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ABSTRACT

The blue dye, 2,6 dichlorophenol-

indophenol (OC|P) has been used

successlully in the screening test and

the quantitative assay of erythrocyte

c-6PD, clutathione reductase (OssA'n).

and 6'phosphdgluconic dehydrogenase

(o.poD) a"tiuiti"". it was later noticed

that when DCIP was added to the

hemoglobin E hemolysate the gross

turbidity resulting from hemoglobin

precipitation occurred. Based on this

unusual phenomenon, the DCIP precipi-

tation was designed. The authors

investigated the sensitivity ol this

test as a screening for the presence

ol the two most common unstable

hemoglobin mutations in Thaiiand. Three
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chalacterislrc absorbancy curves at

800 mu due to the pfesence ol

hemoglobins E, H, and A/ F ate

established, This simple speclrophotome-

tric method is of particular useiul

tor the mass screening test, The

presence of eithel hemoglobin E

H can be detected within 60 to

minutes and its exact natufe can

determined within 3 hours,

INTRODUCTION

The knowledge that the blue

dye, 2,d djchlorophenolindophenol (DCIP)

could be decolorized (reduced) by

reduced glutathione wrthout artificial

electron carrier has been used as

the basis of the quantitative assay

or

90

be
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and of screenin? test {or elylhrocyle

G-6.t)D glutathrore re:uctase (OSSC nt

and 6-phosphogluconic dehydrogenase

activities ( t -5). In the course ol the

investigations Frischer el al noticed

tl.at the activities ot these enzymes

were not altered by the presence ol

Hb. E but the gross turbidity as the

results ot hemoglobin precipitation

occurred (4 5). The turbidrty in the

presence ot Hb. E did not interfere

with the color detection of activities

ol G-6-PD or GSSG-R bul did result

in increased absorbancies at 660 mu.

ln contfast, hemolysates trom individuals

with Hb, AS, SS, SC, CC, AC, AD

and beta thalassemia with increased

Hb F did not give unusual results(o),

These observarions indicated that Hb.

E is an oxidatively unstable hemoglobin(6).

It is speculated that this instability of

Hb. E resulting lrom inlerlerence by

the mutation with the dimeric contact

between the alpha and beta chains.

It was felt that lhis unusuai

phenomenon which appears to be a

result ot direct interaction between

DCIP and l-lb. E may be useful in

the detection of lhe presence ol Hb. E,

in our population. We are reporling

our experience with a slrnple spec-
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trophotomeriC oroceduie based on this

phenomdnon in the dete'ciibn-' ol ihe

presence ol hemoglobin E in our clinic.

MATERIALS AND IVlE THOD

Blood samples were obtained lrom

20 normal adults, 8 children and 2

adults with beta thalassemia Hb. E

disease. 3 adults with Hb.AE, 5

childfen wiih beta thalassemia majof, 3

adults with beta thalassernia major,

3 adults with beta thalassenria lrait

(,qr), s cfitdren with alpha thalassemia

Hb,H and 3 adults with alpha

thalassemia trait. Five milliliter of

blood sample was added to I ml. of

ACD solution and kept in 4'C

relrigerator to be studied within 60

mtnutes.

WORKING REAGENI. In a 500

ml. volumetric flask add d.36 gm.

(r.zrro"2trl) of Trizma base (sigra

Crremical Co.)i 2.68 gm. of EDTA

Na2.2H20 ( Fisher Scientitic Co.);

27.6 ng (r.sx to-afvt) ol drchlorophe-

nolindophenol (Sigma Chemical Co.);

and 50 mg. ol Sapontn (Fi.tr"t

Scientific Co.). nOa distilled deionized

water, adjust to pH 7.5 at room

temperature with HCI and add water

to the final volume of 500 ml,
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PROCFDURE, Blooo sanrpie is

centriluged at 80 x G ior l0 minutes

at room temperature. Five milliliter ol

the working reagenl is transterred

into a 10 x 75 rnm, grass tube (cuvette)

lollowed by 0,020 ml. ci sedimented

red cells lrom the bottom of the

cenirifuged blood sample tube, mixed

by inversion, allowed to stand for I O

163

ninutes at room temperature before

being placed in a 37 C water bath

without lurther mixing or agitation. At

a specilic time interval the cuvene

is placed into a spectrophotometer
tl(Coleman Jr. ll, l\.4odel 6/ 20) and

the absorbancy at 800 mu against a

water and bufier blank is recorded.

The results ol absorbancy change ol the reaction mixlures ihemolysates

+ DCIP) at 800 mu lrom various groups ol subjects are shown in the table below.

O.D. READINGS OF REACTION I\iIIXTURES OF HEIVOLYSATE + DCiP

INCUBATION TIME (MINUTES )
SUBJECTS NO.

NoRN.4AL ADUL S

BETA THALASSEMIA TRAIT

BETA TFALASSEMIA MAJOR

Hb. E TRAIT

THALASSEI.,4IA Hb. E

THALASSEMiA Hb. H

ALPHA THALASSEMIA TRAIT

20

5

10

3

3

0.0s5 !
0.084 t
0.084 -r-

0.216 r
0.244 -
0.137 J
0.089 !

