CHAPTER 11

LITERATURE REVIEW

I. Definition of Diabetes Mellitus

Diabetes mellitus is a group of metabolic diseases characterized by
hyperglycemia resulting from de U insulin secretion, insulin action or
both. The chronic hype ) iabetes is associated with

dysfunction and failure of vari ousp or ecially the eye, kidney,

nerves, heart and bloo ornmlttee on the diagnosis

and classification of di

Several pathogeni o are iny: &%n the development of
diabetes these range fr ; uction of the pancreatic 8
cells with consequent i : def :‘ abnormalities that result in
resistance to insulin actiogs Impais et o _insulin secretion and defects in
insulin action are the prlmary @qusg: of the hyperglycemia, symptoms of
marked hyperglyc,éfmla include 1E)ol ;ﬁff : ydipsia, weight loss,
sometimes with polyphagi pairment of growth and

susceptibility to ce am infections may also accompany chronic

hypmglycemmﬂuﬁ iaa Wﬁ ﬁﬁﬂﬂeﬁ of diabetes are

hyperglycemia qyw 1s or the nonketotic hyperosmolar
syndro ( \ﬁgﬂ.@f‘f

Thé ﬁs:sl]lﬁcatlon O?Eyf)eys 129119}, ﬂnﬂbg (flaw;eld into five
groups which are as follows: (The expert committee on the diagnosis and
classification of diabetes mellitus, 2001)

- insulin-dependent diabetes mellitus (IDDM) or Type 1 diabetes

- non insulin-dependent diabetes mellitus (NIDDM) or Type 2

diabetes



- gestational diabetes mellitus (GDM)
- impaired glucose tolerance (IGI) and impaired fasting glucose
(IFG)

- other specific types of diabetes mellitus

1.1 Type 1 diabetes mellitus (formerly called Type 1, IDDM or
Juvenile diabetes)

Type 1 diabetes is ch ww ells destruction caused by an

autoimmune process, usu%dm‘g e insulin deficiency (The
' . ,‘-.-'fit!lmn of diabetes mellitus,

er a period of a few days

expert committee on t

,.,N

to weeks. Over 95 m(pe 1 diabetes mellitus

develop the disease t of these patients have the
“immune-mediated fi ellitus with islet cell

antibodies and often  h e disorders such as

or Adult-onset)

Type 2 m lin resistance in
peripheral tlsﬁﬂ ﬁgjﬂ mg’inﬁn of the [-cells
(Bethes t common
form ofmes aJG’iihtus a:l-g€| m%ssomated WE!h ahénrﬁ history of

diabetes, older age, obesity and lack of exercise. It is more common in
woman, especially women with a history of gestational diabetes. Insulin
resistance and hyperinsulinemia eventually lead to impair glucose
tolerance. Defective f3-cells become exhausted, further fueling the cycle of

glucose intolerance and hyperglycemia (Mayfield J, 1996).



Diabetes mellitus is a multifactorial disease associated with high
risk for vascular complication. The morbidity associated with long-
standing diabetes results microangiopathy, retinopathy, nephropathy and
neuropathy. Microangiopathy is the higher prevalent of complication in

Type 1 or in Type 2 with the macroangiopathy (Virsaladze D et al., 2001).

I1. Vascular complication in diabetes mellitus
The major course :@W@ortahty in both Type 1 and
Type 2 diabetic patlent ul&r :sﬂa‘ﬁ':" These vascular diseases

include small (microa

macroangiopathy).

Microangiopathy 1 I inopathy, neuropathy, and
. 1o ngiopathy in diabetes
1?* affects vital organs,

nephropathy (Standl
i1s manifested by ac

heart and brain. o i characterized both

?l\

1991). Morphological, dia ets&@d“ ckéning of vascular basement
membrane, enhanceﬂendotﬁeﬁif-’leuk" vie ﬁn (Hadcock S et al
1991). 7

It is now well cgagl-is“ 1al dﬂfunction play a major

role of diabetic micro-and. macroa ﬁ‘ﬁaﬁ In recent years a body of

s v LA D T e v e
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2.1 Normal Endothelial function
The endothelial cell (EC) forms the lining of blood vessels wall
separating the lumen from the vascular smooth muscle cell (VSMC). In

addition to serving as a physical barrier between the blood and tissue, the



EC facilitates a complex array of functions in intimate interaction with the
VSMC.

The last two decades of research have established unambiguously
that the EC has a critical role in overall homeostasis. The system exerts
effects on both the surrounding VSMC and the cells in the blood that lead

to one or more of the following alterations.

- vasodilatation or vasocon ion to regulate organ blood flow
- growth and/or chan \ pic characteristics of
VSMC -—..__; =

—

. proinﬂammateq‘ﬂr-‘ 1f]a

- maintenance I d avoidance of bleeding
(Wautier JL |

Endothelial ¢ activity regulat %ﬂsal vascular tone and

vascular reactivity i ogical conditions, by

responding to mechaniCa orgﬁ-ﬁén : oral mediators with the
release of a variety of relax&g:an" con cting factors (Furchgott RF
1993). The endoth?gum-derrve&'re (fDRFs) include nitric
oxide (NO), prosta: 7C endc arizing factor (EDHF)

(Furchgott RF, 1993)] - {

Nltrlco%u&)’g ﬂﬂmjwsjf]ﬂj

:)ﬁje S1 the amino

acid L %ﬁﬁ R&ﬁ% ﬂ%ﬁﬁﬂi&ﬂase (NOS)
from which several isoforms; NOS type I (isolated from brain) and type
I11 (isolated from ECs).

