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ABSTRACT

The activities of docholi (PChE) were d in the serum

of type I and type II diabetic patients and non-diabetic subjects. Both type

I and type II diabetic patients showed increased serum PChE activity con-

Pearsons

comitant with the presence of analysis
showed a positive correlation between triglycerides (TG) and PChE in both
type I (P=0.499) and type IT (P=0.526) diabetic patients.

Induction of chemical diabetes in rats with Streptozotocin (SZ) and alloxan
also increased the serum PChE activity which paralleled the development of

g -

diabetes mellitus. Serum

igl apo-B poproteins (total
low density lipoproteins TLDL) and glycerol concentrations also increased.
When the hyperglycemia produced in streptozotocin induced diabetic rats
was controlled by administration of insulin, the levels of TG, glycerol and
PChE activity all reverted to pre-diabetic levels. When insulin treatment was
withdrawn hyperglycemia developed again and serum levels of PChE activity,
TG, glycerol and TLDL also increased. The concentration of TG in the liver of
SZ-diabetic rats was significantly higher compared to the normal rats. Adipose
tissue and liver PChE activity were not significantly different in these SZ-
diabetic rats.

Gold thioglucose (GTG) treated mice, which are type Il diabetic models,
also showed a significant increase in serum PChE activity and lipids similar

to the SZ induced type I diabetic models. Inhibition of PChE activity in

GTG treated mice was associated with a decrease in serum glycerol, TG and



TLDL levels. Liver PChE activity was markedly higher in the GTG treated

mice d to the d control mice. Administration of Iso-OMPA

to GTG treated mice inhibited both liver and adipose tissue PChE activity.

Heparin treatment of SZ-diabetic rats significantly reduced serum TG levels
without affecting PChE activity, cholesterol, HDL-C or TLDL levels.

Administration of Iso-OMPA, a specific PChE inhibitor, to SZ-diabetic
and normal rats produced a significant reduction in serum TG, glycerol and
TLDL levels. Withdrawal of iso-OMPA inhibition in the diabetic rats resulted
in an increase in the lipid levels to those previously present in the diabetic
state. PChE activity and TG levels were also reduced in the iso-OMPA treated
diabetic and normal rat livers compared to the untreated rats. Adipose tissue
PChE activity was also inhibited in the iso-OMPA treated diabetic and normal
rat.

Inhibition of PChE activity with iso-OMPA failed to produce an accumu-
lation of choline or cholinesters in the liver, serum or to affect their excretion
in the urine of normal rats.

The results indicate that changes in PChE activity parallel changes in TG

bolism, particularly during the perturbances that diabetes

mellitus. Whether PChE has a role in very low density TG (VLDL-TG)

metabolism remains to be determined but is of considerable interest.
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Chapter 1

INTRODUCTION

1.1 Pseudocholinesterase

Sir Henry Dale in the early ninteen hundreds was the first to suggest the pres-
ence of an enzymein the blood capable of hydrolyzing acetylcholine into choline
and acetic acid (Silver 1974). This view was confirmed over the years by several
workers. Stedman et al. (1932) prepared the first crude extract of the acetyl-
choline hydrolyzing enzyme from horse serum and called it “Choline esterase”.
A few years later Alles and Hawes (1940) demonstrated the existence of two
choline esterases in man: one in the erythrocytes and the other in the plasma.
Subsequently, Mendel and Rudney (1943) showed that the sevum choline es-
terase was a non-specific enzyme that hydrolyzed not only choline esters but

also holine esters like yrin, tri ionin and hylt This

non-specific enzyme they called “ Pseudocholinesterase”. Thus these two inves-

tigators distinguished between the two choli as true choli




(acetylcholine hydrolase: EC.3.1.1.7: acetylcholinesterase AChE) and Pseu-

docholi (acylcholi ylhydrol EC.3.1.1.8: PChE). AChE and
PChE in vertebrates can be differentiated from other esterases by being inhib-
ited by 10~*M eserine and physostigmine. Furthermore PChE can be differen-
tiated from “simple” esterases and ACE by the selective and irreversible in-
hibition with tetraisopropylpyrophosphoramide (iso-OMPA) (Aldridge 1953).
In the sera of most mammals, cholinesterase activity is due solely to PChE

(Silver 1974).

1.1.1 Multiple forms of PChE

The early work of Surgenor and Ellis (1954) suggested the PChE activity of hu-
man serum was due solely o a single protein, But Harris et al. (1962) resolved
four bands of activity (termed C1-C4) in the region between ay and f-globulins
using two-dimensional filter paper starch gel electrophoresis. In 5-10% of nor-
mal population a slow moving fifth band (C5) was observed (Juul 1968). C1
band moved the fastest and C4 the slowest. C4 was reported to be the major
component as it contained 90-95% of the esterase activity found in the plasma.
C4 had the highest molecular weight (340,000-365,000 daltons), the weights
of the other fractions decreasing in the order C3 170,000; C2 110,000; and C1
82,000 (La Motta et al. 1970). Isoenzymes of PChE have also been detected
in the horse serum (Reiner et al. 1965). The number of isoenzymes of PChE
reported varies with the type of method employed for its separation. Hess

et al. (1963) obtained 2 bands with acetylthiocholine as substrate for rabbit



serum on starch gel but no bands were detected with butyrylthiocholine (BTC)
as substrate. Juul (1968) separated 12 activity bands from human serum on

polyacrylamide disc el h is with b Athiocholine and copper stain-

ing, while Das and Liddell (1970) using the same electrophoretic method but
a different stain (a-naphthyl acetate) detected only 4 bands. La Motta et al.
(1968, 1970) suggested that the different isoenzymes could be interconverted
under experimental conditions, thus the multiple forms were just molecular ag-
gregates of a common polypeptide subunit or degradation products (Lockridge
and La Du 1982)

Several genetically determined variants of PChE have been found in man.
These are the atypical PChE variants like (a) the dibucaine resistant, (b) flu-

oride resistant and (c) the silent-gene type. Homozygous for these variants

1 Imini | i vleholine (& 1

saffer from p d apnea when

nium) (Silver 1974). These variants differ in their activity towards their sub-

strates and inhibitors, The atypical or Dibucaine-resistant variant is unable to

hydrolyze a number of sut Icholi

including at a normal rate

and is resistant to PChE inhibit This resi is d in terms of

Dibucaine number (DN) which is the % inhibition of the enzyme produced
by dibucaine (10~°M) (Kalow and Genest 1957). The homozygous for usual
PChE have a DN of about 80. Those with a DN below 20 were reported ho-
mozygous for the alypical enzyme and a DN between 52-69 were heterozygous
for the usual and atypical PChE. The DN number does not depend on tke

cholinesterase level and the degree of inhibition is constant for any one indi-



vidual. McGuire et al. (1989), demonstrated the replacement of aspartic acid
by glycine at position 70 in the primary sequence of the usual PChE polypep-
tide. This substitution of a neutral amino acid for the acidic one may account
for the reduced affinity of the “atypical” form for choline esters and dibucaine.

Harris aud Whittaker (1961) identified a variant which had a low-fluoride
number but a dibucaine number slightly lower than the normal. Its ac:ivity
towards succinylcholine was greater than the dibucaine resistant but lower
than the normal. This variant they called fluoride-resistant.

Liddell et al. (1962) reported a third variant. In this case the serum con-
tained a protein very similar to normal PChE without any detectable enzyme

activity. The gene responsible for such a protein was termed a silent gene.

1.1.2 Properties of Purified PChE

PChE has been purified from the following sources: human serum (Das &
Liddell 1970, Muensch et al. 1976), horse serum (Lee & Harpst 1973, Main et
al. 1974), rabbit liver (Rush et al. 1980) and porcine parotid gland (Tucci &
Seifter 1969). PChE from bacterial sources have also been purified. Nagasawa
et al. (1976) purified PChE from Pseudomonasand P. polycolor.

Most of the information about PChE has been obtained with purified hu-
man serum PChE. Highly purified human serum PChE has a molecular weight
between 345,000 to 365,000 daltons and appears as a single band correspond-

ing to the C4 band on polyacrylamide gel electrophotesis (Muensch et al. 1976,

Das and Liddell 1970). Lockridge et al. (1979) da ic struc-



ture for PChE. It is a soluble, globular G4 protein with 4 identical subunits.
The subunits are arranged as a dimer of dimers, with each dimer having iden-
tical subunits joined together by interchain disulfide bonds (Lockridge 1988).
Each subunit has 574 amino acids and a molecular weight of 85,000 daltons
(Muensch et al. 1976). The interchain disulfide bonds seem to stabilize the
enzyme against heat inactivation and are not necessary for the tetrameric or-

genization of the subunits or for the activity of the enzyme molecule.

1.1.3 PChE Gene

Two genetic loci determine PChE activity in the plasma. Locus E1 located on
chromosome 3 controls most of the genetic variants, like the usual, atypical,
fluoride resistant and the silent gene type (Brown et al. 1981). The sccond
locus E2 controls the appearance of the C5 variant, the electrophoretically slow
moving tetramer presen in 10% of the caucasians (Whittekar 1986). Gene E;

which d ines the production of the C5 of PChE is nonallelic

to the E, gene of PChE (Harris & Robson 1963). Harris & Robson (1963)
also reported that subjects whose serum contain the C5 component have 30%
more plasma activity than others.

Liddell et al. (1963) investigated tissues from a patient with the “atypi-
cal” type of serum PChE and found that the tissue PChE was also similarly
“atypical”. 'Thus, these investigators believed that only one gene was respon-
sible for the synthesis of the various isoenzymes. Human serum PChE has

been sequenced and cloned. The amino acid sequence of PChE from the liver,



serum and brain are identical (Prody et al. 1987, McTiernan efal. 1987). The
human embryonic and adult PChE also appear to be identical. This confirms
that PChE has only one gene. Comparison of the amino acid sequence of
human PChE and Torpedo AChE shows 54% homology. Human PChE has
38% sequence homology with Drosophilia AChE, 28% with thyroglobulin and
48% with electric eel AChE (Lockridge et al. 1987). There is evidence that
monoclonal antibodies to human PChE do not cross react with red cell ACRE

ot with rat PChE (Brimijoin et al. 1983).

1.14 Site of synthesis of human PChE

It is generally believed that in most species plasma PChE is synthesized in the
Liver (Silver 1974). Evidence for such a conclusion is based on the observation
that low levels of PChE activity are associated with liver diseases (Antopol,
Schrifrin & Tuchman 1938) and also with experimental liver damage (Brauer
& Root 1946). Decreased levels of PChE was interpreted as a reflection of
decreased protein synthesis or the functional state of the hepatocytes (Brown
et al. 1981). Khoury et al. (1987) have also reported a changein the genetic
character from the alypical to the normal form of PChE in the serum of a
patient after liver transplantation. The amino acid sequence deduced from the
<DNA clones showed that the liver and serum PChE were identical (McTierann

et al. 1987, Prody et al. 1987).



1.1.5 Physiological Function of PChE

Though this enzyme has a ub distrib its exact physiological func-

tion is unclear. However, a number of possible roles have been put forth.
The potential role of PChE in hyperlipoproteinemia and diabetes is of great
importance and is the main subject of the present thesis.

Funnell & Oliver (1965) proposed that PChE is involved in the homeostatic
mechanisms controlling the level of choline in plasma and acetylthiocholine in
the brain. This proposal was made on the assumption that PChE hydrolyses
cholinesters and thereby controls the plasma choline levels. But the majority
of the cholinesters found in the plasma are in a bound form, like lecithin,
Iysolecithin and sphingomyelin. None of these are substrates for PChE (Kutty
1980). Thus the function of PChE in the homeostatic mechanism to regulate

plasma choline is unclear.

1.1.6 PCHhE in lipid metabolism

Clitherow et al. (1963) proposed that PChE is involved in fatty acid metabolism
in the liver. Ballantyne (1968) also proposed a similar function for the enzyme
in the adipose tissue. This assumption was made on the fact that PChE
hydrolysed butyrylcholine, a toxic compound that could be formed from bu-
tyrylCoA and choline. However. to date there is no evidence for the presence
of water soluble acylcholine in serum or tissues of humans or animals. This is
further supported by my finding that inhibition of PChE with iso-OMPA, a

specific PChE inhibitor, did not cause accumulation of any acylcholine esters



either in the serum or liver nor excreted in the urine (Kutty, Annapurna &

Prabakaran 1989).

1.1.7 PChE and Low Density Lipoprotein (LDL)

Lawrence and Melnick (1961) suggested that serum LDL forms an unstable
complex with PChE by a physical interaction there by resulting in the en-
zyme being cartied in an inactive form in the circulation. This hypothesis was
supported by Dubbs (1966) who found an increase in serum PChE activity
after ultrasonication of serum. However, Kutty, Rowden & Cox (1973) pro-
posed that the association between PChE and LDL was very similar to the

interaction between AChE and Icholine (ACh). They hypothesized that

phosphorylcholine, the polar head group of phosphotidylcholine, like acetyl-
choline, can interact with the esteratic and anionic site of PChE, there by
blocking its activity. Alternatively, Chu et al. (1978) reported that only 10%
of the total serum PChE could be recovered from LDL, which accounts for
only a fraction of the total PChE in circulation and thus does not assign a
role for the remaining unbound PChE. Kutty ef al. (1977) demonstrated that
rats treated with neostigmine, a PChE inhibitor, showed a significant decrease
in serum -lipoprotein (LDL or low density lipoprotein), associated with a
decreased incorporation of ®H-lysine into j-lipoprotein but an increased in-
corporation into a-lipoprotein (HDL or high density lipoprotein). Thus, they
proposed that LDL is formed from VLDL (very low density lipoprotein) in the

presence of PChE. A similar close relationship between PChE and LDL was



found in the serum of a patient with parathion poisoning who had low levels
of both. But during recovery both returned to normal with a concomitant

decrease in HDL (Kutty et al. 1975).

