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Abstract: T h e  o b je ctive of this  s tudy was  to analyse serum levels  of IL-12, TNF-á, glutathione (GSH)
and nitric oxide (NO) and relate these findings  to the occurrence of micro-angiopathy in patients  with type

1 diabetes  mellitus  (DM). Forty patients  with type 1 DM were divided into two groups : those with non
proliferative diabetic retinopathy (NPDR) a n d  t h o se without retinopathy. Serum levels  of IL-12 and TNF-
alpha were measured by an immunoenzymatic ELISA technique. Serum glutath io n e  (GSH) and nitric oxide

(NO) levels  were measured us ing colorimetric methods .  Patients  with (NPDR) had s ig n ific a n t ly higher
levels  o f IL-12 a n d  T NF-á in serum in comparison to controls  and to those without retinopathy. The
glutathione levels  were s ignificantly lower in patients  with diabetic retinopathy in comparison t o  t h ose

without this  complication. Lower GSH concentration in patients  with NPDR may play an important role
in  t he pathogenes is  of new retinal vessel formation. Nitric oxide levels  in serum did not show s tatis tically
s ignificant difference between patients  with and without retinopathy. However both valu e s  we re

s ignificantly higher than those of controls . The results  of this  s tudy provide evidence that the TNF-á and
IL-12 interaction may play an important role with respect to  re t in o p athy occurrence in patients  with type
1 DM. It also suggests  that oxidative s tress  may be involved in the pathogenes is  of new retinal formation
in patients  wit h  NPDR. So, the early introduction of the TNF-á antagonis ts  to the treatment of young

patients  with DM typ e  1 wh o show high serum activity of the TNF-á may prevent them from
development of diabetic retinopathy.
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INTRODUCTION

Angiogenes is  is  a complex process  in  wh ich

various  cells , including inflammatory  monocytes  '
macrophages , lymphocytes T, neutrophils  as  well as
pro- and anti-inflammato ry mediators , are engaged in

cooperation to form new microvessels  from the already
e xis ting ones . The process  takes  place both  in[1]

phys iologic and pathologic circ u mstances , including

diabetic retinopathy .[2]

Diabetic retinopathy usually does  not occur during
the firs t five years  from the diagnos is  of diabetes
mellitus  (DM) type 1, whils t a ft e r 10 years  of diabetes

it is  present in over 50%  o f patients , being the mos t
common cause of loss  of vis ion . Regardless  numerous[3]

s tudies  carried out worldwide, daily urine albumin

secretion remains  to be s tandard marker of nephropathy
development, while ophthalmologic examinatio n  s tands
for dia g n o s is  of retinopathy . Presently, there is  no[4]

satis factory pharmaco logic therapy and laser therapy
remains  to be the leading treatment option in
management of DM type-1 retinopathy. Ye t  s till the

t herapy is  aimed at limiting the damage and not at
preventing it. Early detection of the individual tendency

for development of diabetic retinopathy, especially
before evident changes  become vis ible at the fundus  of
the  e ye, is  extremely s ignificant in children and

adolescent with DM type-1 .[5]

It has  been sugges ted that  h y perglycaemia may
lead to the activation of proinflammatory cytokines  that

are crucial for development and p ro g ress ion of
retinopathy . One of the glucose toxic mechanisms , the[6]

protein glycation, is  associated with cytokines : tumour

n e c ros is  factor-alpha (TNF-á), and interleukin-12 (IL-
12) that is  subs tantial factors  in t h e  development of
diabetic microangiopathy . [7]

TNF-á may act as  local int e n s ification s ignal in

pathological processes  associated with chro nic eye
inflammation . Recently, it appeared, ho wever, that[8]

s ome pro-inflammatory cytokines , such as  IL-12 is

related to angioge n ic programme . Under phys iologic[9]

conditions , IL-12 is  predominantly produced by
macrophages , dendritic c e lls ,  ke ra t y mo n o c y t e s ,

granulocytes  and mast cells . It is  a multifun ctional[10]

cytokine and can caus e  t u mour regress ion and reduce
metas tas is  in a n imal models . The efficacy of IL-12[11]

as  anti-cancer as  well as  ant i-vascular agent is  s till
under intens ive inves tigation . [12]
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It has  been shown that the antioxid ant glutathione
had an effect on cytokine resp o n s e s  to acute

hyperglycemia . There is  evidence that  t h e  release of[13]

TNF-á induced by high glucose in vitro may be

mediated by reactive oxygen species  and that oxidative
s tre s s  might be implicated in promoting a low-grade
s y s t e mic inflammation in patients  with type 1 diabetes

mellitus . Nitric-o xide has  been implicated in the[14]

angiogenic process  and together with  c y t okines  act in

the course and progress ion of diabetic re tinopathy .[15]

Therefo re, the purpose of this  work was  the es timation

of counteractin g cytokines , i.e., pro-angiogenic TNF- á
and anti-angiogenic  IL-12. A ls o  t o  determine

glutathione and nitric-oxide levels  in patients  with type
1 DM, with and without retinopathy. 

