
 

 

Introduction 
 
Early diabetic retinopathy both in humans and 
in experimental animal models is characterized 
by increased vascular permeability and capillary 
closure [1-4]. It is a progressive neurological 
disease characterized by degeneration of neu-
rons and microglia and accompanied by pro-
found vascular changes that eventually lead to 
legal blindness. The direct cause of diabetic 
retinopathy is still largely unknown. Diabetic 
retinopathy comprises both microangiopathy 
and neuronopathy, which starts at very early 
stage [5 - 7]. Strict glycemic control as well as 
early treatment has been shown to improve out-
comes for diabetic patients [8, 9]. Unfortu-
nately, there are no known treatments identified 

specifically for mild to moderate diabetic reti-
nopathy [10, 11]. Then, additional treatment 
based on the pathogenic mechanisms becomes 
necessary. Chronic hyperglycaemia affects cel-
lular and matrix function by a variety of mecha-
nisms such as increased polyol pathway activity, 
altered intracellular redox state, activation of 
protein kinase C and non-enzymatic glycation 
[12-14]. Hyperglycemia also leads to intravascu-
lar alterations that can be linked to vascular 
occlusions. 
  
Matrix metalloproteinase (MMPs) are a family of 
zinc dependent endopeptidase that mediate the 
degradation or remodeling of the extracellular 
matrix (ECM) [15]. The ECM is a multifunctional 
complex of proteins and proteoglycans assem-
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was significantly decreased while B- wave latency was significantly increased in diabetic group when compared with 
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and latency compared with vehicle-treated diabetic controls. Blood retinal permeability and retinal thickness were 
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bled in a highly organized manner that contrib-
utes to the structural integrity of cells and tissue 
within an organ system [16]. The basement 
membrane which provides structural support to 
the vasculature is composed of ECM molecules 
such as type IV collagen, laminin, and fi-
bronectin [17]. Various factors are involved in 
maintaining the integrity of the ECM and the 
tissues it supports. However, in certain patho-
logical circumstances the ECM is modulated 
such that the structure of the tissue becomes 
damaged or destroyed [18, 19]. Two groups of 
extracellular proteinases that have been shown 
to play a role in the retinal revascularization 
seen in the later stages of diabetic retinopathy, 
are the matrix metalloproteinase 2 (MMP-2) and 
matrix metalloproteinase 9 (MMP-9). Plasmin in 
turn degrades components of the matrix and 
can be involved in the activation of the latent 
MMPs. 
  
Regulation of MMPs in diabetes has been 
widely investigated. It has been shown that hy-
perglycemia increased activity and expression 
of MMP-2 and MMP-9 in rat aortic smooth mus-
cle cells and mouse vascular tissue and plasma 
[20, 21]. Further it was reported that MMP-2 & 
MMP-9 are increased in the epiretinal neovas-
cular membranes of patients with proliferative 
diabetic retinopathy [22], as well as in retinas in 
an animal model of retinal neovascularization 
[23]. MMP-2 and MMP-9 have also been shown 
to have significantly increased levels of activa-
tion in vitreous samples from individuals with 
proliferative diabetic retinopathy [24]. These 
extracellular proteinases play a role in early dia-
betic retinopathy and alteration of the blood 
retinal barrier (BRB). 
 
We hypothesized that Minocycline induced inhi-
bition of MMP-2 and MMP-9 can be enhanced 
by Aspirin because of its COX and tissue plasmi-
nogen activator (tPA) inhibitory action. This en-
hanced inhibition of MMP-2 and MMP-9 by this 
combination could be used for the treatment of 
diabetic retinopathy. In the present study we 
have targeted MMP-2 and MMP-9 overactiva-
tion in diabetic retinoopathy using a known 
MMP-2 and MMP-9 inhibitor, Minocycline with a 
non-selective COX inhibitor aspirin. Though Aspi-
rin is nonselective COX inhibitor it is selected 
because of its inhibitory effect on tPA.This find-
ing may indicate the potential benefit of en-
hanced MMP inhibition in easing the chronic 
consequences of diabetic retinopathy. 

Materials and methods 
 
Chemicals and drug solution preparation 
 
Streptozotocin was purchased from Sigma (St. 
Louis, MO, USA). Mynocycline was procured 
from US Vitamins, India as a gift sample. Aspirin 
was purchased from Central Drug House India. 
Glucose oxidase–peroxidase (GOD/POD) glu-
cose kit was purchased from Erba, India. All 
other chemicals were purchased from Merck 
(India). Minocycline was dissolved in distilled 
water. Aspirin was suspended in aqueous solu-
tion of 0.5% carboxy methyl cellulose. STZ was 
freshly dissolved in ice cold citrate buffer (pH 
4.5) solution. 
 