1.1.8 PCHhE in Obesity and Hyperlipoproteinemia

Increased serum PChE activity is common in conditions associated with ab-

normal lipid bolism like hyperli inemia (Cucuianu ef al. 1975,

1976, Chu et al. 1978), obesity (Cucuianu et al. 1968) and diabetes (Antopol
et al. 1937). The subjects studied also had elevated serum TG levels. In-
creased PChE activity was more common in persons with type IIb and type
1V hypetlipoproteinemia (Kutty et al. 1981a, Jain et al. 1983).

Increase in PChE activity has been reported in animals. Experimentally
fattened pigs showed an increased PChE activity (Popescu et al. 1976). Sim-
ilarly Kutty et al. (1981b) found increased serum and liver PChE activity
in genetically obese (ob/ob) mice. Lean mice treated with gold thioglucose
(GTG) to induce obesity also exhibited increased PChE activity (Kutty et al.

1981b).

1.1.9 PChE in Food Assimilation

There have been reports that suggest the level of PChE activity may be influ-
enced by the nutritional status. A significant decrease in PChE was reported
by Henderson et al. (1971) in the serumn and liver of rats when starved. Simi-

larly, liver PChE activity was found to be depressed in malnourished children



but returned to normal with improved nutrition (Waterlow 1950).

1.1.10 PChE in Diabetes

In 1937, Antopol and associates detected an elevated PChE activity in the
plasma of diabetics. This observation was later confirmed by Fuber (1943).
Kutty etal. (1981b) have demonstrated that genetically diabetic (db/db) mice
have higher serum and liver PChE activities than lean controls. Deshmukh
(1986) reported an increase of about 75% PChE activity over the pre-diabetic
values ir rats made diabetic with alloxan with a concomitant increasc in choles-

terol (LDL+VLDL) and decreased HDL-cholesterol level.

1.1.11 Other Proposed Functions of PChE

It has been postulated that PChE has muse than one function as indicated
by its presence in several tissues. Salvador & Kuntzman (1965) found PChE

in the adipose tissue. Ballantyne (1968) reconfirmed this in the fat cells of

the adipose tissue with histochemical and biochemical methods that employed
specific substrates and inhibitors of PChE. The possibility that PChE be-

haves like a lipase was suggested by Szendzikowki et al. (1961/62) using

s holi

ases. By using P (eserine) and specific (Iso-OMPA)
inhibitors of PChE these investigaters observed an in vivo and in vitro inhi-
bition in the lipolytic activity in the rat’s sorta. Similarly a decrease in the
concentration of nonest.rified fatty acid (NEFA) was also found in the plasma

of dog treated with cholinesterase inhibitors (Colville et al. 1964).

10



In a recent study hormone sensitive lipase was also found to exhibit esterase

activity (Tsujita ef al. 1989). This esterase was able to hydrolyse nitrophenyl

butyrate and was inhibited by Dii Il hosphate (DFP). Nitrophenyl
butyrate is a substrate and DFP an inhibitor of PChE.

Lockridge (1982), Chatonnet & Masson (1985) and Boopathy & Balsubra-
manian (1987) demonstrated that purified human PChE has both peptidase
and amidase activities. Lokridge et al. (1980) also reported that PChE hy-

drolysed diacetylmorphine (Heroin) in plasma.

1.2 Diabetes

Diabetes mellitus is a metabolic disorder occuring as a result of lack of insulin

secretion or tissue resistance to insulin and evidenced by changes in plasma

concentrations of glucose, lipids and Ii i It is often ch
by fasting hyperglycemia and glycosuria. Himsworthin 1936 was the first to
propose that two types of diabetes existed, differentiated by the presence or
absence of plasraainsulin. The two types of diabetes classified according to the
National Diabetes Data Group (NDDG 1979) are type I (insulin dependent
diabetes) and type II (non-insulin dependent diabetes). Type I diabetics are
ketosis prone. The type I diabetics are non ketotic and often associated with
obesity. Classification of diabetes according to the world health organization
(WHO) is shown in Table 1.1 and the criteria for the diagnosis of diabetes in

Table 1.2.



1.2.1 Chemistry of insulin

In all species studied the insulin molecule consists of 2 polypeptide chains A
and B connected by 2 interchain disulfide bonds. It has a total of 51 amino
acids and a molecular weight of 5800 daltons. Species differences occurs with
insulin isolated from various sources, with pig insulin being most similar to
human insulin. Porcine insulin differs from human insulin only in the terminal
amino acid of the B chain, where alanine replaces threonine. There are three
differcnces in the structure between bovine and human insulin ie at positions 8
(alanine replaces threonine) and 10 (valine replaces isoleucine) of the A chain
and amino acid 30 on B chain. Splitting of insulin into its constituent A
and B chains by cleavage of the disulfide bonds results in complete loss of its
biological activity.

Discovery of insulin was hailed as a cure for diabetes. But recent studies
show that it controls only the early symptoms of diabetes and does not entirely
prevent the long term complications like coronary heart disease (CHD), nerve,

eye, kidney and skin disorders.

1.2.2 Biosynthesis of insulin

Insulin is synthesized by the rib of the endoplasmi iculum of the -

cells of the islets of Langerhans. The product is the insulin precursor-proinsulin
a single polypeptide with =n approximate molecular weight of 9000 daltons.
Proinsulin 15 known to be synthesised from large single-chain precursor pre-

proinsulin which has a molecular weight of 11,500 daltons. It is converted to
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proinsulin by microsomal proteases within minutes of its synthesis. The proin-
sulin is converted to the active insulin in the golgi apparatus by proteolytic
cleavage of the connecting peptide (C-peptide) and stored in the secretory
granules. The free biologically inactive C-peptide is secreted in equal molar
ratio with the mature/active insulin. The human C-peptide consists of 23
amino acid residues and has a molecular weight of 3021 daltons. It differs
from the porcine C-peptide by 10 residues and contains 2 amino acids less.
Release of insulin involves migration of the secretory granules to the plasma
membrane of the 3 cells where its membrane fuses with the plasma membrane
and discharges its contents (both C-peptide and insulin) into the extracellular
spaces. This process has been termed as emiocytosis (Randle & Hales 1972).
The amount of insulin secreted by the pancreas per day has been estimated
as 1 unit/kg body weight, which for a 60 kg normal adult amounts to 2.5 mg
protein. Circulating insulin is degraded mainly in the liver and a small por-

tion in the kidney by the enzyme glutathione insulin hyd by the

cleavage of the disulfide bonds that connect the A and B chains. The A and

B chains are further degraded by proteolysis. Half life of insulin is 3-5 min.

1.2.3 Mode of Action of insulin

The major metaholic action of insulin occurs in the muscle, adipose tissue

and the liver. It seems to be ively inactive in the erythrocytes and
gastrointestinal tract. Insulin firmly binds to a specific receptor which is a

glycoprotein on the plasma membrane of its target tissues. In the adipose



tissue it facilitates the transport of glucose across the cell membrane and thus

its phoshorylation to gl phosphate (G-6-P). The metabolism of G-6-P
to acetyl-CoA affects fat metabolism in a number of ways: (a) metabolism
of glucose along the hexose monophosphate shunt provides the coenzyme
NADPH required for fatty acid synthesis, (b) the metabolism of glucose via the
Embden-Meyerhof pathway generates a-glycerol phosphate which is used for
the esterification of fatty acids to form TG and (c) the metabolism of glucose
also provides two-carbon fragments for fatty acid synthesis (Smith 1989).

Insulin is also known to clear the circulating TG by activation of LPL. LPL

hydrol, the TG in the chylomi and VLDL which results in the release
of free fatty acids (FFA). These FFA enter the adipocytes where they combine
with the glycerol generated by glucose metabolism to form TG which is de-
posited in the adipocytes. Insulin is known to inhibit adipose tissue lipolysis.
Thus in short insulin affects the adipose tissue metabolism by promoting glu-
cose transport into the cell, stimulates fatty acid synthesis, inhibits lipolysis
and activates LPL.

Insulin is not necessary for the transport of glucose into the liver since the
hepatocytes are freely permeable to glucose. Within the cell insulin activates
glycogen synthetase and directs the flow of glucose to glycogen formation.
Insulin increases glucokinase activity which phosphorylates glucose to G-6-
P and its metabolism via the glycolytic pathway. Insulin deficiency reduces
phosphofructokinase (PFK), the second rate limiting enzyme of the glycolytic

pathway and impairs glucose entry into the metabolic pathway.



Insulin inhibits gluconeogenesis by the supression of pyruvate kinase (PK)

and phosph } boxyki (PEPCK), which are rate limiting

enzymes. In the liver insulin stimulates fatty acid synthesis by increasing the

)

activity of acetyl-CoA and il yme NADPH (hydro-

gen donor) by induction of pentose phosphate pathway and NADP*-malate
dehydrogenase (Shafrir, Bergman & Feling 1987).

In insulin deficiency the release of fatty acids from the adipose tissue is
greatly increased. The liver disposes them in a number of ways. Some are
completely oxidized to CO, and water. The majority are oxidized to two

carbon fragments, these are directed into ketogenesis or glyceride synthesis.

b

Insulin facilif the transport of a variety of across the plasma
membrane other than glucose, like Na*, K+, inorganic phosphate ions, amino
acids and calcium ions. It also helps in protein synthesis. Insulin is thus an
anabolic hormone causing increased carbohydrate metabolism, glycogen and

lipid synthesis, amino acid up take and protein synthesis (Shafrir, Bergman &

Feling 1987).

1.3 Lipoproteins

1.3.1 Lipoprotein structure

Basically all lipoproteins have the same fundamental structure. From elec-
tron microscopic studies it appears that they are spherical particles, with the

nonpolar triglycerides and cholesterol esters forming the central lipid core,
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ation of diabetes mellitus according to WHO

A. Clinica
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Insu

Non-ing
(a)
(b)

Malnutr

Other t:

1 classes

s mellitus (DM)
lin-dependent diabetes mellitus (IDDM)

ulin-dependent diabetes mellitus (NIDDM)
Non-obese

Obese

ition-related diabetes mellitus (MRDM)

ypes of diabetes associated with certain

conditions and syndromes:

(1)
(2)
(3)
(4)
(5)
(6)

Impaire
(a)
(b)
(e)
Gestati
B. Statist
glucose
risk of

Previou

Potenti.

pancreatic disease

disease of hormonal etiology

drug-induced or chemical-induced conditions
abnormalities of insulin or its receptors
certain genetic syndromes

miscellaneous

d glucose tolerance (IGT)

Non-obese

Obese

Associated with certain conditions and
syndromes

onal diabetes mellitus (GDM)

ical risk classes (subjects with normal
tolerance but substantially increased
developing diabetes)

s abnormality of glucose tolerance

al abnormality of glucose tolerance

'Taken from "The Diabetes Annual" Vol 3



Table 12
{Criteria for the diagnosis of diabetes NDDG vs WHO

Plasma glucose ng/100 ml (mmol/1)*

Ural glucose tolerance test

Class Fasting Mid-test 2-Hour test
NDDG
Normal <115(<6.4) and  <200(<11.1)  and <140(<7.8)
16T <140(<7.8) and  2200(211,1)  and 140-199(7.8-11.1)
Diabetes** 2140(27.8) or  2200(211.1) and 2200(211.1)
Non-diagnostic all other combinations of fasting, mid-test and

2-h values
WHO
Normal*** <140(<7.8) and <140(<7.8)
16T <140(<7.8) and 140-199(7.8-11.1)
Diabetes** 2140(27.8) or 2200(211.1)

*The mmol/1 values were computed by dividing mg/100 ml values by 18.016
the nuaber of mg of glucose in 100 ml of a l-mM solution) and rounding
to the nearest 0.1 mmol/l. WHO obtained mmol/l values by dividing mg/
100 ml values by 18 and rounding to the nearest 1 mmol/l.

**NDDG and WHO require both the fasting and 2-h values to classify a
subject, except when the fasting is 2 140 mg/100 ml, which by itself is
diagnostic of diabetes.

***Although WHO does not define a 'normal' OGTT, the term is used here to
include subjects who do not meet criteria for diabetes or IGT.

'Taken Erom "The Diabetes Annual" Vol 3,



ded by an hic layer of phospholipids, free chol 1 and

apolipoproteins which keeps the particle in solution in the plasma (Jackson et
al. 1976). Composition and functions of lipoproteins are as shown in Tables

1.3 and 1.4 respectively.

1.3.2 Lipoprotein metabolism
Chylomicron metabolism

Lipoproteins in man are synthesized by the liver and secreted into the plasma.
Fig 1.1 presents the general pathway of lipid metabolism. Chylomicrons, the
largest and lightest of the lipoproteins, are synthesised mainly in the small in-
testine and transport the exogenously derived fats (triglycerides) to the liver.
It contains apo-Bis as its main protein. Following secretion into the plasma

these particles rapidly acquire apo-CII and apo-E from the HDL in circula-

tion. Triglycerides (TG) in the chylomi are hydrolysed by the li

lipase (LPL) present on the endothelial surfaces of the adipose tissue, cardiac
and skeletal muscle. Apo-CIl in the chylomicrons activates LPL (Havel et al.
1970). The hydrolysis of TC by LPL results in the liberation of fatty acids and
monoglycerides. The fatty acids are taken up by the muscle or the adipocytes
where they are oxidized or re-esterified and stored. As the TG core is depleted,
the chylomicrons decrease in size. The surface materials, mainly phospholipids,
free cholesterol and apo-C are transfered to HDL. These chylomicron particles
known as chylomicron remnants (Redgrave 1970) are proportionately rich in

cholesterolesters, apo-B and apo-E. The remnants are taken up by the liver
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cells, by receptor (which recognises apo-B and apo-E) mediated endocytosis
(Brown, Kovanen & Goldstein 1981) and degraded in the lysosomes. Chy-
lomicrons in man are rapidly cleared from the blood with a half life of 4-5

min.

