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Porphyrins are widety distributed
living cells and play essential roles

various merabolic processes such as
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ABSTRACT
The level of free erythrocl te porphyrins (FEp) was derermined by

{he micromethod of Promeili in 46 normal adult males, I2 pregnan! women
and 3l children rvirh homozlgous bel a - rha lassemia and beta - rhaiassemia Hb.E.
disease. The FEP level of 46.34 a 16.00 (range I5.0-76.5) ug/100 ml rcd
cells in normal aduit males was similar tc those recentl:/ observed by many
invesrigators but slightly higher than rhose of older reports. This can bc
erplained bir the facr that with the presenr micromerhod used tbe extractiou of
FIIP is more eliicient and complere lhitn (he older merhods. The FEp tcvel ol
6036 | 16.28 irange 37.2-8j.2) ug/i0C ml retl cells in pregnanr womsn was
signif icantly high:r tlran nor;lal acjurr maie valuc ( p <0.01 ) and can bs
erplaincd on rhc b:rris o| sex diff'erenc: ar;d the lorv transferrin saturation. The
FE[' level of 9i.31 +_ 5i.13 (range 31.3-225.0) ug/100 ml red cells in 3l
rhalassemic chirdren l'u.her indicared th:rr in addirion ro rhe primary. defect in
globin chain s),nthosis lhe heme synthesis is also impaired.
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photosynthesis, transportation of oxygen
and cellular respiration. The most
imoJrranr porph.rrin in human is
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protoporphyrir) 9, lype Ill, which in

combination with iron and specific

proleirF forms such compounds as

hemoglobin, cytochrome, peroxidase

end catalase. ln red cells. in addition

ro those incorporated into heme small

amount of protoporphyrin ( less than I

mole to 24,000 moles of heme ) is

found in apparentl!, uncombined or

frce form ( fiee eryrhrocyte proropor-

phyrin or FEP ) along wirh smaller
quantities of other porphl'rins, primarily

coprogtrphyrin (1, 2), Since proropor-

phyrin is lhe last inrermediare in the

biosynthesis of heme increased concen-
tration of FEP is found in various

disordcrs in which the protoporphyrin

is not efficicntly urilized for hemc

synlhesis, as in erythropoietic porphyrias

( 3 ), sidcroblastic ancmia ( 4 ), iron

dcficiency (l' 5-7), lead intoxication
(6' 8-ll ), and anemia of chronic
disorders such as chronic infecrion
(12' I3) un6 rheumatoid 

"r,1rr;11. 

( l4'
l5). 11 5gsrns likely, wirh the excep(ion

of primary disorder in porphyrin

synthesis. that rhc common denomin3tor

of increased FEP was an iron suFply

or incorporarion inadequate to meet

the needs of the eryrhroid marrow.

The fundamental defect of
thalassemia syndrome is the defecrivc
synrhesis of globin chains. Neverthcless.

accumulated evidences including an

increased FEP(16) and rhe activity of

vol ll No.3

heme enz;-me delta-AlA dehydratase

(17) ;r1 t.6 cells, and rhe abnormally

increased urinary excretion of PBG'

coproporphyrin and dipyrroles 
(18' l9)

strongly indicated lhat pyrrole meta'

bolism and heme synthesis of thala-
ssemic parients are also disturbed

120-23). The conllicring relulrs regar-

ding the FEP levels in parients with

thalassemia major and minor obtained

by various investigators 
(16 20'24'26)

can be parrly explained by the

differences in methodology and in tlte

FEP values of control population' 'fhe

conventional spectrophotometric methods
(27'28) 

og 6s1.,minarion of FEp invo5'e

cxhaustive cxtraction with organic

solvents and re-cxtraction lrom the

solvent phase with hydrochloric acid

which is not only time consumi0g but

also requires large amount of blood

sample. The micromethod recently

dcscribed by Piomelli (l I ) is simple,

rapid and the extraction of FEP is

more efficient and complete tban in
orher me(hods' With the aid of this

techniquc, the status of FEP levels in

our thalassemic children were evaluated.

MATEFIIALS AND METHODS.

Heparinized venous blood samples

were obtained from 46 healthy adult

male, l2 pregnant rvomen and 3[
children with homozygous beta- lhalasse

mia and beta- thalasse mia Hb E disease.

After a portion of plasrna was separa-
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ted the volume of plcked red ce[s of
each blood semple was dererrnined bv

tbe sIandard microhematocrit technique.

The values of free erythrocyre
porphyrins (FEP) were determined by

the nricrofluoromerric procedure of

Piomelli (ll) wirh slighr modification.
One renth ml ol the anricoagulat:d
whole blood sample was transferred

into a tube conraining 5 ml of 5 Z
celite suspension ( in 0 97. NaCt ) and
mired. Afrer 5 ml of a 4:l mixrurc
of crhylacerare,/acetic aqid was added

the tube was agiratcd vigorously on a

vortex mixer for 60 seconds and
centrifuged at 1,500 RPM for 3 minutes.

