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Introduction

Diabetes mellitus (DM) is a real pandemic of the modern 
world and the incidence of this disease is increasing 
at a tremendous rate.[1] It is a disease with a number 
of complications involving most major systems of 

the human body.[2] Long-term impairment of the 
microcirculation in diabetes, largely through the adverse 
actions of hyperglycemia and hypertension, leads to 
loss of nutritive blood flow and damage within the eye, 
the kidney and the nerves in particular.[3] The renin 
angiotensin system (RAS) is considered to be involved in 
most of the pathological processes that result in diabetic 
nephropathy.[4] The elevated expression of angiotensin 
II (AT-II) in diabetes systemically is also involved in the 
retinopathy and its progression.[5] Studies regarding the 
dual inhibition of RAS including angiotensin-converting 
enzyme (ACE) and angiotensin receptor in diabetic 
nephropathy were done, but the effect of this over the 
retinopathy is not yet published in literature.[6] In a human 
study, it has been shown that the ACE inhibition or AT-
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II (AT-1 subtype) receptor blocking helps in prevention 
of progression of retinopathy than what is actually 
expected, in its prevention in nephropathy in type I 
diabetes.[7] To the best of our knowledge the progression 
status of diabetic retinopathy in combinational treatment 
using ACE inhibitor and AT-II receptor blocker is 
unknown. As diabetic retinopathy is a common diabetic 
complication that we face in day-to-day clinical practice, 
generation of such knowledge will defi nitely help to 
develop appropriate therapeutics of diabetic retinopathy 
and has the potential to aid in the prevention of diabetic 
related blindness in the days to come.

Therefore, in the present study, we propose to study 
the therapy effect of ACE inhibitor (ramipril) and AT-
II receptor blocker (telmisartan) and its combinational 
therapy in type 1 rat model of diabetes mellitus and 
compare its effect on the progression of diabetic 
retinopathy and nephropathy.

Materials and Methods

Animals, drugs and chemicals
Adult male Wistar rats, weighing between 200 to 
250 g were procured from the central animal house of the 
Postgraduate Institute of Medical Education and Research 
(PGIMER), Chandigarh. They were kept individually in 
an environmentally-controlled room with free access to 
dietary chow and water. Rats were fed with a standard 
diet. After a week of acclimatization, the experiments 
were carried out as per the guidelines of the committee for 
the purpose of control and supervision of experiment in 
animals (CPCSEA) for the use of animals in research. The 
study was initiated following approval of the Institute’s 
animal ethics committee (IAEC NO: 296, AH-71).

The STZ and ramipril powders were purchased from 
Himedia laboratories private limited, Mumbai. Pure 
powder of Telmisartan was purchased from the Themis 
Medicare Limited, Mumbai as an active pharmaceutical 
ingredient (API) and NPH insulin (Insugen), from Biocon 
Limited, Bangalore. All other reagents and chemicals 
used in the study were of the highest purity and quality 
and procured from the institution PGIMER. Strict asepsis 
was maintained throughout the study.

Experimental groups
The adult male Wistar rats of 200-250g were divided 
into the following groups: Control group (maintained on 
normal diet and no drug)-C; diabetic group (induced by 
STZ injection and insulin maintained)-D; diabetic group 
treated with ramipril (0.9 mg/kg/d)-D1; diabetic group 
treated with ramipril (0.45 mg/kg/d)-D2; diabetic group 
treated with telmisartan (3.5 mg/kg/d)-D3; diabetic 
group treated with telmisartan (1.75 mg/kg/d)-D4; 

diabetic group treated with combination of ramipril 
(0.9 mg/kg/d) and telmisartan (3.5 mg/kg/d)-D5; 
diabetic group treated with combination of ramipril 
(0.45 mg/kg/d) and telmisartan (1.75 mg/kg/d)-D6; 
Diabetic group treated with combination of ramipril 
(0.3 mg/kg/d) and telmisartan (1.2 mg/kg/d)-D7.

