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The exposure of human erythrocytes to phenylhydrazine results in the degradation of both monomers of speelrln, a 
major cytoskeleton membraae protein. The degradative process, characterized by a loss of spectrln without the 
appearance of high-molecular-weight products, either under reducing conditions or not, is almost complete in 10 min 
when a 5% erythrocyte suspension is treated with ! mM phenylhydrazine. Under these conditions, we found a loss of 
62.3 and 48.5% for the a and ,8 monomer, respectively. A similar degradative extent was obtained when the membrane 
ghost plus cellular free extracts, were dialyzed, and the membrane ghost plus hemoglobin was exposed to I mM 
phenylhydrazine for 10 rain. The presence of different proteinase inhibitors and effectors, such as EDTA, diethylene- 
triaminepentuacetie acid, EGTA, leupeptin, aprotinin, phenylmethylsulfonyl fluoride, pepstatin, Ca ~'+ and ATP plus 
MI~ ~+, in the membrane ghost plus cellular free extract system (undialyzed) did not affect the degree of the 
spectrin-degradative process induced by phenylhydrazine, in addition, a purified spectrin tetramer preparation exposed 
to 1 mM phenylhydrazine in the presence of hemoglobin was degraded to an extent comparable to that with intact cells. 
Our data suggest that the initial degradative step of spectrin induced by phenylhydrazine in intact el~throcytes may be 
ascribed more to a direct oxidative breakdown, probably involving main-chain cleavage and side-chain cleavage 
processes, than to an eventual proteolytic system. 

lntr~ ~'uction 

In the last few years, the red blood cell has been the 
subject of a considerable amount of study based upon 
the biological effects of oxidative stress [1-12]. The 
functional and structural properties of red cell mem- 
brane, in particular, have been investigated in great 
detail in red cells exposed to oxidants [3-12]. We have 
recently demonstrated that phenylhydrazine, a com- 
pound that undergoes coupled oxidation with oxyhe- 
moglobin, induced spectrin degradation in intact red 
cell~ [8]. The degradation process was not followed by 
the appeataia,:e of any high-molecular-weight com- 
pound, either under reducing or non-reducing condi- 
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tions, as judged by SDS-PAGE. However, at that time, 
we did not know the intimate mechanism responsible 
for the phenylhydrazine-induced red cell membrane 
spectrin degradation. We are now able to provide con- 
vincing evidence for the most probable action mecha- 
nism of phenylhydrazine: namely, a free-radical-media- 
ted protein fragmentation * seems to be the basis of 
phenylhydrazine-induced spectrin degradation. 

Materials and Methods 

C h e m i c a l s .  All salts and buffers were reagent qua!ity 
RPE (ACS) and obtained from Carlo Erba (M:Aan). 
Phenylhydrazine, EDTA, EGTA, diethyldithiocarba- 

* It has been proposed, recently, that tile term protein f-aglnentation 
should signify the direct breakdown of plott!in mediated by free 
radicals, while the term "protein degradation" should signify the 
peptide-bond cleavage mediated by proteolytic enzymes. Since the 
aim of our work is only to discriminate between these two events, 
at least in tile very early stages, throughout the Results and 
Discussion we will use the terms degradation, breakdown and 
fragmentation interchangably, in reference to tile observed phe- 
nomenon of phenylhydrazine-induced breakdown. 

0005-2736/89/$03.50 ~rJ 1989 Elsevier Science Publishers B.V. (Biomedical Division) 



mate, DTPA, fl-mercaptoethanol, catalase (EC 1.11.1.6) 
from bovine liver (thymol-free), superoxide dismutase 
(EC 1.15.1.1) from bovine erythrocytes, mannitol, 
thiourea and glycylgline were purchased from Sigma 
Chemicals (U.S.A.). PMSF, aprotinin, leupeptin and 
pepstatin were purchased from Boehringer Mannheim 
(Milan). Desferoxamine B methanesulfonate (Desferal) 
was from Ciba-Geigy (Milan) and DPPD was from 
Aldrich Chemicals (U.S.A.). All electrophoretic reagents 
were obtained from Bio-Rad (Milan). 

