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Abstract. A proposed mechanism of action of hypoglycemic sulfonylureas is the preven- 
tion of transglutaminase-mediated endocytosis of insulin receptors. When activated by 
high levels of intracellular calcium, transglutaminase (TG) catalyzes the cross-linking of 
intracellular proteins to membrane proteins and modifies membrane structure and 
function. This study examined the effects of the sulfonylurea glipizide on TG activity in 
an erythrocyte model by assessing various membrane ATPase activities and high 
molecular weight protein polymer formation using sodium dodecyl sulfate-polyacryl- 
amide gel electrophoresis. To activate TG, red blood cells were exposed to 1 mM 
intracellular Ca2+ using M Ca2+-ionophore A23187. In Ca2+-stressed cells, calmodulin 
stimulation (0.1 pg/ml) of (Ca2+ + Mg2+)-ATPase was decreased to 21.2% of control 
activity. Increasing concentrations of calmodulin (0.1-3.0 pg/ml) could not overcome 
the inhibitory effects of TG on the (Ca2+ + Mg2+)-ATPase in Ca2+-stressed cells with or 
without glipizide. An increased Ca2+ sensitivity of calmodulin-independent (Ca2+ + Mgz+)- 
ATPase due to Caz+ stress was seen in all Ca2+-stressed cells even in the presence of 
1 mM glipizide. Structural changes were observed in the form of high molecular weight 
polymer formation. Cells exposed to high Ca2+ and glipizide (3 x 10-5-10-3 M) showed 
no improvement in ATPase activity or protection from protein cross-linking compared 
with cells without the drug. We conclude that in this model glipizide fails to inhibit TG 
induced protein cross-linking and does not prevent the decrease in (Ca2+ + Mg2+)- 
ATPase activation in Ca2+-stressed red blood cells. This finding considerably weakens 
the proposal that sulfonylureas act by inhibiting TG activity. [P.S.E.B.M. 1991, Vol 1961 

ulfonylureas, such as glipizide, are used to lower 
plasma glucose levels in diabetes mellitus (1,  2). S In the early stages of treatment, plasma insulin 

levels rise, however, as treatment progresses, insulin 
levels return to pretreatment levels or lower whereas 
the hypoglycemic effect continues to be maintained (3- 
6). This led to investigations of possible extra-pancreatic 
sites of action for the sulfonylureas. For example, 
several lines of research aim at understanding the mech- 
anism behind the apparent ability of sulfonylureas to 
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enhance insulin binding to target tissues. Others spec- 
ulated that sulfonylureas may improve the transport of 
glucose into the cell (5 ) ,  and Prince and Olefsky (7) 
proposed that these drugs inhibit the endocytosis of 
insulin receptors, thereby effectively increasing the 
number of binding sites for insulin. The intracellular 
enzyme transglutaminase (EC 2.3.2.13) (TG) has been 
shown to play a key role in this process of receptor- 
mediated endocytosis (8-10). 

TG catalyzes the formation of t-(y-glutamy1)lysine 
protein cross-links when activated by 0.1-3 mM intra- 
cellular calcium (8, 11). This leads to extensive intra- 
cellular protein polymerization and may be responsible 
for the inhibition of the (Na+ + K+)-ATPase and cal- 
modulin-stimulated (Ca2+ + Mg2+)-ATPase in red 
blood cells after prolonged exposure to higher than 
normal Ca2+ levels (12). 

More recently, Gomis et al. (13) demonstrated 
that glipizide inhibits TG-mediated incorporation of 
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[2,5-3H]histamine into N,N-dimethyl casein in human 
red blood cell lysates both in vivo and in vitvo. The in 
vivo study also showed a significant decrease in TG 
activity after the 45th day of treatment and a rapid 
return to baseline activity when glipizide treatment was 
discontinued. 

The present study examines some of the structural 
and functional consequences of TG activation in a red 
blood cell model by assessing the (Na+ + K+)-ATPase 
and (Ca2+ + Mg2+)-ATPase activities and by measuring 
the high molecular weight protein polymer formation 
in calcium-stressed red blood cells. This approach was 
used to examine the effects of sulfonylureas on trans- 
glutaminase activation in a non-insulin-dependent 
system. 