MATERIALS AND METHODS

The s tudied subjects  were 40 diabetic patients  with

type 1 diabetes , their age ranged from 25-40 years .
They were class ified into 2 groups :

C Group1:  19 diabetic patients  without retinopathy .
C Gro u p 2: 20 diabetic patients  with non proliferative

diabe t ic retinopathy (NPDR).They were compared
to 15 normal non diabetic control subjects . 

C Full ophthalmological examination and medical
his tory was  taken   for each subject including: 

C Intraocular pressure measurement by Goldman
applanation tonometry. 

C Slit lamp examination. 
C Fundus  examination by a binocular indirect

ophthalmosope and a s lit lamp biomicroscopic

examination with a 90 D lens .
C Fundus  fluorescein angiography was  done us ing

Topcon fundus  camera TRC. 50 EX on image-net,
5 ml of 10% sodium fluorescein was  injected in

the anti cubit a l vein and photography was  carried
out. 

C Angio g raphy was  performed in patients  with
diabetic retinopathy to differentiate between non

proliferative and proliferative retinopathy.  

Exclus ion Criteria: only those patients  who did  not
have any hepatic or GIT and rena l diseases  were

selected. Any  patient with serum creatinine > 1.2 mg/dl
or urinary albumin excretion > 150 mg/24hrs  was  not

included in this  s tudy. Also any patient wit h  local eye
disease such as , cataract, glaucoma or u v e itis  was

excluded from the s tudy. Samples  of venous  blood was

1collected, part on  EDTA to es timate HbA c, and the

other part centrifuged and serum wa s  separated and
s tored at – 80 C until assayed. o

Detection in Serum of TNF-á and IL-12 Le vels:

Serum le v e ls  of cytokines ; TNF-á, IL-12, were
measured by immunoenzymatic ELISA method .[16 ,17]

The assay of IL-12 employs  the quantita t iv e  sandwich
enzyme immunoassay technique . A  mo n o c lonal

antibody specific for IL-12 has  been pre-coated o n t o  a
microplate. Standards  and samples  are pipetted into the

wells  and any IL-12 present is  bound by the
immobilized antib o d y . After washing away any
unbound subs tances , an enzyme-linked p olyclonal

antibody spec ific  for IL-12 is  added to the wells .
Following a wash to remove any unbound antibody-

enzyme reagent, a  s u b s t rate solution is  added to the
wells  and colour de v e lops  in proportion to the amount

of IL-12 bound in the initial s te p . The colour
development is  s topped and the intens ity of the colour

is  measured.

1Meas ur i ng  HbA c :  wit h  a  c a t io n  e xchange
chromatography method assessed recent glycaemic

control. The procedures  is  a micro-chromatographic
methodology for the quantitation of glycosylated

hemoglobin (non diabetic reference 5.5% - 7.7%)
Glyco Hb Quick Column procedure (Helana) .  [18]

GSH Conc e ntrations  in Blood: The 5,5dithiobis  (2-

nitrobenziic acid) DTNB-disulfide chromagen was
readily reduced by sulfhydryl comp o u n d s  to intensely

yellow compou n d . The absorbance of the reduced
c hromagen was  measured at 412 nm. The intens ity o f

the complex produ c e d  with DTNB was  directly
proportional to GSH concentration in blood s amples .[19]

