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Fig. 8: Separation and sensitive detection of polyadenylic
acids by CGE/CVL. CGE: Capillary gel
electrophoresis.
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Fig. 9: Sequential detection of C-terminated DNA fragments
(sequencing reaction product) by CGE/CVL.
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8. Confirmatlon of hemolysis

{indirect bifirubin, Lactale dehydrogenase, Urobilinogen, Haptoglobin,
Reliculocylosis, Erythroid hyperplasia of bone mairow)

No

} ves

b. History taking

{Intection, Drug intake, Blood transfusion, Underlying diseases, Family history)

No

l

¢. Basic laboratory lests

Blood cell counts &
Red cell indices

Red cell momphology yes
Target cell
Basophilic stippling
Hb H inclusion body
Heinz body
Schistocyle

—= Thalassemia
———— Thalassemia, P5'N deliciency, elc
[——+#~Hb H disease

[——— Microangiopathic hemolyuc anemia

Spherocyte
Elliptocyte
Spiculated cell

Osmatic fragility

Autoantibody
Anliglobulin test
Cold agglutinin

Hereditary sp ylosis
——o— Hereditary elhplocy!osts
———==— Uremia, Spur cell anemia

- Unstable hemoglobin, GEPD defqency]

—-e— Heredilary spherocylosis

|2 Auloimmune hemalytic anemia
J———so= Cold agglutinin disease

Donath-Landsteiner test

Ham test, Sugar waler test

| No

d. Special taboratory tests
Membrane protein analysis ==
(SDS-PAGE)

Hb analysis
Hb F & Hb A2 content
Electrophoresis
Isopropanol test
Absomption spectra
Oxygen dissociation curve
Heinz body formation

Red cell enzyme activities
HK, GPI, PFK, ALD, TPI,
GA3PD, PGK, MPGM, ENL, | Y&S
PK, LDH, G6PD, 6PGD, GR,
GSH-Px, AK, AD, AchE, PS'’N

$

Paroxysmal cold hemoglobinuria

|——+— Paroxysmal noclurnal hemoglobinuria

——»— Membrane protein defects

yes
‘-"//

|- Unstable hemoglobin hemolytic anemia
yes Thalassemia

f No hemolytic anemia

——— Enzymopathy

{ Final diagnosls

Ficune 1.

EFHBETH-120T 5L, 2OBEFEENEIEL WiE
FIRL TV WIS E 2 b, #2C, MET B
FEOMEF, S—Th—oD KA v+ Thb, E1iz
FD T N—TERT,

I, BB TRAL, WL O
By 5,
2) EERIEHOME

EBEFZOBEH:Z, ICSH (International Committee
for Standardization in Hematology) #1512 6E - 72
ICSHIC & % & EBERIEME ) FAEAE & Cobas Mira® v T
TR EESHT L - SBERIEHEN L E & 2 1005,
AETHBNEL 254, K2IORL 2 &BE0LRIE
PIRHLUNTET T2, Lay, £2THB L9512,
HARDHF RO 5 - TRE L 2 8E

Diagnostic scheme [or the evaluation of suspected hemolytic anemia.

WEELD, RECHELBEEAE S ERELTwv
3) BERKEEBEDER
IZEEREROBERN 25, ARGl 108
TT FEXS—BERE CRLEEL 2R LN, 2o
BMEZ RS ELNTERLOTHL, M1 70—
For— Mt TRERITHV, BRI, BRRES
W TH LR 2 L, K 1QOBEEE % 8%
L7z, 31T L9502, G6PD (Glucose-6-phosphate
Dehydrogenase) i&#AT7 > b o—) uiEiz bk L, 80
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DIRARIRI S 3BT H 52w, Lo Ledss, %E
DHEEIIRER OB~ 5 ThH 0T, WKEIL- &
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TABLE!