Materials and Methods 
Fresh blood from healthy volunteer donors or 

banked blood was mixed with I54 mA4 NaCl in a ratio 
of 1:2.5 and centrifuged for 5 min between 3000 and 
5000 rpm at 4°C. Blood lipids and white blood cells 
were removed by aspiration. This process was repeated 
three times to yield 50-60 ml of washed, packed red 
blood cells. A portion of the cells was then exposed to 
conditions appropriate for the stimulation of TG in the 
presence and absence of glipizide. The remaining cells 
served as controls. 

Ten milliliters of red blood cells were mixed with 
90 ml of modified Tyrode buffer containing 137 mA4 
NaC1, 2.7 mA4 KCI, 1 m M  CaC12, 5 mM Hepes, and 
5.5 m M  glucose (pH 6.2). The calcium ionophore 
A23187 (lo-’ M dissolved in ethanol) was used to 
equilibrate intracellular with extracellular calcium lev- 
els for the activation of TG. These cells are referred to 
as calcium-stressed cells. Glipizide (Pfizer, Inc.), dis- 
solved in dimethyl sulfoxide, was added to yield con- 
centrations ranging from 30 to 1000 pmol/liter. Appro- 
priate controls for ionophore, glipizide, and solvents 
were included. 

All of the samples were then preincubated in a 
gently shaking water bath at 37°C for 4 hr and then 
chilled on ice. White ghost membranes were prepared 
according to the method of Raess et al. (14) and mem- 
brane protein content was determined according to the 
Lowry ( 15) protein assay. Membrane protein yields 
ranged from 4.0 to 8.5 mg/ml. 

ATPase Assay. Membranes obtained from cells 
of each incubation condition were assessed for mem- 
brane (Na+ + K+)-, (Ca2+ + Mg2+)-, and (Mg2+)-ATPase 
activities using a semiautomated process described pre- 
viously ( 16). Calmodulin stimulation and its concentra- 
tion effect relationship (0-3.0 pg/ml) was assessed for 
each of the pretreated membranes, and similarly basal 
(Ca2+ + Mg2+)-ATPase activation by Ca2+ (0.01-0.4 
mM) was tested in membranes from each of the incu- 
bation conditions. All ATPase activities are expressed 

as inorganic phosphate liberated in units of nmol/mg/ 
min during a 60-min incubation. Under the conditions 
used, this is a linear reaction (not shown). 

Acetylcholinesterase Assay. Ghost membranes 
from several experiments were evaluated for acetylcho- 
linesterase activity to study the possible effects of Ca2+ 
loading on this particular measure of membrane integ- 
rity. Kinetic analysis of the rate of product formation 
was performed using the method of Steck and Kant 
( 17). Appropriate controls for ionophore, glipizide, and 
ethanol were also included. 

Electrophoresis. Undiluted ghost membranes 
were frozen and stored at -80°C. These membranes 
were later thawed, diluted with 20 m M  imidazole to 
4.0 or 5.0 mg protein/ml, and prepared for tube gel 
electrophoresis using a 4% sodium dodecyl sulfate- 
polyacrylamide gel (SDS-PAGE) (1 8). The electrical 
current during electrophoresis was held to 3 mAMP 
and 2-4 V/tube. Gels were fixed and stained with 
Coomassie brilliant blue R and then scanned at a 
wavelength of 562 nm and recorded using a Gilford 
Response spectrophotometer. 

Statistical Calculations. Significance of difference 
in means between pretreatment groups was analyzed 
using Student’s t test. Unless otherwise indicated, results 
are expressed as the mean f SE. Experimental points 
without bars indicate errors smaller than symbol size. 

Results 
Membrane ATPase Activities. Figure 1 illustrates 

the mean of various ATPase activities of control cells, 
calcium-stressed cells, and calcium-stressed cells treated 
with 3 x to M glipizide. Specific activities of 
the (Mg2+)-ATPase, (Na+ + K+)-ATPase, (Ca2+ + 
Mg2+)-ATPase, and the calmodulin-activated (Ca2+ + 
Mg2+)-ATPase are shown. 

There was no significant difference in the activities 
of the basal ATPases between the various cell condi- 
tions. However, there was a significant decrease (P < 
0.01) in the ability of calmodulin to stimulate the (Ca2+ 
+ Mg2+)-ATPase in the calcium-stressed cells compared 
with the control cells. As with other ATPase activities, 
no concentration of glipizide used showed a significant 
change when compared with the calcium-stressed con- 
dition in the absence of the sulfonylurea. 

