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Myoglobinuria is one of the important causes of acute renal failure, and its incidence may

be increasing because of recent increase of motor vehicle accidents. Some biochemical aspects

of myoglobin, causes of myoglobinuria, pathology of myoglobinuric nephropathy, and differential

diagnosis of myoglobinuria and hemoglobinuria were presented.
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EBEELOROO &L LT myoglobin 23 FiCHEE
aib myoglobin R (LAT MbERELBET) OB D2
Lix, 1910%Ei Meyer-Betz 2MGRREL R £ - 7ol R
7z hemoglobin R % 2 & HHE LI OBERIT,
BT TR B MBS ZSRE Lo B&o crush syn-
drome LT Mb Rk 2EEBRE KGN L
AT ETOAL Mbhd X5 fnate. HFEHEDIX
myoglobin O pF4fFic i b i e i, H
BHC Mb JRIZ DL TR XD R ERY L B0 T
T OBEA R TR, Tnds, EHROFLVEHRET
AL hEETS.

Myoglobin {TDWT

Ay 2>k myohematin, myochrome, myohemo-
globin Jo EDZ TSl Lan bR, B
myoglobin (JIF Mb ) iwHi—Ih T35,
Hemoglobin (Hb) &[T < B L HREANCHET S
SRS heme BFEEECT19344 Theorell 3341 C
FofERiue i Lz, Hb, Mb ofEE Lo

Table 1 Mb & Hb o&4ThE

| Mb Hb
Mol. Wt. ‘ 17,000 68, 000
Heme 1 4
Dimension 4X3,5%X2mp | 6.5X5.5X5me
Structure Sing. Chain 2Bz
Amino Acid 151 141x2(a5)

150 % 2(82)

Table 1 wiR3 &< T, Mb i34 T817,000, #0
1 e D EEREE I Hb 01/4TH % .

Mb ORISR CEER AL (MDO,), #
EEEBSEE, Hb k- CHR i X b ERX
htl 5 COBBIRFETH 5 L S, 10sec OF
EE) 7 HITEBENEEOL/2: MbO, X b s hig
BEWS. LiedioT, 22%, T¥hikEOREFHE
HEOHRITILEED Mb & Eh, OB EOHA
@LH100 8 LB EH7h Mb 5.0~10.08 L\ 5 &
WEBEDHTHD, b bD2.0~3.08 ©CIELLIES
g\, Mb oEfREEE Fig. 1) iR O &
T Hb X 0EBEORE T ENERTHD, Fiz



K - ~Fv A Myoglobin [FicouT 561

CO fi#ihiy (Fig. 2) Tk Hb X b CO koikame
DOENT &bV o T b, Hb, Mb & 3 HifgsFiiic
HAL U368 © primitive chain J b #{boBRC 3
WTEEHC BN TEIed 0T, Mb iz Hb 1 b
BHodo LTS5 (Ingram, 1961)9 . &
I, FHEDHiTe ro MbiiE DB HEER
D, 7>t hominoidea rFpd-% s — 7 Mb
L BTSRRI identical THBHZ LRRAL, 20
HERRESIT DI LN TERMN,
THAL. Mb OBF RS TR FEOE T L
LCHBER IS TS TnT, Fig. 3Rt isk
tertiary structure %745 L, 7 3 /Eo chain x5
eVl mbh T3 (Fig 4).

e
o o

Myoglobin JRDE

MRz L7 Mb OES

Mb (3IEHE Tl B2 7o, [ 50
=N X - C IR ERE L 72 Mb 1387 B ©
MIEEXR 20meg/dl 22 2% L HX v Ih s, Mb
k- CIIEAHET 51l 4A0me/dl wwaed 5 ME
BHBHNE, ZOEFFHERES o, mEEe
F5Z LIEEEIE FRTCH D, g0 EHT Hb o
BEaMD E, SHTMERCERELCL, Feh
BE I ae-globulin 4Eic B 5 i haptoglobin 2345
HULTHTUEL T NnD. LaL haptoglobin o5
IRERIITIRE R D b, 7EusFau 100~150mg/dl (kg
WE) o Hb 2B LEBCE VES7ed iyl
T U DT Hb RANHET 5. BARGIE 2507 % e b,
{AE 50kg o & M CIEE M E % 3,500ml, ~=< b2 Y »
FER50% ET DL, 1008 OFAREEEI NS
0.358 0 Mb p3lMEL, Mb JROE 5 mEtan 20
meg/dl Lg%, —JF, BRI MG EET 5 mER
wmo%s, Hb B4 ldg/dl &7% & 25ml oM
AEMmMAECT L Hb B133.5¢, Jicbhbm
BEREs 200me/dl L7 b, Hb R X5 BEERE
HEhdv~rgEss Fig 9.