FEP ugl100 ml RBCs =

The standard solurion of por-
pblrin ( coproporphyrin t) was prepared
b), diluring rhe srandard coproporphyrin

I ( 5 ug/vial ) wirh 2.5 ml of 0.1 N.
HCI and heated for 5 minures in
boiling water. The serial dilurions
were made from this srock solution
( originat concentrarioD was 200 ug/ I00
ml). The example of standard calibra.
tion curve is shown in Figure l,

RESUIJTS.

The results ol our study arc
summarizcd in Table l. Tbe FEp
value of 46.34 + 16.0 ugl100 ml red

cells in our normal adulr males is

gT

The supernatant fluid was separatcd.

Five ml of 1.5 N. HCI was added ro

the supernarant l'luid and the rubc

was agitated on a voftex mixer for 60
seconds. An aliquot ol the lowcr
(cotorless) HCI phase was transfcrred
into a cuverte and the concentratioD

of FEP was dercrmined 'by reading

the % ernission in the fluoromerer

calibrared wirh a series of standard

coproporphyrin I solutions. A blank
is prepared in parallel by replacing

rhe whole blood sample with 0.1 ml

of saline solution, The final concen-
tratlon of FEP was calculated from
the formula:

FEP (ugl100 ml btood ) ,,ff-x100

similar ro those reccntly found by thc

e1i1g15 
(10' 11,26'29). The FEp vatue

of 60.36 t 16.28 ugl100 ml red celts

in pregnant women is significantty
higher than normal adulr male ( p (
001 ). The FEP values of borh male
and female thalassemic children arc
definirety higher than normal adulr
value (p<0.001 ). The differencd

berween FEP values of these two
groups of ,children is not sratistically

significant ( p > 0.05 ), Figure III illus-
trated the individual value of FEP
Ievel in thalassemic childrcn. The
dotted lines represent the normal adult
Icvcl ( 951 reliability).
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Table l. Values of Free Erylhroeyre Porphyrins (FEp) in Thai

99

Subjccrs.

SUBJECTS

Nornral Adulr Males

Pregnant Women

Thalassemic Chiidren

: Male

: Femirle

7.3 t r:,61 400 t 3.3 60,36 +_ 16.28
/,11 )-'1 )\

91,31 t 51.13
(3 t.3-225.0)

83 34 +_ 5 5.93
Gt.3-225.0',,

99.8i t 45.83
(47 .4- t92.0)

No.

46

3l

l6

t)

'7.6 ! 36

8.1 +_ 4.1

7.1 t 3,8

20.1

19.3

20.9

+ b6

! 8.2

+ {')

FEP
ug/ I 00 ml. RBCs

46.34 +_ t6.OO
( I 5 0-76.5)

Table 2. Values of Free Erythrocyte Porphyrins (FEp) in Thalassemic Subiects.

AUTHORS No. FEP
ug/ I 00 ml. ti BCs

REFERENCE

THALASSMIA MINOR

: Sturgeon ct al (1955)

: Sturgeon et al (1958)

: Ludin ( 1962)

: Lyberatos et al (1972)

: Srockman er al (1975)

9

7

l0
JI

29

3l
60 - 438

70.4 L 22.19 (44-t08)

38 +_ 14 (il-72)

I5 Q4)
(25)

(20)

0q)
(26)

THALASSEMIA MAJOR

: Schwartz-Tiene ( I9531

: Sturgeon et al (1955)

: Sturegon et al (1958)

: Lybcratos et al (1972)

: Present Study ( 1978)

l0
7

l0
20

3l

96

l9
168

ll0
36

83.3 L 23.42 (55-156)

91..il +_ s l.l 3 (31 ,3-225.0)

(20)

Q4l
(25)

(r6)
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DISCUSSION

Our mean FEP values in normal

adult males is similar to those obser-

ved by many investigators 
(10'll'26'29)

but somervhat higher than those found

by the others(l). Since there is no

brcakdown of heme to protoporphyrin

occurred in this technique the possible

explanation lies in the fact that lhe

extraction of FEP by the very lar8,c

solvent-erythrocyte ratio is more cfficier!
and complete than in older methods.

The higher FEP levels in pregnant

wonlen can be explained on the basis

of sex difference(30) and most probrbly

due to relative iron deficiency( I ). A

portion of the normal protoporph-vrin

does appear to be related to iron

deficiency state' ln normal subjects' a

significant correlation b:tween tran.fer-

rin saturation and protoporphyrin level

is observed. The protoporphyrin level

is somewhat higher with lower tran-

sferrin saturation, In pregnant rvomen'

the progressively decreased transferrin

saturarion results in accurnulation of
proroporphyrin in red cclls because the

r nonavailability of iron prcvents con-
4 

uer.ioo of protoporphyrin 9 to hemc(l).