None of the ATPase activities was affected by the 
concentration of the solvents ethanol or dimethyl sulf- 
oxide used as the vehicles for the calcium ionophore 
and glipizide, respectively. Furthermore, for control 
purposes, direct effects of sulfonylureas on ATPase 
activities were tested by addition of to lop6 A4 
glyburide, tolbutamide, and chlorpropamide to the 
ATPase assay directly and were found to have no 
measurable effect on any of the ATPase activities (data 
not shown). 
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Figure 1. Membrane ATPase activities from calcium-stressed red 
blood cells with and without glipizide treatment. Washed human red 
blood cells were preincubated with 10 pM A23187, M CaCI,, 
and glipizide concentrations ranging from 3 x 1 0-5 to 1 0-3 M. Results 
are mean k SE expressed as nmol of inorganic phosphate hydro- 
lyzed/mg protein/min. Mg, (Mg2+)-ATPase; Na/K, (Na’ + K+)-ATPase; 
Ca, basal (Ca’+ + Mg2’)-ATPase; CAM, calmodulin activated 
(Ca2+ + Mg2’)-ATPase (0.1 pg of calrnodulin). Control (incubation 
without ionophore or glipizide present): n = 7. Calcium stressed 
without glipizide: n = 7. Calcium stressed with glipizide: n = 3. 
‘Significant difference (P  < 0.05) compared with control cells using 
Student’s t test. 

0 0 0.01 0.03 0.10 0 40 v 

CaC12 (mM) 

Figure 2. Calcium activation of basal (Ca’+ + Mg2+)-ATPase in 
calcium stressed red blood cells with and without 1 mM glipizide 
treatment. (Ca2+ + Mg2’)-ATPase activity was assessed with increas- 
ing doses of calcium chloride (0.01-0.4 mM) and expressed as the 
mean and SE of nmol of inorganic phosphate hydrolyzed/rng protein/ 
min from six to eight determinations. Calcium-stressed cells were 
preincubated with 10 pM A23187 and M CaCI,. 0, Control, 
n = 8; 0, calcium stressed, n = 8; A, calcium stressed ? 1 mM 
glipizide, n = 6. 

Calcium Activation of (Ca2+ + Mg2+)-ATPase. 
Figure 2 illustrates the response of the (Ca” + Mg2+)- 
ATPase to increasing concentrations of Ca2+ (0.0 1-0.40 
mM) in the ATPase assay. Membranes used for this 
experiment were made from control cells (open circles), 
calcium-stressed cells (filled circles), and calcium- 
stressed cells incubated with 1 mM glipizide (triangles). 
At any concentration of Ca2+, membranes derived from 
Ca2+-stressed cells demonstrated a higher (Caz+ + 

Mg2+)-ATPase activity than membranes from the con- 
trol cells. Again, the presence of glipizide during Ca2+ 
exposure of the cells did not prevent the roughly 2-fold 
increase in the apparent Ca2+ affinity constant of the 
(Ca” + Mg2+)-ATPase. 

Calmodulin Dose Response. Figure 3 demon- 
strates the (Ca” + Mg2+)-ATPase activity in response 
to increasing doses of calmodulin (0-3.0 pg/ml) added 
to the ATPase assay. The basal (Ca2+ + MgZ+)-ATPase 
is represented on the ordinate, where there is no exog- 
enous calmodulin present. The data shown are from 
membranes prepared from control cells, calcium- 
stressed cells, and calcium-stressed cells incubated with 
1 mM glipizide. Increasing concentrations of calmod- 
ulin did not stimulate the (Ca2+ + Mg2+)-ATPase in 
any of the calcium-stressed cells and glipizide did not 
overcome this apparent inhibition of calmodulin stim- 
ulation. In this experiment, the calcium-stressed cells 
that were not exposed to glipizide showed a higher basal 
(Ca” + Mg2+)-ATPase activity than either the control 
cells or the calcium-stressed cells incubated with 
glipizide. 