Animals  
 
Male Wistar rats (210-250g) were purchased 
from the Haffkine Institue, Mumbai, India and 
were housed at a temperature of 25 ± 10C and 
relative humidity of 45 to 55% in a clean envi-
ronment under 12:12h light and dark cycle. The 
animals had free access to food pellets and 
filtered water was made available ad libitum. 
The research protocol was approved by Institu-
tional Ethical Committee (IEC) of School of Phar-
macy and Technology Management, NMIMS 
University Mumbai, constituted under Commit-
tee for the Purpose of Control and Supervision 
of Experiments on Animals (CPCSEA).   
 
Induction of diabetes 
 
A single dose (55 mg/kg, i.p.) of Streptozotocin 
(STZ) was used for induction of diabetes in rats. 
Age matched control rats received the equal 
volume of vehicle. Diabetes was confirmed after 
48 h of STZ injection and again on weekly basis 
during the experiment. Plasma glucose levels 
were estimated using GOD/POD kit and rats 
with plasma glucose level > 350 mg/dl were 
considered for further studies. 
 
Experimental design and drug treatment 
 
Four weeks after the diabetic induction treat-
ments were given for further 4 weeks (5th, 6th, 
7th and 8th week). After 4 weeks, normoglycemic 
and diabetic rats were randomly divided into 
experimental groups and treated with drugs as 
follows: Diabetic vehicle treated Group 1 (DB + 
DW) was treated with distilled water 4 ml/kg, 
p.o.); Diabetic vehicle treated Group 2 (DB + 0.5 
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% CMC) was treated with 0.5% carboxymethyl 
cellulose solution (1 ml/kg, p.o.); Diabetic Group 
3 (DB + MINO) was treated with minocycline 
alone (MINO, 50mg/kg p.o.); Diabetic Group 4 
(DB + ASP) was treated with asprin alone (ASP, 
50mg/kg p.o.); Diabetic Group 5 (DB + MINO + 
ASP) was treated with combination of mino-
cycline (MINO, 50mg/kg p.o.) and aspirin (ASP, 
50mg/kg p.o.); Age matched Normal Group 6 
was untreated. 
 
Electroretinography 
 
Animals were dark-adapted for 12 h and pre-
pared under dim red illumination. Rats were 
anesthetized with pentobarbital sodium at the 
dose of 70 mg/kg body weight and placed on a 
heating pad that maintained their body tem-
perature at 35–36°C throughout the experi-
ments. The pupils were dilated with a mixed 
solution of 0.5% tropicamide and 0.5% 
phenylephrine. The recording electrode was 
mounted in a Plexiglas ‘one-point-touch’ tube 
and placed on the corneal margin, just above 
the sulcus sclerae of the nasal canthus. The 
reference electrode was placed at the contrary 
(temporal) canthus, below the eyelid, just below 
the sclera rim, in contact with the conjunctiva. 
Recordings were performed with Power Lab sys-
tem 2/25 (AD Instruments, New South Wales, 
Australia). Responses were differentially ampli-
fied at the gain of 1,000 times using an AC 
(alternate current)-coupled bioamplifier ML132 
(AD Instruments) and filtered through a band-
pass filter ranging from 0.3 to 500 Hz to yield b-
waves. The amplitude and implicit time of the b-
waves were measured and compared among 
age-matched nondiabetic controls and 8-week 
diabetic animals treated with vehicle, MINO per 
se, ASP per se and MINO plus ASP. 
 
Sample preparation for morphological studies 
 
The rats were killed under deep anesthesia. The 
eyes were enucleated and fixed in PBS-buffered 
4% paraformaldehyde for 24 h. The orientation 
was marked at 12 clock of the limbus. The eyes 
were embedded in paraffin. Serial sections (5 
μm) that passed through the optic nerve head 
and cutting marker were analyzed after staining 
with hematoxylin and eosin (HE) for light micros-
copy. 
 
