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SUMMARY 

I. The ghosts of erythrocytes, hemolyzed in 0.3 % NaCI (pH 7) and in a final 
hematocrit of o.oo2 %, appeared to be spherical under phase contrast microscopy. 
From photographic measurements of the diameter, the mean area of the erythrocytes 
was found to be I34.8 ~ .  

2. The spherical'ghosts wEremonitored in a Coulter counter and mean cell 
volume computer. The mean cell volume was found to be between I4O and 152 /z ~, 
and the corresponding membrane areas were between 13o and I38/~2. 

3- When the cells were hemolyzed in the presence of low concentrations of 
drugs ("ghost-formation" method), the mean cell volume value of the ghosts 2 h later 
was larger than control. 

4. When low concentrations of the drugs were added to the prehemolyzed, 
spherical ghosts, the cells immediately became irregular and cup shaped. The mean 
cell volume at this moment fell, and this may be explained by the sensitivity of the 
Coulter counter to cell shape. Over the next 2 h the cells re-sphered spontaneously 
in the presence of the drug. The final mean cell volume was greater than control. (This 
procedure is referred to as the "sealed-ghost-expansion" method.) 

5. The ghost-formation method and the sealed-ghost-expansion method gave 
similar results quantitatively. By these methods it was found that the erythrocyte 
ghost membrane area expanded by 1.3-I.6% for the alcohol anesthetics and by  
1.5-2. 7 % for chlorpromazine at drug concentrations which are known to anesthetize 
nerves and also to inhibit hypotonic hemolysis by 50%. 

6. At high but sublytic concentrations of these drugs, the maximum amount 
of membrane area expansion observed was around 5 %. 

INTRODUCTION 

There is an extensive literature on the ability of drugs and chemical compounds 
to penetrate, expand and modify the properties of lipid, protein and lipoprotein 
monolayers spread at the air and water interface 1-12. The effects of drugs on the elec- 
trical properties of artificial ultrathin lipid and lipoprotein films 13-15 formed between 
two aqueous phases have also been studied 1e-z°. A third model membrane system, 
that  of spherulites or myelin figures, has been used to study the effects of narcotics, 
steroids and other drugs21, 22. 
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I t  would be desirable to confirm directly whether or not some of the interesting 
drug effects described for the above three membrane model systems also occur in 
biological membranes. SHANES za and SKOO 24, for example, have predicted an expansion 
of biomembranes in the presence of anesthetics, on the basis that  such an expansion 
does occur in a lipid monolayer at the air-water  interface. 

The new techniques described in this paper demonstrate that  it is possible to 
monitor small changes in the surface area of erythrocyte ghost membranes. Such 
techniques can be readily applied to biomembranes of any type provided the mem- 
branes can be disrupted and converted into vesicular form; it is known that  broken 
membranes spontaneously assume a vesicle shape 25-3°. 

METHO DS 

Preparation of the stock erythrocyte suspension 
A 1.5-ml sample of fresh venous blood drawn from a fasting volunteer was 

heparinized with about 50 units/ml blood. The sample was centrifuged at 15oo × g 
for 15 min and the plasma and buffy coat removed. A stock erythrocyte suspension 
of about 1.8. lO 6 cells/ml was prepared using 154 mM NaC1 in io mM sodium phosphate 
buffer (pH 7). 

The ghost-formation method 
An aliquot of 0.5 ml of the suspension of intact erythrocytes was added to a 

