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Summary 
T h e c l i n i c a l a p p l i c a t i o n o f t r a c e e l e m e n t s in t h e 
m a n a g e m e n t of S ickle Cell Anaemia (SCA) has not become 
s t a n d a r d r e c o m m e n d e d p r a c t i c e d e s p i t e d e c a d e s of 
research . A m a j o r reason for this is the a m b i v a l e n c e in 
pub l i shed resul ts as to the relat ive impor t ance of s o m e of 
these e l e m e n t s in the d i sease . An a t tempt has been m a d e 
in this w o r k to cor rec t s o m e of the var ious fac tors that 
cou ld c o n t r i b u t e to such incons is tenc ies . Resu l t s f rom 
sepa ra t e inves t iga t ions carr ied out on Niger ian sub jec t s 
by our g r o u p , u s ing both I N A A and P I X E m e t h o d s have 
been holist ical ly evaluated and compared . Trace and minor 
e l e m e n t s w e r e d e t e r m i n e d in w h o l e b l o o d , e ry throcytes , 
p l a s m a , h e a d h a i r and nail ob ta ined f r o m S C A pat ients in 
s t eady s ta te and c o m p a r e d with identical s a m p l e s f r o m 
normal cont ro ls . Twe lve e lements w e r e determined in blood 
w h i l e 2 0 and 3 0 e l e m e n t s w e r e ana lysed in nail and hair 
s a m p l e s r e spec t i ve ly f r o m the total 2 2 5 subjec t s . T h e 
resul ts indica te a general mild zinc def ic iency, m o r e ser ious 
fo r m a l e s , in N i g e r i a n S C A pa t ien ts . It is c lear that the 
e l e m e n t s N a , K , R b and Br p lay key ro les in ma in ta in ing 
h o m e o s t a s i s in the s t eady- s t a t e S C A pat ients . Poss ib le 
s e n d e r in f luence in the uti l ization of K, Br and F e in S C A is 
a l s o s u g g e s t e d . 
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Resume 
L 'app l i ca t ion c l i n ique des t races d ' e l e m e n t s pour les soins 
d e s d r e p a n o c y t a i r e s (SS) n ' a i pas e n c o r e u n e p ra t ique 
s t a n d a r d a p r e s d e s a n n e e s d e r e c h e r c h e s d u a 
r i m p o r t a n c e rela t i f d e c e s e l e m e n t s . Un essai d a n s ce t te 
e t u d e etai t d e q u a l i f i e r ce r t a ine de ses f a c t e u r s pouvan t 
c o n t r i b u e r a c e s i ncons i s t ances . Les resu l ta t s s epa re s 
d e s i n v e s t i g a t i o n s fa i te sur les s u j e t s N ige r i an ut i l isant 
les m e t h o d e s I N A A et P I X E ont e te e v a l u e s et c o m p a r e s . 
Les t r aces et les e l e m e n t s m i n e u r s e ta ient d e t e r m i n e s du 
s a n g , d e s g l o b u l e s r o u g e s du p l a s m a ,des c h e v e u x et 
d e s o n g l e s d e s d r e p a n o c y t a i r e s a 1 e t a t n o r m a l e et 
c o m p a r e a v e c les echan t i l l ons des i n d i v i d u s sa in . D o u z e 
e l e m e n t s e ta ien t d e t e r m i n e s du s ang a lors q u e 20 et 30 
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e l e m e n t s etaient ana lyses des ong le s et des c h e v e u x 
respec t ivemcnt sur un total de 225 sujets . Les resul tats 
indiquaient un defici t general modere de zinc , plus 
p rononce chcz les males drepanocyta i res Nigerian . II 
est c la ire que les e l emen t s tels que le Na, K, R b et Br 
j o u e n t des ro les impor t an t d a n s la m a i n t e n a n c e d e 
l ' h o m e o s t a s i e d a n s l 'e tat normale des drepanocytaires . II 
e s t sugger6 q u e l e g e n d r e pourrait influencer Tutilisation 
du K, Br et Fe chez ces pat ients . 