Detection of Nitric-oxide i n  B l ood: By the Griess
reagent which involve t otal nitrite (Nitrite NO2 +

reduced Nitrate NO3) analys is . This  a s say provides
reagents  for use in the de t e rmination of nitrite (NO2)

as  an indicator of NO production in biological samples .
NO has  a brief half life and is  rapidly converted to the

s table  end products  NO2 and NO3 in typical
oxygenated aqueous  solutions . Nitrate was  measured as

nitrite  after enzymatic convertion by nitrate reductase.
Brie fly  s a mp le s  we re  mixed with 1gm/ 100ml

sulfanilamide in 2.5% phosphoric acide and 0.5 gm/100
ml naphthyl-ethylendiamine in2.5% phosphoric acid

which was  allowed to re a c t  at room temperature for 10
minutes .The concentrations  were d e t e rmined by

measuring absorbance at 530 nm in comparis on with
s tandard solutions  of sodium nitrite at concentrations  of

3.12, 6.25, 12.5, 25, 50, and 100 umol/L with Gries s
reagent .[20]

Statis tical Analysis : Data was  expressed as  mean ±SD.

The three groups  were compared us ing the Anova;
s ingle factor tes t. The degree of association betwe e n

the variables  was  assessed us ing Pearson’s  correlation
coefficient (r), wh e re values  of p < 0.05 were

cons idered s ignificant.
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RESULTS AND DISCUSSION

Results : Table (1) shows characteris tics  of diabetic

patients  and controls  included in this  s tudy.

The results  of this  s tudy were illus t rated in Tables
(2 and 3). TNF- á was  detected in s ignificantly higher

concentration in serum o f patients  with and without

diabetic retinopath y  compared to controls  (p < 0.001).

Also IL-12 was  detected in s ig n ificantly higher
concentration in both diabetic groups  compared to

controls  (p < 0.05). A s ignificant difference was

detected between diabetics  with and without retinopathy

in serum levels  of TNF- á and IL-12.
GSH was  d e t ected in s ignificantly lower

concentration in serum of patients  with and wit hout

diabetic retinopathy compared to co n trols  (p < 0.001).

However, NO was  detected in s ignificantly higher

concentration in both diabetic groups  compared to
controls  (p < 0.05). A s ignificant difference was

detected between diabetics  with and without retinopathy

in serum levels  of GSH but not in NO levels .

A s ignificant pos itive correlation between TNF- á

1and HbA c was  detected (r=0.7 p<0.001) as  well as

between TNF- á and GSH (r=0.53 p<0.05) in diabetic

patients . Also a s ignificant pos itive correlation between

1IL-12 and HbA c (r=0.61 p<0.01).

Discus s i on: Early detection of the individual tendency

for development of diabetic retinopathy, especially

before evident changes  become vis ible at the fundus  of
the eye, is  extremely s ignificant in patients  with DM

type 1. TNF-á may act as  local intens ificatio n  s ignal in

pathological processes  associat ed with chronic eye

inflammation . [21]

In this  s tudy, we have shown  s ig nificantly higher

T NF-á level in patients  with and without retinopat h y

compared to controls . On the other hand, o thers

reported that TNF-á serum lev e l was  found lower then
in the healthy controls .[22]

The mechanism of TNF-á contribution to diabetic

retinopathy is  not fully elucidated. It  h a s  been

sugges ted that h yperglycaemia may lead to the

activation of proinflammatory cytokines  that are crucial
for micro- and macroangiopathy deve lo pments . In[23]

diabetic patients  an incre a s e d synthes is  of the

macrophage's  RAGE receptors , whic h  bind final

glycation products , has  been noted . The RAGE[24]

receptors  s ign a lize the proinflammatory cytokines '

cascade induction, including  T NF-á, IL-6, and IL-12 .[25]

These cytokines  may mediate the synthes is  of acute

phas e  p roteins  which are able to initiate and support
inflammatory process  in the vascular wa ll. As  a

consequence, an increased express io n  of intercellular

adhes io n  molecule-1 (ICAM-1) and vascular adhes ion

molecule-1 (VCAM-1) on endothelial cells  is  induced,
which serves  as  chemoatt ra c t ants  for monocytes  and

other inflammatory cells .[26]

The pathogenic role of the IL-12 as  a pro-

in flammatory cytokine in insulin-dependent DM of t h e
n o n -obese diabetic (NOD) mice has  been emphas ize d

by  Ro the et al.  and in some limited s tudies  in[27]

humans . W inkler et al.  showe d  that IL-12 may also[28]

contribute to the pathogenes is  of diabetic retinopathy in
adult patients , more likely  a s  a part of the consecutive

immunolog ic al response mechanisms  rather than a

p redisposing factor. In other models , IL-12 has  been

cons idered as  a s trong antiangiogenic cytokine and, as
demons trated in vivo, this  effec t  is  mediated by the

