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Histopathologic and Enzyme Histochemical Studies on the Effeet

of Acute Carbon Monoxide Poisoning in Rat Kidney
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Selvetel A FEE ¥ FEEHY BRE el R
A= 9% EFEROEE) 48 hEY FREBRE=
BEEE —BLEEE &0, Fk £RY EREI E
H EEEEARGdA 2 WA BREHE A% hE
2 ggie 9L Faslz sl MR 4

Ehz @AY —FEbiE: d=z23a (Hb)A4
HRHol EEFES) 200f% LI E Bate A A5 EA CO-Hb
HEBE ol Fof dlEF il MFEERBES AT
Roh e BEFEGES Efiler oFAA EHEES
EEEN BEREZE P47 BRe =24 HEE
= 9 vie dlen old B WREFEE W
(Goldsmith, 1968; McBay, 1965; Roughton, 1945) #
utol] g} —EE{kiiF#E = Cytochrome C Oxidased] {EH
4 oA ste] (Pitts, 1970) ATP EFES A E 71E
o B4q KEFRERY 28 d¥%E £ 5 d2n
2 HBEmESZR HIER gttty §iE 5+ ded
ERER RE RIS 3 MRS ME BR =v BOHE
B d8 wy REE FBEAAA S, A 1%
W] —E{LIRFT KEFd FEIE 105 A
ANBEFTEC =3eA Az 3y SE—#LRES
R 34 B Uy WEr bhEsy BHREREREC] ©
gz o= £ M, LB, Bl et .

& (197709 WA gt e ver Sl
BfepFame EHBEEL AR 10,0008% 30640
o ol Sk HEHI 45%c] = FLELE AN 10,0008
& ifez HEN T dod R PIIEY A4
= BEH o Ao —BbRFEPF F1d"E Feldx
a2z glth. (Goldsmith, 1968)
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Bhome] EAN BE R old M #EE B 5
TEE-S kgt EEFE (Beck, 1938; Klionsky, 19603,
GRS, MU fhRe mRIINES FrEsS
#eyn(Ingalls, 1958; 4, 1977; &, 1977), FHRY &
verhmme] BefEe) EES mim L RITHE: Bz B
o Jofre) ALz Wingeld. =3 HRAAA: &
PRSI 9% BF A HIEKNeR =
9ot (), 1971) ofA = —FHLRFE Fe #HE 1
FEFBMrA B AR BEYR R 2 HiFl
g d7loh WEY FESES BHEEAA9 TRl
o —r“H] oy o] FAe] Be ATPE LER JFEE M
Rt ge EHbEEEC 44 ded oEdh
Trlcarboxyhc acid (TCA) Cyclee] 3ted 3} Succinic
dehydrogenase {(SDH)$} Dihydronicotinamide adenine
dinucleotide diaphorase (NADH diaphorase) #fE LT
fiREe) 3ol ¥t Lactic dehydrogenase (LDH), s}
BeEs Nk o fRe# ) Alkaline phosphatase (Alk. P%
o) WrRiElc] MK fEsA REvYe=R —E
fERFEREH L o EE s 244 4 F 4
=}

AA T mgERol 9% aMtEMFER TERY
EMER LS B2 %Sl A (Gowing, 19565 Kolets-
ky, 1964; Wachstein, 1957) #LiR{LEH w3 = RE
e 34'7%"'74“1 g, Y wE O RES AA
g 4 gy dLo] ARG AY £AnTF ¢4 [
ikl ad:g) ‘ﬂﬁ}ﬂ- zd" & 5. ol AAIHA
Aol A e EERERE 2050FdF 27183 E ¥ ¢ 4
¢ we EBLEmezE 55Wd o9 glycogend]
BOE TAE & vtz 2adx Qe (Klionsky,.
1960)

B2 EELEr WHRL tissue homogenate f7
Bt e EEe 3 2adz e (.
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1973; Vogt, 1968) #froll A< WA = #imel
3 ZEHIE gle HiFoldA #bre] B2 x4
#Epe RS Jdge HEF dolw o £
glon @ik EEELE A33d B0 Aotz A
8 v}, Wachstein®s (1957)& dl-serine® mercuhy-
drine 2 f3k=E MEFHEFEN N BEREEY 2HbE
234 51 Alkaline == Acid phosphatase® o} Frie)
SR BRRS B8 9 £ dem nasigld.