Introduction 
The study of trace (and minor) e lements in health and 
disease has grown into a ma jo r scientif ic field in recent 
years. The various appl icat ions include diagnost ic (e.g. in 
ea r ly b reas t c a n c e r s [1] , p r o g n o s t i c (e .g . in s eve ra l 
malignant lymphomas [2], and therapeutic (e.g. Wilson and 
M e n k e s diseases [3,4]. S o m e e lements are also known to 
c a u s e o t h e r c o m p l i c a t i o n s in s o m e d i s e a s e s . T h e 
i n v o l v e m e n t of t race e l e m e n t s in seve ra l d i s e a s e s is 
actually, only indirect and the s tudy of trace e lements may 
be m o r e important in e lucidat ing aspects of the aet iology 
of those diseases rather than having direct clinical impacts. 
However, in Sickle Cell Anaemia (SCA), trace elements are 
directly involved in the key aspects and could therefore 
have direct clinical impacts. Sickle cell disease arises f rom 
the replacement of Glu tamic acid with Valine on the 6 , h 

position of the beta chain in the normal adult haemoglobin 
(HbA) , resulting in the sickle haemoglobin (HbS). Though 
the HbS is suf f ic ient ly ef f ic ient in its pr imary funct ion of 
oxygen transport , it is fur ther character ize by the tendency 
to form po lymers with o ther HbS molecules . M a n y of the 
compl ica t ions of s ickle cell d i sease are secondary to the 
d a m a g e caused by this rapid polymer iza t ion of HbS in the 
red b lood cel ls and the consequen t impa i rmen t of the 
p lasma membrane . S o u n d ra t ionale for trace e l emen t s 
therapy has been es tab l i shed for prevent ion or repairs of 
these crucial pr imary d a m a g e s . 

Z i n c is k n o w n to inhibit polymer iza t ion of H b S 
and has been demons t r a t ed to unsickle , in vitro, a l ready 
d e f o r m e d cel ls [5]. Fur the rmore , the rapid format ion of 
HbS po lymers can a l so be drast ical ly inhibited via t race 
e l e m e n t s - m e d i a t e d p r e v e n t i o n / r e p a i r of red c e l l 
dehydra t ion [6). It is k n o w n f r o m the kinet ics of H b S 
p o l y m e r i z a t i o n that the de lay t i m e be tween the initial 
po lymer fo rmat ion and their exp los ive growth inside the 
e ry throcy te is ex t remely concen t ra t ion-dependen t , being 
i n v e r s e l y p r o p o r t i o n a l to the 15-35'" p o w e r of H b S 
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concentrat ion [7]. Dehydration serves to coneentrate the 
polymerized HbS and if prevented or reversed, will help in 
achieving a prolonged delay time. If the delay time could 
be so p ro longed to exceed the capi l lary transit t ime, 
polymerization and sickling would occur (if at all they do), 
only in the venulae, and therefore no vaso-occlusion would 
result. Furthermore, the crucial role of Zn in antagonizing 
Ca and thereby enhancing the integrity of the red cell 
membrane has also been abundantly demonstrated.[8,9]. 
1 his translates to less haemolysis and anaemia - a major 
clinical presentation in SCA. Trace elements are also 
important in determining the rheological properties of 
blood, not only as a result of the strong influence of the 
plasma proteins hosting these elements on blood viscosity, 
but also by the reduction of the abnormal adhesion of 
sickle erythrocytes to endothelial cells such as has been 
reported for Zn. [7). Improved blood flow shortens the 
capillary transit t ime and together with the elongation of 
the delay time previously mentioned, would result in a 
t remendous synergistic improvement in the clinical course 
of SCA. In addition to the above, trace and minor elements 
play important roles in body 's immunity to infections [10] 
which have been implicated as a major cause of morbidity 
in S C A a m o n g children [11]. Apart from these direct impacts 
of trace elements in SCA, there are other complications 
associated with SCA, which are linked to trace elements. 
F o r i n s t a n c e , Zn d e f i c i e n c y is a s s o c i a t e d wi th 
hypogonadism as well as delayed-healing of leg ulcers in 
S C A [12], while Pb is known to increase the susceptibility 
of children suffer ing from SCA to some neuropathy [13]. 

However, despite the fact that the study of trace 
elements in SCA has been going on for more than three 
decades, very few findings have resulted in routine clinical 
applications. The challenge has always been to deliver 
high enough concentrations of the required agent into the 
erythrocytes without causing any toxicity [14, 15]. This 
of ten depends , among other factors, on the status of other 
trace elements in the body. Unfortunately, many of the 
results published in this regard arc not consistent. In recent 
times, probable reasons for this are becoming evident. 
They include limitations in the detection limits and accuracy 
of analytical procedures used in early works; inadequacies 
or inconsistencies in sample preparation (e.g. washing of 
hair s a m p l e s , e f f ec t of d ie t , m e d i c a t i o n , e t c ) ; non-
recognition of synergism in elemental interactions which 
would make the use of multi-elemental analytical techniques 
to be mandatory; differences in the sexes, ages, as well as 
other geo-social and genetic factors. All these make it 
difficult extrapolating results across different socio-cultural 
backgrounds. For example, it has been reported [16,17] 
that in Saudi SCA patients, there were no zinc deficiency 
or hyperzincuria; and in general, the clinical presentations 
are quite mild. 