Measurement of the retinal thickness 
 
The sectioned retinas were stained with HE. The 

thickness of the different retinal layers was 
measured at a 200× magnification, including: 
(1) outer limiting membrane to inner limiting 
membrane (OLM-ILM), (2) outer nuclear layer 
(ONL), and (3) inner nuclear layer (INL). Two 
measurements were taken on each section, at 
the two reference lines which were 1 mm away 
from the optic nerve on both superior and infe-
rior sides.  
 
SDS-PAGE zymography 
 
Rats from each group were anesthetized deeply 
and then perfused transcardially with icecold 
PBS, pH 7.4. The left eye was removed quickly 
and frozen immediately on dry ice, and stored at 
-80°C. Eye samples were homogenized, centri-
fuged, supernatant was collected. Prepared 
protein samples were loaded and separated by 
10% Tris-glycine gel. After separation by electro-
phoresis, the gel was stained with 0.5% 
Coomassie Blue R-250 for 30 min and then 
destained appropriately.  
 
Quantitative assessment of BRB permeability 
 
Vascular permeability in the retina was meas-
ured at 12 weeks of diabetes using an Evans 
blue quantitation technique [25]. Rats were 
anesthetized with ketamine (120 mg/kg) and 
acepromazine (1 mg/kg). The left femoral artery 
and vein were exposed and cannulated using a 
0.28-mm diameter tubing (Scientific Commodi-
ties Inc., Lake Havasu City, AZ, USA) filled with 
heparinized normal saline (200 U/ml NS). Ev-
ans blue (45 mg/kg) was injected into the femo-
ral vein. The animal was subsequently perfused 
via the left ventricle with approximately 60ml 
citrate buffered paraformaldehyde (1% wt/vol) 
at 37 ± 10 C over a 2 min interval to clear Evans 
blue from the circulation. The retina from the 
remaining eye was collected, dried for 2 h and 
weighed. The Evans blue dye was extracted by 
incubating each retina in 120 ml of formamide 
for 18 h at 700C. The extract was centrifuged at 
14000 g for 12 min at 250C (Eppendorf, Ham-
burg, Germany). The absorbance of 80 ml of the 
supernatant was measured by spectrophotome-
try. To determine the time-averaged Evans blue 
plasma concentration, 0.2 ml of blood was with-
drawn from the femoral artery 2 min after Evans 
blue injection. At 15-min intervals, 0.1 ml of 
blood was withdrawn concluding with a 0.2 ml 
sample of blood at the 2-h mark. The blood 
samples were centrifuged at 12000 r.p.m. for 
30 min and the plasma diluted 1/10000 in for-
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mamide. Absorbance was measured by spectro-
photometry at 620 and 740 nm, the absorb-
ance maximum and minimum, respectively, of 
Evans blue in formamide. The concentration of 
dye in the plasma was calculated from a stan-
dard curve of Evans blue in formamide. The 
BRB permeability was calculated as follows: 
 
[Evans blue (µg)/retina dry weight (g)] / [Time - 
averaged Evans blue concentration (µg)/plasma 
(µl) x circulation time (h)] 
 
Statistics 
 
Data are expressed as mean ± S.E.M. Statistical 
analysis was performed using Graph Pad Prism 
(version 4.0, Graph Pad Inc., San Diego, (CA) 
software. For multiple comparisons, one-way 
analysis of variance (ANOVA) was used. In case 
ANOVA shows significant differences, post-hoc 
analysis was performed with Tukey's test or 
Dunnet test, p<0.05 was considered statistically 
significant. 
 
Results 
 
Plasma glucose levels and body weight 
 
STZ-induced diabetic rats showed approximately 
five-fold increase in the blood glucose levels 
after STZ administration, which was consistent 
throughout the study period (Table 1). Diabetic 
rats showed significant decrease in body weight 
as compared to age-matched control rats. Treat-
ment with MINO, ASP or with combination of 
MINO and ASP did not produce any change in 
plasma glucose levels (Table 1). 
 
Electroretinography  

 
ERG was performed as an objective assessment 
of retinal function of the rats. B-wave ampli-
tudes were significantly reduced in diabetes 
rats. For 2-month diabetic rats, the B wave am-
plitude is about 55% of that of the normoglyce-
mic control group (Figure 1) indicating the de-
creased function of the retina in diabetic rats. 
Treatment with combination of MINO and ASP 
significantly improved B-wave amplitude (457.2 
± 37.46 mV, n= 6, p<0.05) when compared 
with diabetic groups (321.8 ± 23.76 mV, n=6). 
B wave latency was increased significantly in 
diabetic group when compared with normogly-
cemic group (Figure 2). Treatment with MINO 
and ASP significantly attenuated B wave latency 
(152 ± 11 ms, n=6) when compared with vehi-
cle treated diabetic group (140.62 ± 14.1 ms, 
n=6). Treatment with ASP per se and MINO per 
se also improved B wave amplitude and B wave 
latency. However it was not significantly differ-
ent from vehicle treated diabetic group. 
 