Myeglobin [ROS¥E

Mb Rk ettt EERTAHCHETS L 55
2% HEBEENAD - €, ~FEEILCALRSZ LD
By, BRI 5, whbikH Table 2 ©
TR ELDDIENTELS. TOSHELHDR
DT Mb REG-5EHDEIHE L Tl &7z,

Crush syndrome (4 2 ¥ §EBREE)

58 2 WHER A S X OB S iR U C R o A
Pis v A V% o 7o EH w43 D% renal

Table 2 Classification of myoglobinuria

I. Traumatic Myoglobinuria
(a) Crush Syndrome
(b) Exertional (Excessive Stress)
(c¢) Postural Pressure
(d) High Voltage Accident
II. Nontraumatic Myoglobinuria
(a) Arterial Occlusion with Ischemia
(b) Convulsive Attacks
(¢) Myoglobinuric Myositis
(d) Muscular Dystrophy
(e) Familial Paroxysmal Myoglobinuria
(Paralytic)
—Idiopathic Recurrent Rhabdomyolysis
(f) McArdle’s Syndrome
(¢) Intoxication
Haff’s Disease (Bay Sickness, Sweden)
. Barbiturate
Licorice

SNy

Favism
5. Alcoholism
(h) Dermatomyositis

shut down Z23RELICZ ENDERIhZ X5
o fn. TR s B & BE)ES o EEE T A Dl
BT ENEL Tnote, Tl LEBL TEINEZ &k
WigEOEInT Mb REE/TboTikian&
W3 L ThHS,. crush syndrome o4 Mb Ra
HETHHETC 2O 235D L\ 5. O & DI
(myonecrosis) 5 D TH 5. HEFITZMED
LA B b e (& 2 Clostridium e k%) © &
LidY, COGH/IMbROBE Ly ay 7 ORE
ERMT LB P U, MO0 &I fisEst it
TtWdDOTHD., Thikv =y 72X BZ k0O E
Ew kb Mb pfFEHEINS 0 THB. crush
syndrome OIEr-H Tk Mb DOBEE L 7o AT B
WLHREHOMEY L, Al (fish-meat muscle)
LT Mb 58 0.3~1.0g/ke Jr SR
(EHW 3.6~4.2g/kg) LIET 5.

ByREA%E (arterial occlusion)3?

G D IR IRAMB T B RO BAZE SRS 0,
ARG IE S & Mb 23Fififass bl s. &6
CERASERET 2 & Mb ofidjiinEZRl Lt
Mb R&ETeD.

McArdle’s syndrome

BIEAW o phosphorylase # &< fediciE %
LS EIEHOER T BB L o IR IEY
oL, Mb Re &3, §i7 Y = —# 3EmL <
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5. Schmid & Hammaker®® it 3 Filk @i L€
WA B Mb Raibxﬂﬁ;}/bybgi@.@if%ofckj‘il\,(b‘

.
Tdiopathic paroxysmal myoglobinuria #7cik

idiopathic recurrent rhabdomyolysis

19104 Meyer-Betz I X D #i&E S ico 2380 CHL
Z2E TR E S h TOn%. EESRBCALR,
Bt 431, 10% B baigBEriEl s h T
Wh. ERE LT E, 74— AR, il
%, REER, ERFE7 Y F—vARERXHD, H
BEERIIARD S & TR < K = — B ey
HZ ETHS. Mb BiER 7 v —2DdatEBRE
PR0BEERL, oI EII0%CETS. EK
Mo, OfEEAES b D. FHERTEE IR
THEYS, RO ER Ea2REDD.