NOS type I (nNOS) is important in neurotransmission, the central
control of vascular homeostasis, and possible learning and memory. In

peripheral nervous system, NOS appears to be linked to nonadrenergic

noncholinergic (NANC) neuronal pathway.
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NOS type III (eNOS) is essential for the control of vascular tone in
response to several stimuli, including mechanical (e.g., shear stress)
receptor dependent (e.g., acetylcholine) and receptor independent (e.g.,
calcium ionophore) (Furchgott RF, 1993). NO produced by NOS type III
in the endothelium diffuses to the VSMC where it activates the enzyme
guanylatecyclase. The concomitant increase in cyclic GMP then induces
relaxation of the VSMC. Thus, the net effect of an increase in NO is
vasodilatation. NOS type %W# ributes to the prevention of
abnormal platelet aggrega&gp&z-&P et al., 1990; Griendling

— W e

KKetal., 1996). ey | S
NOS type II (/ | ro\?) are Ca” calmodulin

INOS, since their

independent and a

WY
activation is only pr edunder p iologieal situations in which

TR
1.1 Measurgnent of NO-mediz ed v aS0
Y |

Typically, N@-=dependent—vasodilatation i probed by the
vasodilatory responsétj[oh'n 1sion ¢ ounqﬂ(e.g., acetylcholine or
methacholine), which ihereases the symthesis and release of NO via a
receptor- medﬁueg[lo%%ﬂinzﬁiw S.ig;:ﬂrﬁ (Calver A et al.,
1992) or in res ﬂEj)nse to reactive Ryperemia which stimulafe$ shear stress-
inducedQ“ng Bllalﬁtmi Mﬂiﬂo’lg m &L:l][f@eﬂ with the

vasodilatation evoked by specific chemical compounds that directly act on

VSMC (e.g., sodium nitroprusside).
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2.1.2 Angiotensin II (ANG-II)

The EC also produces mediators that induce vasoconstriction,
including endothelin (Haefling 10, 1992), prostaglandin (Goldin E et al.,
1996) and ANG-II (Hsueh WA et al., 1993). EC regulates vascular tone
by maintaining a balance between vasodilatation (NO production) and
vasoconstriction (e.g., ANG II generation). ANG-II binds to and regulates
VSMC tone via specific anglotensm (ANG) receptors. Depending upon

specific receptor activated, ANG\\ ,ﬂ/ ert regulatory effects upon
1o eéu

several VSMC functi activiti ding contraction (i.e.,

'——‘J

vasoconstriction) and ,. ligra ifferentiation. Overall,

the actions of ANG-I

_..-..-;

restoration of vessel wall 1nt&'g11£y ( jured) to avoid bleeding. The

systems that maintain homéovétfasx m\ef vasculature include: 1.

3. coagulation and 4.§brin0}y is ays ai.-}ey role in the balance

between the coagulation'and fibrinolytic;system.

AUYINYNTNEINS

2.1.4 The EC as a mediatorfof VSMC growth and inflammation

70 38 SOV ko s U i of e
VSMC through the release of either promoters of growth and/or inhibitors
of growth, differentiation and on vascular remodeling. A large number of
peptides have been proposed as the main messengers for growth signals
[insulin-like growth factor 1 (IGF-1), PGF, basic fibroblast growth factor
(BFGF), etc.] (Natarajan R et al., 1997).
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The EC is also involved in the production of specific molecules that
have a regulatory role in inflammation. The most important are leukocyte
adhesion molecule, intracellular adhesion molecule (ICAM) and vascular
cell adhesion molecule (VCAM).These molecules are denominated
“adhesion molecules” and function to attract and “anchor” those cells
involved in the inflammatory reaction. Very recently if has been
demonstrated that the atherosclerotic process is associated with an

increased blood level of inﬂamma‘ﬁk” ézgrs (Bieglsen ES, 1999).

—— g

Several studie

istrated that large and resistance arteries

are presence of end ), which mostly characterized by

the impaired of e -dependen vasodilation a physiological
) (Cohen RA, 1995) and
et al., 1996; Schroder S
et al., 1991) in experimental ia'e‘eteis @etes and humans with Type 1

and Type 2 dlabetes,j =7, ( /G

marker of decrease

increased leukocyte ad

i X
il k Impaired:é]dothelium : vasqgllatlon in diabetes

Impaired endothelium-dependentyyasodilation is a common feature

of large and reﬂwgrm &JMQMH gil\@kﬁanimals (Mayhan
WG et al. 1989 This impaifment arisesfrom several’ mechanisms:
decreasea Taiflén Fl]aiﬁtc’:la %a&@eﬁnactivation
of EDRFS and enhanced generation of endothelium-derived constricting
factors (EDCFs). In alloxan diabetic rabbit, decreased endothelium-
dependent vasodilation to acetylcholine (Ach) and adenosine diphosphate
of the isolated abdominal aorta have been demonstrated after 6 weeks of
diabetes (Tesfamariam B et al., 1989). Additional, Nitenberg A et al.,

(1993) demonstrated that the endothelium-dependent relaxation of
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coronary arteries is also impaired in both Type 1 and type 2 diabetic

patients.

