
CHAPTER: 2
Insulin and sulfonylurea 
treatments of the human 

diabetics. Effects on 
erthrocyte membrane and 

serum enzymes.
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Introduction

Increased blood glucose level or hyperglycemia is the 
established feature of diabetes (1). Hyperglycemia is known 
to result in increased content of glycosylated hemoglobin - 

(2). Additionally, non-enzymatic glycosylation of E— 
amino group of lysine gives rise to a product called 
fructosamine via Amadori rearrangement (2). ^^Alo levels 

serve as useful index for monitoring the glucose control (2). 
However the clinical application of glycated hemoglobin data 
is hindered due to rigorous experimental procedures and the 
time required for determination of glycated hemoglobin (3). 
Measurement of fructosamine, on the other hand, is relatively 
simple and albumin contributes significantly to the final 
results. However, the concentration of albumin varies 
depending on pathophysiological conditions and hence the 
method has limited applicability (4). Hyperglycemia is also 
known to cause non-enzymatic glycation of membrane proteins - 
both integral and peripheral- in the erythrocytes (5). Post- 
translational non-enzymat ic g lycafc ion of NaT,K"r ATP as®
icDUito in Luts luauilvaiiuii OX. luc cOz. y files \u/*

In diabetic condition the Na"*",!^ ATPase activity is found to 
be decreased m kidney cortex and medulla, glomerulus, brain 
and red blood cell membranes (2, 7, 8). In the kidney the
decrease is evident up to 3 weeks of induction of diabetes in 
the experimental animals, but the activity increases 
significantly by thethe t m 1*

WCBA t ^ )\ £ } • Decreased



acetyIcho i inssterase (AChE) activity in the erythrocyte 
membranes in alloxan-diabetic rats has also been reported 
C 9 >. Similar findings have been noted for the type I human 
diabetic patients where the Km of erythrocyte AChE was 
unchanged but the Vmax decreased (3). By contrast, the 
butyrylcholinesterase {BChE} activity in the serum of 
streptozotocin-diabetic rats increased significantly (10 - 
125. Similar findings in human type I and type II diabetic 
patients have also been reported (13). It has also been 
shown that incubation in vitro with insulin can significantly 
influence the NaT,KT ATPase and AChE activities in the 
erythrocyte membranes from control as well as diabetic groups
/A 1 /I \
\ 2 t J. J .

For treatment of human diabetics two strategies are used i 
either insulin therapy or treatment with sulfonylurea type of 
drugs is given {15). The two treatments are known to have 
differential effect on lipoprotein metabolism at least in the 
non insulin dependent diabetes mellitus (NIDDM) patients, 
although the blood glucose control is similar (16).

In view of the above it was of interest to find out if the 
extent of glycosylation of erythrocyte membrane proteins and 
serum proteins, as well as the activities of erythrocyte 
membrane NaT,KT ATPase and AChE and serum BChE are 
differentially affected under these treatment conditions. 
Studies were also extended to find out whether the kinetic 
properties of the three enzymes mentioned above were
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influenced by diabetic state and subsequent insulin or 
sulfonylurea therapy. The results of these investigations are 
described in this chapter which confirm that the effects of 
the two therapies are indeed differential.

Materials Methods 
Chemicals
Acetylthiocholine iodide (ACTI), butyrylthiocholine iodide 
{BCTI) and ethopropazine hydrochloride (ETPZ.KC1) were 
purchased from Sigma Chemical Co., USA. 5,5' dithio-bis (2- 
nitrobenzoic acid) (DTNB) and sodium salt of vanadium free 
adenosine 5' triphosphate {ATP) were purchased from SSL, 
India. Thiobarbituric acid (TBA) was purchased from LOBA 
Chemie, India, and NPH insulin from Knoll Pharmaceuticals 
Ltd. / India. Ail other chemicals were of analytical reagent 
grade and were purchased locally.

Subjects

Total 35 subjects were chosen for the study. These included 
10 healthy controls (4 males and 6 females; mean age 52 
Yrs.), 11 untreated diabetic (UTD) {4 males and 7 females; 
mean age 53 yrs.), 10 insulin treated diabetics (ITD) (5 
males and 5 fenialss; mean age 55 yrs.) and 8 tablet (oral 
hypoglycemic drug sulfonylurea) treated diabetics (TTD) (6 
males and 2 females; mean age 55 yrs.) as shown in Table 1. 
The insulin / tablet treatment was for variable durations of 
2 to 8 years. All the subjects gave informed consent and the
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study was approved by the local ethics committee.