Protein Polymer Formation. Figure 4A shows typ- 
ical SDS-PAGE gels of red blood cell membrane protein 
profiles. Gel 1 represents membranes from the control 
cells, Gel 2 from calcium-stressed cells, and Gel 3 from 
calcium-stressed cells incubated with 1 mM glipizide, 
the highest concentration used in this study. The dark 
bands at the top of the gels on both of the calcium 
stressed conditions represent high molecular weight 
protein polymers that were too large to penetrate the 
gels significantly and are referred to as “polymer band.” 
Aside from this most obvious difference in the struc- 
tural profile, some more subtle changes in membrane 
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Figure 3. Calmodulin activation of (Ca” + Mg2+)-ATPase activity in 
calcium stressed red blood cells with and without 1 mM glipizide 
treatment. Calcium-stressed cells were preincubated with 10 pM 
A23187. (Ca2+ + MgZ+)-ATPase activity is expressed in nmol of 
inorganic phosphate hydrolyzed/mg protein/min from duplicate de- 
terminations. Data points on the ordinate represent basal (Ca2+ + 
Mg2+)-ATPase activity in the absence of added calmodulin. 0, Control, 
n = 1; 0, calcium stressed, n = 1; A, calcium stressed + 1 mM 
glipizide, n = 1. 
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Figure 4. Membrane protein profile of calcium-stressed red blood cells with and without 1 mM glipizide treatment. (A) Four percent SDS- 
PAGE, Coomassie blue-stained gels loaded with 50 pg/tube of red blood cell membrane protein. Tube 1, membranes from control cells; Tube 
2, membranes from calcium-stressed cells that were preincubated with 10 pM A231 87 and 1 0-3 M CaCI; Tube 3, same conditions as for Tube 
2 except for the addition of 1 mM glipizide during Ca2+ exposure. Polymer (P), TG induced high molecular weight protein polymers; TD, tracking 
dye marker. (8-D) Spectrophotometric gel scans of the membrane proteins shown in A. Gels were scanned at a wavelength of 562 nm. 
B, Control; C, calcium stressed; D, calcium stressed + 1 mM glipizide. Numerical labels correspond to the Fairbank nomenclature (18). 

protein patterns can be seen. For instance, two separate 
protein bands appear to be diminished in both of the 
calcium-stressed gels when compared with the control 
gel. These bands correspond to ankyrin and Band 4.1. 

Figure 4B simply shows the spectrophotometric 
scans of the gels shown in A. This type of scan was also 
used to quantitate the area under the curve for data 
shown in Table I. 

Table I compares the mean (+SE) of the area under 
the curve of the polymer band and Band 3 obtained 
from spectrophotometric gel scans from six sets of 

duplicate gels of two independent experiments. The 
amount of polymer band in the membranes of calcium- 
stressed cells was not significantly affected by the pres- 
ence of glipizide during exposure to calcium before 
membrane preparation (P < 0.05). 

Acetylcholinesterase Activity. In two sets of 
membrane preparations, control cells had a 2.5-2.8 
greater acetylcholinesterase activity than did calcium- 
stressed cells. This change was not affected by the 
presence of 2 x or lop3 M glipizide (data not 
shown). 
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Table 1. SDS-PAGE Profile of Selected Membrane Proteins from Calcium-Stresseda Red Blood Cells with and 
without Glipizide Pretreatment 

Ca2'-Stressed glipizide (M)  
Control 

0 3 x 1 0 - ~  1 o - ~  3 x 1 0 - ~  10-3 

Polymer band 1.23 f 0.24 4.88 t O . l O b  5.78 f 0.35b,c 6.26 5 1.06'," 5.41 f 0.43'," 5.63 f 0.06' 
Band 3 7.26 f 0.84 8 . 8 6 f  0.11 9 . 1 7 f  0.47 9.91 f 1.77 9.27 f 0.29 9.74 k 0.70 
Polymer:Band 3 0.17 0.55 0.63 0.63 0.58 0.58 

Note: Values represent mean and SE of the area under the curve from six sets of duplicate gels of two independent experiments. 
a Calcium-stressed cells were preincubated with 10 pM A23187. 
' Significantly different from control cells by Student's t test (P < 0.05). 

Not significantly different from value of calcium stressed cells not pretreated with glipizide (P > 0.05). 