Histology 
 
Morphometric examination of HE-stained retinal 
paraffin sections demonstrated significantly 
reduced total retinal thickness in diabetic rats 2 
month after diabetes onset in comparison with 
non-diabetic control rats (Figure 3). Primarily, 
the reduction in thickness occurred in the ONL 
in diabetic rats up to 2 month (n= 6; p<0.05, 
Figure 3). For INL in diabetes, there is no signifi-
cant difference in 2-month diabetes compared 
with normal controls. Treatment with MINO plus 
ASP significantly attenuate ONL thickness when 
compared with vehicle treated diabetic group.  
There is no significant difference in the thick-
ness of the inner or outer plexiform layers be-

Table 1. Blood Sugar levels and body weights in diabetic and normal rats at 8th week after diabetes     
induction*  

*Treatment with MINO, ASP and MINO in combination with ASP was not able to reduce BSL and showed no change in 
hyperglycemia. (n = 6 for all groups) ** p<0.01 vs normal rats. DB + DW (Diabetic group treated with distilled water), 
DB + MINO  (Diabetic group treated with Minocycline per se), DB + ASP (Diabetic group treated with Aspirin per se), 
DB + ASP + MINO (Diabetic group treated with Minocycline and Aspirin), DB + 0.05 % CMC (Diabetic group treated 
with 0.5 % Carboxymethyl Cellulose solution). 

Group Blood Sugar Level Body Weight 

NORMO 113 ± 15.1 271 ± 16.2 
DB+DW 440 ± 23.7 ** 219 ± 14.6 ** 
DB + MINO 449 ± 11.8 ** 216 ± 19.7 ** 
DB + ASP 457 ± 12.4 ** 222 ± 14.2 ** 
DB + MINO + ASP 447 ± 12.5 ** 226  ± 17.1 ** 
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tween diabetic and control rats (data not 
shown). 
 
SDS-PAGE zymography  
 
Zymogram of eye homogenate showed high 
level of 72 kDa protein and 92 kDa protein in 
vehicle treated diabetic animals compared to 
normal animals (Figure 4 and 5). Treatment 
with MINO per se, ASP per se and MINO plus 
ASP reduced increased level of 72 kDa protein 
and 92 kDa protein levels. Reduction in 72 kDa 
and 92 kDa protein level is more with MINO 
plus ASP treated group compared to MINO per 
se and ASP per se treated group (Figure 4 and 
5). 
 
BRB permeability increases in response to dia-
betes 
One eye from each animal was used to quanti-

tate the degree of vascular permeability of the 
retinal vessels. Evans blue dye was used to de-
termine the extent of vascular permeability, a 
technique that effectively measures the move-
ment of albumin from the plasma into the sur-
rounding tissues. Following 8 weeks of diabe-
tes, vehicle treated diabetic rats were found to 
have a nearly two-fold increase in retinal vascu-
lar permeability, 2.52 ± 0.15 µl/gh group, com-
pared to normoglycemic rats 1.51 ± 0.21 µl/gh 
(Figure 6). The differences observed were statis-
tically significant (P>0.05). Treatment with 
MINO plus ASP significantly attenuated vascular 
permeability (1.86 ± 0.15, n=6) when com-
pared with vehicle treated diabetic group 
(Figure 6).   
 
Discussion 
 
Grant et al. stated that diabetic retinopathy is 

 
 
Figure 1. Effect of four week treatment 
with MINO, ASP and MINO in combina-
tion with ASP on B wave amplitude. ** 
p<0.01 vs vehicle treated diabetic rats. 
(n = 6 for all groups). DB + DW (Diabetic 
group treated with distilled water), DB + 
MINO  (Diabetic group treated with Mi-
nocycline per se), DB + ASP (Diabetic 
group treated with Aspirin per se), DB + 
ASP + MINO (Diabetic group treated 
with Minocycline and Aspirin), DB + 
0.05 % CMC (Diabetic group treated 
with 0.5 % Carboxymethyl Cellulose 
solution)  

