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ABSTRACT f— e :
ole in development of tissue hypoxia, a reasonable and a significant factor in atherogenesis. The

Hyperglycemia has a r
persent study evaluates this diabetic
(Tc), high density lipoprotein cholesterol (HDLe),

envihrocytes membrane (RBCs MDA), Lipoprotein (a) { Lp(a)i,

entithrombin 10 (AT TII) and p
signifi

lipoproteins in diabetes mellitus.

cant increase in glucose, GHby,, Tc, LDLc, Lp(a), RBCs
significantly decreased the HDLc and AT 1. This study aime

etic complications through determination of Glycosylated hemoglobin Al (GHb,,), total cholesterol
low density lipoprotein chalesterol (LDLc), triglyceride (TG), malondialdehyde in
platelet cholesterol/phospholipid ratio (C/P ratio), fibrinogen,
lasminogen. Streptozotocin (STZ) diabetic rats were compared with normal rats. STZ induced
MDA, fibrinogen, plasminogen and C/P ratio. On the other hand, it
d to correlate blood coagulation factors and changes in lipid and

INTRODUCTION
Certain studies referred to effect of hyperglycemia
in development of tissue hypoxia and a significant
factor in atherogenesism etiology. Pathogenesis of
arterial thrombosis may be related to:

i-Vascular substrates (subendothelium, media or
ruptured plaque, prosthetic material or residual
thrombus)®,

ii- Rheology of blood flow (high flow disturbance by
stenosis or branching) increased platelet deposition,
while stasis favour fibrin formation®.

iii-Systemic hemostatic thrombotic state (levels of
catecholamines and  various  lipoproteins
coagulation and other factors) LA
These factors are related to the overall

thrombogenicity dictate the types and potency of the
therapy required®. Normal hemostatic process may be
modified by diabetes, prothrombotic state®, platelet
hyperactivity™ activation of the coagulation system
and Jastly hypoﬁbrinolysis(s’.

Atherosclerosis represents a  list of arterial
changes which occur primarily within intima. This is
consisting of Jocal accumulation of blood constituents,
fibrous tissue, calcium deposite, lipids inand around
cells of intimal space®. It is also associated with
cellular and fibrous proliferation which leads to
narrowing of vascular lumen®”. This will reduce the
blood flow through the involved artery and thereby
disturbs the tissue functions'’ . These changes are very
marked in diabetes and usually enhanced by multiple
mechanisms”®,  Hyperglycemia may injure the
endothelial cells initating the atherosclerosis process.
- Syeish et al," stated that glycosylated hemoglobin
.h_a-“-" been extensively found in clinical follow up of
: dlabe_tcs. This compound is resulted from nonenzymatic

rezction: between glucose and terminal amino group of
B chain hemoglobin so it is a derivative stable for life

span of RBCs™, It depends on two factors, life span of
- RBCs and Blood sugar level"'®,

- ]
""135“,::07 ?:{pefchoies:erqlcmia is often observed in
e YLDL  particles . containg  about ~ 20%
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cholesterol, hence any increase in its level may reflect
certain  degree of hypercholeslerolenﬁa"". Plasma
HDLc was reported to be low in diabetes"”. Certain
studies suggested a close link between the low levels of
HDLc and the higher risk of coronary artery disease
(CAD) . It has been reported that two types of
modified LDLc are present in diabetes glycated
LDLc™ and oxidized onc®. Hypertriglyceridernia is
mostly encountered in diabetes, this is related largely to
the degree of diabetic control®".

Moreover, lipid peroxidation is'a complex process
usually associated with certain pathologic conditions
such as diabetes mellitus®®. It is a chain of reactions
which provides a continuous supply of free radicals that
initiate further peroxidation. Lipoprotein (a)has been
postulated to bring about correlation  between
atherosclerosis and thrombosis. It is assumed that Lp
(a) might reduce fibrinolytic activity through Lp(a)’s
binding to endothelial plasminogen receptors™, It may
be taken up by macrophages the scavenger receptor

pathway, facilitating foam cell formation which is

implicated in the formation of atherosclerotic

plaques®®.

Hyperglycemia is a causal factor for higher Lp (a)
Jevels®, In diabetes platelet function may demonstrate
certain abnormalities which have an important role in
atheroma development  subsequently vascular
occlusion. Platelets obtained from diabetic patients
have been shown to exhibit increased sensifivity to
aggregating agents, Abrams etal, @4 showed enhanced
collagen-induced aggregation and thromboxane A2
(TXA2) fonnatioq1‘?n. Fibrinogen is a multifunctional
molecule serving not only as a substrate for thrombin in
fibrin formation but also as an adhesive molecule for
platelet aggregation™. Increased fibrinogen has been
reported in patient with atherosclerosis®” in whom they
are predictive of cardiovascular events™. Certain
studies demonstrated low activity of AT Il in diabetics,
this may promote fibrin clot formation®”.