IFN-c . The IFN-c in turn regulates  productio n  o f[29]

secondary chemokines  by inducing IP-10 protein, which

is  cons idered to be the mos t important mediator of t h e

IL-12-dependent activation of the anti-angiogenes is
process . In addition, another report sugges ts  that NK[30]

cells  are required mediators  of angiogenes is  inhibition

by IL-12. It has  been  a lso demons trated that Th cells

(CD4+), cyt o t o xic T cells  (CD8+) are needed to
mediate the anti-angiogenic effect of IL-12 . [31]

The present s t u dy demons trated a pos itive

s ignificant correla t ion between TNF-á, IL-12 and

1HbA c. It has  been sugges ted t h at hyperglycemia may
lead to the activation of proinflammatory cytokines  that

are crucial fo r development and progress ion of

retinopathy . One of the glucose toxic mechanisms,[32]

the protein glycation, is  associated with cytokines :
tumor necros is  factor-alpha (TNF-á) and interleukin-12

(IL-12) that is  subs tantial factors  in the development of

diabetic microangiopathy . Also a pos itive s ignificant[6 ,7]

correlation between T NF-á  and GSH was  detected. It
was  found that in cultured monocytic cells  inc u b a ted

wit h  h igh glucose a dramatic increase in the release of

TNF-á has  been re p o rt e d  to be mediated by reactive

oxygen species  via activation of t ranscription factors ,
nuclear factor-B and activating protein-1 .[33]

Another finding of the present s tudy wa s  that

glut a t h io n e  levels , a powerful antioxidant were

decreased in diabetic patient s . Hyperglycemia-induced

oxidative s tress , along with soluble advanced glycation
end products  and products  of lipid peroxidation,

poss ibly serves  as  a key activator of ups tream kinases ,

le a d in g  t o  in d u c t io n of infla mma t o ry  g e n e

express ion . [33 ,34]

Several reports  h a ve implicated NO in the

angiogenic process . They fou nd that patients  with[35]

PDR had s ignificantly higher serum NO compare d to

controls  and this  is  cons is tent with our result s .  It  was
sugges ted that cytokines  and NO, a reactive nitrog e n

species , with their endothelial implicat ion may act

together during the course and p ro g ress ion of PDR .[36]
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Table 1: Characteristics of diabetic patients and controls included in this study.

Parameters Controls Group 1 Group 2

Number (n) 15 19 21

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Sex (M/F) 5/10 8/11 10/11

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mean age 35.7  40.6 41

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Duration of diabetes (years) - 14.2 15.5 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Serum Glucose (mg/dl)  99.9 180 190

Table 2: Comparison of the different studied parameters among diabetic groups.

Parameters Controls Group 1 Group 2 p value

Number (n) 15 19 21

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

HbA1c% 6.9± 0.8 a 9.4 ± 1.2 b 9.7 ± 1.1 b p<0.001

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

T NF- á (pg/ml) 10.1±  2.8a  14.2±3.9b 20.3 ± 5.1c p<0.001

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IL-12(pg/ml) 1.2 ± 0.8a 4.5 ± 1b 7.5 ± 1.3c p<0.05

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

GSH (umol/gHb) 12 ± 1.1a 8.4 ± 0.5b 5.3 ± 0.4c p<0.05

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NO(umol/l) 17 ± 2.8a 25.6 ± 2.1b 27.0± 4.7b p<0.001

p< 0.05 is statistically significant. Groups with different letters have a statistically significant difference.

Table 3: Correlation between different studied parameters

Parameters r p

T NF- á and IL-12 0.43 p NS

T NF- á  and HbA1c 0.7 p < 0.01

IL-12 and HbA1c 0-61 p < 0.01

T NF- á and GSH 0.53 p< 0.05

T NF- á and NO 0.39 p NS

Conclus ion: The present s tudy introduces  an additional

aspect of how cytokines  (TNF-á ,  IL-12) might

c o n t rib u t e  t o  e a rly  s t a g es  of atherogenes is .
Hy p e rglycemia in c re a s e s  c irc u la t in g  c y t o kin e

concentrations , which have been implicated in in sulin

res is tance. Although the relevance of these acute
c hanges  in plasma cytokines  to the chronic vascular

complications  of diabetes  is , at present, speculative, an
increased oxidative s tress  seems a likely mechanism

linking acute hyperglycemia to cardiovascular diabetic

complications  via an increased cytokine secretion.
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