Fig. 5).
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ol A 55.£2.2 g, CO-5 days wollA] 1445155 Fro
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days #(p<0.05)0] 27} -2 gk x}o]7} QA Itk (Fig. 5).
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=4 CO &= = oli0} CA3 FA0|AM MAM|=Z2| tH35}
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FARSE geletr] At 2L H CO-5 days 9] 3
2 Ao 2 AJAAE9 I;]-Hﬂ;d B A Al
GFAPo i3t Fg R iz AslstAlg A3 Bz
ol Hlsto] 54 CO 55 5¢ F dlint CA3 FHelM A
ZAME 2] BAAR] GFAP Tl o] My 2 {-of5A] Fha
= Ach(p<0.01) (Fig. 7).

= 5i0t0IA NeuN 28

%4 EH}.:\L"-‘% CO-5 days T4 HAHE o=
ARAES TE FAZ] NeuNo] thgh welz

CO-5 days-CA3

4 L g
2
0
control CO-5 days

Fig. 7. Distribution of GFAP (+) astrocytes in the hippocampal CA3 area of control and CO-5 days groups. Two photographs show con-
focal microscopic images for immunofluorescent GFAP (+) astrocytes in the CA3 area. Bar histograph represents statistical
analysis of GFAP immunoreactivity levelsin the hippocampal CA3 area of control and CO-5 days groups. Other notations are the

same as in previous figures. Scale bar, 200 «m.
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AAE AN F oS D shebel A AFAED £ W NeuN 4 FE 7 hETH ARkl ARAE
518 AsHArh COS days 29 91 & sfehell ] 9@ Apeo] B3 eiehFig. 8),

Fig. 8. Representative photographs ShOWI ng hlgh magnlflcatl on images of NeuN immunoreactive neuronsin the 4-5 layers of somatosen-
sory cortex and hippocampal CA1 area of control and CO-5 days groups. Protocol of acute CO intoxication used in this study
resultsin aminimal changesin the number of NeuN immunoreactive neurons in the cortex and hippocampus. Scale bar, 100 m.

control-cortex control-CA1

CO-5 days-cortex . & »‘_-‘~"'7 { CO-5 days-CA1

Fig. 9. Representative photographs showing high magnification images of toluidine blue stained cells in the 4-5 layers of somatosensory
cortex and hippocampa CA1 area of control and CO-5 days groups. There are no significant histological markers for cell death
such as a cavitation around nucleus and the presence of pyknotic homogenous nuclei in these structures 5 days after acute CO

intoxication (CO-5 days groups). Scale bar, 100 m.
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=3} toluidine blue G2 ZALA] CO-5 days 2]
Hud g sfutel A ANAGMEL] &3S Yujste Uss
A, Az 9% o 35 MAgd) 2o x2shE 27
2 A okrh(Fig. 9).

2 AF7E dAHE g g 1100 ppm CO FEo 40
£ 0]% 3000 ppm CO FEd| 208 7+ =&3t0] F4
CO TE5L Y311, T5 3087 5¢ F thallium
autometallography= AA|ste] Ax FAFE YA TI'
Fe WstE 9dstela AFH o2 #A8ont CO
FT5 30 ¥ =2 Hlasto] 9 E, sfnt, Al
D AxA 5o F8 A J9E5A T GAA=T &
oIHAl 243t ojufl Al EfE BN FA CO F
5 30 F g9 A Her|e 722 AEA E 5
FE7), ST EY AZA A TI' o] 2] F57} 23t
Al Zast ek, =3 sfnt CA1 9] v = w229
A EA Q] Fepr|=Fd 47 90 Al
A TI 0] &9 571 70% o) ZA&stoict. 3, 34
CO F5ol o3t AFAEe TI" T4 st tigh AL A
T7F A glo] £ A77t AN 8 FREE ABAE
EolA 54 CO F50] TI' F5& AT A8t 3
HA AP o= Alg ot