0,r 11 I 0.026

0.r28 J 0.022

0.133 1 0.043

0.286 1 0.058

0.33e J 0.055

0.204 J o.oi 2

0.1 12 t O,O2F

120

0.179 J C.035

o 233 i O.O41

0.193 i 0.067

0.332 J 0.059

0.34s J 0.052

0.276 J 0.036

0.176 J 0.057

0.0 06

0.007

0.005

0.054

0,054

0.065

0.020

The variation due to difletent

degrees ot anemia is eliminated by

the utilization of sedimented red cells

(which has the hematocrit value ol

approximaiely lz /). ls shown in the

Figure l, three characteristic absorbancy

curves due to the presence of Hb, E, Hb.
Iil and Hb. A and/ or F a,e establrshed.

At the present time the O.D. reading

ol more than 0.108 at minutes and

0,'68 at 90 minutes ot incubation is

strongly indicate the presence of

hemoglobins E and H (95 ./ confidence).

The exact nature can be ootained by

observinO the absorbancy curve 2-4 hours

la t er.
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The absoroanc/ I 800 mu rs

used because al this wavelength the

soectral contributions oi both hemoglobin

and DCIP rtsell are minimai (6). rhe

Increased absorbancy in this test system

is paralleled by a decreased residual

hemoglobin concentratron in the centriluged

supernate, ln a given blogd sample,

the occurrence and degree ot turbidity

is reproducible and is not abolished

by thoroughly destromatizing the

hemolysate, The change in absorbancy

is directly proportronal to hemoglobin

concentration (at a given DCrP con-

centration) and to the DCIP concen-

tration when that ol hemoglobin is

kept constant (o). Precipitation is

proportional to temperature (varied

between 4'C and 45'C), Inversery

proportional to pH (varied between 6.0

and I O), and somewhat more marked

with 7.5 x 1O-2M Tris buffer than in

equimolar phosphate bulfer (both at

37 C, and pH z.O). The washed

precipitate which rs insoluble in water

could be dissolved in 0.1N HCI and

showed the Soret absorption bands ot

porphyrins with additio0al shoulders at

54.|,576. and 830 mu.

't66

Three characteristic abgorbancy

curves aro established. The normal

individuals and those with beta

thalassemia disease or tfait exhibited

a tlat initial cufve untit gO minutes

ol incubation when tho curve .ose

sharply dufing the lollowing hours

(see Figure l), and may be ca ed

A/F cutve, The presence of hemo-

gobin E in the hemolysate is charac-

terized by a sharp rise in the

absorbancy curve reaching almost

maxamum or naximum reading at 90

minutes belofe leveling oil (E curve).

The presence of hemoglobjn H is

characterized by the moderately high

initial reoding then lollowed by

continuous rise ol absorbancy curve

similar to those of A/F curve.

It is evidence that this simple

test will be useful as lhe rapid

screening test lor the presence ol

hemoglobins E and H, the most

common unstable hemoglobin mutations

in Thailand. At presence, we consider

the initial absorbanci- reading ot higher

lhan 0,108 at 60 minutes ol incuba-

tion or 0,168 or more at 90 minutes

is the indication of the presence of

cither hemoglobin E or H. By lolrowing
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th€i'individual dbsoibancy iur've- during

the nexl few hours, ils exact nature

can be determined as hemoglobin E

cr H. The further modification of

this test to serve as a rapid semiquanti-

tative test is under investigation.

gor:0J

.Y
lun11n1?tnJltuu screening tttl:

Quantitative assay riaurrjilrotao'l

Erythrocyte G-6-PD, Glutathione reductase

(CSSC-n) !!n:ul activity tr0'l 6-phospho-

gluconic dehydrogenasu (o-eGD) :rng

'.'.'.?1 nr ti lun1ln:llttn: lu nnflo btue

dye, 2,6 d ichlorothenoiindophenol (DCIP)
.'a^rialrlnlirir tfrorox D:rP n.rljlu uu.

-,,|.E hemolvsale !:tnnfl'l1InuAulU0,lll1lln

n rtorntnou?Dr Hb. ttnl0lfluu?1non'l:ol
-l ' | .0uu lltur ftYt]n1:fl n l1[R3']t lltflu 1i

rnror u!n1:n:1 n01 nunl? on n:nou !roJ

DCIP llnl inn:11141 Sensitivity 10.11!'
,/a

'| 
Itnt 21 t Jl!Un1t il:?lttlllj Scteening

tl'{01,11 unstable hemoglobin mutations

lt' ' ! ! |t0Jtunn !J lnljouYlnR [$ll::lyl LYlu

t1l Snl:fitlll'tlj charactefistic
;-

absorbancy curves 3 ltt,ljyt 800 mu Ou

ruio.::lrrrn Hb,E, H *n! A/F drn,,
'l^.n:llllllllJ'tl'1 ttl01f Spectrophotometry

-: '- Wol. I No; 3

rdui r:rfi uilrllatuisnr:nimfiirjilror

n1:$,1nl?1t1n 1 tfl0tt1 l:nntltl,tu Hb,

E. l,r:D Hb. H nlu !Ut2n1 60-90 ll' l
i t^

llnlnl lln En nature Ylllnqtitl0l Hb,

' la r t ar
lult11{ lonlU tU[2n1 3 ilLllJ
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