2.2.2 Vascular endothelial cell interaction in diabetes mellitus

There is now a large body of evidence, which focus on role of
leukocyte adhesion to vascular endothelium and their subsequent
activation and migration into subendothelium in diabetes mellitus. /n vivo
leukocyte adhesion on the endo\lw as increased in rabbits with
alloxan diabetes (Hadco ile capillary occlusions by

monocytes and granu]gﬁytes”" ; w of capillary bed in
et al\ 1). Moreover, indirect

diabetic retinopathy
indic that a number of

evidence from rec

abnormalities in le lothelilm interaction of diabetes can be

1993) followed by furth adﬁesmn @g n-cell adhesion molecules

interactions (ICAMJI) and- -véséill ’%m molecule (VCAM).
After a variable p7¢ jod-of -time;the-teukocyte p snétrated the basement

g tisﬁe (Springer TA, 1990;

membrane and migra@d n to
Adams DH et al., 1994) .

The seq@ w &i %m &Lnﬁvmtavai of leukocytes to

site host defense is designated® the multistep paradigms~of leukocyte
By Tl W A A Eemen: o
leukocytes are composed of: 1) margination and captering of free-flowing
leukocytes, 2) leukocyte rolling, 3) activation and firm adhesion 4)
transendothelial diapedesis and chemotactic migration of the leukocytes
(Figurel.). Different mechanisms appear to mediate leukocyte rolling and
adhesion, the leukocyte rolling is dependent on selectins expressed on

endothelium (P-selectin) and leukocyte (L-selectins), where as the latter is
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dependent on the intergrins (CD11/CD18) found on leukocytes and their
ligands (ICAM-1, VCAM-1) on endothelial cell (Yang X-D et al., 1996).

Attachment/Rolling
|——| Triggering/Activation

1 Firm Adhesion
—_——
Blood flow
'q_

Migration

EC S\ = ;
LS
Leukocyte a4B(VLA4) g By(LAFA-1)
RECEPTOR . .I I
Endothelial ey vCam1 ICAM-1
LIGAND ‘ ICAM.2
(ANTI

Selective targets
for anti-adhesion (ant-

molecule mAbs
Figurel. Sequential mulfiste te/endothelial adhesion
e

extravasculation of” ‘Ia;ﬂfﬁcj % blood into tissues mediated
< ,_,rl"“.a' i ;_,r -

by casca’eﬁ of adhesive interac

ITI. Oxidative stress and-antioxidant system
Free raﬂu &thﬂylrﬁl%l&l rl]ﬂfﬁve one or more

unpaired_e trons in_their atorhic structure~ and hi eactive. Free
IS gL N

normal metabolic processes. Under physiological conditions, damage due

radicals sult of the
to free radicals is countered by antioxidants. Oxidative damage can
therefore be consequence of raised free radical production, insufficient
antioxidant potential, or both (Baynes JW., 1991). Sometimes, excessive
free radical formation occurs in the body, and the antioxidant system in

the body cannot cope with situations, i.e. the pro-oxidants overwhelm the
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antioxidants (Baynes JW., 1991). This situations known as oxidative
stress. Thus, oxidative stress is general term used to describe a state of
potential oxidative damage caused by free radicals. By far, the most
common free radicals formed in the body are oxygen derived and are
therefore also known as reactive oxygen species (ROS). These include
superoxide radical (O,), hydroxy radical (OH) and hydrogen peroxide
(H,0,).

Endogenous sources
*mitochondrial leak
respiratory burst | —

+enzymse reactions nf e
~autooxidation reactio / .

Environmental sources
scigarette smoke
=pollutants

UV light

=ionising radiation
=xenobiotics

Lipid peroxidation Protein damage

A

Figure 2. Major ;,—- ----- in th B and the consequences of free

radical dalﬁze.

- v/
Uncontrﬂeu&hgtm Ed %ﬁoﬂﬁlﬁsm 1mage of cellular
macromolecules:iI (DNA, lipids and protein)<and other smdll antioxidant

i) TRV G S A AN TR i

exist to neutralize the damaging effects of free radicals.
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Antioxidant system
Our body is equipped with a sophisticated antioxidant system to
deal with the production of reaction oxygen species (ROS). The system

includes enzymatic antioxidant and non-enzymatic antioxidant.

1. enzymatic antioxidant

Antioxidant enzymes or “scavenging enzymes’ provide the first

/ ing them to more reduced and
élowmg

that convert endogenous

SOD, Mn-SOD, and

line of defense against ROS

more stable lines. Such en

-Superoxide dism
O5 into hydrogen
extracellular SOD ( _ _

- Catalase (CA . !-‘ cacts ficiently with H,0, to

effectively with lipid agd other organic hydroxyperodeoxides Thus, this

enzymes playﬂafu ﬂ’ﬂ ] E}lﬂ@‘ﬁrﬂ:’]rﬁ Tell against lipid

peroxidation oung IS and Woodside AV 2001). Mpst GPX are

oS5 e G HADIALI BB o v

enzymes fare the main scavengers of H,O, in these subcellular

compartments.
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2. non-enzymatic antioxidant

A second line of defense is provide by non-enzymatic or exogenous
antioxidants primarily obtained as nutrients or nutritional supplements
such as

-Vitamin E

Vitamin E belongs to a family of naturally occurring lipid-soluble
compounds with different antioxidant properties of which 2-tocoperol is

ar is a physiological membrane-
bound chain-breaking antio: '. a @S cell membrane lipid from

t

other antioxidants, suchi' ag' aScorbaté SH. (Young IS and Woodside

JV, 2001)

Enzymatic system Uy, Zn- and Mn-s peroxide dismutase (SOD),
catalase, glutathione (GHS-)’.E@_.’;“‘ eroxidase (GPX), and GSH
reductase (GR)) fu -'hlﬂ*':a;.-===.’;;é=c{;;=:..i=;::=:‘.‘.ye al of ROS.