Very low density lipoprotein (VLDL) metaboli:

VLDL's are smaller than chylomicrons and are the major transport vehicles

to the h ic tissues for the end ; hesised TG. They contain

apo-Blo as the chief apoprotein. The fatty acids (FA) used for the synthe-
sis of TG are derived from two sources: (1) from acetyl-CoA derived from
carbohydrate metabolism and (2) uptake of FA from the circulation. Under
normal conditions the first source is dominant when circulating FA is low.
But in conditions like diabetes mellitus, fasting or high fat diet, the circulat-
ing FA is high, and forms the main source of TG fatty acids. Shortly after
secretion, VLDL particles, like the chylomicrons, acquire apo-ClI and apo-E
from the circulating HDL. VLDL-TG is hydrolysed by LPL. VLDL decreases
in size, its density increases and its surface phospholipids and cholesterol are
transfered to the circulating HDL. The product formed is termed intermediate

density lipoprotein (IDL). Lecithin chol 1 acyl (LCAT) ester-

ifies the cholesterol transfered to HDL from VLDL. The newly synthesised
cholesterolester is transfered back to IDL. In rats IDL is taken up entirely
by the liver and about 10% is converted to LDL (Eisenberg 1979). The IDL

particles in man are finally converted to low density lipoproteins (LDL). This



lipoprotein fraction is made of mostly cholesterolester and apo-B. LDL deliv-
ers cholesterol to the extrahepatic tissues and liver. According to Goldstein
and Brown (1974) these LDL particles are removed from the circulation by
receptor mediated endocytosis in the peripheral tissues. The number of LDL
binding receptors on the cell surface appears to be regulated by the need for
cholesterol by the cell. VLDL has a half life of about 6 h in the circulation
(Eisenberg 1979).

The HDL particles are synthesized and secreted both from the liver and

bosoholinids. choll |

intestine as discoid particles apo-Al and

apo-All as the major apoproteins (Hamilton et al. 1976). Studies on perfused
rat liver by Hamilton et al. (1976) indicate that these discoid particles are

rapidly transformed into spherical forms in the plasma. The most important

feature of this fi jon is the ification of its chol | by lecithin
cholesterol acyl transferase (LCAT) upon activation by apo-Al (HDL). HDL
functions in the transport of cholesterol from the various peripheral tissues to
the liver to be disposed. This funciion of HDL is refered to as “reverse choles-
terol transport” (Glomset 1980). HDL has a half life of 3-6 days (Schaefer

1979).
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1.4 Lipoprotein Metabolism In Diabetes Mel-
litus

1.4.1 Type II (NIDDM)

Abnormal lipoprotein metabolism is a common feature in type II diabetes,
which contributes significantly to the increased risk for atherosclerotic heart
disease. In the majority of the studies on type II diabetic patients, the most
typical lipoprotein alteration is the elevation in serum VLDL and TG. (Nikkila
& Kekki 1973, Kissebah et al. 1982, Dunn et al. 1984, Ginsberg & Grundy
1982). The reason for the increase in serum VLDL-TG has been suggested
to be increased synthesis and decreased clearance (Nikkila 1985). Taskinen
(1986) reported increased levels of plasma fatty acid in the type II diabetic
patients and concluded that the overproduction of VLDL-TG was due to the
increased flux of fatty acid to the liver. Brunzell ef al. (1985) also reported
that the major cause of hypertriglyceridemia in type II patients may be due to
increased synthesis of VLDL-TG as a result of increased flux of fatty acid to
the liver due to obesity and insulin resistance. However, Howard et al. (1983)
found no significant rise in VLDL-TG in subjects with mild hyperglycemia.
This suggested that increased VLDL-TG production was in some way related
to uncontrolled hyperglycemia. This view was supported by the observations
that overproduction of VLDL decreases upon glycemic control, regardless of
the type of therapy (Nikkila & Kekki 1973, Kissebah et al. 1982, Ginsberg

& Grundy 1982, Taskinen et al. 1986). Dunn et al. (1984) also reported
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that poor glycemic control could ibute to VLDL-TG duction and
reduced fractional catabolic rate (FCR). A decrease in VLDL-TG overproduc-
tion produced by effective glycemic control could be related to decreased fatty
acid mobilization from the adipose tissue. Reaven (1987) suggested that ele-
vated plasma fatty acid in the presence of circulating insulin levels may lead
to excessive production and secretion of VLDL-TG by the liver and hence to
elevated plasma TG concentrations.

Decreases in lipoprotein lipase (LPL) in the adipose tissue and skeletal
muscle have been observed in uncontrolled diabetes (Pykalisto et al. 1975).
Decrease in LPL activity is consistent with decreased VLDL clearance in type
11 diabetes (Taskinen et al. 1986, Brunzell et al. 1979). These findings are also
consistent with the finding that glycemic control increased VLDL clearance
and LPL activity regardless of the type of therapy (Taskinen et al. 1986). The
clearance of VLDL-TG could also be affected by the abnormal composition of

VLDL in type II diabetes (Taskinen et al. 1986).

LDL metabolism

Type II diabetic patients may exhibit normal or slightly increased levels of
LDL (Kostner & Karadi 1988). An increase in the concentration of TG in
LDL has been reported by Taskinen et al. (1982). Gonen et al. (1985) showed
that LDL from type II diabetic patients had an increased ratio of cholesterol to
apo-B, with altered metabolic properties. This is supported by in vitro studies

showing a decreased binding of LDL isolated from hypertriglyceridemic dia-



betic patients to skin fibroblasts (Hiramatsu et al. 1985). These investigaters
showed that the decrease in binding was inversely related to TG/protein ratio

in LDL.

HDL metabolism

Another characteristic finding in type I patients is decreased levels of HDL-
Cholesterol (HDL-C) (Reaven 1987). A great deal of information is available
suggesting an inverse relationship between plasma TG and HDL-C concen-
tration (Nikkila 1981). Thus the causes that elevate plasma TG may also
be responsible for the lowering of HDL-C levels. According to Nikkila (1981)
low levels of HDL levels in type II diabetes are associated with obesity and
hypertriglyceridemia. Since most of the type II diabetic patients are obese
and hypertriglyceridemic, alterations in HDL levels may be due to insulin de-

ficiency or more ly toinsulin resi and hyperinsulinemia (Nikkila

1981). Glomset (1980) suggested that HDL-C levels are inversely related to
both body weight and serum TG, therefore obesity and hypertriglyceridemia
may play a role in maintaining HDL-C levels. Hepatic lipase is elevated in
the type II diabetic patients and could accelerate removal of HDL-C from the

plasma and thus reduce HDL levels (Nikkila 1981).

1.4.2 Type I (IDDM)

These patients are usually not obese and characterised by insulin deficiency.

They therefore require insulin therapy and untreated diabetic patients char-
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acteristically develop severe ketoacidosis. In addition, this type of diabetic
patient also develops severe hyperlipidemia in the absence of glycemic con-
trol. Metabolic control is usually judged on the basis of blood glucose, HbA,c
and urine glucose levels, It has been well established that plasma lipid ab-
normalities are related to the degree of glycemic control (Sosenko ef al. 1980,
Lopes-Virella et al. 1981, Glasgow et al. 1981), Short term improvement
in glycemic control by continuous subcutaneous insulin infusion (CSII) ther-
apy by Hershcopf et al. (1982) reduced plasma lipid concentrations (TG and

<holesterol) within 2 weeks. According to Sosenko et al. (1980) “poor control

of blood glucose is conducive to accel d atherosclerosis in diabetes mel-
litus” due to hyperlipoproteinemia. Extreme elevations in VLDL levels are
reported to be ch istic of diabetic k idosis, a state in which insulin

concentrations are minimal (Brunzell ef al. 1985). Hypertriglyceridemia in un-

controlled type I diabetes is due to of increased duction and

decreased clearance (Nikkila et al. 1977). Increased production of VLDL in
type I diabetes is due to the increased mobilization of fatty acids from adipose
tissue.

Decreased activity of LPL in type I diabetic patierts affects the clearance
of VLDL-TG from the circulation (Brunzell, Porte & Bierman 1979). LPL
activity is reported to be decreased in adipose tissue and skeletal muscle in di-
abetic patients (Taskinen 1987). Post heparin lipolytic activity has been found
to be decreased in type I diabetic patients which normalizes after treatment

with insulin (Nikkila et al. 1977).
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Sosenko et al. (1980) observed an increase in fasting plasma cholesterol,
TG, LDL and VLDL levels with hyperglycemia. LDL has been reported to
be increased in uncontrolled type I diabetic paiients (Glasgow ef al. 1981,
Sosenko et al. 1980, Lopes-Virella et al. 1981). Lopes-Virella et al. (1982)
demonstrated that the LDL from uncontrolled diabetic patients are taken up
and degraded by the normal fibroblasts at a lower rate than LDL from the
normal or controlled diabetic patients. Hence these investigators speculated
that LDL had an altered composition in patients with poor metabolic control.

A large number of reports show a correlation between low levels of plasma
HDL and untreated diabetes (Sosenko et al. 1980, Lopes-Virclla et al. 1981,
Glasgow et al. 1981). However HDL increases on insulin therapy reflecting a
degree of glycemic control (Kostner & Karadi 1988). Decrease in LPL activity
as a result of insulin deficiency could be one of the factors responsible for the

reduced HDL levels (Taskinen 1987).

1.5 Animal Models of Diabetes

1.5.1 Type I Diabetic Models

A model bling human insulin d or type I diabetes can be cre-

ated in animals by treating them with agents like alloxan, streptozotocin (SZ)

or anti-insulin serum. Alloxan is known to function by the inhitition of the
enzyme glucokinase, present in both the liver and pancreatic f-cells. Alloxan

oxidises the -SH groups at the sugar binding site resulting in the inhibition
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of glucose induced insulin secretion and produces necrosis of the pancreatic
B-cells due to its toxic effect (Lenzen & Panten 1988). Allozan diabetes in an-
imals, presents the typical symptoms of type I diabetes in man such as weight

loss, polydipsia, polyuria, gly ia, k ia, hyp ia and ketone-

mia (Malaisse 1982). Factors such as diet, age and animal species affect the
dose required for the induction of  diabetic state with alloxan (Webb 1966).
Streptozotocin has largely replaced alloxan, as it is less toxic and its effects are
reproducible. It allows the induction of diabetes of predictable severity (Junod
et al. 1969). The diabetogenic action of SZ is mainly due to its specific cyto-
toxic action on the 3-cells of the islets of Langerhans where it produces rapid
and irreversible necrosis (Junod et al. 1969). The intensity of the damage
caused can be graded according to the dosage used, thus resulting in the pro-
duction of diabetes of graded severity (Junod et al. 1969). The response to SZ
action on the J-cells is triphasic: initially insulin secretion is inhibited leading
to hyperglycemia with increase in plasma free fatty acids and ketone bodies,
followed by extreme hypoglycemia and finally an itreversible hyperglycemia
within 24 hr after the treatment (Junod et al. 1969). High doses of SZ (>
100 mg/kg body wt.) produce hyperglycemia, hyperketonemia and hyperlipi-
demia in rats (Schein et al. 1971), while low doses produce hyperglycemia but
rarely ketonuria or hy perketonemia. Streptozotocin induced diabetes is known
to produce hyperlipidemia (Schein et al. 1971). Bar-On et al. (1976) reported
an increase in all the plasma lipoprotein fractions, while Blackshear & Al

berti (1974) reported high levels of plasma non-esterified fatty acids (NEFA)
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and ketone bodies in severely insulin-deficient rats. Hypertriglyceridemia is a

common in severely insulin-deficient rats and the degree of hyper-

triglyceridemia depends on the duration of insulin deficiency and diet (Reaven
& Reaven 1974). It has been proposed that the increased fatty acid flux leads
to increased endogenous synthesis of triglycerides (TG) and hence increases
VLDL-TG production in these animals similar to the diabetic patients (Nikkila
& Kekki 1973).

Von Tol (1977) reported defective clearance as a major factor responsible
for hypertriglyceridemia in type I diabetes. Decreased clearance of TG is
attributed to reduced lipoprotein lipase (LPL) activity (Robinson & Speake
1989). Decreased adipose lissue LPL activity has been reported in type 1
diabetes (Schnatz & Williams 1963). The lipase activity of liver, adipose tissue
and heart are under hormonal regulation by insulin (Nomura et al. 1984).
According to O’ Looney et al. (1983) decrease in the LPL activity in diabetes
could be due to decteased syathesis of the enzyme or its activator. Insulin
treatment could zestore the activity by stimulating protein synthesis. Insulin

treatment of diabetic rats restores the LPL activity (Schnatz & Williams 1963).

1.5.2 Type II Diabetic Models

d 1 logienl

Diabetes, obesity and hyperlipidemia are ly associated

conditions. Most of the type II or non-insulin dependent type of diabetic

patients are obese and hypertensive. SHR /N-corpulent rats are a good model

for the study of type Il diabetes. These lent rats are hy
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hyperlipidemic, have abnormal glucose tolerance and develop hyperglycemia
when fed a high carbohydrate diet (sucrose) (Michaelis et al. 1984). According
to these investigators superimposing obesity on an already existing insulin-
resistant genetic background could be the cause for the hyperglycemia.

Iwase et al. (1986) have reported a new model of type I diabetes with
hypertension. This was experimentally developed by giving various doses of
S7 to the spontaneously hypertensive rats 2 days after birth. This successfully
produced an animal model of mild to severe type II diabetes with hypertension.

Genetically obese rodents have often been used as models of human obesity
and diabetes (Bray & York 1979). Some strains of genetically obese rats have
features resembling type II human diabetes like hyperglycemia and hyperin-
sulinemia (Clark et al. 1983). Obesity can also be induced experimentally by
ventralmedial hypothalamic lesions (VMH). These animals are known to ex-
-

kibit hyperglycemia, hyp ia along with ab 1 glucose tolerance,

indicating the presence of insulin resistance similar to type II diabetic patients
(Jeanrenaud 1977).