g [EESLEE ARY oA 2e BEA
(nephron) #Z+&ie] SDH, NADH diaphorase, TPNH
diaphorase®} Alk, P& §3E9) HMEE7H N, #AEEA
M, SEEE 48T ez N GHE HRESY HRR
% MRSt AR sy 35 m 9.
(Farber, 1956)

2 rz FEE BM—ELRESTZT BRBE
YA e Ed w2 FEEABEN B 2 HEEd
F¥ 3 F7#3+= SDH, NADH diaphorase, LDHS}F Alk.
P& & BFEY —MLKRE Z24 73 BE#bd v
B4 x U HRAFY #Bd w2 gFEEEZ 23
Stel SME—LEREDTA & SHBFRR2ES HEE
e JEstanal B OB A4 el

BEHMH R B

1) WEEHH
ERBYe H—Bkdd FHd 8E 210~280gm
¢ Sprague-Dawley% #fHE BB 977}l oln] o] &3
3zep2 = el A¥el, esute]E AL A ALE
=3+
2) —EB{LRFE (COje HE U 7R
=7 CookBiel] WIS Y3 KA 100°C
2 iy # A a(formic acid) 2 BiAA BiEs
T —BERES Hifdg e oA 2wt 96~03%
7t b o] & Wet gas meterst Douglas bage Ap&
e Mo Bk 8" —mMbiEe BE
+ Infrared CO analyzer(#, Grubb Parsonsjti,
Model 20008} CO #a&(H A, Kitagawa t# Cat.
No. 100)2 = #HiEsl9 o,
3 REEES
—RALEFE T2k BIEEERC 204, 604, 1205
HE ~BERES BES Y] 9%d —mibRHs
1%, 0.8%, 0.6%, 0.4%<A @t 429 @
of W3te] 8ulalY ZEAA HIERKMES WEsted.
EEHER Mk @ ESERS 99 50%5) e

= RHE 339 305 BRRES 1%, 600 EE
B 0.7% 28 2 1205 BIEEER 0.4%% A
Gl
HE R B
BHRBYEs CWEMmEE 1590, 1% COZ 2§ 30
vhel, 0.7% COZ=# 120129} 0.4% COZZEE 8v)
2] 4 IgEfo. = bre] HESIol oo REAGEN B
e EE Bl A EB AR Mike £EY Wd
A A ed
5) REHZE
—@LRFE BEFHES BHES gas Chamber (190cm
X 45cm x 30cm)e] F-FE Fel AR R 19, 0.79%, 0.4
%9 CO-gasz} 10~151/ming] oFe] FYs =& =4
T F EEHR 304, 604 12050 F=28tg e gas
chamberye] —FE{LEHE BES 205, 405, 6054
#E FATe] A FAs e R ¥k
BE7L 18% Lk 3 =% Oxygen analyzer(Z Taylor
7, OA 269) % FIHee]l —KES chamberiz 2
Astgl o
6) WEHELRY % EM{LPH HX
HINEE 9 BEF ARE Jddneel s
A S hcte ARREAo Y 10% FAHZE
W gl wAS F dlebd {2 4~bpo 2
%% Hematoxylin-Eosin ¥ufa & A e 8le] Foain] 7
o2 RS . EEMEEY HEs e FES
RS = 24949 —20°Co frozen mediume & 5
A7) F HETDR#(Cryocut) 2 10pF4 2 #iY)E o
SDH, NADH diaphorase, LDHS} Alk. P& Hugm 8-
w23k o] A aped et
SDH: Naclas% ¢ S whet 0. 2M Phosphate buffer
(pH 7.6) 5mle] Nitro BT (Nitroblue tetrazolium) £
o {(1mg/ml) 10mi<} 0.2M Sodium succinate SmiZE- {&
#8 B9 AHE AL 37°C HARANAA [F
o 304M KEEA 7
NADH diaphorase: Farber%9 w2 Ab-gg.oq
0. 2M Phosphate buffer (pH 7.4) 4m}, Nitro BT (img/
ml) 4ml, %% < 4mlst NADH 10mg& BA&THS "
HEBEES 23t 37°C ElfAlA 305 KE
AZle
LDH: Hess®] w42 7| 3 Scapelli® s #H-2 A
S8 2 0. 06M Phosphate buffer (pH 7.0) 2.5ml, 60%
Sodium DL-lactate 0.2ml, NAD 6.6mg, 0.1M NaCN
(pH 7.0) 1ml, 0.005M MgCl»H;0 1ml, Nitro BT
2.5ml, £#% 2.8ml, Polyvinyl pyrolidine 750mg-<&-
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—RECA - R —BHLREEE AREY RE-

Eaotte e REAKE ALt 37°C ERARA
A 307 M KHEA R .