. Yo \d
Oxidative streﬁ : balance between free

radicals reactions and .,tlg scavengingucapacity of antioxidant defense

mechnism SN 1219151 E) 11T
ARIANIUNNINYIAY
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Table 1. Micronutrients and endogenous antioxidants involved in free radical

defense. (Jakus V et al., 2000)

Nutrients Functional role

Carotenoids Hydrophobic antioxidant

Vitamin E Hydrophobic antioxidant

Niacin, tryptophan Precursors to NADH/NADPH

Riboflavin Cofactor for GR

o-lipoic acid oxid. decarboxylation of
oenzyme

Selenium aleg
Zinc/copper ntoera
Manganese 4 -/
Bioflavonoids ' /

Plant phenolics

7
'l

GSH nvl‘l___l,aw "l; drophilic antioxidant
Ubiquinol (coenzyme Q) dogenous hydrophobic antioxidant
NADH/NADPH drephilic antioxidant

0

7
3 ) € . . .
Ry
In diabetes, dativ ess’ see age@gr both increased

¢

LG I PN 1

Althoughgthe source of oxidative stréss remain unclear, it has been
suggested that chronic hyperglycemia in diabetes enhances the ROS
production from glucose autoxidation, protein glycoxidation (Baynes JW,
1991). Enhanced oxidative stresses in Type 2 diabetes are characterized
by increasing in lipid peroxidation which can adequately reflect increased

oxidative stress.
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Table 2. Possible sources of oxidative stress in diabetes mellitus (Jakus V et al.,

2000)

Increased generation of ROS
- autoxidation of carbohydrates, autoxidation of fatty acid in

triglyceridesm phospholipids and cholesteryl esters

: acute and chronic hyperglycemia

: decreases in antioxi m e.g. e, SOD, GPX

. alteration in vitamis

increased polyol pathway, 2

i 1 4 #W)- oy "
: decreased glyoxalase pat];zy@y,aqt}

"\

: altered prostag1a I'n_ d leukor

-
Other mechanisms

e AN N B

ammﬂm 1NIINYIAY

Among the mechanism proposed as mediators of the endothelial
dysfunstion observed in diabetes, hyperglycemia plays a key pathogenic
role in the development of diabetic vascular diseases. High blood glucose
concentrations result in endothelial dysfunction that is associated with loss
of endothelium derived NO, increased vascular permeability, increased

endothelial adhesives, and thickening of the basement membrane of blood
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vessels, and the increased generation of oxygen free radical (Jones AF et
al., 1987).

Diabetes increases oxidative stress in tissue and plasma both human
and experimental animals, increasing oxidative stress might play a role in
the development of diabetic complication. Oxidative stress develops in the

retina of diabetic animals and galactos-fed animals (Halliwell B, 1999:;

L

P

‘ W g l
Polyol f ¥ aaz.- S PKC AGE
pathway : i0, activation formation

l ' .l ;E

p Arachidonic acid
} Antioxidant, .~ etabolism

defence ~e=(=
\m\ Oxidative

AUt INENTEEINg
QRIAIN IUMATINLANY

b

Figure 3. Mechanisms of increased oxidative stress in diabetes
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3.1.1 Advance glycation end products (AGEs)

Protein Advances
rotei Amadori Glycation
l+ > Schiff Base product — > 3-Deoxyglucosone »End Products
Glucose <+— “ (AGES)

Figure 4. Nonenzymatic glycosylation of proteins. ( Pickup J, 1997)

Advance glycation or gly 1 tion end products (AGEs) are the
products of glycation and n\g datlon) which are increased

ratq‘,m dﬁ mellitus (Sell DR et al.,

with age and at an acce!

1992) under glycemi

and its metabolites are wed by the glycation of
non-enzymatic proteins ‘ jigﬁ) a onfo glycation products.
The binding ; ‘ ]ﬂocess referred to as

m —“’“"*';' . Excessive non-enzymatic

glycosylation has nEny adverse effécts Mftwatmn of enzymes,

inhibition of regulafpry molecule binding, cross linking of glycosylated

Sy g ycosyldﬁd extracellular matrix,
decreased susc bll‘d-IqO roteolysi ormalities, of nucleic acid
function, \@ gﬁ(ﬁﬁf ﬁﬂrﬁﬁ% and increased
immuno Elgawi ﬁlﬂ o &
bﬁ:ﬁﬁﬁvﬁ;ﬁa j‘fﬁﬁo’glm Erlcgrahgljerglycemic

condition is accompanied by the production of active oxygen. Using the

proteins, trapping of glut;i_é protei

electron paramagnetic resonance method Mullarkey CJ et al (1990)
demonstrated that non-enzymatic glycation of proteins hyperglycemic

abundant conditions is accompanied by super oxide anion (O,)
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production. In vitro studies have suggested that glycation itself may result
in production of superoxide (Jones et al., 1987).

It is now clear that AGEs may act as mediators, not only of diabetic
complication but also of widespread age related pathology such as
Alzheimer s disease (Munch G et al., 1998), decreased skin elasticity
(Monnier VM, 1981), male erectile dysfunction (Seftel AD, 1997),
pulmonary fibrosis (Matsuse T, 1998) and atherosclerosis (Stitt AW,

1997). Since many cells and tis / ye are profoundly influenced
by both diabetes and aging;. 1ttin: vanced glycation is now

. . o o
receiving considerable a as a odulator in important
visual disorders. N

The important has on ocular tissues

and the role that AG have in the initiation
rs such as diabetic

retinopathy, glaucoma, ( ' ' d age related macular

Y1 21915 )t
Glucose » Sorbitol ,———————» Fructose
AW I T pe

Figure 5. The polyol pathway (Barnett AH, 1991)
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Hyperglycemia induces the polyol pathway, resulting in induction
of aldose reductase (AR) and product of sorbitol. Elevated sorbitol levels
are found in high concentrations in the tissues commonly involved in the
major diabetic complication. This accumulation creates an osmotic
gradient that draws into the cells to maintain osmotic balance. As a result,
the delicate protein fiber within the lens become opaque and cataract

forms (Barnett AH, 1991).