Hyperlipidemia in these animals is primarily associated with endogenous
hypertriglyceridemia and is mainly due to increased VLDL synthesis. Hepatic
overproduction of VLDL and increased secretion of TG or VLDL into the
plasma of obese Zucker rats (Schonfeld & Pfleger 1971) and sand rats has
been reported (Robertson ef al. 1973). In the sand rats VLDL secretion was
reported to be closely correlated with plasma insulin levels, and insulin levels

correlated with the body weight (Robertson et al. 1973). VLDL secretion



rate was proportional to the fatty acid uptake in rats (Robertson et al. 1973).

Reaven & Greenfield (1981) found that liver exposed to elevated levels of
insulin secrete more TG at a given concentration of FFA. They observed that
the hyperinsulinemic ob/ob mouse when treated with small dose of strepto-
zotocin, had a hepatic TG secretion rate that was similar to that observed in
the lean controls. Similar observations of elevated TG were noted in hyperisu-
linemic patients with impaired glucose tolerance. (Reaven & Greenfield 1981).
Fatty acid levels are increased in obesity anu chis could be the cause of the
higher TG levels in cbese patients with impaired glucose tolerance (Sailer e
al. 1966).

PChE is also increased in the serum and liver of genetically obese (ob/ob)
rats and diabetic (db/db) mice as well asin GTG induced obese mice (Kutty
et al. 1981b). These investigators suggested that an increase in PChE activity

is a result of their increased caloric intake.

1.6 Objective of the present study

The objective of this study was to find out the reasons for PChE increase in
Diabetes Mellitus.

The following questions were posed:

(1) is the increase in PChE specific for one type of diabetes or common to
both types?

(2) is there a relationship between serum PChE increase and abnormal

lipid and lipoprotein metabolism?
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(3) is there a relationship between the control of hyperglycemia and serum
PChE activity in diabetes?

(4) does inhibition of PChE affect lipid and lipoprotein metabolism in
diabetic and normal rats?

(5) does the clearance of TG affect PChE activity n diabetes?

(6) does the inhibition of PChE in normal rats result in the accumulation

of choline or cholinesters in the serum, liver and their excretion in the urine?
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Chapter 2

MATERIALS & METHODS

2.1 Human Study

2.1.1 Subjects

Both type I (insulin dependent IDDM) and type II (non-insulin dependent
NIDDM) diabetic patients were studied after obtaining written informed con-
sent. The protocol was approved by the Human Investigation Committee
(Memorial University of Nfid. St. John’s).

Type | patients were recruited from among the patients who attended the
diabetic clinic at the Janeway Child Health Centre. The type II diabetic
patients were recruited from the diabetic clinic at the Grace General Hospital.

The non-diabetic/control subjects (age matched) were chosen at random
from the out patients and were confirmed as non-diabctic on the basis of

normal fasting and post meal blood glucose snd normal lipid profile.



2.1.2 Sample collection

Venous blood samples (fasting) were collected from the control subjects and
patients for the assay of the various biochemical parameters. Blood for glucose
was collected in fluoride tubes, in EDTA for HbA;c and in plain tubes for
insulin, C-peptide, lipids (triglyceride, TLDL, HDL-C and cholesterol) and

lipoprotein analysis,

2.2 Experimental Animals

Animal experiments were conducted after obtaining approval from the Presi-
dents Committee on Animal Bioethics and Care (Memorial University of Nfid.

St. John's).

221  Animals

Male Sprague-Dawley rats weighing 200-250 g were purchased from Charles
River Breeding Laboratories (Halifax, Nova Scotia). These animals were
housed in the Animal Care Unit of the Health Science Centre at the Memorial
University of Newfoundland, St. John's. Each rat was kept in an individual
cage whick contained heat treated wood chips for bedding. These cages were
kept in a light /heat controlled room. All the animals had free access to food
(Purina rat chow # 5012) and water.

Male CD-I albino mice (Swiss-Webster strain, 60 days old) were purchased

from Charles River (Halifax, Nova Scotia). These animals were also housed
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in the Animal Care Unit. Each mouse was kept in an individual cage which
contained heat treated wood chips for bedding. All the animals had free access

to food (Purina mouse chow # 5015) and water.

2.2.2 Induction of Diabetes with SZ and Alloxan

Fasting (14-15 hr) blood samples were obtained from the animals prior to injec-

tion of alloxan/SZ to obtain prediabetic levels of the biochemical of

interest. Diabetes was induced by a single intraperitoneal injection of freshly
prepared SZ (100 mg/kg body wt.) dissolved in 0.01M disodium citrate buffer,
pH 4.5 (Blackshear & Alberti 1974). For the induction of diabetes with al-
loxar., rats were injected intraperitoneally with alloxan (100 mg/kg body wt.)
dissolved in saline. Development of diabetes was confirmed by the presence
of glycosuria 72 hr after SZ injection. Urine was checked for glucose with a
multistix. Urine was collected from rats in metabolic cages fitted with a steel
collecting funnel and a fine wire mesh screen to retain the feces. The urine

was collected in plastic containers and stored at -20°C until analysed.

2.2.3 Sacrifice of the animals
Collection of tissues and blood

The animal was placed in a 4L beaker containing gauze pads moistened with
Ethrane (2-chloro-1,1,2-trifluoroethyl ether) and covered with a lid. Within
1-2 min the animal was mildly anesthetized. Blood samples (always 14-15

hr fasting) were collected by heart puncture using a 5 ml syringe with a 22
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gauge, 25 mm needle. The blood was allowed to clot at room temperature and

the serum was d by ifugation. After blood collection the animals
were sacrificed under deep anesthesia. A mid-line incision was made to expose
the required organs. Livers were first perfused with cold normal saline and
blotted dry between gauze. Epididymal fat pads were carefully dissected out
avoiding blood vessels, rinsed in saline and blotted dry with filter paper. Sera,

liver and the adipose tissue were stored at -20°C until ready to use.

2.2.4 Homogenization of tissues
Materials

Potassium chloride and Triton X100 were purchased from Sigma Chemical
Co. USA. “Airfuge” Ultracentrifuge and Beckman TJ-6 centrifuge (Beckman

Instruments, USA). Tissue grinders (Pyrex # 7727, USA).

Method

Livers were homogenized (with a tissue grinder) in 1% Triton X100 in 0.155
M KCl solution (4 ml/g wet wt. of tissue). The crude homogenate was cen-
trifuged at 2500 rpm at 4°C for 15 inin in a Beckman TJ-6 centrifuge. The
supernatant was removed with a Pasteur pipette and ultracentrifuged in a
Beckman “Airfuge” at 110,000 rpm for 5 min at room temperature. The
supernatant was saved to assay PChE activity. Adipose tissue was ground
in a tissue grinder using 2 ml cold water per gram of tissue. The crude

homogenate was centrifuged at 2500 rpm at 4°C for 15 min in a Beckman
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TI-6 ift The infl was further ull ifuged in a Beckman

“Airfuge” at 110.000 rpm at room temperature for 5 min (Lech & Calvert

1968). The clear supernatant was used for the assay of PChE activity.

2.2.5 Extraction of lipids from liver
Method

Lipids were extracted by homogenizing the tissue (1 g) with 2:1 chloroform-

methanol (20 ml, v/v), such that 1 ml of extract corresponded io 0.05 g of
the tissue or the homogenate concentration equals 5% (Folch et al. 1957).
The crude homogenate was filtered through a fat free filter paper. The filtrate
was washed with 0.2 ml of its volume of 0.05% calcium chloride solution. The
two layers were mixed by gentle stirring with a glass rod taking care to avoid
interfacial fluff. The two phases were separated by centrifugation. The upper
phase was removed completely with a Pasteur pipette and an aliquot of the

lipid extract was evaporated to dryness and analyzed for triglycerides.

2.3 Biochemical Methods

2.3.1 Determination of PChE activity, in Serum, Liver
and Adipose Tissue

PChE was assayed by the method of Dielz, Rubinstein & Lubrano (1973)

using propionylthiocholine iodide as the substrate for rat and mice samples.
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Butyrylthiocholine iodide was used for human serum and 5,5' dithiobis-(2-

nitro-benzoic acid) (DTNB) was the chromogen.

Materials

Propionylthiocholine iodide; butyr,

Ithiocholine iodide; 5,5'dithiobis-(2-nitro

benzoic acid) (DTNB); butyrylcholi

(h ); and Tris-(hydroxy

methyl)-ami (Tris) were

Reagents

d from Sigma Chemical Co. (USA).

(1) Tris-DTNB buffer (0.05 M), pH 7.4: Tris (6.055 g) was dissolved in 900 ml

distilled water and the pH was adjusted to 7.4 with conc. HCl. DTNB (100

mg) was dissolved in this solution and the volume was made up to 1L with

water.

(2) Substrate-buffer solution (made before use): Tris-DTNB buffer 0.05 M, pH

7.4 (60 ml) was mixed with 6 ml of 0.005 M propionyl or butyrylthiocholine

iodide (substrates). To this was added 15 ml of distilled water and mixed.

Reaction Sequence
PChE

Propionylthiocholine + H30 —— Propionic Acid + Thiocholine

Thiocholine + DTNB — 5-thio-2-nitrobenzoic Acid + Choline

(colored complex)
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Method

Appropriate aliquots of tissue preparations were added to the substrate-buffer
solution (2.7 ml) and the rate of change in absorbance of the thiocholine-
DTNB complex formed was recorded at 420 nm against a blank. The tissue
preparations analysed were: human and mice serum (20 ul), rat serum and
liver homogenate (50 ul) and rat adipose tissue homogenate (100 pl). The
enzyma activity was calculated from a standard curve constructed using free
thiocholine iodide as a reference (0.2 to 0.025 gmol). The enzyme activity was
expressed in terms of the pmoles of thiocholine formed in 1 min by 1 ml of

serum or g wet wt. of tissue.

Preparation of standard curve

Butyrylthiocholine iodide was the reference standard used. Thiocholine liber-

holis holi

on butyrylthi

ated by the action of horse scrum butyryl

iodide was the source of free thiocholine. A stock standard solution was pre-

pared by dissolving 15.86 mg of butyrylthiocholine iodide in 5 ml of distilled
water to give a concentration of 0.2 pmol/20 sl of solution. Into a clean
test tube was pipetted equal volumes of stock standard and horse serum
cholinesterase (1 U/ml). The reaction mixture was incubated for 10 min at
37° C. After incubation was completed, serial dilutions of the enzyme treated
standard solution was made to give 0.2, 0.15, 0.1, 0.05, 0.025 gmol of thio-
choline per 20 4l solution. To 2.7 ml buffer substrate reagent was added 20ul

of standard solutions containing 0.2 to 0.025 umol of thiocholine and the 0.D
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was read at 410 nm. The standard thiocholine curve was prepared by plotting

0.D verses concentration of thiccholine in pmole per test volume.

2.3.2 Serum Glucose Estimation

Serum glucose was estimated by an enzymatic method using the IL TESTTM
Glucose kit (Fisher Scientific Co. USA.) on the Monarch 2000 chemistry au-

toanalyzer.

Reagents (Provided in the kit)

Glucose reagent was provided as a dry powder which was reconstituted with

16.0 ml of deionised water before use.

Composition

Adenosine triphosphate (AT'P) > 1.79 mM; nicotinamide adenine dinucleotide
(NAD) > 2.5 mM; hexokinase (yeast) > 1000 U/l; G — 6 — PD > 1500 U/L.
Commercial control serum was run with each set of assay as standard and

control.

Reaction sequence

Hexokinase

Glucose + ATP ———— G-6-P + ADP

Glucose-6-Phosphate debydrogenase
G-6-P+ NAD* 6-phosphogl + NADH
+ 0t




The increase in absorbance at 340 nm due to reduction of coenzyme NAD*
to NADH is directly proportional to the amount of glucose present in the

sample.

2.3.3 Serum Triglyceride Estimation

Serum triglyceride was estimated on the Monarch 2000 chemistry autoana-
lyzer using the Peridochrom Triglycerides GPO-PAP (Cat # 701904) kit from

Boehri Mannheim GmbH Di

Reagents (Provided in the kit)

Composition

(1)Tris buffer: 0.15 M, pll 7.6; MgSO, 17.5 mM; EDTA(disodium salt) 10 mM;
4-chloro-phenol 3.5 mM; Sodium cholate 0.15%;Potassium hexacyanoferrate 6
1M; hydroxypolyethoxy-n-alkanes 0.12%.

(2)Lyophylisate: ATP > 0.54 mM; 4-aminophen-azone 0.35 mM; lipase > 3
U/ml; Glycerol phosphate oxidase (GPO) > 2.5 U/ml; Glycerol Kinase (GK)
> 0.2 U/ml; peroxidase > 0.15 U/ml.

Preparation of the working reagent: A reagent strip was immersed in a bottle
of buffer. This was allowed to stand for 5 or more minutes till the reagent

patches turned colorless. A control and standard was run with each set of assay.

42



The control and standards used wer2 ial serum ions namely,
Precilip EL, Precinorm and Precilip (Boehringer Mannheim Diagnostica)
Method

ic hydrolysis of TG with sub d ination of the liberated

glycerol (Bucclo & David 1973).

Reaction Sequence
Lipase

TC + 3H,0 —— Glycerol + 3RCOOH

Glycerokinase

Glycerol + ATP

Glycerol-3-Phosphate + ADP

Glyceral phosphate oxidase
Glycerol-3-Phosphate + 0, Dihyd h
phate + H,0,
Peroridase
Hy04 + 4-aminopt 34 iliopkanil +(pb

mono-imino)-phenazone + 2,0 + HCl

2.3.4 Serum Glycerol Estimation

Serum glycerol was measured on the Monarch 2000 chemistry autoanalyzer
using the Test-Combination Triglycerides kit (Cat # 125 032), Boehringer

Mannheim GmbH Diagnostica Kit.