LAE9 37bx vy e =F Niro BTZ AT
R E S Diformazan 44 2ol wek HHE
Femo z dehA =e FERY L BES
Hge 2 HEES Frd LAaEA 49

Alk. P: Burstonedl ¥ & 233G ev 0.2M Tris
buffer (pH 9.2) 25ml, Naphthol AS-biphosphoric acid
5mg, Dimethylformamide 0.2ml, %% 26ml, Red
violet LB-salt 30mge #E& st nuhE REAKS A8
3t} Whatman No.22 o &3 F 37°C EE Al A
304 KEAZ e XY BHEs #HEd FE
gt

Lo RS KES & Br¥ol =a HEFEE
29% EHETAS TAd4 KEAZ |z REEET X
A & & ERY EEEDS R4, =% 8
B, HihgEe) #BRESE A%

=

wmom o

=
i
=
=

x B OB &

MREY WERN EEe f, ARES A AR
9 4Rt oz EgsY A #ird a9 FHire #
REGE A2 d2d. 5 AEEds Ml fir
{h #BER % (proximal convoluted tubule) =l SEfrih#RR &
(distal convoluted tubule)o] F& PRl AE
Bl = s o Efrd@ERE Sdie BEL
TR (thick ascending limb)# #24&% (collecting
duct)= FAHo} U MEHA L BT {TMEE (thin
limb)= B LTMERE S £4Fc o9 REHEA:
BTFTERSS 4T BHA 4. = ¢l E2
- AE BErdARKED Fol S ez 2 feldA T
H4a+d H&EBHmez FHYT 5 A

1) SHEEREY AR

AN 2F e BEY B KREEKERES
ol W MEEAN BES ot kRusite] o HIE
e vevA Fga Bk (casts) sk 15060 A v BI&
55t 1% COol 304, 0.7% COe 605/ $29
ARE A= A3 Biel SEEE #3 WEES BR
el BT (vasa recta)e] 4 (Fig. 1) A EES A
BEEd A BE WA hEEch ERste KR
8 ERrsHMRE A %K, SRS £AFIA &
By B AEEY AMHERENA hEE=
(Fig. 2) #HEEHEY B LAFMERES £4FAA o kst
7 EE WA gl gl = Fig 3) AHEELES Fl%

shoich, HiEE St FHEEES Ydf oy REHE
o) SIfIERE A £E5EA = SEEEe ®ETTM
REd A BRE A

2, 0.4% COE 12048 528 AgEEdA
= AR 2TE A Eittd Bhe ANt Go
oEEEe maAS 1fle] REE EfrdEREdq 2
= A

LR #RE fmastd ¥ 9 2 —BLERE F
2id GOEERY mERassy #e A48 Bad
IEs BE o9z Bl Foz au%d F+ Al
oo BRESHE AEEY HEMBARE]Z 2 95
& AEEESY HEewS ERAEREIN 2 SAEHAY
SEfMEAY o e HEEEne Bibe A
o okc}h(Table. 1).

2) HE{Les MR

a) Succinic dehydrogenase

A4 27 (Fig. & HEEA AHEAN BD
SDHY| #Efhe vehe] #REe =t BEfoS MK
wo] Pasdon FEHAAME FEEE GEED
fEEE e T4 ¢ Wt SDH Heike F9UH=2 #
arshd HERIEE 23 vl Gy =, AEES AR
e 73t EiE, RMRERE S RRE, REERSY &
fHERE fawe h2E, FELTHEREL A
geb, AEEES WTAERES T3 o9z BLT
wREe Ao, #E&EFS hHEdt. AERES
AT v oFY RES wgg Foldh, = At
BEY BRE Al A e