Preparation of washed isolated erythrocytes and ghost. 
Venous human blood was collected daily from healthy 
volunteers into heparinized test-tubes. Leukocytes and 
platelets were removed essentially by the procedure 
described by Beutler et al. [13], with a column contain- 
ing a mixture of microerystalline cellulose and a-cel- 
lulose (1 • 3, w/w). Neither leukocytes nor platelets were 
detected by counting filtered blood cells according to 
standard manual techniques. An additional three-step 
washing procedure, using 4 vol. of cold 0.9% NaCI 
containing 5 :nM glucose, was performed to remove any 
plasmatic contaminant from the filtered cells. Mem- 
brane ghost,~ were prepared from washed cells which 
were lysed in 30 vol. of cold lysing buffer (5 mM 
NaH2PO 4 (pH 8.0)/0.1 mM PMSF). The lysed cells 
were then centrifuged for 10 min at 37000 × g at 4 ° C  
and the resulting pelletted ghost was washed repeatedly 
with lysing buffer until virtually all of the residual 
hemoglobin was removed. Throughout this work, mem- 
brane ghosts refers to those membranes which do not 
contain hemoglobin. The lysing bt, ffer was used within 
5 min in the solubilization of PMSF, in view of the 
short half-life of this compound in aqueous solution. 
Membrane ghosts obtained were washed again with 
cold hypotonic buffer (5 mM NaH2PO 4 (pH 7.4)) and 
utilized immediately for the experiments. 

Preparation of hemolysate, dialysed hemolysate and 
healoglobin. Washed isolated erythrocytes were sus- 
pended in 4 vol. of cold hypotonic buffer and stirred for 
60 min in order to completely lyse the cells. Hemolysate 
was collected after removal of membrane fractions by 
centrifugation for 30 min at 37000 × g. To prepare the 
dialysate, hemolysate was dialysed extensively against 
cold hypotonic buffer (membrane M r cutoff 12000). 
Hemoglobin was purified by column chromatography 
of the hemolysate on DEAE-Sephadex, as described by 
Winterbourn [14]. Purified hemoglobin was subse- 
quently dialysed against cold hypotonic buffer. Hemo- 
lysate, dialysed hemolysate and purified hemoglobin 
were used immediately after preparation. All of the 
operations were carried out at 4°C,  checking step by 
step for the oxidative status of hemoglobin [14]. In all 
preparations, hemoglobin showed the spectral proper- 
ties of oxyhemoglobin, and the methemoglobin content 
was found to be less than 3%. The total hemoglobin 

concentration was determined as cyanmethemoglobin 
by using Drabkin's reagent [151. 

Spectrin preparation. Spectrin was extracted accord- 
ing to the procedure of Bennett [161 by incubation of 
white ghosts at 37°C for 30 min in a low-ionic-strength 
medium. Spectrin-depleted ghosts were then removed 
by centrifugation at 200000 × g for 15 min and 20 mM 
KCI was added to the supernatant which was next 
warmed to 30°C for 3 h. Spectrin tetramer was then 
fractionated by density-gradient centrifugation on lin- 
ear 5-20% sucrose/gradient, dialysed against cold hypo- 
tonic buffer, and used within 3 days of preparation. The 
final concentration of the stock spectrin solution was 
calculated using an E 1%, 280 nm of 10 cm -I. 

Incubation conditions. For experiments with intact 
cells the washed isolated erythrocytes were resuspended 
in a Krebs-Ringer glycylglycine (KRG) buffer (120 mM 
NaCI /47  mM KCI/2 .5  mM CACI2/1.2 mM 
KHzPO4/1.2 mM MgSO4/50 mM glycylglycine (pH 
7.4)) to a final hematocrit of 5% (about 280/tM of total 
hemoglobin). For the experiments with membrane ghosts 
the hypotonic buffer was used, and the final volume of 
the reaction mixture was adjusted to obtain a 5% red 
cell equivalent membrane ghost suspension. The final 
hemoglobin concentration was 280 ,aM. For experi- 
ments with purified spectrin the final concentrations of 
hemoglobin and spectrin were 280 /.tM and 80 nM, 
respectively, the latter corresponding to that of a 5% 
erythrocyte suspension, taking into account a spectrin 
tetramer content for each erythrocyte of 105 copies [17]. 
The hypotonic buffer was used in this case as well. In 
these experiments phenylhydrazine was always added 
last, after other additions, to a final concentration of 1 
mM, unless otherwise stated. Antioxidants, proteinase 
inhibitors and proteinase effectors were added at final 
concentrations as stated in the figure legends. All 
incubations were conducted at 37°C in a Rotabath 
shaking water bath. 