 
 
Figure 2. Effect of four week treatment 
with MINO, ASP and MINO in combina-
tion with ASP on B wave latency. * 
p<0.05 vs vehicle treated diabetic rats. 
(n = 6 for all groups) DB + DW (Diabetic 
group treated with distilled water), DB + 
MINO  (Diabetic group treated with Mi-
nocycline per se), DB + ASP (Diabetic 
group treated with Aspirin per se), DB + 
ASP + MINO (Diabetic group treated 
with Minocycline and Aspirin), DB + 
0.05 % CMC (Diabetic group treated 
with 0.5 % Carboxymethyl Cellulose 
solution).  
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the most severe ocular complication of diabetes 
[26]. The earliest clinical signs are microaneu-
rysms and haemorrhages followed by dilated, 

tortuous irregular veins, and retinal nonperfu-
sion, leading to retinal ischemia that ultimately 
results in neovascularisation. Diabetic macular 

 
Figure 3. Effect of four week treatment 
with MINO, ASP and MINO in combina-
tion with ASP on retinal thickness.  * 
p<0.05, ** p<0.01 vs vehicle treated 
diabetic rats. (n = 6 for all groups) OLM
-ILM (Outer Limiting Membrane to In-
ner Limiting Membrane), ONL (Outer 
Nuclear Layer), DB + DW (Diabetic 
group treated with distilled water), DB 
+ MINO  (Diabetic group treated with 
Minocycline per se), DB + ASP 
(Diabetic group treated with Aspirin per 
se), DB + ASP + MINO (Diabetic group 
treated with Minocycline and Aspirin), 
DB + 0.05 % CMC (Diabetic group 
treated with 0.5 % Carboxymethyl Cel-
lulose solution). 

Figure 4. Effect of three week treatment with MINO, 
ASP and MINO in combination with ASP on retinal 
protein (72 KDa) level. (a) Normal (b) Diabetic + DW 
(Diabetic group treated with distilled water), (c) Dia-
betic + 0.5 % CMC (Diabetic group treated with 0.5 % 
Carboxymethyl Cellulose solution) (d) Diabetic + ASP 
(Diabetic group treated with Aspirin per se) (e) Dia-
betic + MINO (Diabetic group treated with Mino-
cycline per se) (f) Diabetic + ASP + MINO (Diabetic 
group treated with Minocycline and Aspirin)  

Figure 5. Effect of three week treatment with MINO, 
ASP and MINO in combination with ASP on retinal 
protein (92 KDa) level. (a) Normal (b) Diabetic + DW 
(Diabetic group treated with distilled water), (c) Dia-
betic + 0.5 % CMC (Diabetic group treated with 0.5 % 
Carboxymethyl Cellulose solution) (d) Diabetic + ASP 
(Diabetic group treated with Aspirin per se) (e) Dia-
betic + MINO (Diabetic group treated with Mino-
cycline per se) (f) Diabetic + ASP + MINO (Diabetic 
group treated with Minocycline and Aspirin) . 

 
 
Figure 6. Effect of four week treatment 
with MINO, ASP and MINO in combination 
with ASP on retinal permeability. * 
p<0.05, ** p<0.01 vs vehicle treated 
diabetic rats. (n = 6 for all groups) DB + 
DW (Diabetic group treated with distilled 
water), DB + MINO  (Diabetic group 
treated with Minocycline per se), DB + ASP 
(Diabetic group treated with Aspirin per 
se), DB + ASP + MINO (Diabetic group 
treated with Minocycline and Aspirin), DB 
+ 0.05 % CMC (Diabetic group treated 
with 0.5 % Carboxymethyl Cellulose solu-
tion) 
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oedema involves the breakdown of the blood–
retinal barrier. Chronic hyperglycemia leads to 
oxidative injury, microthrombi formation, cell 
adhesion molecule activation, leukostasis, and 
cytokine activation [27]. The STZ-induced dia-
betic rat displays similar retinal morphologic 
and functional changes to those observed in the 
early stage of human diabetic retinopathy [7]. 
Diabetic rats induced by STZ have mostly been 
used as the animal model of type 1 diabetes.  
 