Grouping and Measuring Order of Enzymes

st 2nd 3rd 4th
Order  Cycle Cycle Cycle  Cycle
d TPI GA3PD GSH-Px GPI
l AchE 6PGD  ENL AK
l PFK G6PD  HK ALD
d LDH GR PGK MPGM
l PK

TPl = triose phosphate isomerase.

AchE = acethylcholinesterase.

PFK = phosphofructokinase.

LDH = lactate dehydrogenase.

PK = pyruvate kinase.

GA3PD = glyceraldehyde—3—phosphate
dehydrogenase.

6PGD = 6—phosphogluconate dehydrogenase.

G6PD = glucose—6—phosphate dehydrogenase.

GR = glutathione reductase.

GSH-Px = glutathione peroxidase.

ENL = enolase.

HK = hexokinase.

PGK = phosphoglycerate kinase.

GPI = glucose phosphate isomerase.

AK = adenylate kinase.

ALD = aldolase.

MPGM = monophosphoglyceromutase.

NHEETHILREELBTHLEHRIEL T,

4, 8

BEIER MO ZRE) S 2T LHED -T2 2D,
N OEBIRENEEECELVWEFICEERIN TV 22T
LBV, RS 2T L0000 - RADIER
BLENOY TN TEHEIEEHREZEEMRIZIT L) 2 &7
LDl THbL, 2T, BRelFPEOF TN
PHWT, R, BET, L2y, EERICOLELR
HETDATLAOEELRL T, K157 DERER
Ktkad, Fic, KEOY> 7TArBET, B &8
EXERINGE 1 ONBRBOEENE 2 B8t
T5ZET, M1 2ERIEDZEHMH#EL, ZOHT)
LTI LB IR &0 » &1 & BIEE OB E
BlL, BROBEEKBICLITIETE R L HI2% Y,
WREORAEL AT L8 L TOREDWEREIC & - 72,
19904F % 5 19934E F T 3 £z, 2 kT, &%
MEREMEEVE LT, e DEZHICBRIEKAEKEY X
REGIOBRER L ZOREREE4IRT, FREACE
MHEEMEEI SV, ZNLEEREKOBER, HRMERE

TABLE Il
Normal Values of Red Csll Enzyme Aclivities
COBAS MIRA ICSH
Enzyme (1U/g Hb) (1Urg Hb)

HK (hexokinase) 141 0.14 1.27+ 0.18
GP! (glucose phosphate isomerase) 696 * 6.9 60.8 * 11.0
PFK (phosphofructokinase) 898 094 9.05+ 1.89
ALD (aldolase) 248 0.17 3.19+ 0.86
TPI (triose phosphate isomerase) 2,027.0 * 1180 2,111.0 * 397.0
GASPD (glyceraldehyde—3~phosphate dehydrogenase)  277.0 + 16.5 226.0 = 419
PGK (phosphoglycerate kinase) 349.0 * 297 320.0 * 36.1
MPGM (monophosphoglyceromutase) 195 * 285 249 = 252
ENL (enolase) 579+ 0.61 539+ 0.83
PK (pyruvate kinase) 145 * 1.87 150 *+ 1.99
LDH (lactate dehydrogenase) 225.0 * 10.0 200.0 * 26.5
G6PD (glucose—6—phosphate dehydrogenase) 834+ 0.80 834+ 159
6PGD (6-phosphogluconate dehydrogenase) 9.36% 0.51 878+ 0.78
GR (glutathione reductase) 7.02* 049 7.18x 1.09
GSH-Px (glutathione peroxidasa) 2820+ 280 3135+ 297
AK (adenylate kinase) 2870 + 30.8 258.0 * 293

1112 023

AD (adenosine deaminase)?

AchE (acetyicholinesterase)
PS'N {pyrimidine 5'—nucleotidase)®

4173+ 3.33 36.93+ 3.83

ICSH « International Committea for Standardization in Hematology
*Activity of AD was measured manually according to the method of ICSH.
bActivity of P5'N was measured by the method of Valentine WN, Fink K, Paglia DE, Harris SR,

Adams WS. J Clin invest 1974;54:866~79.
(mean  SD, n = 10).