SDS-PAGE analysis. Washed ghosts were solubilized 
to a final concentration of 1 mg/ml  in SDS sample 
buffer (1% sodium dodecyl sulfate/10% glycerol/63 
mM Tris-HCl (pH 6.5)), with or without 1% fl- 
mercaptoethanol, and were warmed to 95°C for 5 min. 
Equal amounts of solubilized membrane protein (100 
,ag) were loaded onto 7% polyacrylamide gels prepared 
according to Laemmli [18]. The gel system was calibrated 
for molecular-weight determination by measuring the 
migration of standard proteins (ranging from 29 kDa, 
for carbonic anhydrase, to 205 kDa, for myosin). Gels 
wele fixed and stained by either Coomassie R-250 or 
silver procedures. The dye-protein complexes were 
labeled according to the nomenclature of Furthmayr 
and Marchesi [19]. The dye-protein complex intensities 
were quantified and the molecular weight determined 
on the Coomassie- or silver-stained gel using a Hoefer 



scanner (GS-300) in the transmittance mode, interfaced 
with an IBM XT personal computer via a Data  Transla- 
tion A / D  card utilizing the GS-360 Data System soft- 
ware (Hoefer). 

The degradation percentage of the two spectrin 
monomers wa~ calculated from the integration of the 
corresponding pe:~k areas using the following relation- 
ship: 

l O0 X (areac~mtro I -- area Irehted sample )/area contred 

Results and Discussion 

We have recently demonstrated that intact human 
erythrocytes exposed to phenylhydrazine showed a 
marked decrease of stain intensity of Coomassie-spec- 
trin complexes as judged by SDS-PAGE technique 
without the appearance of a high-molecular-weight 
compound [8]. At that time, we speculated that a pro- 
teolytic system was, in some respect, involved in the 
degradation of spectrin induced by phenylhydrazine. In 
this context, several papers have appeared in the litera- 
ture concerning the possibility that endogenous pro- 
teinases may recognize and degrade oxidatively mod- 
ified proteins a n d / o r  their fragments [20-38]. Even 
phenylhydrazine seems to be responsible for an oxida- 
tive modification of hemoglobin, which makes it suscep- 
tible to degradation by a proteolytic system present in 
reticulocytes, erythrocytes and fibroblasts, though these 
authors did not describe the molecular modification 
involved in the oxidant-treated hemoglobin [20,31]. 
However, free radicals aside from their various damag- 
ing effects on proteins, are also able to fragment pro- 
teins, a process which could be potentially confused 
with a proteolytic action [34,39-44]. Thus, we decided 
to follow-up both of these possibilities, the proteolytic 
and the direct free-radical attack, in order to under- 
stand the mechanism of spectrin degradation induced 
by phenylhydrazine. It should be also noted that in the 
current paper the authors are not interested in the 
ult imate destiny of protein fragments derived from any 
initial cleavage process, though we have already demon- 
strated the existence of immuuoreactive fragments to- 
ward spectrip in phenylhydrazine-treated erythrocytes 
[81. 

Our previous data on spectrin degradation were re- 
lated to experiments conducted with intact erythrocytes 
exposed to phenylhydrazine for 1 h, at 37 ° C. The most 
efficient phenylhydrazine concentration, in terms of 
spectrin degradation without the appearance of a high- 
molecular-weight compound, was found to be 1 mM. 
Fig. 1 shows a time-dependent study of 1 mM phenyl- 
hydrazine-exposed erythrocytes, in which it is possible 
to observe, within the first few minutes of incubation, a 
marked degradation of both a and ,8 monomers. At 10 

o,~ ; ; ; ; ~b / /  do 
Minutes 

Fig. 1. A 5% red cell suspension in a final vol. of l ml of KRG buffer 
was incubated in tile presence of 1 mM phenylhydrazine. At tile 
indicated times the samples were diluted with 30 volumes of cold 
lysing buffer and immediately centrifuged to remove phenylhydrazine. 
The obtained pellets were dissolved in SDS sample buffer and analyzed 
by SDS-PAGE. The values are the average of three experiments. The 
variation between one experimental value to another was not more 

than 5%. 

min a plateau value of 62.3 and 48.5% for the a and /~  
monomers of spectrin, respectively, was reached that 
was about the same as the percentage of degradation 
after 1 h of incubation. During this time-course study, 
the a monomer seemed to be more susceptible than the 
,8 to  the degradative effect of phenylhydrazine. In ad- 
dition, throughout the experiment, no high-molecular- 
weight compound could be detected either under reduc- 
ing conditions or not. 