#d 1% COE 307 28 AT EdE BE
MFE o) SDHiERK ] s o & Fz BEJWAS
wmpre] 745 (Fig. 5) vebdled (P<0.05, P
0.01) ¥4 2 st AkEY ERiMRE] &
SR, EAMEETC) BE, REEY TAdRE
hEgE, SAEL BELTARY B, AHEY B
LEEEE S Sawel hEER 47 Fadd FA
of AR RNAEEY ERT Foud R fhERiE
s} #FTMRE S SDH #4e] 3 wlste] F3h
AEE ARY S 4. 53 AREY HRYE =
7 Bidwl 38l SDH {Eike] <3 wlokeiAv I
237 ohJseet. (Fig. 6, Fig. 7) 0.7% COZ 605
B 22 0.4% CO% 120570 Z2d BN L F4F
g SDH &9 @3 74 € vede gifimes &
W7l ol HelAx SDH iEM:e #b-t =9
=}. (Table 2) (P<0.05, P<0.01)

b) Dihydronicotinamide adenine dinucleotide diaph-
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Table 1. Histopathologic Changes Resulting from Different Degree of Acute CO-Exposure in Rat Kidney

. Congestion Hydro. Deg Necrosis Regeneration Casts
e T S e S N T e S apts
Quter Cortex Control* 10 5 15 15 15 15
30min 18 12 30 30 30 30
60min 4 6 2 12 11 1 12 10 2
> 120min =~ 4 4 8 701 7 1 8 !
- i
Inner Cortex Control 12 3 15 15 15 14 1 :
30min 14 10 11 9 24 4 2 23 4 2 115 8 6 1 ‘
. 60min 4 8 4 6 2 8 2 2 8 2 1 1 7 2 2 1
| 120min 8 6 2 6 1 1 6 2 6 2 ‘
Quter Medulla Control 4 8 3 13 2 15 15 14 1 !
30min 18 12 9 14 7 23 4 3 24 1 18 8 4 !
60min 4 4 4 4 8 10 2 1 1 8 2 2
120min 2 4 2 6 2 6 2 8 6 2
Inner Medulla Control 12 3 15 15 15 14 1 !
30min 4 20 6 29 1 30 30 20 8 2 _
60min 4 7 1 10 1 1 12 12 12 '
120min 8 8 8 8 8

* — : Negative, *=: Doubtful, +: Mild, -H: Moderate to marked N
** 30 min: 1% CO, 60min:0.7% CO, 120min:0.4% CO |

Table 2. Histochemical Changes Resulting from Different Degree of Acute CO-Exposure in Rat Kidney

Succinic Dehydrogenase

. 1% €O 0.7% CO 0.4% CO

Control 30min Exp. 60min. Exp. 120min. Exp.

O = + # # O = + 4 # O+ + H# # O % + 4 #

Quter Cortex i 5 4 7 4 1 1 2 1 3 2
N Glomeruli 2 4 9 6 3 2 4 i

Prox. Con. T. 1 5 4 7 4 1 1 2 1 3 2
Dis. Con. T. 1 5 4 7 4 2 2 1 3 2

Inner Cortex 1 5 2 9 4 1 3 1 1 3 1
Prox. Con. T. 1 5 5 3 3 2 3 2
Thick Asc. L. 1 5 4 9 2 1 3 1 3 2
Collect D. 1 5 5 8 2 2 2 1 2 2 1

Quter Medulla 1 5 5 6 4 1 2 2 4 1
Thin Limb 2 4 2 13 1 4 1 4
Thick Asc. L. 1 5 5 6 4 1 2 2 4 1
Collect D. 4 2 10 5 3 2 3 2

Inner Medulla 1 5 4 11 3 4
Thin Limb 6 16 5 5
Collect D. 1 5 3 12 2 4 1

Arcuate Art 6 2 13 1 2 3

* O Negative, =: Doubtful, +: Mild, 4: Moderate, #: Marked P<0.05, P<0.01
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—KEH - RER : —BEREPE AT RBE—

orase

AR 2T (Fig 8) AEREH AHHEIA 23
NADH diaphorase %4 & vrehfio] HFHEA =& BH
.02 MEF] Radged, AERAANE FEE,
AEIHE A& %8 ch. NADH diaphorase iEMEZ £
¥z AR AEHIAN ATFA L Gtz Finf
ARES 43 &, EHERTS 248 g
EERTHERES 20 AHEY FTTEREL 4
Peovt BHEFHEEL Bz AT PdEEd
2. AEES #£4FT] BEY B4 Aa=q
z2# P2 SDH3 NADH diaphorasel= RESH £4%
9 BEEEES A Yehd oY BESmE e
et

