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Human erythrncytes were exposed to oxidative stress by treatment with the slowly hemolytic drug phenylhydrazine. 
Phenylhydrazine has been previously shown to trigger the production o|  toxic oxygen metabolites including 02- and 
H202 and the formation of Heinz bodies. The concentration-dependent formation of Heinz bodies was confirmed using 
optical microscopy. Heinz body formation was accompanied by surface protuberances as shown by scanning electron 
mic~scopy. The formation of Heinz bodies was accompanied by inhibition of anion translocation. Anion translocaiion 
was measured using the anionic fluorescent substrate analog N-(2-aminoethylsulfona|e~-7-nitrobenz-2-oxa-l,3.diazole 
(NBD-tau~ne). The emux of NBD-taurine was measured by continuous monitoring ~f ~caasport by fluorescence 
(CMTF). The mean value of the kinetic rate constant for transport, k, was found to be -0 .0904-0 .017  mln - I .  
Phenylhydraziue was found to decrease k to less than one-half of control values in a dose-dependant fashion. The 
disruption of anion translocation may be related to the oxidative effects of phenylhydrnzine and to the generation of 
Heinz bodies, which bind to the N-terminal domain of band 3. 

Introduction 

Toxic oxygen radicals may participate in several 
forms of erythrocyte hemolysis. Stimulated immune ef- 
lector cells such as neutrophils and macrophages pro- 
duce large quantities of toxic oxygen radicals followed 
by the hemolysis of nearby or attached erythrocytes 
[1,2]. Certain congenital ol acquired conditions can also 
lead to oxidant-mediated hemolysis. For example, toxic 
oxygen radicals have been implicated in ,8-thalassernia 
major, glucose-6-phosphate dehydrogenase deficiency, 
unstable hemogloLin diseases, erythrocyte aging, and 
other conditions [3-6]. Moreover, certain hemolytic 
drugs such a~ pheuylhydrazine are known to produce 
toxic oxygen metabolites including superoxide anions 
and hydrogen peroxide [6.7]. 

Phenylhydrazine provides a convenient in viva and in 
vitro model of oxidant- and Heinz body-associated he- 
molysis. Since phenylhydrazlne-mediated hemolysis is 
relatively slow, it is amenable to physiological and 
biochemical analysis. Phenylhydrazine treatment alters 
cell deformability [8]. Several changes directly linked 
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with the erythrocyte plasma membrane have also been 
observed. Heinz bodies attach to the inner surface of 
the erythrocyte's membrane via band 3 [9-11]. In ad- 
dition to the polymerization of hemoglobin derivatives, 
the polymerization of membrane-associated proteins has 
also been observed [12]. Alterations in lipid packing, 
lipid peroxidation, lipid fluidity and phospholipid flip- 
flop have been reported [13-15]. Since colloid-osmotic 
forces may contribute to the hemolytic event, an under- 
standing of membrane transport during oxidative stress 
is required. Early studies suggested that ebenges in 
internal sodium and potassium levels accompanied 
phenylhydrazine treatment [161. Recently, Shalev et al. 
[17] have shown that Ca2+-ATPase activity is inhibited 
by phenylhydraziae. Since monovalent ions participate 
in eolloid-osmotie lysis and since denatured and /o r  
oxidized hemoglobin binds to band 3, wc have tested 
the hypothesis thai oxidants affect anion translocation. 
The inhibition of anion tran~loeation described below 
may contribute to the oxidative disruption of erythro- 
eyte function and cellular integrity. 

Materials and Methods 

Materials 

NBD-taurine ( N-(2-aminoethylsnifonate)-7-nitro- 
benz-2-oxa-3-diazole) was purchased from Molecular 



Probes Inc. (l~ugene, OR). The physical properties of 
this reagent have been previously described [18[. DIDS 
(4A'.diisothiocyano-2,2'-stilhenedisulfoaic acid) was 
obtained from Molecular Probes and Sigma Chemical 
Co. (St. Louis, MO). 