FIEOFEFRC W CIRFEHAH B 2%, Tl b Oiii
TO Lz AEEERNEERE Mb BETHD. B
VIR E O -1 glycogenolysis 3 X Y oxidative
phosphorylation CEENH S &5 LD, HEIIK
N & o T EF Mb THh % R Mb OBAF D 7o 0E
EFFHOREZEND » oxidative phosphorylation 2382
Hh 5115 &5 B DT Bl AR HER S\
P, FIEREMD 20 ODOFEEYBETHFELH
DEERIS L. EEDITEFRRA L EFRREOH ML
FRFER Mb % i iid L spectrophotometry %
Fiic - 7-05 Fig. 6 o Z & L EHKRR Mb (F-Mb) X
A Mb (A-Mb) i bbb 22D 8- B RE,
EFLBLNEC L - CTh PFig. 7T ol ESRAMD &
D KEEASRECH S . Mb 1 2 DAL T mi-
nor fraction ®H s = L& RL T35, LT Hb X
DA EKEIDGE. EHIEAR I OREE Mb 2+
column chromatography il c& % & (Fig. 8),
AR Mb 1o oD — 2 BT AR L, A Mb
30D Y—s hihb OTHE. ELJRRE Mb
X80 AT H MR A Mb D EHZ L5
Hb RGBS » Tnd . i BRoBR KT
WU BEHE LR A Mb & Hb offiigid v
ZENBD bbbk e Mb offERY BEL,
Perkoffe10:1830 [iaH Mb $iO RS A ET 50T
Bb. iAW T R Hb (o) piE
208 TIE90% T, 40 TIITIETESIC, BA Hb
(fe) WBEBLINAM, Mb THREBEDOZ EaH b,
SR - OEEAEE IR D LIEE Mb R TS
il b bkEL LD,

SR ERT 5 Mb IR

7o & AT F IR OMEARL L LT knee-chest f7% 6 B%

fiftd 725 & 7 B B Mb RIEBEED 1o b ERIT 7
SR D D, Fie DEFEM %5 e 1660 BH T
6 PlofitgE 1 BB R, 0.015~0.105 mg/ml 2K
BETE H55 Mb #FEHLEVY 255
(Kagen; L. J)®. Z &0 Hb 0RFIIRETH
SPLBOREELEEL Th 5.

ETHERE

FEETE MbREEZELTERDHD. thbFEH
513 Mb o4F 83703 molecular disease &
FBL BN, & TEFEL TR,

Mb R4 (myoglobinuric myositis)

T DML EENAOBE SR ENRDN, Bl
HOMEERBEEZ BT 5 0T Mb Rik e
FGDRRTHDDH, BBk Mb B RICHH
THEE LTS OnSHENRD 5 MHEE Eb
hs.

PR X B Mb R

Mb R ik U Ca# S i Haff’s disease &
WEDHMHBL, AT =-—FVTIL bay sickness
WER ot bbbnd B, Rt~ X1
PEeR o arsine 2VRET, AAMELE L ALK
MEL T b HEN S AER 00 LoTH-
7.

Gross 52 | licorice b\ v5 —fDHEDEA 1
A30~40 8 B~ T E W B KIE & Mb R 2
bhre 1 AEME L T\w5. licorice DFERKSTH
% glycyrrhizic acid 23E3%E Mb ROBERE oo 7
DOIMER M HEFE Lz b O5iRB b Traus,

Myoglobin REBEZEORKRE

3 Mb REFEEOMIINEE L LT, crush
syndrome CEMFREY X1 LBoBkBgLr 4T
Z X 5. Fig 9~M X ABEE K L BIENREF »
Y DFERA T - 7= crush syndrome TR LD, &=
T 1AM H W R BE T L7225 Y BT o8B L b
BEESTH S, CIIRER crush syndrome
sk myoglobinuric nephropathy o4& L Eir 3
B DO TIXIR.