In this pathway, AR kp\l‘b%ced nicotinamide-adenine
dinucleotide phosphate, re ¢ aldehydeform of glucose to sorbitol.
Sorbitol is metabollze;?se b" somdrogenase Importance

of the poyol pathwa \ea..lnductlon of oxidative
echan\fsms including depletion

stress may occur thr

of nicotine-adenine di id oh ph t (NAQPH) which inturn is

Laaksonen DE, 2002) Vi,

Mean red cell GSH an;dg]_.’ﬁApP%el and NADPH/NADP" and

GSH/GSSG ratlosT'1 -

compared to 16 nonjlabetlc ‘control (]ﬁ Mattia et al., 1994;

Bravi et al., 1997). Smylgly ina recens}tudy aldose reductase inhibitor;

sorbinil restoﬁi‘unEljvgg ﬁ%nﬂﬁﬁnw Etj ’}uﬂoﬁdants reductase

glutathione (GS%’I) and ascorbatey and normalized diabetes;induced lipid

peroxid M YA B AT P TRk 2000

3.1.3 Protein kinase C activation and active oxygen production

Protein kinase C (PKC) 1is a phospholipid dependent
serine/threonine kinase. In diabetes mellitus, diacylglycerol (DAG) is
synthesized de novo utilizing excess glucose taken up by cells, and

activates PKC via the glycolysis system. It has been reported that PKC
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activation is observed in many vascular tissues such as retina, heart, aorta
and glomeruli which are isolate from diabetic animals. PKC activation is
related to vasoconstriction, proliferation and overgrowth of smooth
muscle cell as well as accelerated synthesis of extracellular matrix
proteins and thus plays significant roles in the onset and progression of

vascular cell dysfunction in diabetic mellitus (Koya D and King GL,

1998). Ishii H et al (1996) demonstrated that a PKC-f3 isoform-specific

inhibitor (LY 333531) has been‘d‘&‘l nd its usefulness in inhibiting
the onset and progressmn-ﬂmlg_betl% o ion.

It is also indi P C 1S.Wd by generated active
oxygen, and that '

-,,C induees the activation of
resu t)& in “MMhanced prostaglandin
'_ed‘ h

b - )it
..-*1-““ 7,!’

phospholipase A2
metabolism, which 4 eas_edb production of active
oxygen (Klann E et a A

The term autoxidatiofi ﬁéScﬁ@‘ne capability of glucose to
enolized, thereby gﬁducmg“-rﬁoiecﬂ%gﬁ and yielding oxidizing

intermediates (Huﬁt V etal., 1998). The reduced « OX Y gen products formed

in the autoxidative yacti‘on—a su S antan (O7,), the hydroxyl

radical (‘OH), and hydrogen peroxide {H,0,). All can damage lipids, as
well as proteir@ %&Ah@r&]-ﬂlﬂgﬁnﬂr&irﬂzmtﬁn (Giugliano D et

, 1996). Free rad1ca1 also accélerate the fermation of AGEs, which in
turn sup lm :l@\iﬂ ﬁdm uﬂd ’11"3 m H g’@ﬂutomdatlve
glycosylation, or glycoxidation (Baynes JW, 1991).

In a recent study, Nishikawa T et al., (2000) have been reported that
the production of active oxygen is increased when the oxidative
phosphorylation in mitochondria is enhanced. The mitochondria have
been show to play an important role in active oxygen production

particularly under hyperglycemic conditions. Hyperglycemia-induced
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activation of PKC, AGE production, sorbitol accumulation and activation
of NF-kB (nuclear factor-kB) have been reported to be reversed after
inhibiting active oxygen production caused by mitochondria in aortic
endothelial cells, suggesting that mitochondria plays an imlg)ortant role in

production of active oxygen under high glucose conditions.

3.1.5 Vitamin C
Vitamin C, also know } acid (AA) or ascorbate, is a
potent water-soluble antl(& tha 4& ntial for many enzymatic

activities.

-

_.a'_',-"'-.i e ®

Figure 6. Interconyeéstibility of ascorbw;g“ﬁ tion and reduction

(Tapan h 1996)\_?53
J y

Vitamin C compglisgd essentlallymt'wo compounds, L-ascorbic acid

(MW 176), a (8trdref dedicih gt aid] ft Jis |didized derivative L-

dehydroascorblg‘I acid. Upon interaction with reaction Qxygen species,
Vitamin € ot ted fol i blodsedrbic v Ehidrb e ascortyl
free radlcal Dehydroascorbate is recycle back to ascorbic acid by
dehydroascorbic reductase, or glutathione, or glutaredoxin, or the NADPH
—dependent selenoenzyme thioredoxin reductase (Carr AC and Frei B,

1999). Thus, dehydroascorbate occurs in very low level compared with

Vitamin C (Stahl W and Sies H, 1997).
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The abortion of vitamin C in humans occurs in the buccal mucosa,
stomach and small intestine. After absorption, vitamin C rapidly
equilibrates intracellular and extracellular compartment. Although no
particular organ acts as a storage reservoir for the vitamin, tissue such as
the pituitary, adrenal gland, eyes lens and leukocytes. Vitamin C exists in
blood and tissue mainly in the reduced form; -it’s oxidized form is
generally less than 10% (Tapan KB et al., 1996).