Erythrocytes 
Fresh human erythrocytes were obtained from adult 

volunteers by a finger prick. Cells were suspended in 
PBS then washed twice with buffer. 

Continuous monitoring of transport by fluorescence 
(CMTF) 

Anion transport was measured by the C M T F  method, 
as previously described [18-21]. Erythrocytes were equi- 
librated with the fluorescent anion NBD-taurine (5 raM) 
for 2 to 3 h at 37 ° C or for 16 h at 4 ° C followed by 2 -3  
h at 37 ° C. Cells were placed on ice then rapidly washed 
three times with ice-cold buffer using a Beckman micro- 
fuge. Due to quenching by hemoglobin, NBD-taurine- 
loaded erythrocytes have little or no fluorescence. As 
time passes, the efflux of NBD-taarine leads to a time- 
dependent increase in fluorescence intensity. After 
washing at 4 °C ,  20 til of calls (2 .25-109/ml)  were 
added to transport buffer (250 mM sucrose. 15 mM 
KCI, 25 mM KzPO 4 (pH 7.2)) to a total volume of 3.5 
ml held at 3 7 ° C  in thermostated sample holder, Upon 
mixing the time-dependent changes in fluorescence in- 
tensity were recorded with a Perkin-Elmer (Norwalk, 
CT)  MPF-66 fluorometer interfaced to a Perkin-Elmer 
7300 computer. The excitation and emission mono- 
chrometers were set at 468 nm and 545 nm with slit 
widths of 4 and 10 am, respectively. The initial fluores- 
cence intensity is F 0 and the final (or infinite time) 
value of the fhioreseenee intensity is F~. Intermediate 
values of the fluorescence intensities at times t are given 
as F(t). The internal concentration of NBD-taurine was 
determined by fluorometr3,. Briefly, NBD-taur ine  
labeled cells were washed at 4 ° C  then lysed with dis- 
tilled H20.  Trichloroacefic acid (Sigma) was added at a 
final concentration of 4% by volume to precipitate 
protein. The fluoresence intensity of the supernate was 
compared to an NBD-taurine calibration curve to de- 
termine the NBD-~aurine concentration. The D ID S  
control experiments were performed after equilibration 
with NBD-taurine. Cells, in the presence of NBD-  
taurine and transport buffer, were incubated with a 
final concentration of 50 t iM DIDS for 30 rain at room 
temperature. The cells were washed in the cold then 
suspended in transport buffer. 

Data analysis 
The data were quantitatively analyzed to yield the 

kinetic rate constant, k, of effhlx. During the experi- 
ments described below the initial internal concentration 
of NBD-taurine was much less than its apparent 
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Michaelis constant The data were therefore analyzed in 
the trace mode. which is particularly well-suited for ion 
translocation inhibition studies [1921]. The rate of el- 
flux is 

die .  ~ r ( t l l  
~ ( t )  = - -  ~ (1) 

where k ( t )  is the instantaneous rate parm'aeter [19[. The 
rate constant can be extracted by several means [211. 

The value of k was obtained using three approaches. 
By measuring the initial slope of the efflux curve 
(Z~F/At)i, the rate constant was calculated from 

( a r / ~ , ) ,  
= -  ,~ (2) 

where 

A = F~ -- ~ .  (3) 

as described by Eidelman and Cabarttehik [19], ~ l e  
kinetic rate constant of NBD-taurine efflux was also 
calculated by an iterative nonlinear analysis of data. 
The equation 

F(r )  = r~ - A e - * '  ( 4 )  

was fit. Approximately 30 data points of each data were 
included in each iterative analysis. In the third method 
of analysis the lrt[(F~ - FO/A] was plotted against r. 
Time points beyond 20 rain were not employed due to 
their increased relative error. The value of k can be 
determined by a least-squares analysis of the slope [21]. 
Since this line is known to pass through the origin and 
any errors are in the y coordinates, the sum of the 
squared residuals of the equation y = rex, where m is 
the slope, were .,rnilimixed according to: 

, i  

~xiYi  
m ~ %4 (5) 

i - t  

where n = the number of points [22]. Comparable re- 
sults were obtained by these three methods. 