Myoglobinuric nephrosis * 543 HB 2% <,
FWLBLIIRIECA SRS, REE, g
BT R ERTER LTS Fig. 9. ZAudEsk
LRI Hb KB O Y, <vFo v, ~=< b
Fv Y v =gy, Masson ZERE, Hxv A
TV~ Y E YY) VRELIZA-RBELRTOT
HH2, H-EREBOBE, MbiZGHENe0RE©F
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WEAHOCW 5. RAE LR — a2, ¥
PRI AT P B L O B (Fig. 10).) iR
HIE P PR L7z Mb 285 RN O TR % & 5D
— RARMER & ORFIZEE L7555, Mb oJihid -
LI TEATHATH S . DERORMER E O
HCziuiibaicrmah b (Fig. 11). EHEr
EEESR L, —HRAIE RO KBEREL LD S
hp (Fig. 12). 2LPREEL 7= Bowman K0
RS DB a0 B 5T L 5 B R RRIEEHE
BRI e (Fig. 13). Z o3srcit Mb 23
BRAVE I B3 KRB i B O EE A R X700
VL pH DL Hhh . RO X 5 T AEkED B
TEGEAL IR M I B Mb 235 L T\ 5 (Fig. 14),

AIEGCUL RIS U 7 e D JeRE R R oA ik

K, AFEMEILERL, FeRAEoBELBRED
BRI,

PAlbo X 5 I BB R 5, BiE THaskEs
HOTEDTHS 55, Mb PR X 5 B7e R
S>3 BRI R, FO LB R T v v
DIE LD 2 R TR EST L LI
Riekbibhd. Mb FIEDF 7 v v TR hiEEE
BRI D 20 ZTTH L. THBELD, Bk
RGO AET, Bl DZ R E 5 B8
Tl LB EVIEZNRL b bhs. XDIEM
FIC X % Mb OB X 2RI L = OB ind

Table 3 Clinical differentiation

2> TCNBZ EIEREG o, fek 0 kD, AEkEE]
BT HHO Mb IR L C\ 588, FEE CIamto
LOEBL, R TEEEORE B & Lk, FEL
Mb % infuse L -CERMIC Mb FHBRELE e ¥
DOVRPBERED L EDHTHDZ b ITER SR
Tk b (Horowitz)’®, oz bxBEcCLEFOS
2LTHD. TishbRE7TVH Y HCTH0ES
FTIUE, Mb Oty S0 BEEYER TS L
NHEETH S,

Hb [R&E Mb ROER)

BRI L T RRBICEERD - T HIFRAEDOIE
3%, 7t %¥ porphyrin, alkaptone, e &
DRI T BID AL 7 1 Y FAEREL T/
S5 TkR <. TOMRLAER, F Inl 3ml o3 %
ANT x Y FAEEINL, XBERMUCREL, =
BRIEFROBECHIIEET Hb 5» Mb k75,

il Mb JRCHEFRICHETS & Mb ik xh
T Met-Mb L7 % 70 b B F 7 B AT L
5. Ll Hb § A0 ETRT O AN LIT
L cE Ay, Mb [REE L Hb RaE L2 EET
EOT B Table 3 0 Z & EHERDWTHEIE
Ao 2%, 20k 0 EFCHHL S e RS0 O
PR bZENBEi Y T o EREETHB LR S .
205 HDOE S OB HRRTE S

of myoglobinuria and hemoglobinuria

Myoglobinuria ‘ Hemoglobinuria
EE— t -
1. Signs and symptoms Muscle pain No muscle pain
2, Serum bilirubin Normal Elevated
3. Hemolytic appearance of plasra No Yes
4. ! Reticulocyte counts Normal Elevated
5. SGOT, SGPT Elevated Normal
L S Spectrophotometry

Mb 23 Hb X b4 (NH).SO4 i@ 5t-3 %MDk
EFLZERFBLELDTC, &L 8% RFIEC Mb
e BER L T30 Hb i3 RS0 le o< 5.

FifER Sml i@ 3.0 8 D (NHL)SO« % hn 2 CHFIEE
R, TR TR0%BLEFTS. Bamihl
BB BB GRS Mb S EEL, EHROMIC
e TwiuE Hb Th 5.

PR X Binw & ¥FiXR%E diLNaOH T pH
7.0~75 REL CKBrL AR CBHE2 » AT
BEICICZ 55, FERNEE L0k, Mb 25
TBHE, 0% AT T HDb L X I BLTL % 52
LTH5.

© HEEZFBL-CGHlaRs L.