Coulter plastic vial (Coulter Electronics, Hialeah, Fla.) which contained IO ml of a 
dilute drug solution made up in 0.3 % NaC1 in IO mM sodium phosphate buffer (pH 7). 
The final suspension was immediately mixed thoroughly by inversion but without 
frothing or bubbling. 2 h later the mean cell volume of the erythrocyte ghosts was 
monitored by means of a Model F Coulter counter and an mean cell volume computer 
(Coulter Electronics, Hialeah, Fla.). The Coulter probe had an aperture of ioo t* in 
diameter, the aperture setting was 16, the attenuation was 0.707 , the threshold setting 
on both the counter and computer was IO units, and the sample volume was 0. 5 ml. 
The time taken by  the Coulter counter to pull o.5 ml through the IOO-t~ aperture was 
14 sec ; the mean cell volume computer required 7 sec for one determination. Approx. 
20000 cells were averaged during these 7 sec, while 40 ooo cells were counted over the 
entire I4-sec period. The mean cell volume computer, which has a replicate repro- 
ducibility of better  than 0.6% (ref. 31) was calibrated by determining the mean cell 
volume of the erythrocytes using a Clay-Adams microhematocrit centrifuge and 
non-heparinized microhematocrit tubes (MSE, Measuring and Scientific Equipment,  
Great Britain), measuring 75 mm × 0.8 mm internal diameter32, z3. The micro- 
hematocrit  tubes were centrifuged at 12500 rev./min (15500 X g) until complete 
translucency of the packed cell column occurred (KoEPPE'S nl criterion) and until 
the hematocrit  value was constant with no further packing of the cells; this required 
3 min of centrifugation. When calibrating the mean cell volume computer by calcu- 
lating the mean cell volume from the microhematocrit and the Coulter cell count, 
allowance was made for about 2 % extracellular space in the packed cell column 8~. 
The mean cell volume reading was taken at least three or four times for each sample, 
and in most cases a large number of samples (between 6 and 20) were prepared for 
each drug concentration. 
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Under these experimental conditions the shape of the erythrocyte ghost was 
spherical by  phase-contrast microscopy. I t  was, therefore, possible to calculate the 
surface area of the ghost membrane and any changes in this membrane area brought 
about  by  the drugs. 

The sealed-ghost-expansion method 
An aliquot of o.5 ml of the stock suspension of intact erythrocytes was added 

to IO ml of 0.3% NaC1 (51.5 mM) in IO mM sodium phosphate buffer (pH 7), which 
did not contain any drug. During the subsequent 1.5-2.5 h the ghosts completed 
their spontaneous processes of membrane sealing and cell reswelling82m. The control 
mean cell volume of the ghost suspension was monitored only once; since the Coulter 
counter sample required 0.5 ml, there remained IO ml in the vial after this control 
measurement. The control step just mentioned was not entirely necessary and in 
later experiments was omitted. A small aliquot (less than 0.2 ml) of concentrated 
drug solution was then added, and the contents of the vial inverted three times gently. 
The suspension remained for an additional 2 h at room temperature. During this t ime 
the ghost slowly resumed its initial spherical shape. The mean cell volume of the 
ghosts was then monitored. The radius and the surface area of the membrane of the 
spherical ghost were thus computed. To facilitate rapid conversion of volume readings 
into membrane area, a volume-area table was constructed using an IBM 7094 
computer. 

M A T E R I A L S  

i -Pentanol  and i-nonanol were purchased from Fisher Scientific Co. Benzyl 
alcohol was obtained from British Drug Houses. Chlorpromazine hydrochloride 
(Thorazine, Largactil) was a gift from Smith KIine and French, Philadelphia, and 
Rhone-Poulenc, Montreal. 

R E S U L T S  

The area of the normal erythrocyte ghost and the osmotic swelling properties of the erythro- 
cyte using the Coulter counter 

The data in Fig. I show the mean cell volumes of the erythrocytes at various 
NaC1 concentrations. I t  can be seen that  the mean cell volume increased at lower 
NaC1 concentrations until a maximum volume of around 153 ~a was reached at about 
o.45 % NaC1. The mean cell volume values in Fig. I were taken in the Coulter counter 
about I h after the addition of the intact erythrocytes to the hypotonic solutions. 
Although erythrocytes became ghosts at around 0.45 % NaCI, a further reduction in 
NaC1 concentration did not lead to an increase or a decrease in the mean cell volume. 
At very low NaC1 concentration (below 0.2% NaC1) the apparent  ghost mean cell 
volume was reduced. Most if not all of this drop in apparent  mean cell volume is 
artifactual and results from the lowered conductivity of the medium. The addition 
of some NaC1 to raise the final NaC1 concentration to above o.2% raises the mean 
cell volume back to t h e i 5 o  ~8 region. 