Statistical treatment of data 
The results are expressed as means .5: S.E. Data were 

analyzed using an Apple IIe computer and stats plus 
software (Human Systems Dynamics. Northridge, CA). 

Optical microscopy 
Optical micrographs were recorded using an Axiovert 

microscope with a 100 × oil immersion objective (Carl 
Zeiss, New York, NY). The image was collected on a 
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CCD camera. The video signal was displayed on a 19 
inch monitor. Heinz bodies were stained with 2% crystal 
violet in PBS for 10-15 rain. [231. Micrographs were 
recorded using a Polaroid video printer. 

Scanning electron mieros~'opy 
Scanning electron microscopy was performed as we 

have previously described [24]. Briefly, cell populations 
were fixed in suspension with 2% ghitaraldehyde in PBS 
for t h at room temperature. The samples were thor- 
oughly washed then post-fixed for 1 h in 1% OsO 4 in 
PBS or transport buffer at room temperature. The cells 
were dehydrated using a graded series of ethanol washes 
followed by three washes in absolute ethanol. Speci- 
mens were placed in baskets constructed from P, EEM 
capsules using solvent-resistant Nucleopore filters 
(Pleesanton, CA) to prevent cell loss. Calls were then 
crittcal point dried in an Omar  spc-1500 critical point 
dryer (Bomar Co., Tacoma, WA) using freon 113 as the 
transition fluid. Samples were observed and photo- 
graphed using a Philips 505 scanning electron micro- 
scope operated at 30 kV. 

Results 

Cell morphology 
Fig. 1 shows the effect of phenylhydrazine on 

erythrocyte morphology. Erythrocytes (6 -107 /ml )  in 
PBS or transport buffer were incubated in the absence 
(Fig. 1A) or presence (Fig. 1B) of 5 mM phenylhy- 
drazine for 5 min at room temperature. The samples 
were then washed with buffer : rid fixed. Indistinguisha- 
ble results were obtained when PBS was replaced with 
transport buffer. Normal  erythrocytes displayed a typi- 
cal bie.o~q~'-'e shape, l-lo'.h'¢,~~i, ill the presence of phen- 
ylhydrazine many pseudopod-like extensions of the 
plasma membrane were formed (Fig. 1B). These exten- 
sions may be due to weakened membrane-cytoskeleton 
interactions. 

Heinz body formation is a common feature of many 
hemoglobin disorders and oxidant or drug treatment 
[251. Fig. 2 confirms the formation of phenylhydrazine- 
induced Heinz bodies. Erythrocytes were incubated with 
5 mM phenylhydrazine for 5 min at room temperature. 
The cells were then stained with ~rystal violet. Numer-  
ous Heinz bodies can be observed within the erythro- 
cytes. The formation of membrane protuberances (Fig. 
IB) and Heinz bodies (Fig. 2B) clearly precede cytolytic 
rupture of erythroeytes. 

Effects of phenylhydrazine on fluorescence emission of 
NBD-taurtne and erythrocytes 

The effects of phenylhydrazine on the fluorescence 
properties of NBD-taurine and erythrocytes were mea- 
sured. This controls for possible changes in the total 
fluorescence intensity due to the phenylhydrazlne. Ta- 

Fig, 1. Scanning electron micrographs of erythrocytcs are shown. Cells 
were  prepped for eZectron microscopy as described in "Materials and 
Melhod~'. Representative micmgraphs of eryzhrocytes treated for 5 
rain with: (A) buffer alone (×8840) and (B) 5 mM phenylhydrazine 

( ×9265l are shown. 