In Table i it is clearly evident that the percentage of 
degradation of the two spectrin monomers in the mem- 
brane ghost plus hemolysate system exposed to 1 mM 
phenylhydrazine is comparable to those with the intact 
cells in the presence of the same phenylhydrazine con- 

TABLE I 

Phelo'lbydrazine-indtwed .~ectrin degradation in both intact e~vthro~l,tes 
and membrane ghosts phtv hemol)'sate 

A 5% red cell equivalent membrane ghost suspension plus hemolysate 
in a final volume of 1 ml of KRG buffer and 1 ml of hypotonic 
buffer, respectively, as incubated in the presence of I mM phenylhy- 
drazine for 10 min. At the end of the incubation, both the intact cell 
suspension and the membrane ghost plus hemolysate syslem were 
processed as reported in Fig. 1. Samples were subsequently analyzed 
by SDS-PAGE. Tile values are and average of three experiments. The 
variation between experimental values was not more than 5r~. MG, 
membrane ghost: PH, phenylhydrazine; CH, hemolysate; 

Spectrin degradation (~) 

a monomer ./] mmlomer 

Cells 0 0 
Cells + PH 62.3 48.5 
MG 0 0 
MG + PH 1.3 1.7 
MG÷CH 1.2 2.3 
MG+CH+PH 58.5 46.5 
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TABLE II 

Effects of proteinase inhibitors and effeclors on the phenylhydrazme- 
mediated spectrin degradation in the membrane ghost plus hemolysate 
system 

A 5,% red cell equivalent membrane ghost suspension in a final vol. of 
1 ml of bypotonic buffer was mixed with hemolysate. One of the 
following proteinase inhibitors and effectors were added prior to 1 
mM phenylhydrazine: 1 mM EDT~. 1 mM DTPA, I mM EGTA. 
0.12 mg/ml leupeptin. 0.6 mg/ml aprotinin, 1 mM PMSF, 0.12 
mg/ml pepstatin. 5 mM ATP plus 5 mM MgCI 2, and 1 mM CaCI 2. 
The samples were incubated for 10 rain and processed as in Fig. 2. 
The values are an average of three experiments. The variation between 
experimental values was not more than 5%. 

Spectrin degradation ~ (cg) 

a monomer ,8 monomer 

No addition 100 100 
EDTA 101 100 
DT PA 99 100 

99 EGTA 98 
Leupeptin 102 100 
Aprotinin 105 101 
Pepstatin 98 97 
PMSF 102 99 
PMSF 102 99 
ATP4- Mg 2+ 100 102 
Ca 2 + 98 99 

a Spectrin degradation was measured taking the degradation induced 
by phenylhydrazine in the membrane ghost plus hemolysate system 
without any additions as 100%. 

centration. Neither  membrane ghosts plus hemoglobin 
nor membrane ghost plus phenylhydrazine systems in- 
duce spectrin breakdown. In other words, only the 
concomitant  presence of the two erythrocyte compart-  
ments, the membrane and soluble fraction, plus the 
oxidant  results in spectrin degradation. In another  set 
of experiments, we tested several compounds considered 
to be proteinase inhibitors or effectors, at least with 
respect to those proteinases identified in mature 
erythrocytes and reticulocytes [21,31-33,37,38]. The 
membrane ghosts plus hemolysate system exposed to 
phenylhydrazine was used. EDTA, DTPA, EGTA, 
leupeptin, aprotinin, PMSF, pepstatin,  Ca 2÷ and ATP 
plus Mg 2+ did not modify the extent of spectrin 
breakdown when exposed to the oxidant (Table II). I t  is 
important  to note that the oxidation of phenylh:/drazine 
initiated by hemoglobin is not affected by the presence 
of chelating agents [45]. All of these experiments seem 
to suggest that the bulk of the initial fragmentation 
process of membrane-ghost spectrin should be uttri- 
buted more to a direct phenylhydrazine oxidative at- 
tack, rather than to a proteinase involvement (ATP- and 
Ca:+-dependent  proteinases, serine and metalloprotein- 
ases). 