The data in Fig. i indicate that  the mean cell volume of the erythrocyte ghosts 
was the same at all NaC1 concentrations between o. 4 % and 0.2 % NaC1. The 
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concentration of o.3 % NaC1, therefore, was chosen as the standard concentration for 
preparing ghosts. In Fig. I the mean cell volume at 0.3% NaC1 was 152.5 /*3; the 
area of such a mean cell is 138.o4 ~*. 
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Fig. I. Mean cell vo lumes  of e ry th rocy te s  in  h y p o t o n i c  so lu t ions  a t  20 ° and  io  inM s o d i u m  phos-  
pha t e  buffer  (pH 7). The  i n t ac t  e ry th rocy te s  become ghos t s  a t  a round  0.45 % NaC1. Below o.15 % 
NaC1 there  is an  a p p a r e n t  drop in  ghos t  m e a n  cell vo l ume ;  th i s  is a r t i fac tual ,  resu l t ing  f rom low 
conduc t iv i t y  of t h e  solut ion,  and  is r emoved  by  t he  add i t ion  of NaC1 to 0 .2% or more,  res tor ing  
t he  m e a n  cell vo lume  to 15 ° #,3. 

Membrane area and cell shape as seen in phase-contrast microscopy 
Fig. 2a is a phase-contrast photograph of ghosts of erythrocytes hemolysed 

in 0.3 % NaC1. The shapes of the cells are spherical. When the cells were suspended in 
a drop hanging from a glass cover slip, small pseudopods or spikes of the order of 
0.3/* in length and width were seen extending from the cell. These pseudopods were 
artifacts brought about by  the proximity of the glass surface (see ref. 34 for a discus- 
sion on this matter).  The appearance of pseudopods was markedly reduced when 
siliconized slides and coverslips were used. The pseudopods were not seen at all using 
plastic coverslips. 

The diameters of a large number of spherical ghosts of the sort shown in Fig. 2a 
were measured. A Zeiss stage micrometer marked at IO-/* intervals was used for 
calibration. Two diameters, perpendicular to one another, were measured for each 
cell, and then averaged. For a total number of 281 cells measured, the mean diameter 
was 6.54 ! o.41/* (mean ! S.D.). The area of a spherical ghost with this diameter is 
134.27/~2. The mean of the areas of these cells is 134.83/*2. This value of 134-135/,2 
is about the same as that  found by  the Coulter counter and mean cell volume computer 
for ghosts in 0.3 % NaC1. 

Measurement of membrane area expansion, using the ghost-formation method 
The ghost-formation method, as outlined in METHODS, is depicted in Fig. 3a. 

The erythrocytes hemolyze osmotically in 0.3% NaC1, seal and reswell, all in the 
presence of the drug, before the mean cell volume is monitored by  the Coulter counter 
and computer. 

The effect of I-nonanol on the membrane area of the ghost, as determined by 
the ghost-formation method, is shown in Fig. 4. The mean cell volume and membrane 
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Fig. 2. Phase - con t r a s t  appea rance  of e ry th rocy te  ghos t s  be tween  si l iconized glass surfaces  o.2 m m  
apar t .  The  magni f ica t ion  scale can  be ca lcula ted  on t he  bas is  t h a t  the  spherical  ghos t  in  each 
p h o t o g r a p h  is a b o u t  6.5 /~ in d iameter .  (a) Spherical  appea rance  of ghos t s  of cells hemolyzed  in  
0.3°/o NaC1. Cells average  6.54 /~ in d iameter ,  b, c, and  d are phase -con t r a s t  p h o t o g r a p h s  t a k e n  
af ter  t he  add i t ion  of 1.6. IO -~ M benzyl  alcohol. (b) I r regular ly  shaped  ghos t s  a t  3 ° min .  (c) Pro la te  
sphero id - shaped  and  spher ical  ghos t s  a t  I h. (d) Re-sphered  ghos t s  a t  3 h. 
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area of the ghosts at zero or low drug concentration was 148. 5 ~ and 135.61 ~2, 
respectively. The mean cell volume and area rise to a maximum of 159.5 ~3 and 
142.23 ~ at 5" lO-4 M nonanol. Drug concentrations higher than this are directly and 
nonspecifically lytic (see ref. 37). 