Vitamin C as antioxidang; t jor properties of vitamin C make

it an ideal antioxidant. Firstis the tron reduction potentials of

VA % oxidation product, the
ascorbyl radical (-174.mV / 1§ de \‘Qi\ he one-diol functional
AN

group in the moleculg ‘B, w reduction potentials

oyl radi \ ith the reduce basically
N VAN

S G A \\, : .
y. Inake vitamin C such as effective

one
00

enable ascorbate and :
all physiologically releye
The second major pi

antioxidant is the stabili ivity of the ascorbic radical

formed when ascorbate s ; e _oXygen Or nitrogen specie

(Carr AC and Frei E H— _ 1

7
AuEINENINGINg
AMIAN TN ING Y
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OH’ HOH
/>
RH ——¥% R T —» RH
Ascorbate Semidehydroascorbate

hydroxylase) and
1ydr xylase), 2 enzymes

in C for maximal activity
) ysine residues by these
7 secretion of stable collagen

=L /.‘.'

helixes. A deﬁcwngx of vitamin C/ result in a w cakening of caliginous

structure, causing 0ss, joint p e and connective tissue

und healing. Two deoxyégnates involved in the

biosynthesis o ﬁ % 8;1 (ﬁactor for maximal
activity (Carr @aﬂj i%:glﬁ W ﬁ

vi ? cholamine
blosynt“iﬁpgg ‘{m;[m opamine to norepmephrme

catalyzed by dopamine B- mono-oxygenases involved in peptide

disorder, and poor

amidation and tyrosine metabolism. Vitamin C has also been implicated in
the metabolism of cholesterol to bile acids via the enzyme cholesterol 72

mono-oxygenase and in steroid metabolism in the adrenal.
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Vitamin C and Diabetes mellitus

There is evidence to suggest that oxidative stress is increased in
human with diabetes and in animal model of diabetes (Giugliano D,
1996). Moreover, evidence for oxidative stress in diabetes includes
observations of decreased antioxidant plasma concentrations in both
diabetes subjects and animal models of diabetes (Kashiba M et al., 2000)

Transport of vitamin C through biological membrane is facilitated
by glucose transporters, espec y Mooradian AD, 1987) and
hence, chronic hyperglyce mtracellular deficit of AA

through competitive in of |me transport of AA by the

elevated plasma glu few studies have

demonstrated impro supplementation of

diabetes individuals inC. d .tWeen 100 and 600 mg of
vitamin C daily have jbe und fo/r ize cellular sorbitol levels,

1. Ascorbate alﬂ Low density | te (@L) Oxidation
Modification of dtlg protein m%i;ty of LDL, either directly by

leukocyte—deriﬂdu(ﬁ'ar@ %qag %% w %J)@ﬂrﬁndirectly by lipid

hydroperoxide l&‘r‘eakdown produets and malondialdehyde (Bsterbauer H et

o 1987 A fobm) o & ikl bacrophages

via the scavenger receptor pathway leading to foam cell information
(Steinberg D, 1997). Furthermore, there is convincing evidence that in
vitro lipid peroxidation LDL is initiated by o-topopheroxyl radicals
formed in the lipoprotein on attack by free radicals or other reactive

species (Neuzil J et al., 1997). Thus o-topopheroxyl can act as a pro-
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oxidant, rather than an antioxidant, in LDL incubated in vivo (Neuzil J et
al., 1997).

Experimental data on the effects of vitamin C supplementation of
human subjects on ex vivo LDL oxidation are sparse, mainly because
ascorbate is removed from LDL during isolation from plasma (Carr AC
and Frei B, 1999). However, there is convincing evidence from in vitro
studies that physiological concentrations of ascorbate strongly inhibit
LDL oxidation by vascular cells\%lf ophils (Martin A and Frei B,
1997) as well as in cell- fme.,systems C et al., 2000). Ascorbate
o of“. LDb—pnm‘_ly by scavenging free
“ tkib aq\\trs.mﬂleu Thus, direct and

prevents oxidative mo

radicals and other re
rapid trapping of th

them from interactin

L

-oxidant activity of o-
radical to o-topopherol,

thereby acting as a coant'ox'ufam and@ting LDL oxidation (Neuzil J

et al., 1997). ZZTRA {Ep_

2. Vitamin Cm action

Cultured endothelial cells exposed to inflammatory cytokines or

oxidized LDLﬂ %J)EJ %m&%g w E}%ﬂ EICSIOH molecules,

such as mtercellular adhesionr’ molecule=t, (ICAM-1)y.s vascular cell
adhesio@nﬂe&@&%m udw,sllgtm Haﬂe@ %1 al., 1999).

These adhesion molecules interact with specific ligands that expressed on

the surface of leukocyte, such as the ; and 3, intergrins, and mediate
leukocyte rolling, firm attachment to the endothelium, and subsequent
migration into the subendothelial space (Panes J et al., 1999).