Discussion 
Several studies have sought to define the extra- 

pancreatic effects of sulfonylureas used in the treatment 
of Type I1 diabetes. Some of the studies that have 
examined the effects of sulfonylureas on insulin recep- 
tors have produced conflicting results. For instance, 
Prince and Olefsky (7) found that glyburide, a second 
generation sulfonylurea, increased the number of in- 
sulin receptors on the surface of human fibroblasts. In 
the presence of insulin, glyburide inhibited the insulin- 
induced loss of receptors by 34% (7). However, an in 
vivo study with glipizide showed no change in insulin 
levels, number of insulin receptors, or TG activity in 
rat hepatocytes when compared with control cells, al- 
though there was a hypoglycemic effect ( 5 ) .  These au- 
thors concluded that the action of sulfonylureas may 
occur after the binding of insulin to its receptor, perhaps 
in the transport of glucose into the cell. To our knowl- 
edge, it has not yet been resolved whether the discrep- 
ancies between these studies lie in the use of different 
cell types. Important to the design of both of these 
studies, however, is the hypothesis that sulfonylureas 
may exert their hypoglycemic action by inhibiting the 
enzyme TG. This enzyme has been implicated as the 
key enzyme involved in receptor-mediated endocytosis 
(8-10). Such an inhibition of TG would effectively 
increase the number of receptors available to bind with 
insulin to maintain glucose homeostasis, and recently 
Gomis et al. (1 3) have demonstrated an inhibition of 
TG activity in human red blood cell lysates by glipizide, 
both in vitro and in vivo. 

The present study was designed to determine 
whether glipizide has an inhibitory effect on TG-in- 
duced cellular changes using the human red blood cell 
as a model system. This is a non-insulin-sensitive sys- 
tem in which TG activation can be induced by 0.1-3 
mM intracellular calcium (8, 1 1 )  and the functional 
consequences of TG activity can be assessed by meas- 
uring membrane-associated ATPase activities and the 
formation of high molecular weight protein polymers. 

Results from both the ATPase and electrophoresis 
experiments indicate that TG was indeed activated in 
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the calcium-stressed cells. There is a 79% decrease of 
the calmodulin-stimulated (Ca2+ + Mg*+)-ATPase and 
increased formation of protein polymers in the cells 
exposed to higher than normal levels of intracellular 
calcium compared with the control cells. These changes 
were statistically significant at P < 0.01 and P < 0.05, 
respectively. 

The decrease in the ability of calmodulin to stim- 
ulate the basal (Ca2+ + Mg2+)-ATPase of the calcium- 
stressed cells, shown in Figure 1, suggests that the 
ATPase was already close to maximum stimulation 
before the application of exogenous calmodulin. This 
observation is further supported by the data in the 
calcium dose-response curve (Fig. 2), which shows that 
all of the calcium-stressed cells had a greater basal (Ca2+ 
+ Mg2+)-ATPase activity with every concentration of 
Ca" added to the ATPase assay. In fact, even increasing 
doses of exogenous calmodulin applied to the ATPase 
assay (Fig. 3) could not stimulate the (Ca2+ + Mg2+)- 
ATPase in the calcium-stressed cells. 

Several possible explanations for these observations 
exist. One is that the endogenous calmodulin was co- 
valently cross-linked by TG to the ATPase, which 
would preclude it from being removed during the he- 
molysis step using chelator EGTA. Alternatively, a 
membrane-associated Ca2+-dependent protease may 
have detached an inhibitory domain from the ATPase 
and it may also have cleaved the calmodulin binding 
site from the (Ca2+ + Mg2+)-ATPase (19). This is a less 
likely possibility since we used freshly drawn human 
cells, which are loaded with endogenous protease inhib- 
itors such as calpastatin. 

As can be seen in Figure 1, no concentration of 
glipizide prevented the inhibition of calmodulin stim- 
ulation in calcium-stressed cells. Furthermore, the pres- 
ence of 1 mMglipizide in the incubation of the calcium- 
stressed cells did not affect the response of the (Ca" + 
Mg2+)-ATPase to increasing concentrations of calcium 
or calmodulin applied to the ATPase assay (Figs. 2 
and 3). 

Acetylcholinesterase activity was also decreased in 
the calcium-stressed cells compared with the control 
cells. This decrease was almost 3-fold (data not shown). 



‘The acetylcholinesterase activity was evaluated as a 
possible alternative means of normalizing cells from 
the various incubation conditions. However, the en- 
zyme activity was consistently decreased in the calcium- 
stressed cells on a mg membrane protein/ml basis. This 
finding may be a result of diminished activity of the 
enzyme or loss of the enzyme due to conformational 
changes of the membrane during the incubation with 
high levels of intracellular calcium. Alternatively, the 
enzyme activity may be artifactually low (on a per mg 
protein basis) due to cross-linking of intracellular pro- 
teins such as hemoglobin. Regardless of the mechanisn 
involved, the presence of glipizide in the incubation of 
the calcium-stressed cells did not affect the acetylcho- 
linesterase activity. 

