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SUMMARY 

Binding characteristics of progesterone, testosterone and oestradiol to human erythrocytes and haemo- 
globins were studied by equilibrium dialysis in order to investigate the possible mechanism whereby 
steroids prevent sickling of haemoglobin-S erythrocytes. Both the erythrocytes and haemoglobin solu- 
tions of Hb-A had lower binding constants compared to those of Hb-C and Hb-S. With progesterone 
and testosterone, the values for Hb-S erythrocytes were highest. There was however no significant 
variation between the binding constants of the steroids for the different haemoglobins, thus suggesting 
that these could not be correlated with any of their properties. 

INTRODUCTION 

The uptake of steroids and their metabolism by nor- 
mal erythrocytes have been previously studied [l-3]. 
Also, it has been reported that the sickling pheno- 
menon of erythrocytes with haemoglobin8 could be 
inhibited in oitro and in oivo by progesterone and tes- 
tosterone [4-61. Deoxyhaemoglobin-S is less soluble 
than deoxyhaemoglobin-A and the sickling of hae- 
moglobinS most likely results from hydrophobic in- 
teraction between the region of the B-chain altered 
by the mutation (B6 glutamic acid-valine) and the 
complementary sites on the neighbouring molecule 

r73. 
Whilst possible mechanisms whereby steroids in- 

hibit sickling have been suggested (4 and 5), these 
are yet not known. It is not unlikely that steroids 
bind to haemoglobin-S and thereby prevent the struc- 
tural change that leads to the sickling phenomenon. 

In this paper, we have investigated the binding of 
progesterone, testosterone and oestradiol to erythro- 
cytes and haemoglobins from normal erythrocytes 
(Human A) and the other variants (Human S and 
Human C) with the aim of elucidating the possible 
mechanism whereby steroids affect the sickling 
phenomenon. 

MATERIALS AND METHOD 

Non-radioactive progesterone and testosterone 
were from Koch-Light Laboratories Limited, Coln- 
brook, Bucks, England. Radioactive progesterone, 
testosterone and oestradiol were from the Radioche- 
mica1 Centre, Amersham, England. The following 

The following trivial names have been used in the text: 
Testosterone: 17b-hydroxy-4-androsten-3-one. Oestradiol: 
1,3,5(10)-oestratriene-3,17B-diol. Progesterone: Cpregnene- 
3. 20-dione. 

radioactive steroids were used. [1fl,2fi-3H]-testoster- 
one-55 Ci/mmol; C3H]-progesterone-750 mCi/ 
mmol; [2,4,6,7-3H]-oestradiol-100 Ci/mmol. All 
chemicals were of analar grade. For the equilibrium 
dialysis, visking dialysis tubing was used and unless 
otherwise stated the buffer used was 0.1 M phosphate 
pH 7.4. 

Biological material 

Blood samples containing haemoglobins Human-A 
or Human-C were obtained from the Blood Bank of 
the University College Hospital, Ibadan and had been 
characterized as such by paper electrophoresis by the 
method of Aronsson and Gronwall[S] in the routine 
screening of blood taken from donors. Blood samples 
containing haemoglobin Human-S were obtained di- 
rectly from patients who had also been characterized 
as such by paper electrophoresis. They were all in 
remission at the time of the study. 

Experimental procedure 

Red cells were prepared from individual blood sam- 
ples by centrifuging at 10,000 rev./min for 20 min at 
5°C. The supernatant was discarded by aspirating 
with a water pump. The red cells were washed seven 
times with sodium chloride solution (95 gjl) at 5°C 
and centrifuged between washings at 8000 rev./min 
for 15 min. The packed red cells were then suspended 
in phosphate buffer pH 7.4 and the haemoglobin con- 
tent was determined for each experiment. 