Plasminogen, the precursor of the
fibrinolytic enzyme plasmin, can bind weakly to

main
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specific sites exposed on the fibrin ucl.\\'ork‘nf. Thus,
aim of the present work is to study the interaction m‘-ld
correlation between disturbances in lipid metabolism in
diabetes and atherothrombosis.

MATERIAL AND METHODS

Animals and drags:

Adult male albino rats weighing180420 g were
used in the present work. Rats were kept free on access
to standard laboratory chow and tap water ad libitum
for 10 days before beginning the experimental protocol.
Animals were divided into two weight-matched groups;
the normal control group and STZ-treated group (for
induction of experimental diabetes).

STZ was given by single IP injection at a dose
level of 35 mg/ke (body weight) dissolved in citrate
buffer at pH 4.5. Three weeks later blood samples were
collected and  processed for blood glucose
determinations. Animals that recorded 200-400 mg/d1
were selected for the study. Blood samples were
collected from sinus orbitus vein of fasting rats, half of
the blood was collected on EDTA and the other on
sodium citrat solution (0.11 mol/L) at 1.9 (vol/vol).

I- Citrated blood was used for determination of
fibrinogen, antithromobin 111, plasminogen and
platelet preparation for further analysis®®,

2- Blood collected in EDTA was processed for
determination of GHby,, , total cholesterol, LDLc,

HDLc, Lp(a) and preparation of red blood cells
for further analysis®?,

Methods:

Analytical  procedures were  used  for
determination of GHb,,, “5), Tc(”), HDL(‘"), LDLc @%
TG 2 RBCs MDA®) c/p ratio“ ) fibrinogen?.
plasminogen®. * LP(a) was determined using
immunoprecipitin analysis (SPQ antibody reagent set
for LP(a) ) manufactured by INCSTAR corporation-
Stilwater, Minnesota USA. AT IIT was determined by
radio immunodiffusion (RID) method,

Statistical analysis and calculations:

Data of the present study were presented in the
form of mean % S.D. Test on significance was carried
out following the unpaired “t-test”. o .

RESULTS
Induction of diabetes in rats significantty
.increased the blood glucose level, glycosylated
hemoglobin  and RBCs malondialdehyde", The

- percentage increases were 275.4%, 123.7% and 164%
. of control respectively (table 1). There is a positive
between  the  increase in RBCs

g Jevels. and plycated hemoglobin (r =
TG 9s atp < 0.01). ‘

Table (1): Effect of STZ on blood

g]UCOSQ, GRy,
and RBCs MDA of rats. A,
P - Normal Diabetic | % Chigpe-
arame - it
X4 SD. | X SD. |p00m

Blood plucose | 107.83+5.49 | 404.83+11 4% W
mg/dl :
GHbay % 6.53+0.26 14.6140.27+ 123,
RBCs MDA 0.98+0.17 2.0+0.17* N 10{-1
* Significantly different from normal at P < 0.01.

The total chosterol, LDLc, TG, L,

ratio levels were significantly increased in
rats (table 2). The percentage increases

P(a) and Cp
STz diabetjq
were 69.9%,

131.13%, 77.8% 104% and 89% respectively Whereas,
the blood level of HDLc was significantly decreaseq by
19.5% of control value. There were a postive
correlation between changes in blood levels of Lp(a)
and both GHb,, and RBCs MDA (r=0.73 and 0.73 at
P < 0.01 respectively) and a postive correlation
between C/P ratio and RBCs Mda (r = 0.99 at P<0.01).

Table (2): Effect of STZ on Te, HDLe, LDLe, TG
Lp(a) and C/P ratio of rats.

P . % P
Parameter _Normal Diabetic ° i(':rlt:::l =
X + SD. X £ SD. | normal rats
Tec mg/dl 77.54+3.27 - |. 131.6645.2* + 69,9
HDLc mg/d{ 25.66+1.03 20.66+1.03* -195
LDLc¢ mg/dl 35.33+1.21 81.66+4.71* +131.13
TG mg/dl 82.5+10.36 146.66+7.11* +77.8
Lp(a) mg/di 12.9+41.18 24.412 5% +89
C/P ratio 0.45+0.016 0.70810.05* +357.3

* Significantly different from normal at P < 0.01.