@9 1% COE 307 F2¢ APSEdHE RE
#IF % 2] NADH diaphorase 35bEo] 71 & o] slo] & 2
BEE WA s f8Ee Zas ek (Fig. 9) (P<0.05,
P<0.01) o] &9 8LE FHd= Aadd ALEY
AR E ) RS, EBMRT BE, ARE
2] Efrfi MRl S E, EAE B ETHRRE
BE, SHEY FLTHRES #4647 %%z 4
7} Zradtod ot BEREES WTTHRTE 2 kel
ol okdte] F3ket DAL ¥ ¢ ocldich. WORERR iR
9] fEESMEE AR gk

Table 3. Histochemical Changes Resulting from Different Degree of Acute CO-Exrosure in Rat Kidney

0.7% COE 60, 0.4% COE 1208 F=%
BREFAAE k3 HEE FRE AFY & A+
(Table 3) (P<0.05, P<0.01)

¢) Lactic dehydrogenase

AR zFA e AAAFE Tz It o2 LDHY
Ete ma gob MEES ARE KES 242
vele] dd FHEe = A% FRoE MEFE
wmesden, sEEs REE KES F3tdd.
Fde ERE uzie BERes B 9d RKEJY
om HEES R 2 RCHARES TS B
TRFESL BEd-) AfEe HTTHERELE T3
Gy o HEELTHREES £4FL BEY REL 2
gk, MEIEA A = faate] BES KES el
o, SLBHIRS] eRiES SR S-S el eh

¥R 1% COE 307K =23 AT ZEM
[R#e LDH &9 b3t stele Aoy FAA2
2 FAEYS #tbe MEEY FiEARE 53 REHE
R AT B AT A4E 2o 98
MRE 2 UK A2 AFT A7t AR
=}. (P<0.05)

28}, 0.7% COE 6040, 0.4% COE 120K
E2d BIA SARES $9% BEE #RL T 4
oot REEY AMAERE, BLTHKEQ0.4% CO,

NADH diaphorase

Control 30min" Exp 60min. Exp. 120min. Exp
1% CO 0.7% CO 0.4% CO
X O+ + 4 # O+ + # # O+ + # % O x + # #
Outer Cortex 2 4 4 8 3 4 1 1 3 1
Glomeruli 4 2 4 1 4 1 5
Prox. Con. T. 2 4 5 & 2 4 1 1 3 1
Dis. Con. T. 2 4 4 8 3 4 1 1 3 1
Inner Cortex 2 3 1 2 9 4 1 2 1 3 1
Prox. Con. T. 2 4 6 8 1 4 1 4 1
Thick Asc. L. 1 4 1 8 7 3 4 1
Collect D. 2 4 5 7 3 2 2 1 1 3 1
Outer Medulla 2 4 3 11 1 1 4 1
Thin Limb 6 15 5 5
Thick Asc. L. 2 4 3 11 4 1 4 1
Collect D. 2 4 6 8 3 2 3
Inner Medulla 4 2 11 3 1 4 1 4 1
Thin Limb 6 14 1 5 5
Collect D. 2 4 1 3 1 4 1 5
Arcuate Art. 6 2 13 5 1 4
% O: Negative =: Doubtful -: Mild, +: Moderate, #: Marked P<0.05, P<0.01
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Table 4. Histochemical Changes Resulting from Different Degree of Acute CO-Exposure in Rat Kidney