hie I lists the fluorescence intensity + standard devia- 
tion for four combinations of buffer, NBD-taarine,  
erythrocytes, and 0 to 10 m M  phenylhydrazine. These 
experiments were performed under conditions that were 
identical to those of the transport assays described 
below) As can be seen in row A, the addition of phenyl- 
hydrazlne to transport buffer had no effect on  the 
buffer's minimal level of fluorescence emission. Phenyl- 
hydrazine was added to 15 ILl of intact unlabeled 
erythrocytes ( 6 . 1 0 7 / m l )  in suspension (Table l, row B). 
A small but  significant dose-dependent increase in the 
fluorescence intensity is observed. Phenylhydrazine has 
been previously reported to induce the formation of 
fluorescent Heinz bodies in red eells [26]. The small 
increase in fluorescence observed here likely arises from 
this source. Since phenylhydrazine is an oxidant, we 
have examined its ability to influence NBD-taurine 
fluorescence. Table I. row C shows the effect of phenyl- 
hydrazine treatment on the emission intensity of 0.8/~M 
NBD-taurine. At  10 mM phenylhydrazine, the emission 
of NBD-taurine is decreased by 13% under these condi- 
tions. T o  further probe the effect of phenylhydrazJne on 
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Fig. 3. The kinetics of N nD-tau~ine ef flux from control cells is shown. 
The ordinate gives the fluorescence intensity (arbitrary units) and Ihe 
abscissa lists Ihe time (~). Trace l shows a representative effinx curve. 
Trace 2 shows a matched sample with OIDS inhibition of anion 
transl~ation. Trace 3 shows the c O ~ l e d  subtraction ~ e  (tra~ 

I - -  trace 2). 

ma l  decrease  o f  26% is observed.  The  grea te r  decrease in  
the  p resence  o f  e ry throcytes  is l ikely d u e  to  the  abi l i ty 
o f  p h e n y l h y d r ~ : i n e  to  in te rac t  w i t h  h e m o g l o b i n  to  f o r m  
supe rox ide  a n i o n s  [6]. These  radicals ,  in  t u rn ,  can  oxid ize  
s o m e  t h io roch romes .  

Fig. 2. Optical micrographs of human erylhrocytes in the absence and 
p r ~  of He i~  bodies. Panel A shows a daYer©ntial interf~cncc 
contrast micrograph of human erythr~ytes incubated PBS for 5 rain 
l×2640), Panel B shows cells incubated for 5 nun with 5 mM 
phenylhydrazine, stained with crystal ~olet, lhen examined by 
bright-field micro,copy. Hei~  bodies are observed in the phenylhy- 

drazine-treated sample ( × 26d0). 

f luorescence emiss ion ,  c o m b i n e d  e x p e r i m e n t s  u t i l i z ing  
N B D - t a u t i n e ,  e ry throeytes ,  a n d  p h e n y l h y d r a z i n e  were  
pe r fo rmed .  Ery th rocy tes  were  first l oaded  w i t h  N B D -  
t aur ine ,  as  descr ibed  above.  T h e  cells were  w a s h e d  t h e n  
t r ea t ed  w i t h  var ious  c o n c e n t r a t i o n s  o f  p h e a y l h y d r a z i n e  
a t  4 0 C .  T h e  cell~ were  then  lysed us ing  dist i l led H 2 0 .  
P ro te inaceous  mate r ia l  was  p rec ip i t a t ed  u s i n g  t r ich loro-  
acet ic  acid ( f ina l  conch .  4% voL/vo l . ) .  T h e  f luorescence  
in tens i t ies  o f  the  supe rna te s  were  t h e n  measured .  Tab le  
I ,  r ow  D shows  t he  d o s e - d e p e n d e n t  decrease  in  f luores-  
cence  in tens i ty  o f  this  s ample  ( m e a n s  + S.D.).  A max i -  

Eff lux o f  NBD-taurine 
T h e  ef f lux  o f  N B D - t a n r i n e  was  fo l lowed by the  