Data from the electrophoresis of the membranes of 
control cells and calcium-stressed cells provide addi- 
tional evidence that TG was activated under the exper- 
imental conditions. Figure 4A clearly shows consider- 
able protein polymer formation in both of the gels 
made from membranes exposed to high intracellular 
calcium, suggesting that cross-linking of membrane 
proteins did occur. 

It is not clear from this study precisely which 
proteins were cross-linked to form the polymers; how- 
ever, two protein bands appear to be diminished in the 
calcium-stressed gels compared with the control gels. 
‘These bands are ankyrin and Band 4.1. This finding is 
intriguing because the two proteins share common 
functional characteristics. Both interact with spectrin, 
a peripheral membrane protein, and each interacts with 
an integral membrane protein: ankyrin interacts with 
Band 3, whereas 4.1 interacts with glycophorin. There- 
fore, both ankyrin and Band 4.1 anchor spectrin to the 
membrane via an interaction with an integral mem- 
brane protein (20). These considerations are in good 
agreement with recent immunoblotting and immunoe- 
lectrophoretic studies using calcium-activated TG in 
human erythrocytes, which show evidence of spectrin, 
ankyrin, Band 3, and Band 4.1 in the polymer along 
with glucose transporter, actin, and hemoglobin (2 1). 

This study used various approaches to investigate 
the role of glipizide on some of the functional conse- 
quences of calcium-activated TG in the red blood cell. 
Thus, all parameters tested in this study yielded results 
that indicate that glipizide has no effect on TG-linked 
activities. Our findings are in contrast to those of Gomis 
et al. ( 13), who found that M glipizide inhibited 
TG activity in human red blood cell lysates by as much 
as 20%. A possible explanation of these results and the 
present study is that a 20% inhibition of TG by glipizide 
may not be enough of an inhibition to manifest a 
change in the functional consequences of the red blood 
cell enzyme. However, if this reasoning is carried one 
step further, then it could be speculated that a 20% 
inhibition of TG might have no effect on the internal- 

ization of insulin receptors-another functional con- 
sequence of TG activity. On the other hand, it could 
be that a 20% inhibition of the enzyne may bring about 
a significant consequence in terms of receptor internal- 
ization, but not in the parameters used in this study. In 
other words, the process of receptor-mediated endocy- 
tosis may be more sensitive to inhibition of TG than 
are polymer formation or inhibition of calmodulin- 
stimulated (Ca2+ + Mg2+)-ATPase activity examined in 
this study. 

It is equally possible that polymer formation may 
not be a sensitive enough measure of limited TG activ- 
ity. Likewise, the decrease in calmodulin stimulation of 
the (Ca2+ + Mg2+)-ATPase may not be mediated by 
TG. For instance, calcium-dependent protease activity 
could be responsible for the altered membrane protein 
profiles and the inhibition of calmodulin stimulation 
of the basal (Ca2+ + Mg*+)-ATPase in the calcium- 
stressed cells (19). Au et al. ( 19) found evidence sug- 
gesting that a Ca2+-dependent membrane-associated 
protease stimulates the (Ca2+ + Mg2+)-ATPase after 
only 30-min incubation with Ca2+. However, they saw 
no evidence of membrane degradation until after an 
overnight incubation at 37°C. In the present study, 
polymer formation and a diminished quantity of an- 
kyrin and Band 4.1 were observed after a 4-hr incuba- 
tion with Ca”. It is unlikely that a protease could have 
been responsible for these changes, because Band 3 was 
not degraded and there was no evidence of low molec- 
ular weight protein accumulation at the bottom of the 
tube gels, although a calpastatin-insensitive protease 
activity cannot be discounted entirely. This is interest- 
ing in light of observations by others (22, 23), using a 
somewhat different membrane preparation, who dem- 
onstrate cross-linking as well as proteolysis of Band 3 
in Ca*+-stressed red blood cells. 

The results from this study indicate that glipizide 
does not inhibit two processes thought to be mediated 
by TG in red blood cells. This finding considerably 
weakens the hypothesis that glipizide and other sulfon- 
ylureas exert their extra-pancreatic effects by inhibiting 
TG activity, and indicates that alternative explanations 
for drug-induced changes in receptor populations need 
to be explored. 

This research was funded in part by NIH Grant T35 HL 7584. 
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