A. 'GI~OST-FORMATION' METHOD: 

R3 % NoCI NO DRUG 

+ DRUG 

B, 'SEALED-GHOST-EXPANSION' METHOD : 

UESWOLLEN GHOST 
tN 0.3'~ NaCI 

Fig. 3. Methods for studying ghost membrane expansion by drugs. The ghost-formation method 
is when the intact erythrocytes are hemolyzed in hypotonic solution in the presence of the drug. 
The sealed-ghost-expansion method is when the drug is added to preformed, spherical ghosts. 
In both methods, 2 h after the addition of the drug the cells are again spherical, and they are then 
monitored by the Coulter counter and mean cell volume computer. 

The concentration of I-nonanol which inhibits hypotonic hemolysis by 5o% is 
about IO -~ M (ref. 33). At this concentration the area was found to be increased by 
2.2 t~ ~ or 1.62% (see Fig. 4)- 

The ghost-formation results in Fig. 5 (top line) show the effect of i-pentanol 
on the mean cell volume and area of the ghosts. The concentration of i-pentanol which 
inhibits hypotonic hemolysis by 5 ° % is 2.4" lO -2 M (refs. 38, 39)- At this concentration 
it can be seen from the results in Fig. 5 (top) that the membrane area expanded 
by 1.35 %. 
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Fig. 4. The expansion of erythrocyte ghost membranes by I-nonanol. These data were obtained 
by the ghost-formation method. At Io -4 M i-nonanol the expansion of the spherical ghosts is 
about 1.6% in area. MCV, mean cell volume. 

Effect of drugs when added to prehemolyzed, spherical ghosts 
When the anesthetics or tranquilizers were added to the preformed spherical 

ghosts, the cells immediately became irregular in shape, depending on the final 
concentration. Figs. 2b and 2c, for example, illustrate the irregularly shaped and 
prolate spheroid-shaped cells that occurred after 1.6. lO -2 M benzyl alcohol was added. 
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Over the subsequent 1.5-2. 5 h the cells spontaneously reverted to their original 
spherical shape, despite the continued presence of the drug; this is shown in Fig. 2d. 

Chlorpromazine. HC1 also produced such changes in shape, but they were less 
pronounced. Fig. 6a. illustrates that  there was very little distortion of the ghosts 
by 5" IO-e M, a concentration which is protective to erythrocytes 4°. 

High concentrations of chlorpromazine elicited cup shapes and irregular forms 
(see Fig. 6b) which subsequently reverted to the spherical form (Fig. 6c). Very high 
or lytic concentrations Of chlorpromazine produced irregularly shaped cells which 
remained that way indefinitely (Fig. 6d). 
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FINAL CONCENTRATION OF I-PENTANOL (M)  

Fig. 5. The top curve shows the~volumes of spherical ghosts formed from intact  cells in the presence 
of i-pentanol (ghost-formation method). The bottom curve shows tha t  the addition of I-pentanol 
to preformed spherical ghosts immediately leads to an apparent drop in the mean cell volume 
(ghost-flattening method; see text). MCV, mean cell volume. 