Profile of Red Blood Call Enzyme Activity in Deficiency of Glucose—6—phaosphate Dehydrogenase

Name: M.K. Age: 1 year Hospital: Fukuoka University Hospital
Date: 6/22/1993 Clinical diagnosis: G6PD Deficiency Doctor: S. Aida

Normal 1Urg Hb

Values Control Patient
HK (hexokinase} 1.27 0.18 1.95 3.28
GP! (glucose phosphate isomerase) 60.8 = 11.0 80.8 89.1
PFK (phospholructokinase) 9.05* 1.89 7.62 14.06
ALD {aldolase) 3.19% 0.86 2.37 3.45
TPI (triose phosphate isomerase) 2,111.0 £ 397.0 1,957.0 2,608.0
GAJPD (glyceraldehyde~3-phosphate dehydrogenase) 226.0 = 41.9 289.3 338.2
PGK (phosphoglycerate kinase) 3200 = 36.1 301.4 353.9
MPGM (monophosphoglyceromutase) 249 2.52 28.1 35.7
ENL (anolase) 539+ 0.83 5.12 5.79
PK {pyruvate kinase) 150 £ 1.99 127, 25.7
LDH (lactate dehydrogenase) 200.0 £ 265 225.5 209.6
G6PD (glucose-6—phosphate dehydrogenase) B34 % 1.59 8.52 0.10°
6PGD (6—phosphogluconate dehydrogenase) 8.78 0.78 7.94 8.27
GR (glutathione reductase) 7.18% 1.09 8.36 11.16
GSH-Px (glutathione peroxidase) 24,52 2.74 25.59 18.25
AK {adenylate kinase) 258.0 £ 293 228.4 241.5
AD (adenosine deaminase) 111+ 023

AchE (acethylcholinesterase)

36.93 % 3.83 39.44 51,55

‘Glucose~6-phosphate dehydrogenase (G6PD) activity of the patient's erylhrocytes is markedly
decreased, suggesting there is a G6PD deliciency. Theother enzyme activities are generally increased

as a reflection of reticulocytosis.

TABLE IV

Hemolytic Disorders Found for Three Years

Number
Disorders of Cases
Hereditary spherocylosis 25
Hereditary elliptocytosis 1
Band 4.2 deficiency 6
Band 4.1 abnormality 1
Abnormal hemoglobins 6
(Hb San Diego, Hb Koln, Hb M,
o—chain and f—chain variants)
B-thalassemia 18
oa—-thalassemia (Hb H disease) 1
Enzyme abnormalities 16
(PK, GBPD, GSH-Px, AK)
Autoimmune hemolytic anemia 5
Paroxysmal nocturnal hemoglobinuria 2
Hemolytic uremic syndrome 4
March hemoglobinuria 1
Total 86

PK = pyruvate kinase.

GBPD = glucose—6—phosphate dehydrogenase.
GSH-Px = glutathione peroxidase.

AK = adenylate kinase.

EOE, ~ETub Tl PRGN TR F ORI
CWR2) IR,

ZOE) BT ERLHERT B LHEZK O TICK
EINTWEEERL - ERILV2 2 LB NS,
Kz G HoRAIL, —DODRENTOHEMKIC T X 7
Vo JBEPARHZINTICHBEIN TV 2RILDBENE
WREENTZDITIE, FFRZEBICL T, LBERo
T OBELCEAASTEROCEIC L 2B LR 4
S5 TWwd,

IS ) F Loy, FRETFEHIRMERMR O -
BN L CTU0e 6Bl FiF 3,

Xk

1. Ideguchi, H., Ishikawa, A., Futata, Y., Sugisaki,
S., Hamasaki, N..automated determination of
erythrocyte enzyme activities by COBAS MIRA.
Jpn. J. Clin. Lab. Automation, (1992) 17, 45-48.
(in Japanese)