A further confirmation of the major role played by 
the direct phenylhydrazine oxidative action on the ini- 
tial step of spectrin breakdown comes from an experi- 

merit in which we compared the degradative efficiency 
of the oxidant  in three different preparations of the 
soluble extracts: hemolysate, dialysed hemolysate, and 
pure hemoglobin preparation. As shown in Table I i i ,  
the hemt;globin preparation is the most efficient in 
phenylhydrazine-induced degradation of membrane 
ghost spectrin. The a monomer, further, was always 
more susceptible to the degradative action than the /3  
monomer  in both the hemolysate and dialysed hemo- 
lysate. Even the ubiquit in conjugation process, as a tag 
for the recognition of potential  substrates by proteinase 
[22,461. may be excluded in our systems since the di- 
alysed hemolysate extract was extensively dialysed 
against a M r cutoff 12000 membrane. Yet, in an at- 
tempt to produce the possible substrate, membrane 
ghosts plus hemoglobin were treated with 1 mM phenyl- 
hydrazine over several t ime intervals (2, 4, 6 and 10 
rain), and then washed extensively. The exposure of 
these membrane ghosts to hemolysate did not yield any 
addit ional  breakdown of spectrin with respect to a same 
membrane preparat ion not exposed to hemolysate. He- 
molysate and dialysed hemolysate contain two enzymes 
capable of counteracting the oxidative damage of some 
intermediate of phenylhydrazine oxidation, namely, su- 
peroxide dismutase and catalase. The presence of these 
enzymes and other ant ioxidants  could explain the dif- 
ferences in membrane-ghost  spectrin fragmentation ob- 
served between the hemolysates (hemolysate and di- 
alysed hemolysate) and pure hemoglobin. Thus, in an 
a t tempt  to identify the reactive species involved in the 
spectrin degradat ion induced by phenylhydrazine in a 
membrane ghost plus hemoglobin system we found that 
the most efficient protective agent was superoxide dis- 
mutase (Table IV) which, by removing one of the medi- 
ators of phenylhydrazine oxidation [45,47], may justify 
the differences observed above. Ethanol and Desferal 
showed only a slight degree of protection, while manni-  
tol, thiourea, DPPD and catalase did not. 

TABLE 111 

Phenylhydrazine-induced spectrin degradation in membrane ghosts 

A 5% red cell equivalent membrane ghost suspension in a final vol. of 
1 ml of hypotonic buffer was mixed with either hemolysate, dialysed 
hemolysate or hemoglobin and incubated for 10 min in the presence 
of 1 mM phenylhydrazine. Incubations were terminated as described 
in Fig. 1 and samples were analyzed by SDS.PAGE. The values are 
the average of three experlment~ The v.qri~ltion between one experi- 
mental value and another was not more than 5%. Spectrin degradation 
in MG, MG+PH. MG+CH, MG+CHD, and MG+HB was less 
than 3% for both monomers. CHD, dialysed hemolysate; HB. hemo- 
globin. 

Spectrin degradation ,fg) 

a monomer fl monomer 

MG + CH + PH 58.5 .16.5 
MG + CHD + PH 61.5 45.1 
MG + HB + PH 68.5 54.3 



TABLE IV 

Effect of some scavangers on the phetg'lhydrazine-mediated spectrm 
degradation in the membrane ghost plus hemoglobin system 

A 5% red cell equivalent membrane ghost suspension in a final vol. of 
1 ml of hypotonic buffer was mi~ed with purified hemoglobin. One of 
the following antioxidants were added prior to l mM phenylhy- 
drazine: 200 ,aM desferal, 100 mM mannitol, 20 mM thiourea, 0.5% 
(v/v) ethanol. 40/aM DPPD, 1200 U/ml catalase and 78/,¢g super- 
oxide dismutase. The samples were incubated for 10 min and processed 
as in Fig. 2. The values are an average of three experiments. The 
variation between experimental values was not more than 5%. 