C M T F  t e c h n i q u e  [18]. Fig.  3 shows  representa t ive  t rac-  
ings  of  N B D - t a n r i n e  cff lux f r o m  cry throcytcs  in t rans-  
p o r t  buffer .  T race  1 gives t he  t i m e - d e p e n d e n t  increase 
in  f luorescence  due  to  p r o b e  eff lux f r o m  cells a t  3 7 ° C .  
T h e  a p p e a r a n c e  of  these  d a t a  Js in  a g r e e m e n t  w i t h  t h a t  
of  p rev ious  inves t iga tors  [18,19]. T race  2 shows  a 
m a t c h e d  e x p e r i m e n t  u t i l i z ing  D I D S  t rea tment .  N B D -  
t an f ine -equ i l ib ra t ed  cells were  m i x e d  w i t h  50 g M  D I D S  
for  30  ra in  then  washed .  D u r i n g  these cond i t ions  N B D o  
t an r ine  l eakage  was  no t  s ignif icant .  N o  s igni f icant  
c h a n g e  was  obse rved  d u r i n g  the  l i m e  course  o f  this  
expe r imen t .  T h i s  c o n f i r m s  t h a t  N B D - t a u r i u e  e f f lux  is 
m e d i a t e d  b y  b a n d  3. T h e  a p p ~ r e a t  f luorescence in ten -  
sity o f  t he  D 1 D S - i n h i b i t e d  e ry throeytes  is above zero,  as 
r e p o r t e d  by  p rev ious  inves t iga tors  [18]. Th i s  is due  to 
several  factors  such  as  l igh t  sca t t e r ing  by  the  e ry thro-  
cytes  a n d  t race  quan t i t i e s  o f  N B D - t a u f i n e  abso rbed  to 

TABLE l 

Effect of phenylhydrazine on the emission of NBD.ta~me 

n = 4. ~em = 545 am. h=~ = 468 nm; emission and excitation slit widths were 4 nm and 10 nm, respectively. 

Condition Fluorescence intensities ,~ith phenylhydrazine concentrations ImM) 

buffer only 0.8 I 5 10 

A. phenylhydrazineonly 4.65± 0.27 4.10± 0.37 4.32± 0.44 4.20+ 0.48 4.14± 0.58 
B. phcnylhydranlne+RBC5 4.04± 1.87 7.15± 0.38 8.82± 1.88 11.1 ± 4.8 18.6 ±11.2 
C.O.8~tMNBD-taurine+phenylhydraz.ine 332 :k 7 319 ~ 2 313 ± 6 301 ± 8 2.'~ ± 7 
D. NBD-taurine-hheledRBCs+phenslhydrazine 381 ~-30 333 k16 303 -~22 272 "~13 262 ±16 
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Fig. 4. The time-dependence of NBD-taurine efflux from control and 
phenylhydr~ne-treated erythr~ytes is shown. The fluoresce in- 
tensity and time are given at the ordinate and ahsicssa, respectively. 
Traces 1-5 show samples Ir~ted with 0, ]. 2.S, 5, ~d  10 raM 

phenylhydrazine, respeclively. 

the erythrocyte surface or remaining after washing. Al- 
though this spurious but constant contribution has no 
effect upon the kinetic analysis, we can eliminate this 
factor by subtracting Trace 2 from Trace 1. When this is 
performed, Trace 3 is obtained. These data, which are 
specific for band 3, were then analyzed as described in 
Materials and Methods. All experiments utilized DIDS 
controls in this fashion. When a number of independent 
measurements were analyzed (n = 9), the mean value of 
k was found to be - 0.090 + 0.017 rain - 1 with a range 
of -0.065 to 0.115. 