Preparation of erythrocyte membranes

Preparation of erythrocyte membranes was essentially 

accordi n g to the method of Hanah an et al. (17). Briefly, 

blood was collected in heparinized vials and was centrifuged 

at 475 X g for S min. Supernatant and the buffy coat

overlying the SBC pellet was discarded and the pellet was 

washed twice with 0 . S % NsCl. The washed SBCs were then 

subjected to hypotonic lysis m 14 mM Tris—HC1 buffer pH 7.4 

(18) and after centrifugation at 30,000 X g for 35 min the 

supernatant was discarded. The pellet was washed repeatedly 

with the same buffer to obtain the hemoglobin free membranes. 

The pellet was finally resuspended in the same buffer to give 

erythrocyte membrane suspension containing Ca. 2 mg protein / 

mi.

Serum

The blood was allowed to clot at room

were collected after centrifugation in a

temperature and sera 

clinical centrifuge.

Enzyme assay

K-*T tr' 
€X r XV ATPase activity

> *

IT V* T Ti fT»r» .-h 1
*3 f 3x xuraSc a.wiiv.tirj?

Kumthekar and. Katyara (18)

was measured by the method of 

in a medium {total volume 0.4 mi)

containing 100 mM NaCl, 10 mM KC1, 

buffer pH 7.4 with 100 - 200 ug

4 mM MgClo , 50 mM Tris-HC1 

of erythrocyte membrane



protein used as the enzyme source. The reaction was initiated
by adding ATP at the final concentrat ion of 4 mM. The 
reaction was carried out at 37°C for 2 h. and at the end of 
the incubation period, the reaction was terminated with 0.1 
ml of 5 % (w/v) sodium dodisyl sulphate (SBS) (IS). The 
liberated inorganic phosphorous was estimated by following 
the procedure of Fiske and Subba Row (IS). For kinetic 
studies, the substrate (ATP) concentration range used was 
from 0.1 to 4.0 mM.

The data were analyzed by the Lmeweaver Burk, Sadie-Hofstee 
and Eisentha 1 and Cornish — Bowden methods for the 
determination of Km and Vmax (20). The values of Km and Vmax 
obtained by the three methods of analysis were found to be in 
close agreement and were averaged. The results are given as 
mean+S.E.M. of the averaged values. The data were computer 
analyzed employing Sigma Plot version 5*0.

Assay of AChE and BChE activities

The AChE // BChE SCtlVitlcS

according t, KJ ths procedur0 of
previous 1

A X (22) with some
determination of AChE activity, 
a total volume of 1 ml i 100 mM 
8.0, 0.32 mM DTNB, 0.1 mM

were determined essentially 
E1lman et al. (21) as described 
modifications. Thus for the 

the assay system contained m 
potassium phosphate buffer pH 
ETPZ.HC1 and 10 to 50 ug

erythrocyte membrane protein as the source of 
substrate kinetics studies concentration of

the enzyme. For 
substrate i.e.
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ACTI was var i ed f r cm 0.05 •*» V-

K. U
1 n1 V mM . Linear rate of react ion

recorded over cl period of 60 rt 0 90 seconds at 3?°C was used
for the calcu 1 -x 4*iai ion of the ra 4- ~ k, S3 of the react 4 ,-v W ■n*mT>*7 TT/"» 1luu • jc. J.r u • rlv-r i WaS

included in the assay as the inhibitor of BChE (24) .

For determination of BChE activity the 
same as above except that 0.05 M Tri 
replaced the potassium phosphate buffer 
and BCTI was the substrate. 20 ul of 1 
used as the source of the enzyme (23).

assay system was the 
s-HCl buffer pH 8.0 
, ETPZ.HC1 was omitted 

10 diluted serum was

DTNB solution was prepared by dissolving 13 mg DTNB + 5 mg 
NaHCOo m 10 ml potassium phosphate buffer or in Tris—HC1 
buffer for AChE and BChE assays respectively (21).

The kinetic data were analyzed as described above for Na^K 
ATPase.