Reagents (Provided in the kit)

Composition

Working reagent: Reagents provided in the kit were lyophilised powders and
were reconstituted with distilled water before use.

(1) Triethanolamine buffer (0.1 M, pH 7.6) containing MgSO, (4 mM).

(2) NADH/ATP/PEP, when reconstituted contained 6, 33 and 11 mM respec-
tively.

(3) Lactate dehydrogenase/Pyruvate kinase (LDH/PK) > 800 U/ml, 130
U/ml.

(4) Glycerokinase (GK) > 150 U/ml.

The final reaction mixtures were made as follows:

Reagent ‘A’ was made by mixing together 6.0 ml of buffer, 0.5 ml NADH/
ATP/PEP reagent and 0.1 ml LDH/PK reagent

Reagent ‘B’ was made by mixing together 6.0 ml of buffer and 0.1 ml of GK.

Ce ions of Glycerol dards used were, 0.2 mM and 0.4 mM.

Reaction Sequence

Glycerokinase

Glycerol + ATP —————— Glycerol-3-Phosphate + ADP

Pyruvate kinase

ADP + Phosphoenol, Pyruvate + ATP

Lactate dehyrogenase

Pyruvate + NADH + H¥+ ————— Lactate + NAD*
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The change in absorbance due to oxidation of NADH to NAD* at 340 nm

was a direct measure of the concentration of glycerol in the sample.

2.3.5 Serum Cholesterol Estimation

Serum chol 1 was esti d using IL Test™ chol 1 kit (Cat # 35245,

Fisher Scientific Co. USA), on the Monarch 2000 chemistry autoanalyzer.

Reagents (Provided in the kit)

Composition

4-aminoantipyrene (4-AAP) 0.9mM, phenol 21.0 mM, peroxidase (horse radish)

> 24,000 U/l chol | oxidase (microbial) > 1000 U/, chol 1 esterase

(microbial) > 1200 U/I.

Method

A modification of the enzymatic method established by Allain et al. (1974).

Reaction Sequence

Cholesterolesterase

Chol | + H,0 Chol | + Fatty Acid

Cholesterol oxidase

Chol 1+ 0, Cholesten-3- + H,0,
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Peroridase

H,0; + 4-amil i + phenol i imine + H,0

(colored chromogen)
H,0,, in the presence of peroxidase reacts with phenol and 4-aminoantipyrene
forming a red colored chromogen. Intensity of the color was proportional to

the concentration of cholesterol in the sample, which was measured at 500 nm.

2.3.6 Serum High Density Lipoprotein Cholesterol Es-
timation (HDL-C)

HDL-C was measured on the Monarch 2000 chemistry autoanalyzer.

Reagents (Provided in the kit)

Precipitant (Cat # 543 004) from Boehringer Mannheim GmbH D
Working reagent was prepared by diluting the stock precipitant with 20 ml

water.

Composition

Contains phosphotungstic acid 0.55 mM and MgCl, 25 mM.

Method

Chylomicrons, VLDL (Very low density lipoprotein) and LDL (Low density

i b

ic acid and ium ions.

in) were ipitated by ph

Centrifugation leaves only HDL in the supernatant (Burstein et al. 1970).
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d s od el

The cholesterol content of the was y ly on

the Monarch chemistry systems autoanalyzer, like total cholesterol.

2.3.7 Serum Total Low Density Lipoprotein (TLDL)
Estimation

TLDL was estimated in the Monarch 2000 chemistry autoanalyzer.

Reagent Composition

Calcium chloride (CaCl; 1.4 g) and 1 ml heparin (10,000 U/ml) were mixed
in 383 ml distilled water.
Method

TLDL ie apo-B containing lipoproteins in the serum was estimated by mea-

suring the turbidity produced by the addition of heparin and CaCl, reagent to

the sample. Commereizi serum samples, like Precilip, Precinorm and Precilip

E.L were used for the control and standard.

2.3.8 Estimation of Choline and Cholinesters in Serum,
Liver, Adipose tissue and Urine

Free choline was estimated by the Choline oxidase method (McGowan et al.

1983).
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Materials

Choline iodide, 4-aminoantipyrine, choline oxidase (EC 1.1.3.17: alcaligens
species), peroxidase (EC 1.1].1.9: horse radish type 1) and 2-hydroxy-3,5-di

chlorobenzene sulfonate were purchased from Sigma Chemicals Co. USA.

Reagents

(1) Tris/HCI buffer (50 mM) was made by dissolving 6.0558 g Tris in 900 ml
H;0 and adjusting the pH to 7.8 with HCl. The volume was made up to 1L
with distilled water.

(2) 4-aminoantipyrine (7.5 mM) was made by dissolving 0.152 g in 10 ml
Tris/HCL buffer (50 mM, pH 7.8).

(3) 2-hydroxy-3,5-dichlorobenzene sulfonate (30 mM) was prepared by dissolv-
ing 0.0795 g in 10 ml Tris/HCL buffer (50mM, pH 7.8).

(4) Choline oxidase (7 U/ml) was dissolved in Tris/HCL buffer (50mM, pH
7.8).

(5) Peroxidase (30 U/ml) dissolved in Tris/HCL buffer (50 mM, pH 7.8).

Choline reagent

This was made by mixing together in order 2.3 ml reagent (2), 2.3 ml reagent

(3), 5.46 ml reagent (4) and 3.94 ml reagent (5).



Assay procedure

Into a clean cuvette was pipetted 300 ul Tris bufier pH 7.8 and 20 pl sample,
standard or blank. The O.D. at 510 nm was read until constant. To these
cuvettes was added 480 pl of choline reagent. The contents were mixed by in-
verting and the change in absorbance was read at 510 nm for 1-2 min. Choline
iodide was the stendard used for plotting the standard curve with concentra-
tions ranging from 3 to 30 uM of choline. For the determination of choline
esters 20 pl of sample was incubated with 20 pl horse serum cholinesterase (1
U/ml) for 5-10 min at 37°C. An aliquot of the incubated mixture (20 ul) was
assayed for choline as above. This gives the absorbance for the total choline
i.e. (free choline + choline obtained by the hydrolysis of cholinesters). Thus

the ions of the choli were calculated by taking the differences

between the total choline and the free choline. The choline concentration was

calculated from the standard curve.

2.3.9 Thin Layer Chromatography (TLC)

For qualitative d ination of Choli

Materials

Ammonium reineckate (BDH), NaCl, acetone, butanol. glacial acetic acid,
ethanol (reagent grade), KI and bismuth subnitrate were purchased from

Sigma Chemicals Co. USA. Silica gel G TLC plates (Analtech, inc).



Reagents

(1) Saturated ammonium reineckate.

(2) NaCl 0.9%.

(3) Dzagendorff’s reagent: Consists of potassium iodide (0.11 M) and bismuth
subnitrate 0.6 mM in 3.5 M acetic acid.

(4) Chromatography solvent: Butanol:H;0:Glacial acetic acid:Ethanol in the

ratio of 4:3:1:2 (v/v/v/v).

Procedure

Cholinesters in the sample were ipitated by i ineck To
0.4 ml rat serum was added 1 ml saturated ammonium reineckate solution.
For the blank 0.4 ml 0.9% NaCl was treated with ammonium reineckate. The
solution was mixed well by vortex for 1 to 2 min and allowed to stand on ice
for 5 min. This mixture was centrifuged for 10 min at 3000 xg at 4°C. The

vy discarded. and e reinech ipitate was dissolved in a

known minimum volume of acetone and chromatographed on silica G plates
using the solvent system butanol/ H,0/glacial acetic acid/ethanol (4:3:1:2).
Butyrylcholine, acetylcholine, propionylcholine and choline were used as ref-
erence compounds. The spots were visualized by spraying with Dragendorff’s

reagent.
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2.3.10 Esiimation of Serum C-peptide

Serum C-peptide was determined using the C-peptide kit (Daiichi Radioiso-

tope Labs. Ltd).

Method

Radioimmunoassay method.

Reagents (Provided in the kit)

(1) C-peptide standards of concentration ranging from 0-30 ng/ml.

(2) C-peptide antiserum.

(3) lodinated C-peptide (***1) 2uCi.

(4) Anti-rabbit-4-globulin.

(5) Precipitation stabilizer.

All reagents were lyophilized hence had to be reconstituted before use with

distilled #,0.

Procedure

All measurements were done in duplicate. The standard solution or patients
serum (100 pl) was transfered into numbered tubes. To this was added 100
ul of iodinated C-peptide (**I) solution. C-peptide antiserum (100 ul) was
added to all tubes except the tubes numbered for total counts measurement.
The tubes were gently shaken together with their holders and incubated at

20° C % 5 for 20 & 4 hr. After incubation was complete, 500 pl of anti-rabbit
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+-globulin serum was added to each tube. All tubes were mixed well (within
10 min) on a vortex mixer and incubated for 30-40 min at room temperature.
After incubation was complete the tubes were centrifuged at 3000 rpm for 30
min at 4°C. Supernatant was removed by aspiration. Radioactivity of each
tube was measured on a gamma counter and the C-peptide concentration was

obtained from a computer program in the counter.

2.3.11 Estimation of Serum Insulin

Serum insulin was determined using the Pharmacia Insulin RIA Kit.

Principle

Insulin in the sample competes with a fixed amount of **/-labelled insulin
for the binding sites of the specific antibodies. The bound and free insulin
are separated by the addition of a second antibody immunoadsorbent. After
centrifugation the supernatant was aspirated and the radioactivity in the pellet

was measured in a gamma counter.

Reagents (Provided in the kit)

All reagents were ready to use.

(1) Standard insulin (human) 0-240 U /ml.
(2) Antibody.

(3) Insulin-'®1 (1.0 4 Ci).

(4) Decanting suspension (sepharose-anti-guinea pig IgG).
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Assay Procedure

duplicat

All were done in Standard and patients samples

(100 pl) were transfered into numbered tubes. To each tube was added '/
(50 pl) followed by 50 ul antibody. The reaction mixture was mixed well
and incubated for 30 min at room temperature. The tubes were centrifuged
10 min at 1500 g and the supernatant was removed carefully by aspiration.
The radioactivity of the pellet was measured in a gamma counter. Insulin

concentration was obtained from the counter by computerised calculation.

2.3.12 Estimation of Glycosylated Hemoglobin (HbAc)

HbAc in the blood was estimated with the Hemoglobin A,c Mini Column

Test kit of Bio Rad (Cat # 1919001).

Materials (Provided in the kit)

(1) Hemolysis reagent.

(2) Elution/developing reagent:

(a) Borate/phosphate buffer pH 6.7.

(b) Phosphate buffer pH 6.7.

(3) Resin columns (weakly acidic cation exchange resin).

(4) Calibrators: These were lyophilized human whole blood hemolysates.



Procedure

Separate columns were set for caiibrators, control and patient samples. The
sample hemolysate was prepared by mixing together 500 yl hemolysis reagent
and 100 gl of the patients sample. This was vortexed and allowed to stand
for 10 min. Within 60 min of draining the columns, 100 4l reconstituted
calibrators, controls and patients hemolysate was added to the column and
adsorbed on to the resin by allowing it to stand for 5 min. To each column was
slowly added 4.0 ml elution/developing reagent {borate/phosphate buffer pH
6.7). The eluate was discarded, 10.0 ml elution/developing reagent (phosphate
buffer pH 6.7) was added to each column and the eluate was saved and labelled
‘A’ To a set of test tubes labelled ‘B’ was added 10.0 ml elution/developing
reagent (phosphate buffer pH 6.7) and 20 pl each sample hemolys~te, control
and calibrator. The contents of tubes labelled A an: 3 were mixed well on
a vortex before reading the absorbance at 415nm. HbA,c concentrations was

calculated from a standard curve.

2.3.13 Electrophoretic Separation of Serum Lipopro-
tein
(a) Polyacrylamide gel electrophoresis (PAGE)

Method

Serum lipoproteins were separated on polyactylamide gel by the method of

Frings, Foster & Cohen (1971).



Materials

Tris (tris(hydroxyet hyl)aminomethane], Trizma base; TEMED (N,N,N',N'tetra-

methylethylenediamnine); acrylamide (Bio Rad); bisacrylamide(N,N"-methylene-

bisacrylamide); ribofl sucrose; ium persulfate and glycine were

obtained from Sigma Chemical Co. (USA) and Sud.un Black B from Fisher

Scientific Co.

Equipment

Gel tubes 7x75 mm glass tubes. Power pack ( Electrotek™ power supply.

Buchler instruments N.J.).

Reagents

(A) Separating Gel:
(1) Tris (9.0 g), 0.8 ml HCI and 100 ul TEMED were dissolved in 50 ml H,0.
(2) In 50 ml H,0 was dissolved 6.0 g acrylamide and 240 mg bisacrylamide.
(3) Ammonium persulfate (280 mg) was dissolved in 100 ml H,0.
Solutions 1,2 and 3 were mixed in the ratio of 1:1:2 (v/v/v).

(B) Stacking Gel:
(1) Tris (5.98 gm) and 0.46 ml of TEMED were dissolved in 100 ml H,0 after
the pH was adjusted to 6.7 with HCI.
(2) Acrylamide (2 gm) and 0.5 gm of bisacrylamide were dissolved in 20 ml
H,0.

(3) Ribofiavin (8 mg) was dissolved in 100 ml H;0.



(4) Sucrose (20 gm) was dissolved in 50 ml H,0.

Solutions 1,2,3 and 4 were mixed in the ratio of 1:2:1:4 (v/v/v/v).

(C) Loading Gel:
Stacking gel (4 ml) and 0.5 ml working dye were mixed just before use.

(D) Dye solution:
Stock dye solution consisted of 250 mg Sudan Black B dissolved in 30 ml
ethanol. Working dye solution was made before use by diluting 1.5 ml stock
dye solution with 3.5 ml H;0.