Induction of diabetic state
After an adaptation period of 1 week, the animals 
were given an injection of streptozotocin (55 mg/kg) 
in 0.05 M sodium citrate, pH 4.5 after an overnight fast 
through the peritoneum. Diabetes was confi rmed by 
blood glucose on the sixth day after streptozotocin (STZ) 
injection. Diabetic rats were included in the study if the 
glucose value exceeded 300 mg/dl. Once diabetes was 
confi rmed, the rats were randomly divided into eight 
groups with diabetic control and diabetic drug-treated 
groups. The drugs, namely ramipril and telmisartan were 
administered orally in various doses and combinations 
till 60 days from the time of randomization. All the 
diabetic rats irrespective of the treatment group were 
given 1-2 IU of insulin on alternate days after 6 days of 
induction of diabetes to control mortality, ketonuria and 
to stabilize body weight.[8]

Biochemical parameters
The change in body weight was noted at different points 
of time. The blood was drawn from the tail vein of the 
diabetic Wistar albino rats; under light ether anesthesia 
on the respective days and random blood glucose, 
glycated hemoglobin, serum creatinine and the blood 
urea nitrogen were measured. Urine was collected and 
analyzed for spot albumin creatinine ratio.

Histopathology of kidney and retina
All the animals were sacrifi ced at the end of the study 
period (i.e. on day 60). The viscera like kidneys (right 
and left), eyes (right and left) were dissected out and 
fixed in buffered formalin (pH = 7.4) for a week for 
histopathological analysis. The slides were stained with 
hematoxylin and eosin (H&E) using standard histology 
procedures. Four sections per organ per animal in each 
group were made for staining and histological studies 
and scoring by a blinded qualifi ed pathologist. The whole 
fi eld of the cortex of the kidney and retina was examined 
under high power magnifi cation (400×).

R e n a l  t u b u l o i n t e r s t i t i u m  w a s  e v a l u a t e d 
semiquantitatively using a grading system with a score of 
0 to 4+ on the basis of tubular dilatation, tubular atrophy 
and interstitial infl ammatory cell infi ltrates: 0 - no lesion 
(normal kidney); 1+ - single small focal lesion with very 
minimal tubular change and interstitial infl ammatory 
cell infi ltration; 2+ to 4+ indicated increased severity 
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of tubular lesions and interstitial inflammatory cell 
infi ltrations. A score of 4+ was arbitrarily assigned when 
approximately 50% or more renal parenchyma and 
interstitium was involved.[9]

Statistical analysis
All values were expressed as mean ± SD. Multiple 
comparisons were made between the groups for all 
parametric data by using one way analysis of variance 
(ANOVA) followed by Tukey’s post-hoc analysis. 
For categorical data, Fisher`s exact test was used. For 
comparison of scores for renal tubulointerstitial lesions 
between groups Wilcoxon sign rank test was used. The 
P value of <0.05 was considered statistically signifi cant.

Results

Eff ect of drugs on body weights
From Table 1 it is seen that in the control group (C) and 
in the group that received half doses of the combinational 
drugs (D6), the weights vary significantly over the 
baseline value within their respective groups.

Eff ect of drugs on random blood glucose levels
From Table 2 the baseline mean RBS values were 
comparable among the different groups. Also, it was seen 
that in all diabetic and diabetic treated groups there is 
a signifi cant increase in blood glucose values from 0, 6, 
15 and 60 days. From 6-day values there was reduction 
in 15-day and 60-day value. When the RBS values are 
compared between control and diabetic groups, there 
was huge margin of increase in blood glucose, which 
was highly signifi cant (P < 0.001). When the treated 
groups were compared with the diabetic control group, 
all treated groups showed a reduction in blood glucose 
values over the period from 15 days to 60 days, but 
none had achieved statistical signifi cance. The same 
scenario was also seen between the diabetic treated 
groups. During the course of the study it was also noticed 
among the different groups, the mean value of RBS was 
maintained between 200-300 mg/dl.

Eff ect of drugs on glycated hemoglobin HbA1c (%) 
in diff erent groups of animal
From  Table 3 it was shown that the mean glycated 
hemoglobin values at baseline were comparable among 
the control, diabetic and the diabetic treated groups and 
within the normal range values. At 15 days, the mean 
values in diabetic (D) and other diabetic treated groups 
were increased above normal range. At 60 days the 
glycated hemoglobin value decreased but not  in the 
normal range.