In vitro insulin effect on enzyme activities

For studying the in vitro 
AChE and BChE activities, 
membranes or serum) were 
assay system for 30 min at

— Qconcentrations s 10 , 1

effect of insulin on Na^, K ATPase, 
the enzyme (i.e. either erythrocyte 
pre-incubated in the respective 
37°C using three different insulin 

Q-S and 10~7 M (14). The enzyme
activities were then determined as described above.



S3
Serum glucose was estimated by GOD-POD method. Glycosylation 
of erythrocyte membrane and serum proteins was determined by 
the thiobarbituric acid method (24).

The extent of glycosylation of protein was determined by the 
thiobarbituric acid method {24}
The range of the method was 2 ug to 16 ug of fructose. 
Reagent used were :
1) Fructose stock solution : 1 mg of fructose was dissolved 
in 1 ml of saline (stock solution). The working standard is 
20 ug of fructose in 2 ml of 0.9 % NaCi.
2} Oxalic acid (0.7 moles / liter) ; 6.3 gm of oxalic acid 
was dissolved in 100 ml of distilled water.
3) Thiobarbituric acid (TBA) (0.05 moles /l) : 0.721 gm of
TEA is dissolved in distilled water, pH of the solution was 
adjusted to 5.0 using 5 M of NaOH and volume made up to 100 
ml with distilled water.
Prepare fresh as it is unstable.
4) Saline • 8.78 gm sodium chloride dissolved in 1000 ml 
distilled water.
5) TCA . 40 gms of TCA crystals are dissolved m 100 ml of 
distilled water and volume made o 100 ml.
6) Acidic acetone : 2.5 gm oxalic acid was dissolved m 100 
ml of ace tons.

Protocol :

For standard different aliguots of fructose standard are 
taken (0.2 to 1.6 mi) and the volume is made up to 1.6 ml



with saline. Then 1.6 ml oxalic acid is added and tubes are 
autoclaved at 15 lb. / Sq. inch for 1 hr. After cooling the 
tubes to room temperature/ 0.8 ml of TCA is added to all the 
tubes and the tubes are centrifuged at 2,000 - 3,000 rpm for

84

10 min. 2.1 ml Ul aliquots are removed t o which 0.7 ml of TEA
is added and 4- U * tubes were kept at 80°C for 15 mins. The
0. D. readings were taken on ERMA using filter 420.
1 ug of fructose gives 0.060 O.D. reading.

For sample i

0.050 ml (50 ul) of plasma and 200 ug erythrocyte membrane 
proteins were taken to which 2 ml of acid acetone was added 
and after mixing the tubes were kept on ice for 10 min. The 
tubes were then centrifuged in a clinical centrifuge at 2,000 
rpm for 10 min and the supernatant was discarded. Pellet 
obtained was then washed twice with 2 ml of acid acetone. 
Then the pellet was suspended in 1.6 ml of saline after which 
the protocol remains the same as given for the standard.

Protein estimations were carried out according to the 
procedure of Lowry et al. (25) with bovine serum albumin used 
as the standard.

Results

The data in Table 1 show that the mean age of all groups were 
well matched.

The data on serum glucose concentrations are given in Table
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Tab 1 S Distribution of ma 10 and fsms 1 e volunteers.

Ma. 1 i Female Mean

Control 52.0+1.41 (4) 51.2+0.83 C 6} 51.5+0.72 (10)
UTD 55.3+1.25 {4} 51.7+1.40 (7) 53.0+1.01 Ul)
ITD 50.8+3.48 (5) 57.8+1.23 (5) 54.2+2.03 (10)
TTD 54.8+1.78 (6) 53.5+3.50 (2) 54.5+1.48 {8)

Values are given as mean + S.E.M. The numbers of volunteers are 
indicated in the parentheses.
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2. Thus it can be note that the blood sugar level in the UTD 

group was about double compared to the controls. In the ITD 

and TTD groups the blood sugar levels decreased somewhat but 

were still higher than in the control group {Table 2). The 

extent of glycosylation of serum proteins was somewhat higher 

{ + 23 %) in diabetic group, although this value was not 

statistically significant. The value decreased in ITD group. 