(E) Chamber Buffer:
Tris/glycine buffer was prepared by dissolving Tris (6.0 g) and glycine (28.8
g) in 800 m) H,0. The pH was adjusted to 8.3 with conc. HCL and the final

volume was made up to 1L with distilled water.

Procedure

To each gel tube was added 1.0 ml freshly prepared separating gel and the top
of the gel was layered with H30. The gels were allowed to photopolymerize at
room temperature. After polymerization was complete, H,0 used for layering
the gels was removed and 100 4l of concentrating gel solution was added to
each tube and the gels wete topped again with H,0 and allowed to polymerize.
To the polymerized gels were added 50 4l of serum and 200 pl of loading gel.
They were mixed by invertion and the tubes were layered with chamber buffer,
and allowed to polymerize for 30 min under intense light. The gel tubes were

then inserted into the electrophoretic cell ining buffer. El h
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was run for 30 to 40 min at 5 mA per gel.

(b) Agarose gel electrophoresis

Human serum lipoproteins were separated using the Paragon Lipoprotein (Lipo)

Electrophoresis Kit of Beckman (P/N 655910) USA.

Equipment

Electrophresis cell, power pack, sample applicator, wet processor station and

dryer, all from Paragon, Beckman USA.

Reagents (Provided in the kit)

(1) B-2 Barbital buffer pli 8.6 was made by dissolving 55-diethylbarbituric
acid (18.2 g) and 5,5-diethylbarbituric acid sodium salt in 1L H,0.

(2) Lipoprotein working stain (0.07%): To 165 ml reagent alcohol was added
3 ml Paragon lipostain. To the throughly mixed solution was added deionized
H,0 (135 ml).

(3) Fixative solution: To 180 ml reagent alcohol wes added 90 ml deionized
H20 and 30 ml acetic acid.

(4) Destain solution: To 450 ml reagent alcohol was added 550 ml deionized

130 and mixed.
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Procedure

The compartments of the electrophoretic cell were filled with 45 ml buffer.
Lipo gels were blotted with the gel blotter and the template aligned with
position dots on the edges of the gel. Samples were applied into each template
slot with the help of an applicator and stood for 5 min. The template was then
blotted and the gels were placed into the gel bridge assembly, which was placed
into the electrophoresis ccll with a power supply. Electrophoresis was carried
out for 30 min at 100 Volts. Upon completion the electrophoresis gels were
placed in gel frames and immersed in fixetive solution for 5 min. They were
then completely dried in the dryer. The dried gels were stained by keeping
in the working stain for 5 min. The excess dye was removed by destaining
the gels for 5 min and finally dried in the dryer.The lipoprotein bands were

quantitated with a densitometer at 600 nm.

2.3.14 Statistics

All values are analysed by students ‘t’ test. Pearsons correlation analysis was

done on the data of type I and type II diabetic patients.
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Chapter 3

RESULTS & DISCUSSIONS

3.1 Human Studies

3.1.1 Serum Pseudocholinesterase activity in Type I
and Type II Diabetic Patients

Aim

The aim of this study was to determine whether serum PChE activity is in-

creased in diabetic patients and whether the increase is specific for a particular

type of diabetes or common to both type I and type II.

Results

The levels of PChE activity and concentrations of glucose, lipids, C-peptide,
insulin and HbA,c in type I and type II diabetic paticnts were compared with

the controls. Clinical characteristics of the diabetic patients are summarised
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in Table 3.1. Approximately equal numbers of male and female subjects were
closely matched with regard to age, weight and height.

Tables 3.2 and 3.3 gives a comparison of serum values between the control
and diabetic patients (type II and type I respectively). Diabetics differed
significantly from their age and sex matched controls, Serum PChE activity
was found to be significantly higher (p<0.001) in the diabetic patients. The
significant increase in C-peptide in the type II diabetics is consistent with
identifying this group with the non-insulin dependent type. C-peptide level
was significantly lower (p<0.001) in the type I patients which is common to
this type of diabetes. Poor long term glycemic control is indicated by increased
HbA ¢ levels in these patients. The levels of serum lipids and lipoproteins, TG
and TLDL were significantly higher in the diabetic patients. Serum cholesterol
level was increased in both the types of diabetes, but was more significant in
type I (p<0.001). HDL-C was significantly lower in the type II patients, while

in type I there was no significant change (p=0.600).

Discussion

The present study on the diabetic patients reconfirms the observation made
in the 1930’s demonstrating an increase in serum PChE activity in diabetes
(Antopol et al. 1937). But these investigators did not provide specific de-
tails regarding the type of diabetes or any contributing factor(s) respunsible
for the increase in PChE activity in diabetes mellitus. The present study

demonstrates that PChE activity is elevated in both types of diabetes (20%
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in type II and 43% in type I) as compared to the controls. Type Il patients
have increased serum C-peptide levels which suggests a certain degree of in-
sensitivity to insulin. Low levels of C-peptide in the type I diabetic patients
indicates decreased insulin secretion, characteristic of this type. HbAc is also
significantly higher in the diabetic patients suggesting lack of glycemic cnr;trol.
Decrease in HDL-C is a common finding in patients with elevated VLDL, TG
and in diabetes (Howard 1987). The common factor in both types of diabetes

appears to be hyperlipoproteinemia especially hypertriglyceridemia. Increased

serum PChE activity has been reported in type IIb and IV hyperlipoproteine-
mic patients (Kutty et al. 1981a, Jain et al. 1983) and hyperlipoproteinemia is
known to be common in diabetes mellitus. There is a good positive correlation
between PChE and TG as indicated by Pearsons correlation analysis which
gave P=0.499 for type I and P=0.526 for type II diabetic patients respectively.
Since the majority of TG is in the form of VLDL in the blood this suggests a
relationship between PChE and VLDL. The correlation between serum PChE
and the other variables like glucose, cholesterol, TLDL and HDL-C was not

statistically significant.
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Table 3.1:

Clinical characteristics of the patients

Type  No Sex Age Duration  Weight Height
yr of diabetes Kg Cm
[DDM 53 M 128 £ 08 >lyr 485 + 3.3 150.0 + 3.7
57 F 124 £ 06 >lyr 442 + 2.8 M54 * 3.1
NIDDM 20 M 591 = 25 >lyr 71 %+ 2.9 1705 = 2.4
21 F 451 £ 43 >lyr 662 + 2.7 157.3 x 1.2

Medication and other complications not recorded.



Table 3.2:

Comparison of serum values between Control

and Type Il diabetic patients (NIDDM)

Analysis Control(40) Patients(41)" P value
PChE (U/l) 32021' & 464 383 126 0.001
Glucose (mmol /1) 465 % 007 1045 £ 0.52 0.001
C-pep (pmol/l) 2665 + 158 8691 <+ 824 0.001
Insulin (pmol/1) 782 + 4.2 3540 + 80.2 0.002
HbAye (%) 5.65 £+  0.50 844 £ 0.25 0.001
TG (mmol/l) 1.33 £ 0.07 2.58 + 0.20 0.001
Chol (mmol/l) 547 + 0.12 602 + 021 0.050
TLDL (g/}) 34T £ 001 420 £ 022 002
HDL-C (mmol/1) 140 £ 005 121 * 0.06 0.036
LDL-C (mmol/l) 332 £ 011 36 % 0.6 020

t Mean * SEM.

« Number of subjects.



Table 3.3:

Comparison of serum values between Control

and Type I diabetic patients (IDDM)

Analysis Control(22) Patients(110)" P value
PChE (U/l) 3028.0! 95.0 43361 £ 705  0.001
Glucose (mmol/l) 483 £ 011 1459 & 064  0.001
C-pep (pmol/l) 6310 = 101 160 £ 118 0.001
Insulin (pmol/l) 1344 £ 171 4592 * 359 0.001
HbAc (%) 536 + 016 857 £ 023  0.002
TG (mmol/l) 119+ 0.09 215 £ 007 0.0l
Chol (mmol/l) 35 = 014 467 £ 007 0.0l
TLDL (g/1) 196 009 292 £ 007 0.0l
HDL-C (mmol/l) 136+ 009 142 % 003 0.600
LDL-C (mmol/l) L7 012 227 006 0.001

t Mean £ SEM.

* Number of subjects.
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3.2 Animal Studies

3.2.1 Type I Diabetic Model

Induction of diabetes with streptozotocin and alloxan
Aim

This experiment was designed to determine a) whether serum PChE activity
increase occurs with induction of hyperglycemia in the experimental animal

that mimics the type I diabetic patient and b) whether a relationship exists

between serum glycerol, TG and PChE activity.

Results

Table 3.4 shows & comparison of serum values of rats hefore and after induc-
tion of diabetes with SZ. The difference in the number of animals between the
control (38) and test (30) is because a few died during/after blood collection

and a few after the administration of SZ. I i | adiniistiation of &

single dose (100 mg/kg body wt.) of SZ resulted in a significant increase in
serum glucose and serum PChE activity within 72 hr of the treatment, with
a concomitant increase in TG, glycerol and TLDL levels. The decrease in
cholesterol level was insignificant (P=0.710), while HDL-C decreased signifi-
cantly (p<0.05). A decrease of 48% in circulating insulin levels was observed
in SZ treated rats. Adipose tissue PChE activity was increased significantly

in the SZ diabetic rats (p<0.001), while no change in liver PChE activity was
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noted (p=0.076, Table 3.5). Liver TG showed a significant increase after SZ
administration (p<0.05). The weights of control and diabetic rats were similar
at the start of the experiment, but, on development of diabeles the SZ treated
rats lost 12% of their body weight compared to the normals.

Induction of diabetes with alloxan, like SZ significantly increased the serum
glucose level and PChE activity within 72 hr (‘Table 3.6). Serum TG, choles-

terol, TLDL and glycerol levels were also significantly elevated.

Discussion

Streptozotocin was the chemical used for the induction of diabetes in all the
experiments except in one. Diabetes was induced with alloxan only in one set of
rats to verify whether increase in PChE activity was consisten’, with chemically
induced diabetes irrespective of the type of diabetogenic agent used.

A 48% decrease in the circulating insulin level indicates damage to the g
cell. In previous studies Schein ef al. (1971) and Bar-On (1976) observed de-
creases of 50% and 60% respectively in the serum insulin levels after treatment
with SZ. Increased serum PChE activity in SZ induced diabetic rats is con-
sistent with the obsevations of Deshmukh (1986) on alloxan induced diabetic
rats. The increase in TG levels in the diabetic rats appears to be a result
of increased VLDL. This assumption is based on the following reasons, (a)
all blood samples were collected after an overnight fast, (b) lipoprotein elec-
trophoresis did not show the presence of any chylomicrons but gave a dense

pre- lipoprotein (VLDL) band (Fig 3.3) (¢) and increased serum TLDL was
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noted (a measure of lipoproteins of density < 1.006, Table 3.4). The increase
in glycerol level occnred in parallel with the elevation of TG and TLDL. Glye-
erol is a measure of the degree of lipolysis in the adipose tissue. Hence the
increase of serum glycerol in the diabetic rats indicates increased lipolysis.
Earlier studies suggested that the increase in VLDL-TG in the diabetic rats
was due to both enhanced VLDL-TG synthesis and secretion (Nikkila & Kekki
1973). Increased fatty acid mobilization due to increased lipolysis appears to
be the reason. This agrees well with the increase in serum glycerol, TG and
liver TG found in the present study in the diabetic rats. Serum PChE activ-
ity increased together with TG and glycerol, indicating a possible relationship
between PChE activity and VLDL metabolism. Decrease in serum cholesterol
level in the SZ induced diabetic rats appears to be a result of the significant
decrease in serum HDL-C concentration (Table 3.4).

The origin of serum PChE is suggested to be from the Liver (Silver 1974).
However the liver PChE activity in the diabetic rats did not differ significantly
from the controls (Table 3.5). The reason for this could be that, though PChE

is synthesized in the liver, it may be rapidly secreted into the circulation.
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Table 3.4:

Comparison of serum values before and after induction

of diabetes with Streptozotocin

Analysis Before induction (38)  After induction (30)" P value
Glucose (mmol/l) ~ 5.09' + 021 217 £ 1334 0.001
PChE (U/l) 2431 % 7.2 /LS £ 118 0.002
Insulin (pmol/l) 659 + 4.7 348 £ 105 0.001
TG (mmol/l) 063 + 005 243 024 0.001
Glycerol (mmol/l)  0.33 + 0.0l 052 + 003 0.001
Chol (mmol/1) 1.62 £ 006 1.58 + 0.09 0.710
TLDL (g/1) 017 x 001 027 £ 002 0.001
HDL-C (mmol/l) 140 + 007 119 & 007 0.041
Weights (g) 259 £ 149 2207 £ 136 0.001

t Mean & SEM.

* Number of animals.
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Table 3.5:

Tissue levels of TG and PChE in Control

and Diabetic rats

Tissue Control(12) Diabetic(8)" P value
Liver PChE 0.90! + 0.04 1.01 £ 003 0.076
Liver TG 19.85 + 0.68 23.36 * L19 0.024
Adipose PChE 035 = 001 043 = 001 0.001

t Mean + SEM.
= Number of animals.
Expression of data: liver TG pumol/gm wet wt., liver and adipose

tissue PCE yumol/min/g wet wt.
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Table 3.6:

Comparison of serum values before and after induction

of diabetes with Alloxan

Analysis Control(26)* Diabetic(16) P value
Glucose (mmol/l) 0.18 28.2 2.95 0.001
PChE (U/1) £ 103 3724 & 237 0.001
TG (mmol/1) £ 005 195 & 0.3 0001
Glycerol (mmol/l) & 0.01 063 £ 0.02 0.001
Chol (mmol/l) + 005 1.81 £ 007 0.001
TLDL (g/1) £ 000 21 % 001 0.001
Weight (g) + 420 2205 £ 210 0002

t Mean + SEM.

= Number of animals.