|
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Lactic Acid Dehydrogenase

Control 30min. Exp. 60min. Exp. - 120min. Exp.
1% CO 0.7% CO 0.4% CO
. % O+ + #+ # O £ + H # O + # # O = + H# #
Quter cortex 2 3 1 3 11 1 i 3 1 1 4
Glomeruli 2 4 2 13 2 3 2 3
Prox. Con. T. 2 3 1 3 11 1 1 3 1 1 4
. Dis. Con. T. 4 2 5 10 2 3 3 2
Inner Cortex 3 3 4 g 2 4 1 4 1
Prox. Con. T. 4 2 11 4 4 1 4 1
Thick Asc. L. 3 3 10 5 4 1 3 1
Collect D. 4 2 4 g 2 3 2 4 1
Quter Medulla 4 2 9 6 2 2 1 2 3 1
Thin Limb 4 2 11 4 4 1 4 1
Thick Asc. L. 1 3 2 4 10 1 3 2 4 1
Collect D. 4 2 1 9 2 3 2 3
Inner Medulla 4 2 4 9 3 2 1 3 1
Thin Limb 1 5 14 5 3 2
Collect D. 3 3 4 2 2 3 2 3
Arcute Art. 4 2 11 4 5 5

% O: Negative, =: Doubtful, +: Mild, H: Moderate,

#: Marked P<0.05 P<{0.01

Table 5. Histochemical Changes Resulting from Different Degree of Acute CO-Exposure in Rat Kidney

Alkaline Phosphatase

Control 30min. Exp. 60min. Exp. 120min, Exp.
1% CO 0.7% CO 0.4% CO
* % C = + #H # O+ # # O = + H # O £ + H#H #
| Outer Cortex 1 4 1 2 8 5 2 2 1 13 1
Glomeruli 5 1 13 2 5 4 1
Prox. Con. T. 1 4 1 2 8 5 2 2 1 1 3 1
Dis. Con. T. 1 5 9 8 4 1 2 3
Tnner Cortex 5 1 10 5 3 2 2 3
Prox. Con. T. 5 1 10 5 3 2 3 2
Thick Asc. L. 6 15 5 5
Collect D. 3 3 12 5 3 2
Quter Medulla 4 2 8 5 2 2 2 4 1
Thin Limb 4 2 4 6 5 2 2 1 1 4
Thick Asc. L. 6 15 5 5
Collect D. 6 15 5 5
Inner Medulla 6 15 5 5
Thin Limb 6 15 5 5
Collect D. 6 15 5 5
Arcuate Art. 2 4 11 4 4 1 3 2
% (O:Negative, =: Doubtful, +: Mild, +4: Moderate, #: Marked P<(.03, P<0.01
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—KER « BER  —BRAERETE a5ES RE—

1200 1= S7h9 £6% 2=l HEHES EL
FRAREIAE 98 BE zZ4EF dehideod
Bl AHES £6%= ERS 715 bl
(Fig. 10) #Ekpgst HTTHRES = ke =l <3
o Z740AL ¥ F ¢ IREES 493 8k
& vepdiA g

o822 & CO%=4A LDHY EfEs KEL
e, fiEe B/hntte 3 deldz ArE v
(Table 4).

d) Alkaline phosphatase

AR 2TAN & R EEAS 2T KES velle
WV RS peadx gerz HEHHEEERE 499
A (Fig. 11). EHS #9u = A28 A7 E
GPz, AEEY EMHERE 55 MTH (brush
border)e] o}F 73 @A el vielytem BAMMRE
3 REEY IfMMEEe SE, KR EBE
o wtgo] FAH ot EERTHRES HEL &
o] glgich AARBHRAIA = SR BE A FEE
o §EHEE Ve

T8 1% COE 04M 23 aRsl HEedq A
A AR Alk. P. #Eike] A AE Fx BE d4A
E &gy 2% Jediles (P<0.05 P<0.01)
Howz #bE HaAdsd AEES AR E
&g w (P<0.01) B MRE EEdes &
REY EMihERES £4F BEY F4£E v
Witk (P<0.05) #¥REsE KEELS v Fdle FHiES 5
ZAAE ¥+ Ui Alk P FEiERMEt T
FHEEE Y WTTHEE FRERY <3« Alk P
o ZpetA] Ruis o] Rl KEMEBERST F2U
A Hy P Rl B0 Aol Eo| F4
c}. (Fig. 12)

0.7% COZ 60%7, z=] i 0.4% COS 120508 =
2% BHE o KEo ¥ilstd Alk. P8 iEfko] &
A hEEe Fasidsh (P<0.05 P<0.01), MK
BHE el iR ol o3 e d mgont g2
BFEY 2= ol zsies Alk P EHBEE
AEEAA e pEE ot REEY W TTERE
dAdE B4 Eikd d3td BE A= +%E 7
A4E e o A s = 9t (Table 5)