However within the four groups listed in Table 2, the overall 

changes did not present any clear picture. Compared to the 

serum, the effect on the glycosylation of erythrocyte 

membrane proteins were dramatic. Thus in the UTD group the 

extent of glycosylation was 3.4 fold higher and insulin 

treatment did not provide any relief; in fact the level of 

glycosyiation increased to 5.4 fold. In TTD group also the 

value was comparable to the diabetics {Table 2).

The data on erythrocyte membrane Ns^tK"1" ATPase and AChE and 

serum BChE in the four groups are given in Table 3. 

Observations on effect of pre—incubation on the enzyme

O.CaAVA£AS23 O. A CL A S3 O luUiUUCU* IliUD oOUDlSlClR Wi.AU LUC

observations of earlier researchers {18) the Na^K^" ATPase 

activity decreased significantly in the diabetic group {65 % 

decrease). After insulin treatment the activity was restored 

considerably. However in the TTD group there was no

1 Hip IT O V SIuG n a .

The AChE activity in the erythrocyte membranes from the 

controls was 0.S5 u moles / min / mg protein. In the UTD and



Table 2. Serum glucose concentration and protein giycosylation 
in diabetes.

Serum glucose 
(mM)

Erythrocyte Serum
membrane protein protein
(ng / mg protein) (ng / ml

serum)
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Giycosylation

Methods for serum glucose estimation and giycosylation were as 
described in the text. Sesults are given as mean +. S.E.M. for 
the number of volunteers indicated in the parentheses, 
a/ p < 0.0 5 ; b / psO.Ol; Ci p<0.0 0 2 and df p^O.OOl c omp a r ed to 
control.

p<0.05; *, p<0.01 and p<0.005 compared to the UTD group.
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ITD groups the activity remained more Gr less the same but in
the TTD group the activity decreased drastically by 43 % 
(Table 3).

The BChE activity in the serum of the controls was 10 ju moles 
/ min / ml serum. In the diabetics there was a small but 
reproducible decrease (28 % decrease) m the activity which 

did not improve in the ITD group, while m the TTD group the 
activity increased and became comparable to the controls 
(Tab1e 3).

In view of the above observe!ions 
interest to find out if the observed 

with the kinetic properties of the

(Table 3) it was of the 
changes could be related 

enzymes, With a view to
illustrating this possibility the substrate kinetics 
parameters for the three enzymes were studied and the Km and 
Vmax values were calculated. Three different methods of 
analysis were employed as described earlier in the Materials 
and Methods section. The typical substrate saturation curves 
for the three enzymes are shown in Figures 1, 3 and 5. The 
typical Eadie-Hofstee plots for the three enzymes are shown
in Figures 2, 4 and 6.

As can be seen from the figure (Figure 2 5 the erythrocyte 
membrane Na^K* ATPase showed presence of two components : 

one with high affinity (low Km) and the other with low 
affinity (high Km), in all the groups. A comparative account
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of Km and Vmax values of the two components is given in Table 
4. Thus in the control group, component I has a Km of 0.1 mM, 
while the component II has a Km of 2.24 mM, the difference in 
the Km values being about 20 fold. The Vmax values of the two 
components were 81 and 239 n moles / hr / mg protein 
respectively. The Km of component I was not influenced by 
diabetic state but was elevated 3 folds in ITD groups, even 
in the TTD group the Km was about 1.8 times higher. For Vmax 
of component I the pattern was compatible with activities 
given in Table 3 above. For component II the pattern was 
somewhat different i.e. Km in the UTD group decreased 
significantly which was restored in ITD group; in the TTD 
group Km remained comparable to UTD. The pattern for Vmax 
values was compatible with the data given in Table 3.

The typical Sadie-Hofstee plots for the AChE activity of the 
erythrocyte membranes from the four groups are shown in 
Figure 4. It is evident that in all the groups the AChE 
activity resolved in two components. The Km and Vmax values 
of the two components for the four groups are given in Table 
5. It can be noted that Km of component I did not change 
under any of the condition; Vmax value decreased m the TTD 
group significantly (52 % decrease). The Km of component II 
was somewhat high in the ITD and the TTD groups and once 
again the Vmax had decreased significantly m the TTD group.

Figure 6 shows typical Eadie-Hofstee plots for serum BChE.