Part of the cells prepared above weie used for pre- 
paring the haemoglobin solution. The cells were lysed 
by shaking well with a mixture of an equal volume 
of ice cold distilled water and about half this volume 
of ice cold peroxide-free. ether. The solution was then 
centrifuged at 8000 rev./min for 20 min. Excess ether 
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was first removed at the water pump and the remain- 
ing traces were evaporated by gently blowing air into 
the centrifuge tube. The haemoglobin solution was 
decanted from beneath the cake of cell debris. The 
haemoglobin solution was then dialysed at 5°C 
against 0001 M phosphate buffer pH 7.4 until the 
smell of ether was no longer detectable. About 3 
changes at intervals of 2 h were usually sufficient. 
The haemoglobin solution was finally dialysed against 
phosphate buffer pH 7.4 overnight at 5°C or passed 
through Din&is Column [9] to strip it of ions includ- 
ing 2.3-diphosphoglyceric acid. When the haemoglo- 
bin was passed through Dintzis Column an appro- 
priate amount of 0.2 M phosphate buffer was added 
to it to make it 0.1 M phosphate. 

was put in visking dialysis tubing (A) and dialysed 
against 10 ml of steroid solution in I5 ml test tube 
for about twelve hours. The amount of radioactivity 
in 1 ml of the steroid solution against which red cell 
or haemoglobin was dialysed was determined before 
and after dialysis, using a Packard Tricarb Liquid 
Scintillation Spectrometer Model 3004 and counting 
for at least 5 min. The counting efficiency was 15”,,. 
Five experiments were also performed using steroid 
solutions of different concentrations. 

Calculation--hirldirlg comtaut 

The apparent binding constant K’/mol of haemo- 
globin tetramer for the steroids to red cells and hae- 
moglobin were calculated using the formula: 

The hdemogfobin concentration of red cells or the 
haemoglobin solution was determined by its conver- 
sion to cyano-methaemoglobin complex and using 
molar extinction coefficient of 109 x 10m3 at 540 nm 
for the cyanomethaemoglobin complex. 

K’ = II, x lo-Dfx 11 

Df(Hb) 

For the determination of the binding parameters 
for non-radioactive steroids, these were dissolved in 
ethanol and an appropriate amount of 0.2 M phos- 
phate buffer and distilled water was added to make 
the solution 0.1 M phosphate buffer and lOy,b; ethanol 
(v/v). 1 ml of red cell or haemoglobin solution (in 
0.1 M phosphate buffer pH 7.4) was put in visking 
dialysis tubing (&) and dialysed against 10 ml of 
steroid solution in a 15 ml test tube. Before use, the 
visking tubing was boiled for IO min in distilled water 
and then rinsed again in distilled water. This pro- 
cedure was repeated three times. 

where II, is the optical density at 249 nm of the ori- 
ginal steroid solution. Df that of the same solution 
after dialysis and Hb the haemoglobin concentration 
in mol/tetramer. With the radioactive steroid studies, 
the 5-min radioactivity counts before (Co) and after 
(Cf) dialysis were substituted for the optical densities. 

In all experiments with non-radioactive steroids the 
concentration used was between 1.0 x lo-’ and 
1.3 x 10m4 pm/l; and for the radioactive steroids 
between 1.0 x 10m9 and 1.0 x lo-‘. The haemoglo- 
bin concentration in red cells and haemoglobin solu- 
tions was between 5 x 10e4 and 15 x 10e4 moles 
of haemoglobin/l. 

The dialysis tube was suspended from the mouth 
of the test tube using a rubber band and the test 
tube was covered with parafilm. The same steroid 
solution used above was put in another test tube and 
the test tube was covered with parafilm. This was 
later used for the determination of the concentration 
of the original steroid solution. On each sample, five 
experiments were performed using steroid solutions 
of different concentrations. A control blank had no 
steroid but only the buffer solution (0.1 M phosphate, 
lo”, ethanol (v/v). The test tubes were then placed 
in a rack which was placed inside a metabolic incuba- 
tor provided with a shaker at controlled temperature. 
After about twelve hours the optical densities of the 
steroid solutions against which no red cell or haemo- 
globin was dialysed was determined using buffer (0.1 
M phosphate and lo”,; ethanol) as blank. The optical 
densities of the steroid solutions against which red 
cell or haemoglobin was dialysed were determined 
using as blank for red cell, buffer solution (0.1 M 
phosphate and lo”, ethanol), against which red cell 
was dialysed. and for haemoglobin that against which 
haemoglobin was dialysed. 