® FHRCB0% AT S X 51 (NH.SO: %
% (100ml 7¢ 51X 60g) , NH,OH ¢ pH 8.0 i
"L, KEI12FFRKET5.

@ Celite X EBLTETS. FRCEHEAHIUT
AU Mb CH 5 AREMEL . B Hb
THD, 2heSED HO Lz THRERIES.

@ @TE#KE dist. H,0 THH L, Nessler &
e X vt in 5 % ¢ NHOH % k< .

® #HHEOBRMNAKTHIUL polyethylene glycol
TRMT5.

® Tris buffer (pH 8.6) ¢ 8 KHRIHE#T.

I
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(@ spectrophotometry % 500~640my O#HE T
T, B E < 5.

Fig. 15 @ X 5 Met-Mb D KRILE A Met-Hb
I 0 AFRBOFTALEEY, ©— 7 OEN Mb: 542/
582, Hb : 540/577 (R A LD BID.

BERUKEE

B & Mo FEChE LicBREBEER Y ERIKE
T5, By AVERKEREA B CH D, buffer &
L Cix EBT buffer % fiv % 25K O MBES CH S
5. T stock buffer 21T

EDTA (acid) 0.02M
o ik 0.5M
TRIS 0,9M

PR L Tk ¥, gel buffer & LTk 2 O20/EFRE
(pH 8.6) %, &fE chamber kit 7 512, B cham-
ber 1% 5 RHCFHR Uiz b DF S . HRENIOKEP
¢, 10volts/cm DB T16~208 81177 5. T
IR & LT e Hb s U8 Mb & R ikErd
B EBREELW. Fig. 7, 16 & X 51 Mb iz Hb
X 0 UKEDEERE A R A

% haptoglobin FEFAIC LS Mb ROBKE

BEMBCIEE Hb 2z e b0 aBRKET 5.
B LS Hb RagEik Licochiul, TOHKE L
LCo hemolysis @iz, Hb L&5& L C hapto-
globin (Hp) A3 CIEEIN U5 DT, Hb 128
Yo Hb & UCHKEIT 5. &2 5Hp3ER Mb Ry
B U O s M J2 2 - T Tao s b g
Hp 2381 T, Mz Hb . Hb-Hp complex
0L %, Zhuk f-lglobulin LRT X 5 fnikBhfeE
RL, WKEEEMES Hb BHEOBELD o LE
Fig. 17).

RESNHE

50 5 DALEMTTECRBATCE R WEBECHEDR
&2 Hb, Mb #XH3 % Hik s LCRE#E IR T
% . immunodiffusion (Ouchterlony #) & micro~
flocculation @ 2 FiEd e2 5 e, BEDITS
DL B PP CH B . '

PmFE OS> D+ e v Mb HEWE LTk Mb
lg (EBRER) #4R 20ml oflicEnlizbo, e
+ Hb HLIe# & LCir, M 5 (B OREKRL L
THEmUTHE7e Hb & 1.6ml i 0.9ml oZIcA A%
mzicb o5, RE 138~2kg OFREO R,
g AL 16 7 PR Loyt FiEo Freund’s
complete adjuvant # Mz -ESERBOBD 0.1ml
FEHTE. ThobbiiE 1.6ml 75, $21HH
CHICIRICE B O 4 R % Nz CiD K 0.5ml 4 H#

WREES, S Hregf23h i b FEORMEE < viRT.
H30H Hie HEflk L b 10ml, ZE37HEBAL < F#f
IRk b 20ml OFMAIT/ 5. BRLAREMKEE
fiic 1~ 2 IFRTRER  clot RBRERENALHEL, K
Fr—REL. 2,000rpm, 10 SREELL CliEd &
b, 56°C 30 4 IR L <tk % JREMEL Licob
—10°C wfRjEgET%.