The elevation of FEP level in

beta - rhalassemic red cclls may be

explained by the fact that although

irs primary defect involves the globin

chain synthesis, there is impairment of
heme synrhesis as well. The synrhesis

Vol. tl No.3

o[ heme and globin are closely linked
(311. D.f.criue globin synthesis results

in a decreased heme synthesis through

a feed back control mechanism(32)

while the porphyrin synthetic enzyme.

delra-ALA dehydratase it 1n.rsa596{ I 7).

The experimenlal study of porphyrin
production indicated thar when red

cells or hcmolysates are incubatcd in
vitro fiee porphyrins tend ro accumula-

tcd. Hemolysates ol thalas:emic red

cells showed rapid incorporation of
ALA into protoporphyrin indicaring

that the enzymatic sreps between the

rwo are intacr (33). 
Thatassemic

hemolysares tended to accumulared a.

greater prcponion of protoporphl rin
than non - rhalassemic hemolysates,
suggesting a block in hemoglobin

syntbesis beyond the formarion oF

protoporpbyrin Q\,33' 34). The ques-
tion wherher this ii actuallv refiecrs
incomplereness of hemoglobin synthesis

or because ol' the preponderance of
young cells in thalassemia has been

raised 
(20). It is now knowo rhar

protoporphyrin cxists wirhin the red

cell in a s(able form, is not iocreased

with a young population of cells and

thar reticulocyres per se do nor have

an increased protoporphyrin concentra-

tion {l). Reporrs of rhe association

berween elevated protoporphyrin level

and reticulocyto5lt (2' 35-39) 
"un 

6.
explained by relative iron deficicncy(l)'
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The acid-exrracted porphyrins
from red cell o[ normal individuals
as wcll as rhose from rhe patients

wi(h primary porphyrias (eryrhropoietic

protoporphyria or EPP) and secondary

eryrhroc"-re porphyrias r including lead

intoxication, iron deficiency anemia

etc.) are all chemically, physically, and

spectrally identical to pure protopor-
phvrin-9 in acid aqueous solution (,{01

1has b:en incorrectly assumed that
the narural srare of the FEp in Epp
and in orher secondary porphyrras was
identical. The d:tailed specrrofluoro-
metric srudies disclosed two distinct
protoporphyrin species in rhis group

of parienl5(40). The first species

which is found in large 
. 
quantities in

red cells ol patients wirh lead into-
xication, iron deficicncy anemia and

chronic infection ( and presenr in a

very small amounr iD red cells of
normal persons, patienrs with porphyria

.cutanea tarda and EPP ) is rhe globin-

bound zinc - protoporphyrin 9 (41).

Acid-extraction of this protoporphyrin

reriults in the loss of rhe chelated zinc
from rhe protoporphyrin moieay, The
resultant product exhibits spectral

identiry wirh rhe second species of
proroporphyrin, metal-free protopor-
phy-ric as found in EPP patients. There
are several other differences in rhe

nature ofl these protoporphlrin species

which are obscured by chemical
changes occurring during ertfaction

rol

process. These differences may be part
of rhe explanarion for the difference
in cutaneous phoroscnsitivity between
EPP, who are exquisitet.v light sensirive,

and iron deficiency, lead intoxicarion

and thalassemia paricnts who are not
at all light sensirive,

uYlRoga

Hnn1lfi nB1UtX.0tiO.t Free .rythro-

cyte porphyrins (rep) lutrulnu yrdr
a. a ..i,t dt.

n,Jnrr,)ttnS!nn ttu!uuItn thslEss€mia

syndrome tl?lJ2t' microfluorometric techni-

que to,r Piomo i : rn4.jrl m lrln'l an rl,r

!rr!:$ 46 nu i::n-urrs,l rep 1nni6a.r

nunlfmriilt1u,tlu hrnlg:'u RD 46 34 t
16.0 (1s.0-76 s) ug/dl red cels drfi
rvrrnu,Iin? 1n'l:2O'l?!nt'tn trnnUoU !uO.t! ln

?!'|'l|lJnttu!'llJ1:ntrgn FEp oonIltln

[ratn0f1$fl t tnfl n?1 )D0u 14qJn,:o:1I .12

nu r:lou FEP 60.30 t ro.zg (su.z -
. \ I a ' a.
87.2,t ugldl red cells ti6Jn?1tlgn

lltr)lfld Urltllotl'l i uudlnq (p. O.or)
!'t d;.r f V -l.lll?lJtRnntUU l,1l) beta-thalassemia ttJtUO

homozygous $n:tUfltnit?!n! Hb, E

disease l'tu1u gr nu if:n"u FEp 6Jlln
nJ gt,sr ! sr.ra (!.s-zzs.d us/ar
red cetts (p< o.oool ) dlnuiruu"jr
el -a V '
hU?UnllJ U b6ta- thalassemia UUU0n!ln

lC|Jfill iIOlno lunl:dt1J qlobin cnarn

ttnlU.ttRllllh0unn lUn1?(:li heme n?U.
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