In our study four week treatment with ASP per 
se, MINO per se and ASP plus MINO  did not 
alter blood sugar level and body weight com-
pared to vehicle treated diabetic group showed 
that treatment with combination is attenuating 
diabetic retinopathy through other than  glucose 
lowering mechanism. It has been reported that 
electrophysiological changes in diabetes occur 
before the appearance of visible lesions [28 - 
30]. Thus, an electrophysiological assessment 
of retinal function could be valuable in diabet-
ics. Layton demonstrated that the B-wave ampli-
tude was reduced in early diabetes [31]. 
Holopigian et al. reported that the B-wave was a 
sensitive indicator of diabetic retinopathy [32]. 
We observed 46% deficit in B wave amplitude in 
8 weeks diabetic rats as compared to non-
diabetic rats. These results are in accordance 
with the other reports, wherein similar reduction 
of b wave amplitude in streptozotocin-induced 
diabetic rats was reported [33]. MMP-2 and 
MMP-9 degrade the ECM components of the 
basement membrane. Their substrates include 
type IV collagen, fibronectine, elastin and dena-
tured interstitial collagen [34].  In diabetics, 
hyperglycemia induces activation and expres-
sion of MMP-2 and MMP-9. Increased level of 
MMP-2 and MMP-9 leads to degradation of ex-
tracellular matrix and thickening of basement 
membrane [35].  This may lead to constriction 
of arteries. Nerve injury caused by constriction 
of arteries, results in ischemia of nerve tissue 
and ultimately neural cell death [36]. In our 
study decreased b wave amplitude and in-
creased b wave latency in diabetic animals 
showed neuronal dysfunction. It has been 
shown that COX-2 inhibitors can influence MMP 
expression [37]. Studies suggest that presence 
of COX-2 induce biosynthesis of MMP-2 and 
MMP-9 from vasculature smooth muscle, endo-
thelial cells and macrophages [35]. The stimu-
lus for induction of COX-2 in diabetes is likely 
hyperglycemia, which has been shown to in-
crease oxidative stress in variety of cells [38].  

In our study we use MINO in combination with 
ASP to reduce increased concentration of MMP-
2 and MMP-9 in diabetic rats. MINO is an inhibi-
tor of MMP-2 and MMP-9. ASP can inhibit MMP-
2 and MMP-9 biosynthesis by inhibiting COX-2 
and by inhibiting tissue plasmiogen activator 
(tPA). In diabetics, hyperglycemia induces fi-
bronectin (Fn) overexpression which degraded 
into proangiogenic Fn fragments (Fn-f). Fn-f has 
been shown to stimulate tPA catalyzed plasmi-
nogen activation. The plasmin produced acti-
vates proform of MMP-2 and MMP-9 [35]. Re-
sults of Zymography suggest that level of 72 
kda protein and 92 kDa protein which are mo-
lecular weights of MMP-2 and MMP-9 are re-
duced with treatment of MINO plus ASP. Further 
these reductions were higher as compared to 
per se treated groups.  
 
Histological studies were done to explore effect 
of MINO plus ASP to prevent or delay retinal 
neuronal apoptosis. Our results showed that the 
retinal thickness of the diabetic rats treated 
with MINO plus ASP were improved significantly. 
These data suggested that this combination 
might have the potential of rescuing the degen-
erating neurons of diabetic retinopathy. 
 
Giebel et al suggested that elevated expression 
of MMPs in the retina of diabetic animals may 
facilitate an increase in vascular permeability 
[39]. In our study BRB permeability was in-
creased in vehicle treated diabetic group which 
is in accordance with previous studies.  MMPs 
are secreted as proenzymes that are activated 
autocatalytically or by other proteases such as 
uPA and plasmin. The serine proteinase uPA, 
through its conversion of plasminogen to plas-
min, may directly affect the tight junction pro-
teins between adjacent endothelial cells, or may 
function to activate MMP-2 and MMP-9 result-
ing in a breakdown of the tight junction protein 
occludin by these enzymes [39]. Treatment with 
MINO in combination with ASP attenuated the 
BRB permeability suggested that enhanced inhi-
bition of MMP-2 and MMP-9 by the combination 
is responsible for improvement. 
 
In conclusion, combination of MINO and ASP 
showed significant protection in diabetic neu-
ropathy as evident from improvement in B wave 
amplitude and latency, retinal thickness and 
blood retinal permeability. This improvement is 
due to enhanced inhibition of MMP-2 and MMP-
9 by the combination of MINO and ASP. This 
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study suggests beneficial effects of treatment 
with combination of MINO and ASP in experi-
mental diabetic neuropathy in rats and can be a 
potential approach for the treatment. 
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