3.2.2 Effect of Insulin Treatment on Diabetic Rats
Aim
The aim of the following experiment was to determine whether control of

hyperglycemia with insulin affects serum PChE activity besides normalizing

lipid levels.

Results

Figs 3.1 and 3.2 illustrate the cflects of insulin treatment and withdrawal on
diabetic rats. The difference in the number of animals was the result of deaths
occuring due to the experimental treatments. Induction of diabetes caused a
significant increase in the levels of serum glucose, PChE activity, TG, glycerol

and TLDL. Changes in scrum HDL-C and cholesterol levels were statistically

insignificant (p=0.330 & 0.610 respectively). Diabetic rats were given 3 units
of insulin/day subcutaneously for a week. After glycemic control was achieved
as detected by monitoring urinary glucose, blood was collected and insulin
treatment was discontinued. Treatment with insulin resulted in a significaut
reduction in the serum glucose level (p<0.001). Concomitant with the control
of diabetes the serum levels of PChE activity, glycerol and TG also decreased
significantly, while the decrease in TLDL level was not statistically significant
(p=0.820) compared to the diabetic rats. In contrast, cholesterol and HDL-C
showed a significant increase (p ~0.005). Glycosuria reappeared on the 3rd

day of insulin deprivation. Following withdrawal of insulin the levels of serum



glucose, PChE activity, TG, TLDL, glycerol, cholesterol and HDL-C reverted
to those observed in the diabetic state.

The electrophoretic patterns of serum lipoproteins obtained on 10% poly-
acrylamide gels of rat serum isolated before and after induction of diabetes and
after treatment and withdrawal of insulin are shown in Fig 3.3. A dense VLDL
band (pre-A lipoprotein) was visible in the serum isolated from the diabetic rat
and was undoubtedly responsible for the increased serum TG concentration

observed (Fig 3.1). The LDL (3-li in) and HDL (a-lipoprotein) bands

were less pr: d in the diabetic d to the normal rat serum. In-

sulin treatrent reduced the VLDL band and increased HDL. Withdrawal of
insulin increased the VLDL band again with a decrease in HDL and LDL
bands.

Discussion

The decrease in serum PChE activity after insulin treatment with a concomi-
tant decrease of TG which is essentially associated with VLDL, indicates a
close relation between PChE activity and VLDL. The decrease in serum glyc-
erol concentration due to insulin treatment suggests an inhibition of the ac-
celerated lipolysis in the adipose tissue which is usually found in diabetes.
Therefore the decrease of TG with the decrerse in serum glycerol is an in-
dication that part of the reason for hyper-pre-g-lipoproteinemia or increased
VLDL may be the overproduction of VLDL in the liver. The reduction in

serum TG was more marked than the PChE activity in the diabetic rats after
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insulin treatment (Fig 3.1). Insulin treatment is known to activate lipoprotein
lipase (LPL) which facilitates *he rapid clearance of VLDL-TG from the cir-
culation (Schantz & Williams 1963). This accounts for the marked decrease of
TG in the diabetic rats treated with insulin. On the other hand, though PChE

1 conifeantl

activity d after insulin it was not as marked

as serum TG. The possible reason for this could be. that LPL has no effect in
the clearance of PChE from the circulation.

About 60-70% of serum cholesterol is in the form of HDL-C in the rats.

Insulin d 4 VLDL signi ly but at the same time ele-
vated HDL (Fig 3.3). This explains why, serum cholesterol was significantly
(p<0.005) increased in the insulin treated rats.

Withdrawal of insulin elevated the serum glucose concentration to almost
that level observed before insulin treatment (Fig 3.1). SZ is known to cause
irreversible damage to the pancreatic 3 cells (Junod ct al. 1969). This is
confirmed by the 48% decrease in circulating insulin levels (Table 3.1) observed
within 72 hr after injection of the diabetogenic agent. Serum TG, glycerol
and TLDL levels were also increased after withdrawal of insulin. Plasma lipid
levels are related to the degree of glycemic control (Sosenko et al. 1980, Lopes-
Virella et al. 1981). PChE activity also increases with the reappearance of

hyperglycemia and hyperlipidemia.
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Fig 3.3: El h of serum lipop

A - gel showing the lipoprotein pattern of normal rat serum.
B - lipoprotein pattern 72 hr after induction of diabetes with SZ.
C - lipoprotein pattern one week after insulin treatment of diabetic rat.

D - lipoprotein pattern 3 days after withdrawal of insulin treatment.






3.2.3 Effect of Iso-OMPA on Diabetic and Control
Rats.

Aim

The objective of the following study was to determine whether the inhibition

of PChE activity in general and specifically in the adipose tissue can decrease

lipolysis in the diabetic rat thereby decreasing the efflux of glycerol and fatty

acids necessary for the TG and VLDL synthesis. If this were true it would

also indicate that part of the reason for the increase in TG and VLDL levels

in diabates mellitus is due to their overproduction.

Results

Two dose levels (17.6 & 8.2 mg/rat) of iso-OMPA (specific PChE inhibitor,
from Sigma Chemicals Co. USA) were administered to the diabetic rats in-
traperitoneally dissolved in physiological saline for a period of 6 days. Com-
parisons of the serum values of the normal rats with diabetic and iso-OMPA
treated diabetic rats are indicated in the Table 3.7. The levels of serum PChE
activity, glucose, TG, TLDL and glycerol were sigmficantly higher in the di-
abetic rats than the controls, while serum cholesterol showed no significant
change (p=0.860). These findings are similar to those observe. in the pre-
vious experiments (Table 3.4; Figs 3.1 & 3.2). At both levels of iso-OMPA,
PChE inhibition was highly significant. However the residual PChE activity

at the lower dose of iso-OMPA was twice that of the higher dose level. The
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administration of a high dose of iso-OMPA to the diabetic rats produced a
significant reduction in the serum TG, glycerol, cholesterol and TLDL lev-
els compared to the untreated diabetic rats. At lower doses there was also

a signi duction in the above ioned variables d to the un-

treated diabetic rats. But, wh=n compared to the serum values obtained with
the higher dose of iso-OMPA the only significant differences found were be-
tween serum glucose, cholesterol and TLDL. Serum glucose was significantly
(p<0.005) reduced with the high dose of iso-OMPA treatment, whereas the
low dose had no effect on serum glucose level. Liver TG and PChE activity
in the adipose tissue and liver were significantly reduced in the iso-OMPA
treated diabetic rats compared to the untreated diabetic rats (Table 3.8). The
inhibition of PChE activity in the normal rats also resulted in a significant
decrease in the serum glycerol and TG levels (Fig 3.5). A decrease in liver TG
and PChE activity in both liver and adipose tissue was also noted (Table 3.9).

A second set of diabetic rats (6) were also treated intraperitoneally with
iso-OMPA (17.2 mg/rat) for 6 days. At the end of the sixth day iso-OMPA
treatment was discontinued for 3 days to observe the effect of withdrawal of
inhibition of PChE activity on glucose, lipid and lipoprotzin levels in the dia-
betic rats. Fig 3.4illustrates the effect of iso-OMPA treatment and withdrawal
on diabetic rats. As in the previous experiments, 72 hr after injection of SZ a
significant increase in serum glucose, PChE, TG and glycerol was observed. In-
hibition of PChE with iso-OMPA resulted in a significant decrease in glucose,

TG and glycerol. Withd | of iso-OMPA caused a signifi




increase in PChE activity along with an increase in serum glucose, TG and
glycerol levels. The reason for the excessive overshoot in serum glucose and
glycerol due to the withdrawal of iso-OMPA is not clear.

The el b of serum li ins on 10% polyacrylamide gel

(Fig 3.6) indicated the absence of chylomi A dense pre-g-li
band was observed after induction of diabetes which decreased after iso-OMPA
treatment. Diabetic and iso-OMPA treated diabetic rat serum showed 8 and

a-lipoprotein bands which appeared lighter than the normal serum.

b

Fig 3.7 shows the elect of serum li ins of normal and

iso-OMPA treated rats. Pre-3, 3 and a-lipoproteins were decreased after the

iso-OMPA treatment of normal rats.

Discussion

Iso-OMPA treatment of the diabetic rats caused a marked inhibition in serum,
liver and the adipose tissue PChE activity (Tables 3.7 & 3.8). A significant
reduction in serum glycerol was also observed. This suggests that PChE in
the adipose tissue may have a role in lipolysis. The possibility that PChE
behaves like a hormone sensitive lipase was suggested by Szendzikowki et al.
(1961/62) and Colvlle et al. (1964). They showed that specific (is0-OMPA)
and non-specific inhibitors of PChE like neostigmine and physostigmine at dose
levels sufficient to inhibit PChE activity decreased hormone mediated release
of fatty acid from the rat aorta. Subsequent to the inhibition of lipolysis

with iso-OMPA serum TG and VLDL decreased markedly (Figs 3.4 & 3.6).
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Decrease in the glycerol and TG levels in the serum (Table 3.7) together with
a reduction in liver TG (Table 3.8) provides substantial support that VLDL-
TG production is higher in diabetic rats when compared to the normal rats.
Within a short period of 3 days, withdrawal of iso-OMPA treatment caused
all the serum values to rise almost to those observed in the diabetic state. A
decrease in serum glucose was also observed but only with the higher dose of
iso-OMPA. It is not possible to explain this observation.

Treatment of normal rats with both high and low doses of iso-OMPA also
decreased serum TG, VLDL and TLDL, while glycerol did not show any signif-
icant change. This suggests that PChE may have a role in VLDL assembly and
secretion and its final transformation into LDL. Earlier studies have indicated
a stablizing effect of PChE on LDL (Kutty et al. 1973). The exact biocheinical
and molecular mechanism associated with the changes in PChE activity and
its relationship to lipid metabolism in general and lipoprotein metabolism in

particular needs to be studied thoroughly to explain this finding.
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Table 3.7:

Effect of two dose levels of iso-OMPA on diabetic rats

Analysis Control Diabetic Higher Lower
(14y° (14) dose(T) dose(7)

Glucose 4190 £ 009 3277 + 1.33° 258 + 1.928° 3274 £ 1.98¢

(mmol/l)

PChE 230 + 7.01 410 £ 185 3583 + 0.83° 6943 £ 1.94°

u/m

TG 099 + 008 462 + 062 051 * 0.08 062 * 0.10°

(mmol/l)

Chol 125 £ 0.07 1.2 % 0.12¢ 038 + 0.098° 0.7 £ 0.22¢

(mmol/l)

Glycerol 032 £ 0.02 072 *+ 0.07° 039 * 0.06° 037 + 007

(mmol/l)

TLDL (g/l) 0.12 £ 0.01 056 + 0.12° 005 + 0.02° 0.13 £ 0.02°

t Mean + SEM.

* Number of animals.

P values for diabetic vs control; iso-OMPA treated diabetic

vs diabetic rats: a<0.001; b<0.005; c<0.05; d= 0.83-0.86.
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Table 3.8:

Tissue levels of TG and PChE in Diabetic

and Iso-OMPA treated diabetic rats

Tissues Diabetic rats(8) Iso-OMPA Treated(7)* P value
Liver PChE o1t - 0.03 0.40 + 0.01 0.001
Adipose PChE 0.43 & 0.01 0.13 + 0.01 0.001
Liver TG 23.36 & L19 13.50 &£ 2.00 0.001

t Mean + SEM.
* Number of animals.
Values are expressed as: liver and adipose tissue PChE

pmol /min/g wet wt.; liver TG pmol/g wet wt.
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Table 3.9:

Tissue levels of TG and PChE in Normal and

Iso-OMPA treated rats

Tissues Normal Rats(12)  Iso-OMPA treated(6) P value
Liver PChE 090t + 004 051 * 003 0.001
Adipose PChE 035 £ 001 004 # 001 0.001
Liver TG 19.85 £ 068 1693 + 086 0.001
t Mean £ SEM.

* Number of animals.
Values are expressed as: liver and adipose tissue PChE

smol/min/g/ wet wi.; liver TG pmol/g wet wt.
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Fig 3.6: El of serum lj

A - gel showing the lipoprotein pattern of normal rat serum.
B - lipoprotein pattern 72 hr after induction of diabetes with SZ.

C - lipoprotein pattern 6 days after iso-OMPA treatment of diabetic rat.






Fig 3.7: El h of serum lip

A - gel showing the lipoprotein pattern of normal rat serum.

B - lipoprotein pattern after 6 days of is--OMPA treatment.






3.2.4 Effect of Heparin on FChE activity and Lipids
in Diabetic Rats
Aim

The objective of this experil was to whether heparin injection

could decrease serum TG in the diabetic rats and concurrently to evaluate its

effect on serum PChE activity.

Results

Table 3.10 shows the comparison of the levels of serum glucose, lipids and
PChE activity between (1) control & diabetic, (2) diabetic and heparin treated
diabetic rats and (3) diabetic and saline treated diabetic rats.

A marked increase in serum glucose 72 hr after SZ treatment was observed
along with a significant elevation in the levels of PChE activity, TG and TLDL.
No change in HDL-C (p=0.090) and cholesterol levels (p=0.660) was observed
compared to the control. Injection of heparin (500 units) through the tail vein
to 5 diabetic rats decreased serum TG levels by 85% within 30 min but PChE
activity, HDL-C, TLDL and cholesterol levels remained unaffected. A rise in
serum glucose was observed which was not significant (p=0.630).