Tab 1 0 4

The results are given as mean+S• E. M. for the number oi indxvidua 1 
volunteers as indicated in the parentheses.
Unit : Km = mM; Vmax = n moles / hr / mg protein 
a, p<0.005 and b, pCO.OOl compared to the control group. 

p<0.002 and *, p<0.001 compared to the UTD group.

Substrate kinetics analysis of erythrocyte membrane
NaT,K ATPase.

Component I Component XX
Km Vmax Vmax
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Tab 16 Substrate kinetics analysis Oj. erythrocyte membrane AChE.

Component I Component II
Km Vmax Km Vmax

4- VA * f 1 f* \VoVJlll J- O A K ±\J f 0.053+0.007 «V) •

UTD (11) 0*05 2+0.013 0.

ITD (10) 0.058+0.003 0.

TTD (8) 0.05S+0.012 o
U V

31+0•18 0.30+0.12 1.45+0.28
89+0.07 1.01+0.16 1.54+0.03
73+0.03 1.18+0.16 1.33+0.08

a@ a®
44t-0 - 03 1.24+0.24 0.77+0.07

The results are given as msan+S.E.M. for the number of individual
t * 1 ** vv 1* n >*% n "* m 5 vs J 4 n «s 4“ ***. /3 4 4» Vs a «*i v> a vs 4“ V\ a a a avi uiiLcscIT» a.s> a iiu 1 Catcu iH un© pa,x©iitilc5»c52> .

Units • Km = mM; Vmax = ji moles / min / mi serum 
a, p<0.05 compared to the control group.

p^0.001 compared to the UTD group.



As can be seen, in the control group three components of BChE
differing in their kinetic properties were present. Similar 
pattern was seen for UTD and TTD group; ITD group showed 
variation m that only two components were seen. The kinetic 
properties of individual components in the four groups are 
given in Table 6. Thus it can be noted that the Km of 
component I decreased significantly in TTD group while the 
Vmax decreased from 26 to 39 % in all the groups; maximum 
effect was seen in the TTD group. For component XX the Km as 
well as Vmax were lower by about 31 to 41 % in the UTD and 
TTD groups; the ITD group proved to be unique in that 
component XX was altogether absent. The Km for component III 
decreased by 25 to 43 % in the TTD and UTD groups while Vmax 
was lower by IS to 32 %. The maximum effect on Km was noted 
for component III.

It has been reported earlier that the in vitro addition of 
insulin significantly influences erythrocyte membrane Na+,K+ 
ATPase and AChE activities (4, 14). In the light of this it 
was of interest to find out the in vitro effects of insulin 
on the three enzymes systems described above in the four 
different groups as shown in Table 1. These results are 
summarized in Table 3 and Figures 7 and 8.

From the data in Table 3 it is evident that 30 min pre- 
incubation at room temperature only marginally influenced 
Na+,K+ ATPase activity in the erythrocyte membrane from the 
control group, while m the UTD the activity increased by 74
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%. In the ITD group there was about 20 

however, was not statistically significant 

a statistically significant decrease (25 %

% decrease, which 

. In the TTB group 

decrease) could be

noted. Pre—incubation resulted in 32 % decrease in the AChE 

activity m the UTD group; other groups were not affected. 

For BChE, pre-incubation caused 23 and 15 % decrease 

respectively in the control and TTD groups with no effect 

seen in the UTD group. Surprisingly, however, in the ITD 

group the activity increased by 80 % upon pre-incubation.

The effects of pre-incubation with insulin on the Na+,K+ 

ATPase activity are shown in Figure 7. It is evident that 

pre-incubation with insulin had only marginal effects in the 

control and UTD groups, whereas significant decrease was seen 

in the ITD and TTD groups with the effect being more 

pronounced m the former than in the latter group. Pre- 

incubation with insulin did not have much effect on the 

erythrocyte membrane AChE activity in any of the groups (data 

not shown). For BChE activity pre—incubation of serum from 

control and UTD groups resulted in 18 to 30 % stimulation of 

the activity, whereas no effect was seen in ITD group. In the 

TTD group the activity decreased by 10 — 15 % after

incubation with insulin.