Effect of phenylhydrazine on NBD-taurine efflux 
Fig. 4 shows representative CMTF tracings of NBD- 

taurine effhix from erythrocytes treated with 0, 1, 2.5, 5, 
and 10 mM phenylhydrazine (traces I through 5. re- 
spectively). Both the initial slopes and time-depcodent 
inr.ensities of NBD-taudne efflux are changed. Although 
the phenylhydrazine-treated samples are roughly simi- 
lar, the 10 mM treatment has the greatest effect. The 
values of F~ were determined after cell lysis and TCA 
precipitation, as described above. To extract k front 
these data, they were analyzed as described in the 
Materials and Methods. Fig. 5 shows representative 
plots of - l n [ ( F ~ -  Ft)/A ] versus time which illustrate 
the effect of phenylhydrazine on anion transport. The 
straight lines of Fig. 5 indicate that the value of the rate 
constant during control or pheuylhydrazine treatment 
experiments is a time-independent quantity. The control 
and 10 mM phenylhydrazine experiment were chosen to 
illustrate this effect. The value of k is also determined 
from the slope of these lines. In these two particular 
cases the values of k are -0 .104  rain -n and -0.0625 
rain 1 for control and phenylhydrazine-treated samples, 
respectively. 

Fig. 6 shows the quantitative dose-dependent effects 
of phenylhydrazine on NBD-taurine eftlux for all ex- 
periments. Phenylhydrazine experiments were aceompa- 

/ 

to 2o ~a 
time (mln.) 

Fig. 5. Kinetic analyses nf NBD-taurine are shown. Conlrol (ll) 
samples and crythr~yt~ tr~tcd with 10 mM phenylhydrazine (13) am 
shown. The value of -In[F,~ Ft)/A l is plolted against time train), 
The solid lines represent the least-squares analysis of each data £et. 
The decrease in slope of the trealed sample shows that k is dl- 

mirdshed. 

nied by matched controls. The effects of phenylhy- 
drazine on k are shown as a % of the value of matched 
control experiments. This corrects for a small but sig- 
nificant variability in k among individuals. The dif- 
ference in k between control and phenylhydrazine 
treatments of _> 1 mM were statistically significant. 
Concentrations < 1 mM gave a statistically insignifi- 
cant level of inhibition. At 10 mM phenylhydrazine the 
value of k is decreased to just under one-half of its 
control value. The reduction in k is maximal by 2.5 
mM phenylhydrazine since this point is not significantly 
differem from 10 mM phenylhydrazine. This dose-de- 
pendence correlates with the ability of phenylhydraalne 
to induce Heinz bodies (Fig. 2B). 

Although the samples and controls were treated in an 
identical fashion, it is possible that the results were 
affected by the transport buffer's composition. To con- 
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10 
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Phenylhydr'azlne (mM) 
Fig. 6, The dose-dependent effects of pheny]hydrazin¢ on anion 
transport are shown. The value of k expressed as a 9~ of control is 

plotted against phenythydrazi~ concentration, 



trol for its low Cl composition, experiments were 
conducted in Tris-buffered saline (TBS; 20 mM Tris. 
147 mM NaCI (pH 7.4)). The magnitude of k in TBS 
was significantly reduced to 0.0285 min i (n ~ 3). This 
effect of CI- on NBD-taurine transport has been previ- 
ously described [181. Treatment with l0  mM phenylhy- 
drazine as described above resulted in a 46 ± 13% in- 
hibition of k in TBS. This degree of anion transport 
inhibition in indistinguishable from that shown in trans- 
port buffer (Fig. 6). Although the buffer content affects 
the magnitude of k, it does not influence the relative 
effects of phenylhydrazine. 

Discussion 

Phenylhydrazine directly interacts with hemoglobin 
leading to the formation of superoxide anions, hydrogen 
peroxide and Heinz bodies [6]. Phenylhydrazine and 
compounds derived from its action may influence mem- 
brane function. Previous studies have focused attention 
on the ability of phenylhydrazine to disturb transmem- 
btane eation distributions [16,171. Although anion trans- 
location is required for erythrocyte function, the possi- 
ble relationship between anion translocation and oxi- 
dant damage or Heinz body formation have not been 
previously explored. In the present study we have shown 
that the oxidative drug phenylhydrazine inhibits anion 
transloeation of human erythrocytes. 