2. ldeguchi, H., Ishikawa, A., Futata, Y., Yamada,
Y., Ono, Y. Sugisaki, S., Hamasaki, N.: A Compre-
hensive Scheme for the Systematic Investigation
of Hemolytic Anemia. Ann. Clin. and Lab. Sci.
(1994) 24(5), 412-421.
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RTINS & 5 REBUK 4 E DB B

Position(degree) | T45 | T20 | T10 | CENTER [ N10 | N20 | N30 | N45
f(Hz) 35 | 32 | 67 43 64 | 69 | 37 | 12
1 ¢ 0.631 | 0.398 106.133 0.466 0.814 | 0.747 10.349 | L.75
Im(1V) 0.143 | 0.085 | 0.075 -0.129 0.217 | -0.316 | 0.126 | -0.018
7(ms) 45.8 | 508 | 38.7 40.3 38.7 | 33.8 | 48.8 | 85.0
Position(degree) | T45 | T20 | T10 | CENTER | N10 | N20 | N30 | N45
f(Hz) 144 13.8 | 134 16.1 13.7 13.6 13.8 14.0
I ¢ 1.94 | 0.252 | 0.115 0.030 0.765 | 0.096 |0.792 | 1.63
gm(pV) -0.271 | 0.406 | 0.341 -0.409 1.62 | -0.451 | 1.14 | 0.155
7(ms) 2.99 9.05 | 8.53 0.293 7.78 | 0.750 | 17.2 | 31.6
Position(degree) | T45 | T20 | T10 | CENTER | N10 | N20 | N30 | N45
f(Hz) 28.0 309 | 33.1 36.0 40.2 48.8 | 54.2 | 53.2
111 ¢ 0.337 }0.212 | 0.201 1.31 0.497 | 0.074 | 0.051 | 0.037
gm(pV) 0.959 | 0.331 | 0.069 1.19 1.15 | 0.663 | 0.137 | -0.154
7{ms) 5.35 2.00 | 0.00 0.751 0.511 | 0.762 | 0.00 0.00
Position(degree) | T45 | T20 | T10 | CENTER | N10 | N20 | N30 | N45
f(Hz) - 44.2 | 455 46.1 37.3 42.0 39.5 -
v ¢ - 0.313 | 0.155 0.289 0.225 | 0.166 | 0.421 -
gm(pV) - 0.138 | 0.370 -0.043 0.249 | 0.205 | 0.220 -
7(ms) - 0.002 | 0.039 0.957 0.052 | 0.079 § 2.01 -
Position(degree) || T45 | T20 | T10 { CENTER | N10 | N20 | N30 | N45
f(Hz) 177.8 [ 177.8 | 135.6 139.1 156.0 | 124.0 | 829 | 1914
A% ¢ 0.034 | 0.037 { 0.298 0.084 0.346 | 0.167 | 0.851 | 0.040
gm(pV) 0.590 | 0.550 ] 0.939 0.046 1.25 | 0.564 | 1.22 1.29
T(ms) 0.001 | 0.00 | 0.008 0.032 0.119 | 1.92 |0.020 | 0.081
Position({degree) | T45 T20 | Ti0 { CENTER | N10 N20 | N30 | N45
f(Hz) 219.1 | 202.5 { 181.8 183.9 195.1 | 188.2 | 186.0 | 164.9
VI ¢ 0.078 | 0.119 | 0.136 0.083 0.209 | 0.035 | 0.173 | 0.104
PNY)) 0898 | 2.54 | 493 | —4.81 | 435] -3.75 | 4.79| 1.29
7(ms) 0.261 | 0.287 | 0.079 0.301 0.290 § 0.00 {0.093{ 0.00
Computing, 31, $73—s79, (1993.7)
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Fig.1:(a)Observation by endoscope moving within
human stomach. (b)Image sequence for an
object obtained by a moving endoscope came-
ra. P feature points on the object are tra-
cked over F frames.
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Fig.4: Another example of 3-D shape reconstruction
(Spheric surface with 323 feature points).
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