In this paper, we present the results of a series of 
studies carried out by our group using Nigerian subjects, 
mportant pa ramete r s such as sampl ing and sample 

preparat ions protocols were consis tent for the various 
investigations thus mak ing it easy to compare the various 
results. Fur thermore , two different highly accurate multi-
elemental t echniques , Pro ton- Induced X-ray Emission 
(PIXE) and Ins t rumenta l Neutron Act ivat ion Analysis 
( INAA) were used. S o m e aspects of these results have 
been previously published [18-21 ], but this is the first t ime 
the entire work will be holistically analyzed and discussed. 

Materials and methods 
The results being reported have been obtained as part of 
our on-going long-term study on trace elements in SCA. It 
involved the determination of trace elements in wholeblood, 
plasma, erythrocytes, head hair and nails of various sets 
of SCA patients (mostly with haemoglobin HbSS), drawn 
largely from the South West region of Nigeria. The HbSS 
subjects, all in steady state, were essentially drawn f rom 
vo lun tee r pa t i en t s a t t e n d i n g the S C A c l i n i c s at the 
University Col lege Hospital , Ibadan. and the Oba femi 
Awolowo University Teaching Hospital, Ile-Ife (OAUTH) . 
Identical samples f rom normal con t ro l s were a l w a y s 
analyzed together with samples f rom each set of patients. 
T h e normal c o n t r o l s i n c l u d e d U n i v e r s i t y s t u d e n t s , 
lecturers, secondary school pupils, teachers, pol icemen, 
and other groups of people who showed interest in the 
work. Identification of blood genotypes was carried out at 
the O A U T H by haemoglobin electrophoresis at alkaline 
pH. None of the patients or controls had received blood 
transfusion in the previous six months 

Sterile scalp vein needle with polyethylene catheter, 
polyethylene syringes and pre-washed heparinised (20 iu/ 
ml of blood) polyethylene screw cap tubes were used for 
blood col lec t ion and s torage . Ten ml of b lood w e r e 
collected from each subject after allowing the first l -2ml to 
run into sequestrene tube for blood count in order to reduce 
contamination. T h e blood was separated to the different 
components within 2 hours of collection. About 2 - 3 ml of 
the blood were retained as whole blood and the rest was 
s e p a r a t e d i n t o t h e e r y t h r o c y t e s a n d p l a s m a by 
centrifugation at 3000 rpm for 15 minutes. Each of the 3 
products was frozen and then freeze-dried for 24 - 36 hours 
in their individual containers using an Edward vacuum 
iieezc-dryer at the O A U T H . The wet and dry weights of 
each samples were noted. Hair samples were collected 
consistently f rom the left side of the nape, while nails were 
collected f rom the big toes. Hair and nail samples were 
first cleaned with a brush, and washed in an ultrasonic 
bath of deionised water. 

The treezc-dried blood samples were crushed with 
polyethylene spatula into fine powder in their individual 
containers and pellets were made from the fine powder to 
give reproducible irradiation and counting geometries with 
sample masses ranging between 50 - lOOmg dry weight. 
Analyses by PIXE were made by bombarding the samples 
with 2 MeV protons, and subsequent spectrometry of the 
X-ray fluorescence emitted, which is received by a Si(Li) 
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Table 1: Results of t-tests used for comparison of trace e lements levels found in Male and female SCA subjec ts with 
normal controls using INAA and PIXE 

Female 
SS vs controls 

( I N A A ) 
SS vs Controls 

(PIXE) 
SS vs Controls 

( INAA) 

Male 
SS vs Cont ro ls 

(PIXE) 

Elevation Depres s ion Elevation Depress ion Elevation Depress ion Elevation Depress ion 

Na (p<0.0005) K(p<0.0005) Cu(p<0.025) K(p<0.0005) 
Fe(p<0.0005) S (p<0.025) Fe(p<0.0005 
Rb(p<0.0005) 
Z n ( p < 0 . 0 0 1 ) 