5 R R

1% CO= 2 F2¥ g ARFAA4 Fxd
SE—BLEFETRS BY B AEfEREN #8ie

FEEL LY Binst BES Bm FFReEA o Fis
o 7 A Y e HEH BEEASNIAGZ 2
=&l glevt(&. 1973: #h, 1974), BAPAA=
1% COZ 3041 0.7% COE 6040 =28 FelA
BAEEAMEEY ETnEs A% 8m Bk wE,
PEES B 9 HiEe #A3B= o SE—EERFED
R AfEol A2 RS Zol (4, 1971) TR EFEE
b #Fkd 4 don SEESTE AEECW MRED
oA i ARES HEfSHez A2tE gl

o] #ak.e Vogt#% (1968)3 Wachstein®% (1954, 1957)
o HER EEE AHEERE =t SHEEREBS
ROt AEEY RMARE FRTdde 228
A e FRe = o o3 AU SM—EiL
R¥EPH Hol =X = BANFREES SBRs
EEEFE o3tz BiF Y 0.4% COE 12000 &
23 BN e 2 #84E7) o FEle] iA=L AT
S} FEU et 1fel A MREEIES REHEA A Bt
A —FEHEREEE HE AT Bt mxe &
7 wtz=a] AgzAeisne ¥ 4 & %9 @K
ol AF AHAJ FEo2 F5d¢0t.

Lunseth (1960)% BEIBFIR 3EETHE 15, 30, 45, 605l
Azt FER A 55 A% BEES BES 3%
Ytz pedn g 0FLMd s = #krt 53
seficdz oot £ Ad¥dde 1% CO= 305
Zz¥ HED B BES HUAY = qglerz
o943 EEEFEY S o Ssystbs 2 HERE 5
glch= FTREfEe] Bii= 9lvt. Kinula (1976)= g £
BFIE(10% 0)3 &iE—MitE#E 2+ SDHY &
HES B d o —BERE 235 305 AHS
o el WA= o AdxrFhol s 3%H AFE
dx & #ML7 givtz FASd —BEREFHY @
o] T3 CO-Hb#ael ¢ EMEEA A% A¢
o] opvlz H¥A<¢l & EH Jg& Aoz F3
B9 et

Y Fa0lve MREIAY AFFd vl
olw] o] iR A& & chFe ATP7L a7
¥ og 2323 Energyflatel Fejdte BLBEES ]
el EAB glen 58 HREEAD wel Siis e
gleh. wetd EEEEY FEEE#Mics #EE7 T R
tey) #ied AT 4FL vixgde AL,
Z, SDHIE#{ETYE TCA cycleo] o8l ATP 4
o AAAe AFE FRIA 3o BAREAMS B
HHE FREEC) EEEEdA ETEA 22 ¢
# A 2 gle o (Pitts, 1970) SM:—FfL REFHREA
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SDH$} NADH diaphorase 7+ £ BMEEEEFRM ] B s
gz o J8ot. ARBAAE 1% COz 09M 0.7%
CO=z 607 =2l = 0.4% CO=Z 1205 R —E{LIKE,
Z2% S.D.H} NADH diaphorased] jE#gEs =zt
SAA o HES BLE 2t a8, BES ¥
53 TR A FEite Yeadd SREY Ehrsh
MRE Y ELITHEREE S AEHS RibEaii
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—ABSTRACT—

Histopathologic and Enzyme Histochemical
Studies on the Effect of Acute Carbon

Monoxide Poisoning in Rat Kidney

Kye Yong Song, M.D. and
Eui Keun Ham, M.D.

Department of Pathology, College of Medicine,
Seoul National University

Carbon monoxide poisoning has been one of the most
serious medical problems in Korea. The frequent
accidents are mainly due to the nationwide public
uses of anthracite coal briquette as main domestic
and industrial fuel. Recently, some of clinical obser-
vation of acute renal failure in patients of carbon
monoxide poisoning were reported. An experimental
study was performed to observe the effects of acute
carbon monoxide poisoning on the kidney of rats, by
means of histopathologic and enzyme histochemical
methods, attempting to explore the mechanism behind
the process of acute renal failure.