Immunodiffusion plate ofgh 5 : Difco Bacto-
Agar. % phosphate saline buffer 0.5~0.6% D%l
Tk, ZBEL BT, buffer (pH 7.4) oIS

Na;HPO,2H,0 5.1g
KH,PO, 0.64¢g
NaCl 85 g
sodium azide 0.2 g
dist H,0 1,000m1
BB\ LB
NaCl 8.5g
sodium azide 0.2g
dist. H,0 1,000ml
ELTH I,

BEfZ 9.0cm o Petri Miic 3mm OE XA L 5
agar Pl . LOFHICIIF 8ml #B35.
o ¥ o %D Feinberg agar gel cutter ¢ Fig. 18
DE o well 2ol HERE WA, bhbhilE
& 0.8cm LU, ROPLMTE &G E O FDREHERE
% ldem LLCw5. 7205 LB FFSe Iy
D agar ORGEAHIE, FERICI6~T2NME .
FITEEY L UTRZET 5. JUHER- & IR
FRCHE > TL B, £ agar BENHIVE
W& RS S Biny . R PImoRHUC agar &
¥ Lizd ¢ R T phosphate saline buffer % ffv~5%
X, zoFEREE W0pug/ml o MbThIFEHTE

>

5.

Microfiocculation ¥ : Eyb & FERE, BEEEIGCEE
Peiri M B e # 7 A ET 0.02ml o
0.06ml DR MZ TS . TWE L dTRE
BT WEHERREBIZ0TFBLTHALITRS &
v, RS U CIRRER R MBI OWT TS .
T OFHEETE BT 0.04 pg/ml » Hb ¥k
Mb % HFEHT 2 LA TES.

HEROMUE : FLHFRNTH > TSI
{, Hb & Mb ra\REefy HIR LENTES.

Millipore filter method

Pore size 75A CIl%RA B L, 5FE50,000%
BRETHOTC, Mb ixbiEaciFish, Hb ikx
gy, FHHEDILEERSY LiF 572, pressure filter
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W5 (Fig. 19).

Sephadex G-50 H7=({I751C kB4 ILFR

Wi 2538 Hb %7 L3R U C Sephadex G-5J %7
13765% 7 AT, 0.06M NaCl WAL Cr e~ b7
F74 —&fTeHLE. Hb ©v D Fic, BoB
Were ~v P RO L0 ETHE, ZThik Mb ThHH
(Fig. 20y,

¥ & O

BRSO 1HER XD 5% myoglobinuria @4
TREC A~z $indt, myoglobin B (g,
myoglobinuria ORI CREER L, myoglobin JF
PEREER OB DWW crush syndrome @B
A R Uleds Bl & iz 2. X i, hemoglobin
JR & myoglobin SRDEERENICE L CRETDHME & W
XXM OREBARBN L.

(Fafkz s dhich, RS OEEIIC R4
L. 70, FESCOERIL, 19664F117 3 @, #H17H
A ARMIR AR S h A T S 3\~ T, RIS
ELTHELE. )
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Fig. 3 Tertiary structure of myoglobin.
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Fig. 8 Column chromatography of Adult and
Fetal Mb (TRIS, pH 7.8, DEAE-cellulose).
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Fig. 9 Myoglobin in the renal tubuli (H-E stain, x150).

and squamation of the tub

Fig. 10 Focal necrosi ulus epithelium (H-E stain, x<150)
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Fig. 11 Contrast of myoglobin particles to e
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Fig. 12 Interstitial edema and h\dropxc change ofythe tubulus eplthehum (H E stain, x600).
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Fig. 13 Amorphous matenal in the d1lated Bowman’s space and the rather intact
glomerular capillaries (H-E stain, x600).

Fig. 14 Pm\mnl conv olutod tubuli filled with my oglobm (H-E stain, x600).
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Fig. 15 Spectrophotometric curve.

Fig. 16 Descending starch-gel electrophoresis
of Mb, and mixture of Mb & Hb (two sam-
ples of the right side). Myoglobin has slow
mobility (pH 8.6, 20 hrs).
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Fig. 17 Serum haptoglobin in myoglobinuria
and hemoglobinuria.

Fig. 18 [mmunodiffusion (Ouchterlony) for
diagnosis of myoglobinuria.
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Fig. 19 Pressure filter funnel % i\~ 7z myo-
globin ¢ millipore filtration (Metricel Type
PEM, pore size 75A i i]).
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Fig. 20 Separation of myoglobin (the upper
band) and hemoglobin (the lower band)
with Sephadex G-75 column chromatography
(0.005M NaCl).