TI'e 17} ol 2.2 K o] 29 FAMAZ A Uil
A] Na'- K' ATPase?] Zg-0 2 K' o]22] fA13 JH| =
ANE WHWE o]FS gtrh, weba] TI'Y] AlE W o]F2 ATP
AL st MEZEgote] 75, TEZUAL AEAE
o] A7 FRAH A BATE ATt . A F4 CO
50| ABAZENA TI F577F A LA Fa&she= Ao
it et 7148 oA & 5 Q= AA ol otk A
HolM 4= FdlEFHE 1583 dAd T Ax2A A3A
EEA daH o2 TI" F571 AaEHJeH SE 7|3t
o] Eofde] wetA] AxA| o9 e FHANNE TI" FF
7t Z2= ek, olw] Nissl 24 A AEFAAL] 24
A AL Hole FZoA T 571 943 2ago g
A lUA] thAE bR 3] Ak E o] Na'-K' ATPase 715
o] ¢t &AW TI' F571 YoluA] &35 B Ao,
Bk TR ARl AAIA Y &4 F AlEe quyA o
APZE gk A SOA TI 771 A8k, ol
S8 A TI F&o] vhald #AE B ook, =3 <
FHo 2w MTI-SPECT AAE A9 518 &3 A=E
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StE HY6h)| {st &8 Autometallographyll M=

Fet QoS ol g Auka B 3 el oA Al
Aol Qs o 2 A AES T §57F 748 5 9
&¢ mo] Fuh

A AFAZ(reactive oxygen species) @] 7o o3t Aks}
A ~E# 2 (oxidative stress)7} F4 CO = & A7 A
3 e MVNAE Foll R A2 = glok(Akyol
etal, 2014). 53] ¥ AAAEEL EL& dUA A,
o galsla s T, MEZEHYE] =2 Axe 59
A 59 o]fF R A5t 2EH 20| o3t MLt A
zHgo] gEA U, 23y 2EGAE HEEZE
o} Aolf, A #itsl A} 5 s ol dAFE0]
ofd HWHA MEESSS U 7HEAIRIT CO F59]
oA Aeld 2EHYAE 2t 2o Add A
o] R E ] om” E35] 1000 ppm CO FEoA 60+
wEA F 308 o) AT AR WM Dok
& 2 nitrotyrosine Tl W&o Syl o 2 AMSA] &~
g 271 AZ AT, o] e F 2] CO =F
M Atsld 2EY 27 #EEr e A7) Q7438 1L
gall & ufj, 2 A7 FA CO Bd] W oA Ata}A] ~
Ef2rt 29 7Fs Aol 55 $AIE F AUk

CO £%0] Na*-K* ATPase &4d]| oJ3FL u]Att=
AAQ A= AL glovt Aika g AshAd 2E
Na'-K" ATPase &4] & kil o) fgks Frhe 2
SHEC] HaEnt. F, AF oA nhd 2E
st AFPellA] Na-K' ATPase &4do] ZHa
o] GAiFsAlE FofatH o] 83k Na-K' ATPase
7V AA depgth?. 339 Heo|A] Carbofuran FEZ
FreEe Akshd 2E# 2o o3 Na'-K' ATPase®/d 7+
A FAIAIR] HIEHRIES] FAA]E S-S ST,
A AFZANE A E-Ae s &4 93t Aksid 2E
#| 27} Na'-K* ATPasee T @ mRNA HH 7S 7HAA|
Aok wEbq B Ao CO F5 308 F x93
2 sjule] AAAESIN TI' ol &o] F4E CO 55 2
710l BA = A3 2EF 26 93 Na'-K' ATPase
W4 72t FE elo R FEEG 214 AT Ft
of 54 CO T5 B9 X Astd 2Ef 29 T
7o) QRS rHsol & Ao s Als Hr),

B AFolA] CO-5 days T4 toluidine blue F2 71
AtollA] ti ) d B sfuto| ] AFAE] &l g =
2erA o] AFEA ko r NeuN ¥ ox3 353}

N

—_

(m S A

N

7

-

[ rlr

i
O - )

i
rlr
o

ol = o n& |»

o,

A

J KoreaN Soc CLiN ToxicoL / 75



VRS

AN\ M17 2 H2 32019

AAIA olE GAElM d2TH CO-5 days 2 1ol
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TFo|A A FA CO F= mdoja] AAME AP
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A7AFet FARE ATk 22y thre] AP ATEA
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