Experimental animals (Sprague-Dawley rats, 67
female, 210-280gm.) were devided into four groups
by the duration of exposure and the concentration of
carbon monoxide; control (15 rats, unexposure), 1%
CO exp. (30min.), 0.7% CO exp. (12 rats, 60min,)
and 0.4% CO exp. (8 rats, 120 min.). Histopathologial
investigation and the enzyme activities of succinic

dehydrogenase (SDH), NADH diaphorase, lactic
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-dehydrogenase (LDH) and alkaline phosphatase

(Alk. P.) in kidney were observed by hematoxylin

-eosin staining and appropriate enzyme histochemical

stainings.

The results obtained were as follows:

1) Histologic section of rat kidney in groups of 30
min and 60 min. acute poisoning with 1% and 0.7%
carbon monocxide revealéd moderate to marked cong-
-estion of vasa recta especially in the corticomedullary
junction associated with moderate degree hydropic
degeneration of collecting tubules. Mild to moderate
tubular necrosis and focal regeneration were observed
mainly in the distal part of proximal convoluted
tubules in the inner cortex. The group of 120 min.
0.4% acute poisoning showed a case of mild tubular
necrosis out of 8 animals.

2) SDH and NADH diaphorase activities in all
experimental groups were significantly decreased (p
<<0.05, p<C0.01). Decrement of activity was marked
in the distal part of proximal convoluted tubules of
inner cortex, especially in the necrotic lesion of tub-
ules, which were appeared as unstainable degree. The
media of arcuate artery was not significantly stained,

3) LDH activities in all experimental groups gene-
rally decrased mild to moderate in degree with delicate
segmental selectivity. Decrement of activity were
prominent in the distal part of proximal convoluted
tubules of inner cortex, but in groups of 60-120 min.
CO exposure were kept to rich LDH  stainability in
the coliccting ducts of outer medulla. Activity in the
media of arucate artery was tendencicus decreasc.

4) Activities of Alk. P. were decreased moderately
but rapidly in the brush border of proximal convoluted
tubules of cortex (p <(0.01), with presence of enzy-
me casts in the Henle's loop, resulting to slight blurr-
ing of corticomedully junction. The adventitia and
media of arcuate artery was not stained significantly.

5) Above histopathologic and enzyme histochemical
findings seemed to support that acute tubular necrosis,
which might be resulted in acute renal failure could
be induced by acute carbon monoxide poisening, and
the most vulnerable portion of renal parenchyma was
to be inner cortex, especially distal part of proximal

wonvoluted tubules.
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LEGENDS FOR FIGURES

Marked congestion of vasa recta in the corticomedullary junction of rat kidney after CO exposure
(1%, 30 Min.), H & E x100.

Acute tubular necrosis of proximal convoluted tubules of rat kidney after CO exposure (0.4%, 2
hours), H&E x400.

Epithelial regeneration of proximal convoluted tubules of rat kidney after CO exposure (0.7%, 1
hour), H&E x 400.

Rich SDH activity in the tubules of outer cortex of rat kidney in control group. Note negative for
staining in gromeruli (unexposure), SDH x 100.

Moderately decreased SDH activity in the tubules of outer cortex of rat kidney after CO exposure
(1%, 30 Min.), SDH x 100.

Markedly decreased SDH activity in the inner cortex, undergoing acute tubular necrosis of rat kidney
after CO exposure (1%, 30 Min.), SDH x 100.

Loss of SDH activity in the necrotic inner cortex of rat kidney after CO exposure (0.4%, 2 hours},
SDH x 400.

Rich NADH diaphorase activity in the inner of rat kidney in control group. Cortico-medullary junction
(unexposure), NADH diaphorase x 100.

Moderately decreased NADH diaphorase activity in the cortico-medullary junction of rat kidney after
CO exposure (1%, 2 hours), NADH diaphorase x 100.

Decreased LDH activity in ascending thick limbs in outer medulla of rat kidney after CO exposure.
Note rich activity in the adjacent collecting ducts (0.4%, 2 hours), LDH x 400.

Rich Alk.P. activity in the proximal convoluted tubules of outer cortex in control group (Unexposure),.
Alk.P. x 100. ‘

Markedly decreased Alk.P. activity in the proximal convoluted tubules and Alk.P. casts in Henles, loops.
After Co exposure (1%, 30 min.), Alk.p. x 100.
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