Br(p>0.01 Se(P.O) Ca . Sec 
(p>01 

Rb (p<0.0005) 
Zn(p,0 .0005) 
P(P<0.0005) 
Mn(p<0.25) 
(a) 

Br. (p>01) 

Fe(p<0.0005) Cu(p<0.001 
Rb(p<0.0005) Ca(p<0.01) 
Zn(p<0.0005) 
Se(P<0.025 
(K) (P<0.05) 

Na (P0.1 Br(p<0.1) 

u 

K(p<0.0005) Cu (p<0.1) Zn(p<0.0005) Na(p<0.0005) Fe (p<01) 
Br(p<0.01) Rb (p<0.0005) P(p<0.005) 
Na (p<0.0005) Fe (p<0.025) K (p<0.005) 

Zn (p<0.025) (a) 
(b) 

B r . S . S e 
(p>0.1) 

Cu 
Rb (p<0.001) (px0-0005) 
Zn(p<0 .1 ) Br 
(c) 

Se (pp<0.1) Ca , S e , B r F e , R b K(p<0.1) Br(p>0.1) 
(p>0.1) (p>0.1) Br (p>0.1) 

(o<0.0005) 

P(p<0.1) 
(Ca, Se)* 

Rb(p<0 .1) 

K* 

Fe(p<0.0005) Zn (p<0.025) 
Rb(p<0.1) (c) 

Zn(p<0.025) Fe(p<0.005) Ca(p<0.1) 
Fe (p<0 .1 )* (a) 
(a) 
B r , N a , S e K ,Rb(p<0 .1 ) P ,Zn(p>0 .1 ) Se(p>0.1) Br ,Na(p>0.1) ( P , K , R b , 
(p>0.1) K* F e , S e ) * 

Z n , Rb , P, 
K , F e 
(p>0.1) 

Z n . R b 
(p>0.1) 
(K, Fe)* 

(Ca ,Zn )* 

a - Age (p<0.005) 
b - Age(p<0.005), Weight (p<0.05) 
c • Age (p<0.0005), Weight (p<0.0005), Height (p<0.0005) 

*incomplete data or unequal variance 

detector. For Ins t rumental Neutron Act ivat ion Analyses , 
the samples were irradiated in reactor neutron f luxes , and 
gamma spec t romet ry of the result ing activated samples 
fol lowed. T h e detai ls and reliability of these methods as 
used in our research g roup have been published in the 
references already cited. [ 18-23). 

T h e sub jec t s (ages 1 0 - 6 0 y e a r s ) included 10 S S 
patients and 11 cont ro ls whose hair and nail were analyzed 
for t race e l e m e n t s by I N A A at the Wash ing ton Sta te 
University ( W S U ) . Pul lman, U S A 118]; 30 SS patients and 
58 controls w h o s e blood and hair were analyzed by I N A A 
at the Imperial Col lege Reactor Centre, Ascot, England [ 19]; 
19 SCA patients and 42 controls whose blood were analyzed 
by PIXE at the Univers i ty of Surrey, Gui ldford , England 

[20]; 25 S C A patients and 30 controls whose blood w e r e 
ana lyzed by I N A A at W S U [22] . Fur the r de ta i l s a re 
suppl ied in the cited references . 

In blood, the e lements Ca , Cu, Mn, S, and P were 
analyzed by P I X E only, whi le Na w a s ana lyzed only by 
INAA. All the other e lements (Br, Fe, K, Se, Rb , and Zn) 
were detected by both P I X E and INAA. 

Results 
A s u m m a r y of our results on trace e lements in blood is 
p resen ted in tab le 1. S tudent t-tcst has been used to 
c o m p a r e t race e l emen t s levels in pat ients and contro l 
s u b j e c t s . U n l i k e in o u r p r e v i o u s r epor t s , s t a t i s t i ca l 
compar i sons are now made between sex-matched patients 
and controls . Cases where age, body weight , or height are 
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Table 2: M e a n and percent s tandard devia t ions of Na and K in e ry th rocy t e s and p l a sma of sub j ec t s wi th I l b A A and 
HbAs , and H b S S . 