RESULTS 

Radioactive steroids 

Table 1 gives a typical result of the readings for 
the binding at one temperature of non-radioactive 
steroids using progesterone and Hb-A erythrocytes 
and Table 2 those for radioactive oestradiol. There 
was no difference in the apparent binding constants 
over a wide range of steroid concentrations. Similar 
observations were also made for Hb-S and Hb-C 
erythrocytes over a wide range of steroid con- 
centrations. Tables 3 and 4 compare the average 
apparent binding constants for Hb-A. Hb-C and Hb- 
S for progesterone and radioactive progesterone and 
oestradiol, respectively. Whilst with increasing tem- 
perature the values for progesterone binding by Hb-A 
and Hb-S erythrocytes fell, those for Hb-C remained 
unchanged. Between 23-25°C. Hb-A and Hb-C eryth- 
rocytes had a lower binding than Hb-S erythrocytes 
Table 3. This higher binding shown by Hb-S erythro- 
cytes at this temperature was also evident with 
radioactive progesterone (Table 4) and non-radioac- 
tive testosterone (Table 3). However with oestradiol, 
both Hb-S and Hb-C erythrocytes had higher binding 
constants than Hb-A erythrocytes (Table 4). 

Benzene in which the steroids were formerly dis- The typical results for the binding of steroids to 
solved was evaporated off and the steroid was dis- haemoglobin solutions at one temperature are shown 
solved in phosphate buffer pH 7.4. 1 ml of red cell in Table 5 for progesterone and Hb-S, and Table 6 
or haemoglobin solution (in phosphate buffer pH 7.4) for testosterone and Hb-A. As previously observed 



Steroid binding: erythrocytes, haemoglobins 1255 

Table I. Progesterone binding to human Hb-A red cell at 24.5”C and pH 7.4 

r 4’ optical 
deneity of rteroia 
solution at 249m 
after dialyels 

her of 
xperiml¶n t 

1 

t 

2 

3 

4 

5 

‘PO ’ optical 
deL3ity of strroic 
solution at 249m 
before dialyale 

1.138 0.904 2.21 

1.031 0.812 2.38 

0.915 0.730 2.09 

0.925 0.747 1.94 

0.768 0.598 2.55 

-I 

0ptioa.l drpsity of 1.138 la equivalelt to concentration Of 

7.78 I: 10-5 maea per 1itre. 
Average K’ = (2.30 & 0.10) L 10’ per mole. 

Concentration of hsemogI.obln in red cells 1.a 7.20 I lO-4 molea of 

haemo@obintstrmer per lltra. 

radioactive oestra- with the different erythrocytes, no differences in the 
apparent binding constants were also observed over 
a wide range of steroid concentrations with the hae- 
moglobin solutions. Table 7 gives the results for the 
binding of the various haemoglobins to progesterone 
and testosterone respectively. Both Hb-C and Hb-S 
haemoglobin solutions showed higher binding than 
Hb-A haemoglobin solutions. This was also the case 

for radioactive progesterone and 
diol (Table 4). 

DISCUSSION 

In order to assess the binding of steroids by human 
erythrocytes and haemoglobin solutions in a quanti- 
tative way, we have expressed the binding constant/ 
mol of haemoglobin tetramer. The results indicate 

Table 4. Steroid binding at 23.5”C 

l see footmte fable III 

Table 5. Progesterone binding to Human-S Haemoglobin 
at 25°C and pH 7.4 

Irn&%r of 
Exparwmt 

'Do' 'Df' K' x103 

1 1.052 0.844 1.63 

2 0.836 0.668 1.65 

3 0.732 0.585 1.65 

4 0.632 0.509 1.55 

5 0.532 0.431 : .50 

Conoeata’atlon of haeso(pobin Is 9.13 x lO-4 

molea of kamoglobin tetramer per lltre. 