Saline treatment of the diabetic rat had no eflect on the serum PChE
activity or lipid levels. However serum glucose increased significantly (p<0.05).
The rise in the serum glucose levels in the heparin and saline treated rats could

be due to the stress of handling.
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Discussion

Serum TG level decreased by 85% within 30 min of heparin administration
without affecting PChE activity. A decrease in TG was expected since hep-
arin is known to release lipoprotein lipase (LPL) (Brunzell, Porte & Bierman
1979) which hydrolyses VLDL-TG, thus reducing the blood levels of both TG
and TG rich-lipoproteins (VLDL) (Robinson & Speake 1989). No significant
change in cholesterol (p=0.410) and HDL-C (p=0.510) was observed which
agrees vith the earlier report of the effects of heparin treatment (Arbeeny &
Eder 1989). These investigators also used the SZ-diabetic rat model to study
the effects of heparin treatment in the serum lipid and lipoprotein levels. They
recorded a decrease of 67% in the serum TG level within 15 min of heparin with
no change in glucose and cholesterol levels. These observations are consistent
with the view that one of the reasons for hypertriglyceridemia in diabetes is
due to reduced clearance of VLDL-TG (Reaven & Reaven 1974). Since serum
PChE activity was not affected by heparin, this indicates that its increase ir

the diabetic rats is not due to the serum level of TG or decreased LPL.
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Comparison between the serum values of Control & Diabetic and

Table 3.10:

between Diabetic & Heparin, Saline treated diabetic rats

Analysis Control Diabetic Heparin Saline
(10)* (10) treated(5) treated(5)

Glucose 634! + 033 2081 + 166° 3112 + 206° 3584 + 1.69°

(mmol/l)

PChE 2316 £ 188 4170 + 26.7° 4074 20.2° 4208 + 41.5°

(up

TG 079 £ 008 447 £ 08° 0.65 0.17* 567 % 1.54°¢

{mmol/1)

Chol L7 = 011 183 £ 017¢ 159 0.8 L7 % 0.13°

(mmol/1)

HDL-C 133 £ 008 113 + 008 104 0.10° 107 % 0.14¢

(mmol/1)

TLDL (g/) 0.3 £ 002 033 + 0.04° 024 0.06¢ 036 X 0.08°

t Mean + SEM.

* Number of animals.

P values: a<0.001; b<0.05; d=0.090; c=0.240-0.960.
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3.2.5 Type II Diabetic Model
Aim

The objective of this experiment was to determine whether serum PChE and

TG increase concurrently in the type II diabetic model.

Results

Table 3.11 shows the comiparison between (1) the normal and Gold thioglucose
(GTG) treated mice and (2) GTG treated and GTG+iso-OMPA treated mice.

Each mouse was injected GTG (0.5 mg/g body wt) intraperitoneally (Mar-
shall et al. 1955) while the control group was injected with the same volume
of saline. Their weights and food intake was monitored every two days. Two
weeks after the first injection of GTG, a seccad injection of the same dose was
given to the same mice. Two weeks later the GTG treated mice were allowed
water containing 10% sucrose and normal mouse chow for another two weeks.
At the start of the experiment ail the mice weighed 37-39 g, but at the end of
the experiment the GTG treated mice gained an average of 40% more weight
than the untreated. A striking elevation (72%) in the serum insulin level was
also noted in the GTG treated animals fed 10% sucrose with a concomitant
tise in the levels of PChE activity, TG, TLDL, glycerol and HDL-C compared
to the controls.

Serum PChE activity was 91% inhibited within 24 hr after a single in-

traperitoneal injection of iso-OMPA (17.6 mg) of the GTG treated mice. A
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cant decrease in serum TG, TLDL, and glycerol was also observed (Table

3.11). The decrease in serum gl ion was insignificant (p=0.086)

while no change in the HDL-C and cholesterol levels was observed.

GTG significantly increased liver PChE activity but had no effect on adi-
pose tissue PChE activity (Table 3.12). Iso-OMPA treatment of GTG treated
mice caused total inhibition in adipose tissue PChE activity and 81% inhibi-

tion in the liver.

Discussion

GTG has been used experimentally to produce obesity. These animals are

known to exhibit hyperglycemia, hyperinsulinemia along with ab ] she-
cose tolerance indicating the presence of insulin resistance similar to type [T
diabetic patients (Jeanrenaud 1977). Similar to the type I diabetic model,
induction of diabetes with GTG caused an increase in the levels of serum
PCHE activicy along with TG, glycerol and TLDL. However, unlike the type
I diabetic ras model, these animals gained weight. Hyperphagia is a factor
responsible for the development of obesity and diabetes in this model. Insulin
levels were much higher in the GTG treated mice compared to the controls
(Table 3.11). Increase in VLDL and TG in these animals are a result of both
excess food intake and increased mobilization of fatty acids. Increase in PChE
activity has been demonstratedin the genetically diabetic mice (db/db) (Kutty
et al. 1981b) and Zuckar fat rats (Kutty et al. 1984); both are models of type

II diabetes. Treatment with isc-OMPA of the GTG induced diabetic mice,
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decreased glycerol, TG and TLDL similar to SZ diabetic rats. These results
suggest that increasc in PChE activity may be related to hyperlipoproteinemia

and specially to overproduction of VLDL-TG.
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Table 3.11:

Comparison between Control, GTG and

GTG + iso-OMPA treated mice

Analysis Control(12) GTG(8) GTG+
iso-OMPA(10)*
Glucose mmol/l 1099t + 0.88 1640 + 2.82° 1143 * 1367
PChE U/I 3650 + 166 4856 + 307° 427.5 + 29.2°
TG mmol/l 153 + 0.9 356 + 0.44° 1.08 £ 0.11°
Chol. mmol/l 337 + 022 414 = 027° 496 x 0419
TLDL g/l 074 + 016 219 * 020° 058 x 007
Glycerol mmol/l  0.92 + 0.06 147 * 009° 0.74 + 006
HDL-C mmol/l 361 x 021 446 * 0.26° 552 + 0.49¢
Insulin pmol/l. 610 + 6.70 2215 * 22.0° ND

t Mean * SEM.
= Number of animals.
ND-Not done as sample quantity was insufficient.

P values: a<0.001; b<0.005; ¢<0.05; d= 0.08-0.12.



Table 3.12:

Comparison of tissue PChE between control, GTG treated

and GTG + iso-OMPA treated mice

Tissues Control(6) GTG (6) GTG +

iso-OMPA(6)*

Liver 162" + 0.15 282 + 024 055 + 0.08
Adipose 030 + 0.02 02 £ 0.029° 0

t Mean & SEM. * Number of animal=.

P values: b<0.001, 8<0.240.

0-PChE activity not detected.

Values are expressed as: liver and adipose tissue PChE

pmel/min/g wet wt.
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3.2.6 Effect of inhibition of PChE activity in normal
rats

Aim

‘The aim of the present study was to determine whether the inhibition of PChE

activity in normal rats can cause an accurnulation of choline or cholinesters in

the serum and adipose tissue or influence their excretion in the urine.

Results

The effects of inhibition of PChE activity on choline and cholinester levels
in serum, liver and urine are reported in Table 3.13. Normal rats (5) were
injected intraperitoneally withiso-OMPA (5 mg/kg body wt.) for a period of 5
days. Control rats received the same volume of physiological saline. Iso-OMPA
treatment produced almost 70% inhibition in serum and 80% in the liver PChE

activity in these animals. PChE activity was much lower when measured

with butyrylthiocholine (BTC) as sub: d to ionylthiocholi
(PTC). No PChE activity was detected with BTC as substrate in the serum
of iso-OMPA rats. Also no statistically significant difference was observed

in the choline and cholinester levels in the liver, serum or urine between the

test and control rats. Qualitative d ination of choli by thin layer
chromatography (TLC) indicated that cholinester substrates were not present.
The cholinesters from the samples wete precipitated with aqueous ammonium

reineckate. The precipitates were dissolved in acetone and chromatographed
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onsilica G plates. Butyrylcholine, acetylcholine, propionylcholine and choline
were used as reference compounds. The spots were visualized by spraying with

Dragandroff’s reagent.

Discussion

Whittaker (1951) suggested that butyrylcholine may be the true substrate for
PChE as it is hydrolysed more rapidly than any other choline ester. Similarly
Clitherow et al. (1963) postulated that PChE may be involved in the hydrol-
ysis of BuCh which is a toxic compound, that is formed from Butryl-CoA and
choline during fatty acid metabolism in the liver. Funnel & Oliver (1965) have
speculated that PChE was involved in the homeostatic mechanism controlling
the level of choline in the plasma and acetyl choline in the brain. They made

this hypothesis on the ion that PChE hydrolyzed choli thereby

controlling plasma choline levels.

Ifthe true biological function of PChE was to hydrolize choline esters, then
its inhibition should have caused an accumulation of choline or choline esters
in tissues or an increased excretion in the urine. Such a finding would have
been consistent with the role proposed by Clitherow et al. (1963)in regard to
lipid metabolism and choline homeostasis by Funncll et al. (1965). But from
these resulls it is clear that no qualitative or quantitative alteration of either
choline or choline ester in serum, liver or urine was produced by the in vivo
inhibition of PChE.

Based on these findings it appears that the biological function of this en-
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Table 3.13:

Effect of inhibition of PChE activity on choline and cholinester

levels in liver, serum and urine of rats

Sample Choline Cholinester ~ PChE (BTC') PChE (PTC?)

Liver

Control(5)* 091! & 0.08 015 =+ 002 055 + 007 147 + 0.14
Test (5) 097 % 0.10 013 + 0.01 018 + 0.02¢ 027 =+ 0.01°
Serum

Control(6) 67.1 + 13.1 406 =+ 10.1 67 + 178 336 =+ 16.8
Test (5) %5 % 164 395 £ 9.0 0 93.7 £ 9.03°
Urine

Control(5) 250 £ 40 208 * 2.7

Test (5) 201 £ 35 179 % 34

1R Ithiocholine, ? Propionylthiocholi

! Mean £ SEM.* Number of animals.

a (p<0.05). ND-Not done. 0-PChE activity not detected.

Expression of data: Serum and urine choline and cholinester mmol/}; liver choline
and cholinester mmol/g wet wt; PChE activity of serum y mol /min/l and liver p

mol/min/g wet wt.
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Chapter 4

CONCLUSIONS

In 1937 it was observed that serum PChE activity was increased in the blood
of patients with diabetes mellitus, but there has been very little progress made
since to explain this observation. Furthermore, no specific function(s) has been
assigned to this enzyme.

In the present study, a positive correlation has been found between serum
PChE activity and TG concentrations in both type I and type II diabetic
patients. Several repcits in the literature havesuggested that PChE is involved
in lipid metabolism. For example, increased PChE activity has been reported
to occur in humans with type IIb and type IV hyperlipoproteinemia (Kutty et
al. 1981a; Jain et al. 1983), genetically ob/ob and db/db mice (Kutty et al.
1981b) and zucker fat rats (Kutty et al. 1984).

Since abnormal lipid metabolism, involving TG and VLDL, is commonly
found in patients with diabetes mellitus (Howard 1987) it was of interest to

determivine to what extent PChE could be correlated with lipid metabolism in
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the diabetic state. This has been investigated with animal models of type I
and type II diabetes mellitus.
Severe hyperglycemia, induced by SZ or alloxan treatment of rats, produced

marked elevations in serum TG, TLDL and glycerol concentrations as well as

PChE activity. When the hyperglycemia was lled by the admini
of insulin, serum glucose, lipids and lipoprotein concentrations reiurned to
normal. PChE activity in the serum was also reduced in parallel.

The fluctuation in the level of serum glycero! was of particular interest since
it gives a measure of the degree of lipolysis in the adipose tissue. An increase
in hormone mediated lipolysis is also known to occur in diabetes mellitus. In
addition, LPL activity is known to be reduced in the absence of insulin and
to be activated by heparin in diabetic animals (Brunzell, Porte & Bierman
1979). Heparin administration produced a marked decrease in serum TG in
the present study, however, scrum PChE activity was not altered.

The type II diabetic model (Gold thioglucose treated mice) also showed
parallel changes in both serum PChE activity and lipid concentrations with
the development of hyperglycemia.

The effect of PChE inhibition, was studied by admini ion of iso-OMPA

to diabetic and control rats. Diabetic rats showed a reduction in serum levels
of TG, TLDL and glycerol. The fall in glycerol indicates reduced lipolysis of
adipose tissue TG, which may be related to inhibition of PChE activity in this
tissue (or a direct effect of iso-OMPA on the hormone sensitive lipase 7).

Normal rats treated with the PChE inhibitor (iso-OMPA) also showed a
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significant decrease in serum lipids and TLDL as previously reported by Kutty
et al. (1977). Jso-OMPA treatment of diabetic mice showed similar changes

to the diabetic rats.

on possible biological fanction(s) of PCKE (Fig 4.1).
It is evident from the results presented in this thesis that there is a close
relationship between the levels of PChE activity and VLDL in type I and

type 11 diabetes and hyperlipoproteinemia. When PChE was inhibited with

iso-OMPA, there was no d bl lation of choli b

either in the serum or tissues. This suggests that the function of PChE is

lated to its choli hydrolysing So, the question is what

other function(s) could it have? It may be associated with VLDL metabolism.
The failure to inhibit PChE activity with heparin indicates that it is not
involved in the clearance of VLDL-TG from the circulation. Therefore, it may
beinvolved in the synthesis and secretion of VLDL. Overproduction of VLDL is
known to occur in diabetes mellitus of both types (Nikkila & Kekki 1973). The
PChE inhibitor, iso-OMPA, is thought to be specific for this enzyme, therefore
in the absence of other known effects, the decrease in VLDL produced in the
blood may be considered as related to PChE activity.

The increase in PChE activity is thought to be associated with VLDL
synthesis in both types of diabetes rather than FA synthesis, since the source
of FA is different in types I and II diabetes. As shown in Fig 4.1, hyperphagia
in type II diabetes leads to increased synthesis of FA, TG and VLDL, whereas

in type I there is increased mobilization of FA from adipose tissue stores. In
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adipose tissue, inhibition of PChE appears to affect lipolysis as indicated by
the fall in plasma glycerol. This suggests that PChE may have a function
similar to hormone sensitive lipase (HS Lipase).

It is obvious from the above discussion that there are still many questions
to be answered concerning the possible function(s) of Pseudocholinesterase.

It is, however, evident that PChE could serve as a useful marker to detect

b 1 Lipid boli icularly in the diabetic patients,
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