Membrane area expansion, using the sealed-ghost-expansion method 
The photographs in Figs. 2 and 6 illustrate that after the anesthetics and tran- 

quilizers were added to spherical ghosts, the cells became transiently misshapen. 
When the mean cell volume of these misshapen ghosts was measured immediately 
or a few moments after the addition of the drug, then it was observed that  the mean 
cell volume was lower than the control value for the cells. This is shown in the results 
plotted in the lower curves in Fig. 5 for i-pentanol and Fig. 7 for chlorpromazine. 
This drop in mean cell volume immediately upon the addition of drug was not accom- 
panied by any changes in the total cell count. The drug could not have increased 
the osmotic pressure of the extracellular fluid. This is because the drug concentration 
was too low (io-n-io -a M for chlorpromazine and I-nonanol) and also because the 
lower aliphatic alcohols equilibrate completely across the erythrocyte membrane in 
less than 6o see (ref. 41). (The transmembrane equilibration of the closely related 
fat ty acids is less than I see (ref. 42).) 

I t  is possible that  this immediate drop in mean cell volume was associated in 
some way with the shape :~f the cell even though the actual volume may not have 
been changed by the drug 43-~7. 

As already shown in Figs. 2c and 6c, the cup-shaped and misshapen cells re- 
sphered within 2-3 h following addition of the drug. The mean cell volume values 
taken at this time were all greater than control. The expanded membrane areas 
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Fig. 6. Phase - con t r a s t  appea rance  of e ry th rocy te  ghos t s  af ter  the  addi t ion  of ch lorpromazine .  HC1 
to pre formed spherical  ghos t s  in  0 .3% NaC1. All pho t og raphs  a re  the  same  magnif ica t ion;  spher ical  
ghos t s  measu re  a b o u t  6.5 l* in d iameter .  (a) 30 m i n  af ter  the  addi t ion  of 5" IO-8 M drug.  Very l i t t l e  
effect on shape.  Some pro la te  spheroid  cells. (b) 3 ° m i n  af ter  add ing  2 '  lO -5 M chlorpromazine .  
The  cells are irregular.  (c) 1. 5 h af ter  add ing  2- lO -5 M chlorpromazine .  The  cells have  now v i r tua l ly  
all re-sphered (compare wi th  b). (d) After  t he  add i t ion  of 4" lO-5 M chlorpromazine ,  the  cells are 
h igh ly  i r regular  in shape  a n d  r ema i n  th i s  way.  Th i s  concen t ra t ion  of ch lorpromazine  is lyric to cells. 
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could be calculated and the procedure is conveniently referred to as the "sealed- 
ghost-expansion" method (see Fig. 3b) to distinguish it from the "ghost-formation" 
method. 

E 
w 

o'. 

S I 
145 ! • 

140 

135 

130' 
1 

10"7  

j /  \ 
,,. t _ .  • " ~ .  

"~o o 

10 "6 I0 "s 10"4 

Chlorprornazine (M)  

6 

4 

i 
2 

.0 

Fig. 7. Expansion of the erythrocyte ghost membrane  by chlorpromazine. HC1, using the  sealed- 
ghost-expansion method. The ghost volumes immediately after the addition of chlorpromazine 
are smaller than  control (bottom curve; see also Fig. 5, bot tom curve), bu t  2 h later these cells 
are greater than  control (top curve). Chlorpromazine concentrations above 4" lO-5 M are lyric to 
the membrane.  

Results for chlorpromazine, using the sealed-ghost-expansion method, are 
shown in Fig. 7. The values for the control membrane area in these experiments 
were between 13o and 133 t~ ~. The data in Fig. 7 represented by the square points are 
results for chlorpromazine using the ghost-formation method. It  can be seen that the 
results are in agreement. 

The concentration of chlorpromazine which inhibits hypotonic hemolysis (of a 
very dilute suspension of erythrocytes) by 50 % is between 2.1o -6 and 5" I o-e M 
(see refs. 4 ° and 48). From Fig. 7 it can be seen that at these chlorpromazine con- 
centrations the membrane area of the ghosts expanded by 1.5-2.7 %. 