RBC P , A S M A 

(concentra t ions in /zg/mL) ( c o n c e n t r a t i o n s in /z g / m L ) 
A A A S S S A A A S SS 

Na 848.8 ± 2 5 . 1 % 985.1 ± 3 6 . 6 % 1602.6 ± 5 8 . 4 % 2762 .2 ± 16.9% 2 8 1 7 . 2 ± 12 .8% 2724 .1 ± 18.8% 
K 3 3 9 9 ± 4 0 . 2 % 3 6 5 3 . 4 ± 3 6 . 9 % 2 6 2 7 ± 4 2 . 4 % 1 9 3 . 4 ± 4 1 . 1 % 2 8 7 . 5 ± 3 3 4 % ' 3 2 9 . 7 ± 8 6 . 9 % 

Table 3: Corre la t ion coef f ic ien t s and levels of s ign i f icance p, b e t w e e n s o m e e l e m e n t s in the R e d B lood ce l l s 
and p lasma for both S C A patients and control subjec ts 

Control subjects (with H b A A ) S C A Pa t ien t s (wi th H b S S ) 
RBC Plasma n r p n r p 

Br Br 26 0.5940 <0.001 20 
Na Na 25 0.3904 <0.05 21 
Se Se 26 0.1777 >0.1 19 
Z n Z n 26 -0.0861 >0.1 20 
Rb Rb 26 0.0680 >0.1 19 
K Rb 13 0.6999 <0.01 12 

0.1650 >0.1 
-0.0609 >0.1 
0.3968 >0.1 
-0.1886 >0.1 
-0.1239 >0.1 
0.3638 >0.1 

not matched be tween subjec ts and controls are noted on 
the table. The results obtained with the two techniques 
( I N A A and P I X E ) h a v e b e e n t r ea t ed and t a b u l a t e d 
separately for who leb lood , erythrocytes and plasma. In 
general , only e lements that are s ignif icant ly di f ferent for 
the two groups of subjects are shown in the table. However , 
e lements that are not s ignif icant ly different in a part icular 
si tuation (e.g. for a part icular technique or sex) are still 
included if the result conf l ic t s with another si tuation. 

In the R B C s , Na is c o n s i s t e n t l y s i g n i f i c a n t l y 
elevated in the SS patients. I N A A results, but not P IXE, 
a lso showed that R b is a lso s ignif icant ly elevated in the 
patients. Both the results f rom I N A A and P I X E show that 
K and Zn are s igni f icant ly depressed in the female SS 
pa t i en t s , but not in m a l e p a t i e n t s . L i k e w i s e Cu is 
s ignif icantly elevated in male sub jec t s but not in females . 
INAA data indicated that Br is elevated in female pat ients , 
but not males, whereas the P I X E data indicated that the 
element is elevated in male patients, but not females, relative 
to the controls . Th i s is an e x a m p l e of the amb iva l ence 
referred to earlier in this paper. 

In the who leb lood , C a and Cu are s igni f icant ly 
elevated in all SS groups relat ive to the controls . Na is 
very significantly elevated in females (P< 0 .0005) . but not 

R b L r ? F u r , h e r i n l h e w h o l e b l ° o d . K, Fe . 
case i n t "SS S ' 8 n i f i c a m | y d « »> almost all 
cases m , h c SS patterns relative to the cont ro ls Se is 
significantly depressed in male SS patients ( I N A A only) 
b u M s non-sigmficant ly depressed in all cases by P I X P 

£ 5 . ^ S S ' S S p r e s s e d f m a i e s s i - - - ^ y level of S ign i f i cance of Fc d e p r e s s i o n ,n 

who leb lood is very high (P < 0 . 0 0 0 5 ) c o m p a r e d to the 
depress ion in the e r y t h r o c y t e s (P < 0 . 0 3 and P < 0.1 for 
f ema les and ma le s respec t ive ly ) . 

In the p l a s m a , P I X E a n a l y s e s w e r e poore r than 
I N A A , being charac te r ized by high uncer ta in t ies . Coupled 
wi th the smal l n u m b e r o f s a m p l e s f r o m m a l e SS patients 
ana lysed by P I X E , most resu l t s u n d e r th is c o l u m n in Table 
1 a re not s ta t is t ical ly re l iable . T h e o n l y cons i s t en t picture 
in the p l a s m a is a ma rg ina l d e p r e s s i o n o f Z n levels in the 
SS pa t ien ts re la t ive to the con t ro l s . 