Discussion

The present studies were initiated to find out if insulin or 

sulfonylurea treatment of diabetic patients differentially



m
affects the extent of giycosyiation and the erythrocyte 
membrane and serum enzyme activities. As is clear from the 
data in Table 2, both insulin and sulfonylurea treatments 
were able to control the glucose level in the serum almost to 
the same level. However, the extent of serum proteins 
glycosylation was almost comparable amongst all the groups. 
As against this, the extent of erythrocyte membrane 
glycosylation increased by 3.4 fold in the UTD group. 
Increased erythrocyte membrane protein glycosylation from 
diabetic patients has also been reported by earlier workers 
(5). Insulin treatment, rather than alleviating, aggravated 
the situation and the extent of membrane glycosylation 
increased to 5.4 fold. Compared to this, in the TTD group the 
membrane protein glycosylation decreased to some extent. The 
results therefore emphasize the point that the two treatments 
while controlling glucose levels had differential effects on 
membrane protein glycosylation and possibly membrane 
functions. Indeed the data in Table 3 also validate this 
assumption. Thus the decreased NaT,KT ATPase activity in UTD 
group could be restored partly only by insulin treatment. On 
the other hand, the AChE activity decreased significantly 
only in the TTD group. For BChE it was interesting to note 
that the activity of this enzyme was somewhat low in UTD and 
ITD group, but was restored in TTD group. Other researchers 
have reported that the serum BChE is elevated m the diabetic 
humans and in experimental animals (10 -13). But in the 
present study such differences were not found. The reason for
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this remains unclear. It may, however, be pointed out that in 

the human studies referred to above (10), the activities were 
measured in 20 mM Tris-HCl buffer pH 7.8 containing 10 mM 
CaCI2 (10). It is possible that the observed differences 
could be attributed to the lower pK and the presence of high 
CaA concentration in their assay medium (10). Nevertheless, 
the results of the present study would suggest that the 
effects of exogenous and indigenous insulin even on liver 
metabolism were differential. The BChE in the serum 1 s 

believed to originate from the liver (26). Hence the observed 
changes could be taken as reflecting the insulin-status- 
effect on the liver function.

The examination of the 
Na+,K+ ATPase activity 
in agreement with our

kinetic properties revealed that the 
comprised of two components. This is 
earlier observations on rat liver

microsomal ATPase (27). 
Table 4 the Vmax of both

Consistent with the observations in 
the components decreased in the UTD

group. Also the Km of the low affinity 
which may be a compensatory mechanism, 
caused significant increase m the Km of 
while partially restoring Vmax values.

component decreased 

Insulin treatment 
both the components 

However, in the TTD
group the pattern more or less resembled to that m the UTD. 
The results once again emphasize the differential effects of 
the two treatments. Consistent with our earlier reported
obssrvations, 
comprised of

the
two

AChE activity of the erythrocyte membrane 
components (23) and only in the TTD group

Uithe Vmax both the component decreased significantly.
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It may bs mentioned here that the tlaT,K^ ATPase is the 
integral membrane protein {28) while the AChE is bound to the 
outer surface of the erythrocyte membrane via glycolipid 
anchor (26). The NaT,KT ATPase activity is known to be 
dependent on the acidic phospholipids vis. phosphatidylserine 
and phosphatidy1inosito1 (28). Xn parallel studies we have
found that the content of these phospholipids in the 
erythrocyte membranes had in fact increased significantly in 
the DTD, ITD as well as TTB groups (Chapter 3 of the thesis). 
It would therefore appear that the observed decrease in the 
Na"1"rKT ATPase activity may be attributed either to absolute 
decrease in the contents of the enzyme units and/or altered 
membrane phospholipid milieu.

AChE has no known reguirement for phospholipids and the 
activity also does not seem to be dependent on the extent of 
glycosylation of the enzyme per se (28) . However, the
Wt AtuVw iM. /M { AW i W 1 11 «.V» 4* V* »*V VK ri T tw »s i X T 1 ^ / C \
iuoitu-?ITa.nt3 yiyuuoy lan'ufi u-a.il lniiucuCc luc cuAiniu activity \v/ .

It is possible that the decreased AChE activity in the TTB
group may relate +. ~ 4- U n 1 4l.kj L ucs an, ered
GOuld also have resulted in
attrifaut-SS . Alternatively, the
itself might have decreased possibly through decreased 
membrane binding.