Results in table (3) showed that there were a
significant increase in the blood levels

and plasminogen recording

168%, 40

of fibrinogen
4% increase

compared with normal rats. On the other hand AT 111

blood level was si
from
correlation bet
C/P ratio (Fig

57.2%

(Fig.3).

gnificantly decreased recording
control value. There were positive
ween  the blood levels of fibrinogen and
- 1), RBCs MDA (Fig. 2) and Lp (a)

Table 3): Effect of STZ on Fibrinogen, AT 1l and
plasminogen of rats,

Parameter _Normal Diabetic “ frg?:ge
: X % 8SD. X + SD. | normal rats |
Fibrinogen 197+19 528+52% + 168 i
mg/d]
AT T mg/d) 30.75+1.98 13.1541.62+ -57.2
o 119.16x11.37 | 167.33+14.47* +40.4

* Significantly different from normal at P < 0.01.

Moreover,
between plasmin
(Fig. 5) and 1
negative correlg

and RBCs

there were positive correlations
ogen  blood level and RBCs MDA
P(a) (Fig. 6). However, there was 4

tion between the blood level of AT 11!
MDA (Fig, 4),
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Fig. (1): Correlation between Platelet Cho!es{erol/Phospholipid ratio
' and fibrinogen in normal and diabetic rats.
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Fig. (3): Corrclation between fibrinogen and Lipoprotein (a)
in normal and diabetic rats.
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' Malondialdehyde in normal and diabetic rats,
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DISCUSSION

o The present work was  directed (g Ytudy
. multiple interactions  between diabetes mr.{iim; H
. f e Db ” puthophysiojogical process leading 1o micros 4., ulze
A diseares The main  pathogenic pathway
- ‘ ),/"' ' atherothrombosis  and  their relation to diahess, ,,,.I:
. largely and  frequently analyzed. In this wyp, ,_
- e focused on  some particular aspects of this p,.‘,:,:1;
. namely, impairment of fibrinolysis and lipid metabol;,
- disturbances
." — . o ;‘l 1 AR J —-—\C s o )
Results of the present study revealed tha 17
P R— _w_,__m”\ ""m_:‘_mi mduced significant  hyperglycemia in approval wis
. ” other studies”. Such hyperglycemia may be dye 1o
- certain dysfunctions of insulin secretory cells (B-celly,
' * This  is attributed to enhancement of H,0,
- f=0 “i‘/ generation by STZ inducing DNA fragmentation and
e : lastly B-cells destruction'”.
- : Subsequently  STZ  significantly  increase
hemoglobin - glycosylation.  this is approved with
e v hyprglycemic state™", Additionally  certain
abnormalities may be also expected where different
. oy - proteins  are  subjected to  further glycosylation
' . " R} ) ) : (49)
MDA nmalimi especially  LDL™. In  tum platelet uptake of
Fig. (8): Conelation twiween Masminogen and Malondiatdelyde in glycosylated LDL may be activated followed by
el and Gebeie e increased tendency to agprepation, ﬁmll(); induced an
alteration in platelet membrane structure™ . Increased
— glycosylation of membrane proteins may be associated
also with reduced membrane fluidity™". So glycosylat
" . plasminogen appears to be less transformable to the
I active form (plasmin) relative to the native one °%.
- ’ tebes Also  fibrin derived from glycosylated fibrinogen
P appears to be resistance to fibrinolysis'?,
Q
K ou In addition, glycosylated end product of proteins
" have been found largely within atherosclerotic plague
of dizbetic individuals™, Present results showed that
‘e ' - . v - - STZ diabetic rats exhibited a significant increase in
LIR) mg/t " total cholesterol, LDL¢ and triglycerides but HDl:C
™ showed & significant  decrease™. Lipoprotein
- abnormalities are commonly observed in diabetics ‘{xg?
. contributing largely 1o atherogenesis development”™ -
e / Marked hypertriglyceridemia may be due to dct’ca?\'c
é . r=006 rcmo.\'al of triglyceride rich lipoprotein from circulation
E by lipoprotein lipase®™, Lipolysis enhancement of
triglyceride rich lipoprotein may lead to an increas¢ m
» HDLe. Therefore a precursor product relationsh!P
exists between the two'*?,
1 .
ik . - " » Human and experimental studies dcmonstrﬁﬂ_c‘:l
Sk Lia) my/di . higher level of lipid peroxidation products in diabe‘fe:
) _'; _F.ii’,'f {6):Correlation between Plasminogen and [ ine ) which correlated with Glib,, level. In vitro stud‘c‘ A
f o ~ {3)in normal and diabetic rats, e Pf"'*!n showed that glucose can enolize and thereby. .. — .

reduce  molecular  oxygen under physiologic

conditions  yielding a-keto aldehydes, h)'df"%i?