DISCUSSION 

The amount of membrane area expansion at different concentrations of anesthetic 
The main experimental finding in this study is that the erythrocyte ghost 

membrane area expanded by 1.35-2. 7 % at anesthetic concentrations which are known 
to inhibit hypotonic hemolysis by 50%. These anesthetic concentrations are similar 
to those which anesthetize nerves~, ~. It was found in an earlier study 33 that  the 
membrane area of the intact erythrocyte expanded by around 3-3.5 % at the same 
concentrations of these drugs. 

Anesthetics might expand the membrane area by: (I) dissolving right into the 
membrane and occupying bulk  spaceaS, 39, 49,5~ without thickening the membrane51; 
(2) an induced secondary extension of the membrane following the adsorption of the 
anesthetic "adsorption-extension" hypothesis of SCHNEIDER 52; (3) displacing mem- 
brane-bound components of the membrane, such as Ca ~-, Which normally keep the 
membrane condensed (see ref. 33 for references) ; (4) inducing eonformational changes 
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in the membrane proteins53,~; (5) changing the state of hydration of the mem- 
braneS~-sL 

It  is possible that the nerve cell membrane may also be expanded in the 
presence of these anesthetics. 

The shape of the erythrocyte ghost 
PONDER ~t has stated that in general an erythrocyte, immediately after hypo- 

tonic hemolysis, spontaneously reverts to the original shape of the cell. More recently 
RAND AND BURTON 58,~9, using phase microscopy, found that  human erythrocytes 
become "normal and biconcave ghosts" after hemolysis induced by sucking portions 
of the intact cell into a micropipette. WHITTAM AND AGER 60, on the other hand, found 
that  the ghosts of erythrocytes hemolyzed in water appeared to be spherical under 
the phase-contrast microscope. The observations in the present paper also indicate 
that  the ghost is spherical. Firstly, the cells appeared spherical by phase contrast, 
and secondly, the mean cell volume of the cells in 51.5 mM NaC1 was about I5O/~3. 
I t  is possible that an important factor in explaining the apparent differences in 
results between workers is that the ratio of cells to hypotonic solution was different. 
With extensive cell washing or in very low hematocrits the amount of membrane- 
bound albumin may be exceedingly small; FURCHGOTT AND PONDER el have claimed 
that albumin is important in controlling cell shape. 

Comparison of the methods for measuring membrane area expansion 
Although the ghost-formation method and the sealed-ghost-expansion method 

give the same results quantitatively, the latter is better for theoretical reasons. Un- 
favorable features in the ghost-formation method are that the drug may act on and 
modify some of the hemolytic events such as membrane-stretching rate62, 39, membrane 
disruption63, 64, membrane sealing and cell reswelling z~. 

The area of the normal erythrocyte membrane 
As already mentioned in connection with Figs. i ,  4, 5 and 7, the areas of the 

normal erythrocyte ghosts varied between 13o and 138 /z 2, the most frequent value 
being 134 /,8. The value obtained from the measurements of the phase contrast 
photographs was 134-135 tz 2. These values compare with the value of 138 /,8 found 
by CANHAM AND BURTON 67. 

The values for membrane area reported by WESTERMAN et al. ~ and also 
HOUCHIN et al. e~ were based on a formula by PONDER s4. PONDER considered the 
erythrocyte to be a spheroid with the dimples made convex instead of the normal 
concave appearance. The shape of this cell is an oblate spheroid TM, and the appropriate 
formula that PONDER should have used is: 

~b 2 ( I  + e) 
Area = 2z~a 2 + - - i n  

where e = (a2--b~) ½/a, a is the major semi-axis and b is the minor semi-axis, and 
where b = o.67 × thickness of cell (see ref. 71). (This formula for the oblate spheroid 
may be found in ref. 72.) Using this formula, the data of WESTERMAN et al.~ result 
in a value of 134.8 t~ 2, and those of HOUCHIN et al.e9 result in a value of 125 t~ 2. Con- 
sidering all these values, it appears that  the most appropriate value for the membrane 
area of the normal erythrocyte is around 134 t ~2. 
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A possible method of"ghost flattening" for the determination of drug-induced membrane 
expansion 