The serum BChE profile might be considered as an index of the



liver metabolism as influenced by the diabetic state and 
indeed the data in Table 6 show that the Vmax of component I 
and IX decreased significantly m UTD group. Interestingly, 
in the ITD group the component II was totally absent and in 
TTB group peculiarly enough the Km of all three component 
decreased significantly together with decrease in the Vmax 
values. Taken together the results imply that the liver 
metabolism was also differentially influenced by diabetic 
state and subsequent treatment regimens.

The differential effects of insulin or sulfonylurea treatment 
are once again borne out by the in vitro incubation 
experiments (Table 3, Figures 7-8).

107

In conclusion, the results of the present studies have shown 
that diabetic state and subsequent treatments can 
differentially influence not only the activities but also the 
kinetic properties of the erythrocyte enzymes Na"^,K^ ATPase, 
AChE and serum BChE. Besides, the present studies also 
suggest that erythrocyte membrane glycosylation could be a 
better index of the glucose control.

It may also be pointed out that neither of the treatments 
could completely rectify the observed enzyme defects i.e. Km 
or Vmax. This is consistent with the general observation that 
all the maladies of diabetes are not corrected b3V insulin
treatment (29).
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Summary

Investigations were carried out on erythrocyte membranes and 
serum samples from control, untreated diabetic (UTD5, insulin 
treated diabetic {TTB} and sulfonylurea tablet treated 
diabetic (TTD) human subjects.

Erythrocyte membrane protein glycosylation increased by 3.4 
fold in diabetes and insulin treatment caused further {5.4 
fold) increase. In TTD group, the extent of glycosylation was 
comparable to the UTD group.

The serum protein glycosylat ion was comparable in all the 
groups including control.

Decreased erythrocyte membrane Na+,K+ ATPase activity in the 
diabetics could be restored partly by insulin treatment but 
not by tablet (sulfonylurea) treatment.

Erythrocyte membrane acetylcholinesterase (AChE) activity 
decreased only in TTD group.

Serum butyrylcholinesterase activity was relatively low m 
the diabetic and ITD groups, but could be restored by- 
sulfonylurea treatment.

The Km and Vmax of the components of NaT,KT ATPase from



m
erythrocyte membranes were differently affected in the 

diabetic and the two treatment groups, whereas for the AChE 

the effect was decreased Vmax of both the components only in 

the TTD group.

Diabetic state resulted in generalized decrease of Vmax of 

the serum BChE/ especially for component I and IX. In the ITD 

group, component II was absent. In the TTD group, the picture 

resembled to that of the diabetics. However, the Vmax 

decreased for all the components.

vitro incubation with insulin had differential effects on

erythrocyte membrane Na^K"1" ATPase and serum BChE; AChE 

activity was not significantly influenced.
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Figure legend
Figure 1 Typical substrate 
membrane Ka^jK"1" ATPase. The
described in the text. A) Control,

Figure 2 Typical Eadie-Hofstee 
NaT,KT ATPase. The experimental 
text. A) Control, B) UTD, C) ITD

saturation curves for erythrocyte 
experimental details are as 

B) UTD, C) ITD and D5 TTD.

plots for erythrocyte membrane 
details are as described m the 
and D) TTD.

Figure 3 Typical substrate saturation 
membrane AChE. The experimental details

curves for erythrocyte 
are as described in the

* \ n / Control, n \ jd / UTD, n \ v, t ITD and D) TTI

Figure 4 Typical Sadie—Hofstee plots for erythrocyte membrane 
AChE. The experimental details as are described in the text. A) 
Control, B) UTD, C} ITD and D) TTD.

Figure 5 Typical substrate saturation curves for serum BChE. The 
experimental details are as described in the text. A) Control,
r» \ TT*T»T\ r* \ T«T»rv T\ \ PPPHTN
jd / UiL?/ v-*} i.j.u auu u} iii/«

5 Typ i cal Ecicli S“Hof s t g s plots for s
OXpSr 1 HiSil t a. 1 details S2TO 3.S dGSC2T Ibod in tiiS t

B) UTD, C) ITD and D) TTD.

Figure 7 Effect of in vitro insulin addition 
membrane NaT, KT ATPase act ivi ty.

sruin BChE. The 
ext. A} Control,

on erythrocyte

Figure 8 Effect of in vitro insulin addition on serum BChE 
activity.
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