Several in vivo studies using intravital microscopy in hamster have

shown an important role of ascorbate in inhibiting leukocyte endothelial
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cell interaction include by cigarette smoke (Lehr HA et al., 1994) and or
oxidized LDL (Lehr HA et al., 1995). Lehr HA et al (1995) demonstrated
that the induction of leukocyte adhesion to the vascular wall elicited by
cigarette smoke is due to the formation of oxidatively modified lipids with
platelet-activating factor-like activity. Administration of ascorbate
prevented the accumulation of these platelet activating factor-like lipid
and the subsequent leukocyte-endothelial cell interaction. Weber C et al
(1996) and Adams MK et al (1§ny found that cigarette smokers
have decreased plasma lg&gf asc;:)r monocytes isolated from
esion to cultWothehal cells compared

oker. Supplementation of smokers

smokers exhibit incre

with monocyte isol

|l »

with 2 g/day of vitamin 0 -_,dqyg ﬁl,evated plasma ascorbate levels

almost 2- fold and
endothelial cell. This

Y rg ed onocyte adhesion to cultured
1ndqcate_@f that vitamin C supplementation
‘1c agd a%idec sed monocyte adhesion to
cultured endothelial cell. * *:!,—;5-'“ ’ ‘-g}

can increased plasma

3. Vitamin -"ié=iﬂ-e-ei"-.—'i':r'-F:-:—--.f-' ,
Endothelium—df;}ived NO is a pivotal ole@le in the regulation of
vascular tone and homeostasis (Furehgott RF, 1996). In addition to

stimulating vaﬂﬂu &i Qhﬂ&}ﬂ@ wagtaﬂgothehum derived

NO has been shown to inhibit ineluding smoeth muscle cell ﬁollferatlon

paele ptbpacchinaé IRURINENA

RF, 1996) Endothelial vasodilator dysfunction has been observed in

(Furehgott

patients with coronary artery disease or subjects with coronary risk factors
(Keancy JF et al., 1995). Most of these conditions are associated with
increased oxidative stress, parﬁcularly increased production of superoxide
radicals, which can inactivate endothelium-derived NO (Gryglewski RJ et

al.,, 1986). In addition oxidized LDL has been shown to inhibit the



31

synthesis of endothelium-derived NO or attenuate its biological activity
(Chin JH et al., 1992).

There are a number of potential mechanisms underlying the
salubrious effects of ascorbate on endothelial function. First, ascorbate
may be decreasing the level of superoxide radicals and oxidized LDL
(Jackson TS et al., 1998) both of which react with and inactivate NO
(Gryglewski RJ et al., 1986; Chin JH et al., 1992).

\|/
AN\
IV. Diabetic eye compli@}\\.’ //{/,.4:':..

T —

Diabetic eye disease-tefers fo w sight threatening eye
problems that peopleWithdiat fe nay deyelop as a complication of

disease that include*diabet ;ti_ngm

and non retinal ophthalmic

eye through the irisﬁThe m&d&h‘q&s%oa nt of light that enters the

eye by changing th'*é ———-—v 3 through the pupil, it
enters a clear lens, li‘]?} the lens of a 2ra, hi@ focuses the light onto
the back of the eye. The-focused light,passes through a clear gel called
“vitreous” untﬂiui&g mﬁm;ﬁ tw &Lﬂﬂiack of the eye is
known as the rgtjina. The retina changes light.signals intorelectric signals,
sent thr@gﬁfa @t}ﬂ mr‘\i mlubwrﬂ \Qllm Elrglﬁsg.’lese signals
into images we see. The central part of the retina is known as the
“macula” and is responsible for sharp, central vision. The rest of the
retina, known as the periphery, is important for peripheral vision. Like
other parts of the body, the retina needs blood to function adequately.
Blood flows to the retina through small blood vessels. Picture showed eye

anatomy below this paragraph.
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Figure 8. Demonst z.;‘vpf the nbn‘nal eye anatomy which this
k

picture fa om ww«l elvex.com/ facts11.htm
4.2 Diabetic eye dxséases » _'
4.2.1 Diabetic retmopathy - s

Diabetes is the;leadmg cause of blindness in yéung patients. In the
eye, diabetic retinopathly is a major threat to sight. Central visual loss of
variable severity . may. ‘result . from —involyement. of macula while
proliferative retipopathy and advanced diabetic'eye disease can cause total
blindness-(Klein-R-et al.-~1984). The,pathelogic;features of diabetes arise
through two basis ‘and partly interrelated mechanisms thickening of
basement membrane (Kinoshita JH, 1986; Engerman RL et al., 1993) and
ischemia. Ashton N et al. (1963) demonstrated that obstruction of
precapillary arterioles by pathologically thickened basement membrane
resulted in capillary closure and the subsequent retinal ischemia that

characterizes diabetic retinopathy.
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Diabetic retinopathy can be classified into four groups:

a. Non-proliferative retinopathy

Retinopathy before the formation of new vessels is not associated
with visual loss. Lesions include microaneurysms, hard exudates,
intraretinal hemorrhages, cotton-wood spots (soft exudates).

b. Proliferative retinopathy

New-vessel formation (neovascularization) does not itself cause
symptoms, but associated vitreot y al hemorrhage may give rise
to visual loss or floate 3 &new vessels and fibrous

proliferation on the reti

c. Advanced

1111

d. Maculopathy

Retinopathy ,.ff any"déyé”'r involve the macula and cause

central visual loss [iciudmg-ioss-of visual-acuit ¥« Lesion include hard

exudates, microvascugr abn

422 Noﬂ%ﬁl M%m m iiés off diabetes

a. Comea

i} Bk ﬂpnmmm ARLNA Ehicres
diabetics. ThIS also is true of the basement membrane of other intraocular
epithelial cells such as the nonpigmented ciliary body epithelium. The
thickened basement membrane of the corneal epithelium is significant in
that it predisposes these pétients to recurrent corneal erosions and
prolongs the healing of any epithelial defect. Azar DT et al., (1992) have

produced evidence that the numbers of epithelial adhesion plaques are
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reduced in the corneal epithelial cells of diabetic patients (Wilson DJ and
Green WR, 1997).

b. Iris neovascularization

Iris neovascularization is commonly present in patients with
diabetic retinopathy. This neovascularization typically takes the form of
nonprogressive neocascularization of the pupillary border with mild

ectropion uvea. In some cases, and particularly after vitrectomy iris

neovascularization may be m ‘ yt ese case, peripheral anterior
= g
synechia formation with a&nt Jle glaucoma may develop.