Avem K' = (1.59 f 0.02) 103 pr mole. 

Table 2. Binding of oestradiol-‘H to Human-A red cell 
at 23.5”C and pH 7.4 

93232 66371 2.54 

38312 25667 3.20 

17393 12949 2.08 

9236 6581 2.55 I 
3787 2748 2.32 

Average K' = (2.60 f 0.20) IO3 

Table 3. Steroid binding to red cell 

steroid P x ld' 

2.30 * 0.10 

1.50 * 0.10 

0.47 f 0.50 

2.10 f 0.10 

2.30 f 0.20 

3.50 f 0.40 

1.45 f 0.06 

0.74 f 0.09 

0.60 f 0.04 

0.79 f 0.09 

0.96 + O.Og 

0.91 f 0.06 

1 .I0 * 0.04 

Ercge,stercne 

QeEO*pe - tmp. -00 

W 11 -24.5 
-30.5 

-36.0 

I C -23.0 

-3G.O 

I 8 -25.0 

-30.5 

&mm A -24.0 

30.5 

" c -23.0 

30.0 
I S -23.') 

28.5 
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Table 6. Testerone binding to Human-A haemoglobin at 
30.5”C and pH 7.4 

mlmber of 
Experiment 

1 

2 

3 

4 

5 

Average K’ = (0.82 f 0.03110’ per mole of 

haemoglobin tetramer. 

Table 7. Steroid binding to haemoglobin 

stemia 

mgesterone 

sstoaterone 

Gmotype - Temp. 'C K' I 10" 

Human A - 23.0 

- 30.0 

- 36.0 

” 0 - 23.0 

- 30.0 

* 5 - 25.0 

31 .o 

38.5 

Euman A - 23.0 

30.5 

. C - 23.0 

30.2 

” 9 - 22.0 

28.5 

1.50 f 0.10 

1.40 k 0.10 

0.75 f 0.03 

1.60 f 0.09 

2.10 f 0.10 

1.59 * 0.02 

1.72 f 0.06 

2.40 + 0.10 

0.93 f 0.30 

0.82 f. 0.03 

2.50 f 0.30 

i-36 f 0.07 

2.10 + 0.10 

1.90 * 0.20 

that human haemoglobins and erythrocytes bind to 

steroids. The binding constants of testosterone, oes- 

tradiol and progesterone to Human A, C and S eryth- 

rocytes and haemoglobin solutions were however of 

the same order of magnitude even though the results 

suggest that the Human S erythrocyte and haemoglo- 

bin solution bind more to all the steroids than the 

others. The binding of C haemoglobin to the steroids 

also seems to be more than that of A haemoglobins. 

The binding constants observed in the present 

studies are similar to those reported for the binding 

of human erythrocytes to progesterone and testoster- 

one [lo] and rat erythrocytes to progesterone [ll]. 

They are also of the same order of magnitude as those 

reported for the binding of albumin to progesterone 

and testosterone [ 131. 

It is interesting to note that the variation between 

the binding constants of the various steroids for the 

different haemoglobins and erythrocytes was little. No 

clear cut correlation could be made between the bind- 

ing properties and the haemoglobin status of the 

erythrocytes. Thus, the role which the binding of ster- 

oids, especially those already reported to reverse sick- 

ling [4-61, play in this phenomenon is not obvious 

from these studies. On the other hand, it is interesting 

that with progesterone and testosterone, the two ster- 

oids which have been shown to reverse sickling 14-61. 

the highest binding was seen with the Hb-S erythro- 

cytes. Oestradiol to which both Hb-S and Hb-C 

erythrocytes and haemoglobin solutions bind much 

more than Hb-A has not been reported to affect the 

sickling phenomenon. Further work is in progress in- 

cluding the effect of ions on these binding parameters 

in order to understand their mechanism and possible 

physiological or other biological importance. 
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