In hair and nail fo r the paed ia t r i c sub jec t s (3-12 
years) , out of the 13 e l e m e n t s inves t iga ted , viz Se . Hg , Cr, 
I e , Z n , C o . A u , Br, A s , S b . C u , N a and Sc ; on ly Cu was 
found to b e s ign i f i can t ly d i f f e r e n t ( e l eva t ion , p< 0.05) in 
S C A pat ients relat ive to cont ro ls . F o r the adult g roup (hair 
on ly) , no e l e m e n t w a s s ign i f i can t ly e l eva t ed in hair of SS 
pat ients wi th respec t to no rma l con t ro l s . However , the 
fo l lowing e l e m e n t s w e r e dep re s sed : Br (P< 0 .01) . Na. Zn. 
La , Cs , Sb, I b (all at P < 0 .025) . and a third g roup , Au, Eu. 
Fe, Ba (at P< 0 .05). 

Table 2 s h o w s the m e a n and percent standard 
dev ia t i ons o f Na and K in e ry th rocy t e s and p lasma of the 
s u b j e c t s inves t iga ted ; wh i l e Tab le 3 s h o w s the correlation 
coef f ic ien t s be tween s o m e e l emen t s in the Red Blood Cells 
and P l a s m a fo r the sub jec t s . 

Discussion 
O u r r e su l t s s h o w that t h e r e a r e c h a n g e s in t h e t race 
e l e m e n t s con ten t s in the e r y t h r o c y t e s f r o m steady-state 
SC A patients (with HbSS) compared with those f rom normal 
con t io l s (wi th H b A A or H b A S ) . C o m p a r i n g levels in the 
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R B C s and in the plasma, the changes can be seen to involve 
an influx of Na. Ca . Cu and Br into the cells and an eff lux of 
K. R b . and Zn out of the cel ls of the subjec ts in S C A to 
maintain ionic and chemica l equi l ib r ium. Na and Ca have 
higher extra-cellular concentration and their influx probably 
f o l l o w s s o m e d i s t u r b a n c e s at t h e cel l m e m b r a n e a s 
demons t r a t ed by Ney et al | 9 | . O n e of the major events 
associated with the influx of ca lc ium is the displacement of 
p h o s p h o r u s f rom the cel l , wh ich is a lso accompan ied by a 
d rop in the level of A d e n o s i n e Tr iphospha te (ATP) for 
wh ich P is a p recursor . T h i s in turn a f fec t s all energy-
requ i r ing p r o c e s s e s i nc lud ing the ac t iv i t ies of the ion 
p u m p s wh ich leads to m o v e m e n t s o f the ions d o w n their 
concen t r a t ion g rad ien t s (23) thus acce le ra t ing the vicious 
cyc le . T h e inf lux of Br cou ld b e exp la ined by its a f f in i ty 
with Na . jus t as the e f f l u x of R b is expec ted d u e to its 
c h e m i c a l s imi lar i ty wi th K. T h e invo lvement of Na and K 
m i g h t s u g g e s t t h a t t h e s i t e s i n v o l v e d a re the N a - K -
ATPases . T h e b r e a k d o w n in regu la t ion o f Na within the 
R B C of S S pa t ien ts , and K wi th in the P lasma is vividly 
d e m o n s t r a t e d b y t h e w i d e r a n g e s o f c o n c e n t r a t i o n s 
o b s e r v e d fo r t hese e l e m e n t s in the t w o c o m p a r t m e n t s for 
S C A pa t i en t s . T h i s is ind ica ted in Table 2 by the percent 
s t anda rd d e v i a t i o n s f r o m the m e a n o f the dis t r ibut ions: for 
in t racel lular N a , 5 8 % (SS) ve r sus 25% for A A s u b j e c t s and 
fo r p l a s m a K. 8 7 % ( S S ) v e r s u s 4 1 % for the A A subjec ts . 
Values fo r s u b j e c t s w i th h e t e r o z y g o u s H b A + S (s ickle cell 
t ra i t . A S ) a r e a l s o s h o w n in t h e t ab le fo r c o m p a r i s o n . 
F u r t h e r m o r e , w h e r e a s the l eve l s o f N a and Br wi th in the 
R B C cor re la ted with the co r r e spond ing levels in the plasma 
fo r t h e con t ro l s u b j e c t s , n o s u c h co r r e l a t i on w a s found in 
the S C A pat ients . T h i s ind ica t e that the m o v e m e n t of these 
e l e m e n t s b e t w e e n t h e e x t r a c e l l u l a r a n d in t r a - ce l l u l a r 
c o m p a r t m e n t s w a s o r d e r e d f o r the cont ro l sub jec t s , but 
r a n d o m in the S C A pa t i en t s w h e r e they cou ld be p lay ing 
s o m e r egu l a to ry f u n c t i o n s . T h e s a m e p ic tu re is t rue for 
R B C - K and P l a s m a - R b in the t w o g roups . T h e s t rength of 
t hese c o r r e l a t i o n s b e t w e e n e l e m e n t s in the R B C and those 
in p l a s m a fo r o n e set o f o u r s u b j e c t s is s h o w n by the p 
va lues in T a b l e 3. W e h a v e p r e v i o u s l y repor ted de ta i l s of 
the m e t h o d s u s e d fo r t hese c o m p u t a t i o n s (21) . 