Additions Inhibition of spectrin 
degradation (%) 

a monomer  /~ monomer  

Desferal 7.1 9.8 
Mannitol 3.1 1.5 
Thiourea 2.7 1.8 
DPPD 1.8 0.7 
Ethanol 9.6 14.9 
Catalase 0.5 0.8 
Catalase (boiled) 1.2 1.3 
Superoxide dismutase 21.1 28.3 
Superoxide dismutase (boiled) 2.5 1.7 

Since it has been described that some proteinases, 
such as the Ca2*-dependent proteinase Calpain I and 
the three acidic proteinases, may be located in mem- 
brane ghosts [48,49], the above results could be affected 
by the action of one of these proteinase a n d / o r  other 
unknown proteinases, which are insensitive to the in- 
hibitors we used and which during the oxidative stress 
might have degraded membrane ghost spectrin. In this 
respect, we decided to perform an experiment in which 
purified spectrin te,ramer was exposed to phenylhy- 
drazine in the presence or absence of purified hemo- 
globin. In order to obtain data easily comparable with 
those obtained in both the intact  cells and membrane 
ghosts plus hemolysate system, the molar ratio and the 
final concentration of hemoglobin and spectrin were 
identical to those in the intact erythrocytes. 

The first important  consideration from the observa- 
tion of Table V is that hemoglobin by itself, in the 
presence of phenylhydrazine, is able to induce a spec- 
trin degradation close to the values obtained with the 
intact cell experiments, 65.3 and 62.3% for the a mono- 
mer, and 51.2 and 48.5% for the fl monomer, respec- 
tively. In addition, the presence of hemoglobin is an 
absolute requirement to promote the spectrin break- 
down mediated by the oxidant. The exposure of spec- 
trin to either phenylhydrazine or hemoglobin alone did 
not cause any significative degradation of the cyto- 
skeletal protein. It is noteworthy that hemoglobin is a 
classic initiator of phenylhydrazine oxidation, from 
which a series to reactive intermediates, comprised of 
reduced oxygen species, may be the mediator(s) of the 

spectrin degradation [2]. It should also be noted that in 
all the systems investigated the concentration of phenyl- 
hydrazine used was the maximal possible without the 
appearance of either a high-molecular-weight com- 
pound stabilized by intermolecular covalent bonds other 
than S-S  bonds or a real S -S  interchain high-molecu- 
lar-weight compound (see also Ref. 8). In addition, the 
exposure of membrane ghosts containing a high-molecu- 
lar-weight compound, produced from the oxidative ac- 
tion of a phenylhydrazine concentration more than 1 
mM, to hemolysate did not affect the content of either 
the high-molecular-weight compound or the remaining 
membrane ghost proteins (data not shown). 

Our data suggest that phenylhydrazine-induced spec- 
'- in degradation in red blood cells is initiated by the 
reactive intermediates produced during the course of 
Ihe phenylhydrazine oxidation mediated by hemo- 
globin, most likely excluding the involvement, of' a pro- 
teolytie pathway devoted to the recognition of oxida- 
tively modified proteins. In this context, it has been 
clearly demonstrated that oxygen free radicals can frag- 
ment or aggregate several globular proteins [34], The 
same author has also reported that oxidative modifica- 
tion, involving alterations of the secondary an tertiary 
structure of bovine serum albumin and its fragmen- 
tat ion but not its aggregation products, increased its 
proteolytic susceptibili ty toward several proteinases, 
among which a novel form was identified in the cytosol 
of mature red blood cells [35-37]. However, they could 
not discriminate the extent of the proteolytic event 
between fragmentation and conformational alteration 
of bovine serum albumin exposed to oxygen radicals. 

Currently, we are evaluating whether a proteolytic 
system is actually involved in an eventual second de- 
gradative step dedicated to the removal of the spectrin 
degradat ion products  generated from the phenylhy- 
drazine-induced oxidative stress [81. 

TABLE V 

Puri[ied.spectrin degradation h~duced I~t' phet~,llo'drazine 

Purified spectrin tetramer was mixed with hemoglobin and incubated 
for l0 rain with 1 mM phenylhydrazine. The re~etion was terminated 
by diluting samples with 50 vol. of cold hypotonic buffer. Samples 
were then dialysed against the same hypotonic buffer and cmt- 
eentrated before solubilization in SDS sample buffer to a final conch. 
of 1 mg/ml and analyzed by SOS PAGE. The incubation of spectrin 
in the absence of hemoglobin under the same conditions resulted in 
no degradation. The values arc tile average of three experiments. The 
variation between one experimental value and another was not more 
than 5%. 

Spectriu degradation (%) 

~x monomer  f l  monomer  

Spectrin + PH 1,5 2,3 
Spectrin + HB 2.4 1.9 
Spectrin + HB + PH 65.3 51,2 
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