peroxide © and  free: - radical” intermediates
g ST L, aide o ‘
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o free radicals formed in surplus of erythrocytes
capacity ~ may lead to vascular
diabetes through decreased level of
ts such as vitamin E, superoxide
dismutase (SOD), catalase, reduced glutathione (GSH)
and ascorbic acid®. From the complications derived

ion is the disturbance in NO/O; in

from lipid peroxidati i
pumans with diabetes mellitus and hyperhpidemia( ),

Dysfunction of the NO/O; 'system may be a common
mechanism by which such apparently diverse
conditions lead to chronic vascular complications.
Present study demonstrated higher Lp(a) level of
giabetic rats positively correlated with GHby, level,
The mechanism by which plasma Lp(a) level increase
in diabetic may result from increased synthesis and/or
decreased catabolism. Lp(a) is considered to be an
independent  risk factors for  premature
atherosclerosis®. Recently, it has been shown that
Lp(a) can induce free radical generation®" which may
play a role in defective vascular relaxation of
atherosclerotic arteries®”. Other possible mechanism of
Lpa) as a risk factor, is its structural {[apo(a)]
homology with plasminogen. Edelberg et al.®
suggested that it may act as competitive inhibitor to
plasminogen. Present study demonstrated a positive
correlation between Lp(a) and plasminogen (Fig.10).
Finally treatment directed to decrease Lp(a) level may
be requested for diabetics suffering from coronary
artery disease®”.

Oxyee
detoxifving
complications in
certain antioxidan

_ Present work also showed that STZ induced an
increase in platelet cholesterol/phospholipid molar ratio
(C/P ratio). Alteration of platelet function in diabetics
may _be translated to an increase in platelet
adhesiveness and tendency to aggregation". Changes
g;,sgf ;au.o may be attributed to hypercholestrolemia
enhancce 1h1n STZ rats. H)_fpercholestero]emia may
bistam, ¢ release of certain platelet paraﬁlgleters like
paramet: anfi adenosin diphosphate‘ ). These
releas TS activate phospholipase A2 which induces
¢ of arachidonic acid from phospholipids'®®.

H, dfr?:gvilrf’e';”b_"f PYOS@glmdin G, to prgstaglandin
produce OXygenlo;-ymheSls- fror?s graglndomc acid may
cerain  eyrotoxic e;f radicals™"”. The latter exerts
membrane phosph f_ ects through enhancement of
0 certain chan gsf{ ipids peroxidations. This may lead
and finally lofs l?fnembfa?&ﬂuldity, permeability
Recumuiaeg oy O URegrity'™. Activated platelets
"’}’T’L‘rglycmﬁa) n \asc“]:‘“ injury sites . (due to
el membranes 13y acquire certain alterations in their
Phospholinig s;.u-fThIs represents the primary source of
'f,""’b":ﬂd:'”% /P maice upon which the - coagulation
Horinogen ang MDAO(I-?;'ZO;)“ positive correlation with

R

. uid .
T - Phase ; : .
o t.icd Yt didbsmdles of coagulation process
L. - Uldbetes , . ;
F gy €5 is usually - associated with

able arnl70) 5
: s‘_“" .. Diabetic rats  showed
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su.g,mhcam increase in fibrinogen, plasminogen joined
with a decrease in AT III level. A direct link between
abnormal glucose levels and increase activity of
coagulation system has been demonstrated™. Direct
correlation between the simultaneous increase of some
coagulation parameters and certain  markers of
oxidative stress in diabetes have been recently
rEporlcdm’. In. addition, the hyperglycemia-induced
{hrombin activation may be prevented by antioxidant
such as glutathione™. Cericllo et al.”” referred to
certain hypothesis where hyperglycemia can induce
tissue factor™ and rapidly decrease nitric oxide (NO)
production in endothelial cells™, The first one isa
potent  procoagulant factor™&™ and the second
operates as platelets antiaggrcgatory‘"’. Glycosylated
plasminogen appears o be less transformable to the
active form (plasmin) relative to the native one. Also
fibrin derived from glycosylated fibrinogen appears to

be resistant (o fibrinolysis.

We can conclude that lipimic and thrombotic risk
factors are commonly observed to certain extent in
diabetes . In support to our findings, Heinrich et al.™,
demonstrated a strong relation between LDLc levels
and coronary heart diséase associated with higher level
of fibrinogen. Also, it has been referred to plasma
fibrinogen and Lp(a) to myocardial infarction risk
factors as they have some similarity to HDL and LDL
cholesterol behaviour.

Finally, levels of plasma lipids and thrombotic
factors should be evaluted to assess clinical cardiac
events® combination ~ of lipid profile and other
thrombogenic factors in association with family history
study of diabetics may lead to proper treatmet of such

disturbance.
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