It is k n o w n that the pe rmeab i l i ty of a normal red cell 
m e m b r a n e i n c r e a s e s s i g n i f i c a n t l y d u r i n g d e f o r m a t i o n and 
d e - o x y s i e n a t i o n [9] ; a n d that th is is m a r k e d by N a inf lux 
a n d c o r r e s p o n d i n g K e f f l u x [24] , T h e in f lux of C a and C u 
a c r o s s t h e w e a k e n e d m e m b r a n e is p r o b a b l y t o b e 
a s s o c i a t e d wi th Z n e f f l u x s i n c e both C a and C u a re k n o w n 
10 c o m p e t e fo r the s a m e b i o c h e m i c a l b ind ing si tes as Z n in 
the R B C [ ? 5 | . T h e e x i s t e n c e of n e g a t i v e co r r e l a t i ons 
( a n t a g o n i s m ) b e t w e e n R B C - Z i n c a n d bo th C a and C u in 
n o r m a l R B C s has b e e n p r e v i o u s l y s h o w n by us . p . - >|. 

a n d a l s o b y T a y l o r c i « / 1 2 7 | . 
T h e finding that R B C - K is s i g n i f i c a n t l y d e p r e s s e d 

( r e l a t i ve to c o n t r o l s ) o n l y i n S S f e m a l e s and no . m a l e s is 

surprising but crucial. The significantly increased level of 
K in the p l a sma of both male and female patients however 
conf i rms K ef f lux f rom RBC. It might be that this efflux of 
K (accompanied by R b and other ions) is insignificant 
compared with the high levels of K in the R B C of males 
wi th H b S S . K is o n e of the f ew e l e m e n t s that a re 
s ignif icant ly higher in the RBC of Nigerian males relative 
to the females [221. This observation on K has been masked 
in our previous reports in which we did not separate the 
sexes [ 19.20]. The result is however crucial because eff lux 
of K has been shown to be the important in the two main 
pa thways for dehydrat ion of the erythrocytes in S C A , a 
m a j o r c l in ical p resen ta t ion in the d i sease . T h e s e t w o 
pathways are the Gardos K channels and K-Cl co-transport 
[7,15]. T h e clinical response to trace e lements therapy 
might therefore be different for the two genders . 

T h e same explanat ion (relatively large p lasma 
p o o l ) p r o b a b l y h o l d s f o r the o b s e r v a t i o n t h a t t h e 
depression in Plasma-Na. despite its efflux out of the plasma 
into the R B C . is also not significant. In fact, in males there 
is no c lear pat tern at all. T h e observa t ion that R b is 
s ignif icant ly elevated in the p lasma of SS males and not in 
the f ema le s may a lso suggest that R b is p lay ing s o m e 
gender-sens i t ive role in S C A . R b is k n o w n to subst i tute 
for K in several s i tuat ions [28.29]. 

R e s u l t s w i t h P I X E s h o w e d n o s i g n i f i c a n t 
d i f fe rences in the R B C - F e levels. Th i s is consis tent with 
findings by several worker s including D a v i s [30] w h o 
d e t e r m i n e d iron in ind iv idua l red b lood cel ls . I N A A 
sugges t s a marg ina l , statistically ins ignif icant d i f f e r ence 
( M ) . 1) in the Iron contents of pat ients with H b S S and 
normal controls . Both techniques h o w e v e r s h o w a h ighly 
significant d i f ference in the Fe in the wholeblood of patients 
with H b S S c o m p a r e d with normal sub jec t s (P < 0 .0005) . 
C o m p a r e d with the s i tuat ion in the R B C . it is then c lear 
that the dec rease in Fe obse rved in who leb lood is d u e to 
the expec ted d e c r e a s e in the haematocr i t in SS pat ients as 
a result of the anaemia. It therefore does not represent a 
decrease in 'b lood i ron ' , but rather a decrease in the red 
blood cells within the blood of our steady state S C A patients. 