Our resuiLs indicat~ that the CMTF technique [18-21] 
can be used in diverse studies of anion transport. By 
carefully controlling for the effects of drug addition, the 
fluorescence signal can be quantitatively understood. In 
addition, DIDS was found to completely block NBD- 
taurine cfflux thus confirming that it escapes via band 
3. In parallel experiments with and without DIDS, the 
effects of light scattering, non-speci,'~c absorption, and 
non-specific loss of NBD-taurine could be easily con- 
trolled for us!rig spectral subtraction. The DIDS-treated 
sample was subtracted from the untreated sample yield- 
ing the anion translocation curve. Our results with the 
CMTF technique during control conditions are in good 
agreement with previous studies of NBD-tanrine during 
similar conditions [18-21]. The values of k reported for 
NBD-taurine (see, for example, Ref. 18) is within the 
range we report. 

Our studies have shown that the oxidative drug 
phenylhydrazine diminishes the rate constant for 
NBD-tanrine efflux. At phenylhydrazine concentrations 
of > 2.5 raM, the value of k is diminished to less than 
one-half of its control value. The straight lines of Fig. 5 
show that k is a time-independent quantity. In this case 
the different slopes of these lines show that k has 
decreased in absolute value from -0 .104  rain - t  to 
-0 .0625 min - t .  The dose-dependent effects of many 
studies are summarized in Fig. 6. Similar results were 
achieved by the three methods of trace analysis given 
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above. Furthermore, phenylhydrazine's relative level of 
inhibition was indistinguishable in both low- and high- 
CI- buffers. This is important since the CI gradient 
during efflux experiments could potentially affect a 
cell's response to pbenylhydrazine. Our results suggest 
that phenylhydrazine's inhibition of anion transport is 
independent of buffer conditions. The inhibition of 
anion transpgrt is likely due to an alteration in the 
function of the erythrocyte membrane protein band 3. 
This seems fairly certain since: band 3 is principally 
responsible for anion transport and NBD-taurine efllux 
is specific for band 3 as judged by DIDS treatment. 

A variety of factors may participate in the phenylhy- 
drazine-mediated inhibition of transport. These may 
include both direct and indirect mechanisms. For exam- 
ple, the direct oxidation of band 3 could affect atfion 
transport. Another possibility is that Heinz bodies di- 
rectly inhibit anion translocation by binding to band 3. 
Heinz bodies are known to bind to band 3 in human 
erythrocytes [10,27]. When band 3"s N-terminal is dis- 
turbed by Heinz bodies, a conformational change may 
be induced in its large transmembrane domain resulting 
in diminished anion transhication. Moreover, such a 
conformational change could also be induced by the 
ability of Heinz bodies to cluster band 3 in membranes 
[9,11 I. In addition to direct effects on band 3's struc- 
ture, phenylhydraznie could also affect anion transloca- 
tion via indirect routes. In particular, phenylhydrazine 
has been reported to alter lipid packing and decrease 
membrane fluidity [13,14]. Since membrane transport 
proteins are sensitive to membrane fluidity (see, for 
example, Ref. 28), the phenylhydrazine-mediated re,~ue- 
tion in fluidity may also diminsh anion translocation. 

The inhibition of anion translocation obsereed in the 
present study may participate in several physiological 
processes, l"vL ¢xample, reduced anion transport may 
contribute to the pathology of genetic or acquired 
erythrocyte deficiencies. Previous studies [29] have indi- 
cated that superoxide anions can cross erythrucyte 
membranes via the DlDS-sensitive anion channel. Un- 
published studies from this laboratory indicate that 
DIDS decreases superoxide-mediated specific cytolysis 
by 50% (Zhou, M. and Petty, H.R., unpublished data), 
Therefore, phenylhydrazine may be slowly hemolytic 
because its early oxidative effects diminish the rate of 
anion transiocation. The diminished anion translocation 
may adversely affect oxygen transport and su~'ival of 
erythrocytes. 
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