I t  is interesting to calculate the drug-induced area expansion from the shape- 
factor point of view. As shown in Fig. 2c, after the addition of the drug to spherical 
ghosts, the cells became prolate spheroid in shape. The cell then has a major axis 
(---- 2a) and a minor axis (=  2b) of rotation, where 2b[2a is the aspect r a t i o  e. As pointed 
out by ANDERSON et al. 45 and by GREGG AND STEIDLE¥ 46, the Coulter counter recording 
system is sensitive to the shape of the particle. Prolate and oblate spheroids having 
the same volume as spheres will actually be recorded as smaller apparent volumes. 

An example of how this ghost flattening may be carried out is shown as follows. 
Consider the results of Fig. 5, bottom curve, where after the addition of I-pentanol 
the cells were immediately recorded as having a smaller apparent volume. The cells 
at this moment were observed to be mostly prolate spheroids. The drop in apparent 
volume must be a result of the change in shape, since the cells do not immediately 
shrink in volume, as indicated from microhematocrit studies 32. Furthermore there is 
no reason for the cells to shrink, since there is no osmotic gradient established for 
any appreciable length of time. I-[14C]Pentanol equilibrates virtually instantaneously 
across the cell membrane; unpublished studies (using rapid reaction kinetics) in this 
laboratory have shown that  this alcohol has a half-time of equilibration of the order 
of a second or so. Moreover, since concentrations of I-nonanol and chlorpromazine 
ranging down to 5" IO-~ M also elicit this apparent drop in mean cell volume, it cannot 
be a result of an osmotic gradient. 

From Eqn. 13 of GREGG AND STEIDLEY 4s, therefore, the aspect ratio of the 
prolate spheroid can be worked out. The aspect ratio, s, is defined as the diameter• 
thickness ratio or 2b/2a and is obtained from the following equation: 

I . I S  
I -~- - - - -  

R 2 
R0 --  i . i so  

2 

where R is Coulter counter resistance of the drug-affected cell and R o is the resistance 
of the control ghost. The aspect ratio of the spherical control ghost, so, is equal to I. 
Hence, 

b 2(1.55 MCV I1 
MCV0 

S 
a i . i  

where the mean cell volume (MCV) is an index of R. 
The concentration of I-pentanol which inhibits hypotonic hemolysis by 50 % is 

2.4" IO -~ M (ref. 39). At this concentration the apparent MCV is 136. 7/~a (Fig. 5)- The 
aspect ratio works out to be b/a = 0.826, using the MCV of 136. 7/~3 and the MCV 0 
of 145.7 t zS. Since it is known that these drugs do not immediately affect the volume of 
the cells 32, the real volume of the drug-affected ghost is actually still 145. 7 t~ 8. The 
volume of a prolate spheroid is 4Jeab ~ and so ab ~ = 34.70/~; subsequently a = 3.72/* 
and b --~ 3.072/~. The surface of a prolate spheroid is: 

2~a~b ( a 2 - -  b2)1/2 
2~eb ~ + s in  -1 

(a 2 - -  b2)l/2 a 
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and this works out to be 135.65/z 9. Since the surface area of the control ghost sphere is 
134. 0/~2, this represents an expansion of 1.23% in area. 

This value of 1.23 % expansion, calculated from shape-factor considerations, 
and using the data of Fig. 5, bottom curve, compares with the value of 1.35% 
obtained by the ghost-formation method, using the data of Fig. 5, top curve. The 
close agreement between the results of these grossly different approaches is probably 
fortuitous. The chief drawback in relying on the ghost-flattening approach is that 
not all the cells are prolate spheroids at the time of mean cell volume measurement. 
If improved, however, this method may be useful in studying effects of drugs on a 
variety of cellular and subcelhilar organelles. 
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