T h e e l e m e n t s C a , Br, and Se, which w e r e e leva ted 
a t v a r i o u s l e v e l s in t h e R B C s w e r e d e p r e s s e d at 
c o r r e s p o n d i n g leve ls in the p l a s m a , s u g g e s t i n g s imp le 
in t e r - compar tmen ta l t ransfer . H o w e v e r , Z n is depressed 
both in R B C and p l a s m a (as well as in who leb lood and 
hair) , ind ica t ing a genera l Z i n c def ic iency . 

O u r resu l t s on hair show that Na, Br , Fe, and Z n 
( a m o n g o the r s ) are d e p r e s s e d in adult SS pat ients , but not 
in c h i l d r e n , w h e r e on ly C u w a s s ign i f i can t ly d i f f e r en t 
( e l eva ted , P < 0 .05) . L e v e l s of t race e l e m e n t s measu red in 
hair re f lec t l ong- t e rm e f f e c t s and might b e age -dependen t . 
O u r resul ts for the ch i ld ren is in ag reement with a p rev ious 

w o r k by O l a t u n b o s u n et al [31]. 
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Clinical Implications and Conclusions 
In this work, several imbalances in the trace clement milieu 
in the compartments investigated, attributable to SCA, 
have been identified. It has also been demonstrated that 
gender-sensitive factors are probably very important in 
the influence of trace elements in SCA and must not be 
o v e r l o o k e d . U n f o r t u n a t e l y , mos t p r e v i o u s s tud i e s 
(including ours) did not give this consideration the right 
a t tent ion it deserves . T h e dep res sed level of Zn in 
wholeblood, erythrocytes, plasma, and hair of Nigerian 
SCA subjects in this study strongly suggests that members 
of this group are generally zinc-deficient. The usefulness 
of Zn supplementation for such category of subjects has 
been well established. In fact, at the Seventh Ann Arbor 
Conference on The Red Cell (1989), Ananda Prasad and 
George Brewer [11] suggested that any clinician who fails 
to administer Zn supplement to their SCA patients who are 
conf i rmed to be zinc-deficient ought to be charged for 
malpractice! Although the ingestion of inorganic Zn over 
prolonged periods of t ime could upset the balance of Zn 
with other essential elements [3 .31] , it is agreed that the 
benefits may outweigh the ill-effects [5.32-34]. The problem 
posed by the significant elevation of Ca in the erythrocytes 
can also be solved by zinc supplementation based on the 
reported antagonism between Ca and Zn. The adverse 
impact of Ca on the plasma membrane of the erythrocytes 
has been mentioned earlier in this paper. Many methods 
fo r p r e v e n t i n g K e f f l u x and t h e r e b y inh ib i t i ng the 
accompanying dehydrat ion have been suggested. T h e 
use of dietary Mg has been reported to be promising and 
a number of drugs based on this principle are currently on 
trial (7,24]. 

Se is an essential e lement , which as part of the 
enzyme Glutathione Peroxidase, could help to protect the 
cell membrane against oxidat ion damage . Stress and 
oxidation damage are two factors which in synergy put the 
erythrocytes into great j eopardy in SCA [9.25]. It might 
then have been supposed that Se supplementat ion would 
be beneficial in SCA. However our results have indicated 
that the intracellular Se level is normal in SCA. There is 
therefore no basis for such ' intui t ive ' Se supplementat ion, 
especially in view of the toxicity of Sc beyond a narrow 
normal range [35]. 

Apart f rom the rapeu t i c a p p l i c a t i o n s of t r ace 
elements in the management of S C A as sugges ted above , 
trace elements status could also have prognost ic values. 
This work has shown that the balance among trace e lements 
is disrupted in Sickle Cell Anaemia . T h e nature of these 
imbalances, including ratios of e lements in var ious body 
compartments, if carefully studied using rigorous statistical 
t e c h n i q u e s such as C l u s t e r a n a l y s i s m a y y i e ld t h e 
prognostic factors currently being searched for that could 
ort out pat ients at greatest risk for the most s e r ious 

J S T S r A , r 0 m p o , e m i a l | y b ^ s n o n e s . Th i s 
would also be significant in the management of the disease. 

pat ients whose lives mi°h t For example there are several 

depend on stroke-preventive bone-marrow transplantation 
being carried out as early as possible. However the risks 
(and costs) involved in this procedure at the present t ime 
makes it mandatory that it be restricted only to the cases 
with the worst out looks [36]. 
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