T — - ‘—
The histologic fe " eovwion are the presence of
fine vessels on the ant€rior strface of the iri ectropion uvea. With
time, the iris surfae s imay ne covered with a basement

#
7 a

WY
membrane structure mbrane. This membrane

can extend across the #re

In patients with ¢l

ki

e

i . g -
CTraQIrIirQ”
S result

becomes laden with glycogeft

lacy vascuolization Wilsorr‘iif%if Green W R:,1997).

b

The human eye ds.supplied by the separate vascular systems: the

retinal blood ﬂsuqe_lm’a mﬂm il(%q &L‘S—Jem ihe uveal vessels
include the vas:;]llar beds of the ifis, the ciliaa bofé}and the choroid. The
he ret

ner Lafos/oF hteh rd ks by | A Ehhereas the

outer retinal layers including the photoreceptors are nourished by the

choroid (Alum A, 1992). In monkeys, 65% of oxygen consumed by the
retina is delivered by the choroid (Alum A et al.,, 1973). There are
considerable differences between the fine structure of the retinal and the

choroidal vasculature.
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With in the basement membrane there are a large number of
intramural pericytes. Pericytes as well as endothelial cells are assumed to
have an important role in the control of retinal blood flow. The
observation that retina perfusion abnormalities are detectable in diabetic
patients with no clinical sign of retinopathy (Arend O et al., 1991;
Grunwald JE et al., 1996) '

The exact nature of ocular blood flow abnormalities in the different
stages of diabetic retinopathy i-s\&lﬁ// atter of controversy. Several
haemodynamic abnormal@ve Zee on trated early in the course
of IDDM including in al blood flow.in various organs, such as

¢s thave foclh&- on flow velocities in

the kidney, retina.

perimacular capillari

a reduction in flow v
al., 1991; Arend O !
velocity is possibly associ te'zli lﬁg;jttiij:?g;air xl-heological properties of
blood (Chung TW et al,, 1‘,@ S’@ reports indicate that blood

—

rheological factors_ \jlre mlpar'ré—gl m%
plasma viscosity of increased-erythrocyte tigidity “has been observed in
W,jﬁt al., 1993; McMillan
DE, 1976). These factorsshave been hypethesized to contribute to altered
retinal blood floh ik htientd Mith Hiabetedl (Chuhg W et al., 1993). In
STZ—-induced d?a{betic rats haematocrit in arterial blood Samples was no

ditterent*hoth ca bt kgt Raertaclohd b | ke in ocuar

tissues. Based on measurements of mean retinal circulation from

his 1 ﬁc_edt retinal capillary flow

with diabetes. Increased

Type 1 is as well in fype 2 diabetes (C

fluorescein angiograms Cunha Vaz JG, (1978) reported increased retinal
blood flow in early stages of retinopathy and decreased retinal blood flow
in proliferative retinopathy.‘ Change in retinal blood flow and its
regulation have been demonstrated in diabetes (Grunwald JE et al., 1986;

Grunwald JE et al., 1996) and the measurement of these retinal blood flow
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change can provide a sensitive assessment of physiological change that
reflect vascular cell metabolic dysfunction and subsequent development
of microvascular abnormalities. Results from clinical studies have shown
that retinal blood flow abnormalities are present before the development
of clinical diabetic retinopathy (Bursell SE et al., 1996; Kawagishi T et
al., 1995) and that the development and progression of diabetic
retinopathy is reflected by these retinal blood flow changes (Clermont AC

etal., 1997). Q \\ '///

A major compllca 1abet s 1s diabetic retinopathy.
Clinical, preprollferaty' "_‘th r@ﬁnﬁ characterized by
tortuousity of vessels; § aa'\\drysms and vascular

hcmlc

ina (Yanoff M et al.,

nonperfusion, which i _ﬁaS*,p&
1969). One process t h vaso-occlusive processes
is adhesion of leukocy lls. In an experimental

rat model of diabetes 1) observed increased

adherence and diapedesis of @yte@ol' morphonuclear leukocytes

(PMNSs). Increased gmberswms%_@tin the activated state in

subjects with diabetes-and-the-PMN-have-been-shc Wi to be more rigid in
su@eots (Kantar A et al.,
1991). Therefore, once adherent, PMNs,could potentially obstruct narrow

caplllarylumeﬂ UEJ ’g ﬂﬂ%iWﬂqﬂi
Inaem'f]tﬂlﬁ ﬁﬁtﬁu u‘v} anl%lva] mhﬂ)e said that

vitamin C as an antioxidant, is likely to ameliorate diabetic-induced

diabetic cats and hu@ns than i

endothelial dysfunction. As which it might help to prevent the leukocyte-
endothelial cell interaction that mostly enhanced the vaso-occlusion and
consequently brought about hypoxic condition in diabetic eye. Together,
with the idea of vitamin C could reduce the abnormality of diabetic-

induced endothelial-dependent vasomotion, Therefore, this present study



37

is desired to evaluate the possible effects of vitamin C supplementation on
diabetic iridopathy characterization by decreased iris blood-flow perfusion

and increase number of leukocyte-endothelial cell interaction.
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