Table 1: Changes in body weights (g) at baseline, 
day 15 and day 60 for control, diabetic and diabetic 
treated groups of rats

Body weights (g)
Groups 0 days 15 days 60 days
C 238.8±8.59 243.0±8.29 270.3±8.41+$

D 221.6±15.43 218±15.62 212±16.07
D1 221.6±18.74 219.3±17.84 202.6±27.90
D2 228±15.42 226±15.28 219.3±14.16
D3 238.8±22.04 236.6±22.17 230.3±20.21
D4 223.6±8.18 221.6±7.84 218.3±7.22
D5 238.8±8.58 237.1±8.61 234.1±9.15
D6 237.3±4.17 234.5±4.32 221.0±3.52$

D7 224.8±9.32 221.6±9.56 215.6±10.50
n = 6 in each group, Data expressed in mean ± SD, $P < 0.05 for within 
group comparison of body weight between 60 days and 0 day, + − P < 
0.05 for intergroup comparison of bodyweight with control and other 
groups

Table 2: Changes in random blood glucose level 
(mg/dl) at baseline, day 15 and day 60 for control, 
diabetic and diabetic treated groups of rats
Groups 0 days 6 days 15 days 60 days
C 114.8±8.77 114±8.7 118.5±9.15 120.6±12.94
D 125.3±10.74 586±23.3+$ 396.5±58.16+# 279.1±42.85+α

D1 121.3±14.03 530±47.5+$ 376.2±81.83+# 265.3±57.56+α

D2 107.6±14.69 575±39.8+$ 451.5±146.65+# 271.0±33.79+α

D3 118.8±11.73 518±38.4+$ 316.0±14.26+# 283±30.85+α

D4 107.8±19.13 576±28.0+$ 390.3±90.69+# 267±25.31+α

D5 118.3±13.72 564±44.8+$ 428.8±105.26+# 266.6±24.14+α

D6 116.3±18.68 547±40.3+$ 380.5±78.3+# 249.8±36.70+α

D7 108.1±16.63 517±84.5+$ 347.6±81.3+# 269±40.60+α

RBS = Random blood sugar (mg/dl), n = 6 in each group, Data expressed in 
mean ± SD, $P < 0.05 for within group comparison of RBS between 6 days 
and 0 day, #P < 0.05 for within group comparison of RBS between 15 days 
and 0 day, αP < 0.05 for within group comparison of RBS between 60 days 
and 0 day, +P < 0.05 for intergroup comparison of RBS with control and 
other groups

Table 3: Changes in glycated hemoglobin (HbA1c) 
% at baseline, day 15, day 60 for control, diabetic 
and diabetic treated groups of rats
Groups 0 days 15 days 60 days
C 5.3±0.93 5.0±1.33 6.1±0.21
D 5.7±0.43 7.8±0.75+# 7.8±0.75+$

D1 5.8±0.47 6.9±0.68# 7.3±0.53$

D2 5.7±0.43 8±1.41+# 7.1±0.76$

D3 6.1±0.21 8.4±0.87+# 7.3±0.45$

D4 5.8±0.48 8.1±0.81+# 6.8±0.80
D5 5.8±0.44 7.6±1.22+# 6.9±0.63
D6 5.7±0.57 8.6±1.63+# 7.4±1.09+

D7 5.3±0.51 7.8±0.70+# 8±0.60+$

n = 6 in each group, Data expressed in mean ± SD, #P < 0.05 for within group 
comparison of HbA1c between 15 days and 0 day, $P < 0.05 for within group 
comparison of HbA1c between 60 days and 0 day, +P < 0.05 for intergroup 
comparison of HbA1c with control and other groups
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Eff ect of drugs on blood urea in diff erent groups 
of animal
From Table 4 it was shown that the blood urea, which 
is a marker for renal involvement is comparable among 
different groups at the baseline. It was shown that the 
blood urea values between 0 and 15 and 60 days was 
increased in all diabetic and diabetic treated groups and 
found statistically signifi cant (P < 0.05). On day 15 when 
the control and the other groups were compared, the 
group D, D2, D4, D5, D6 and D7 had shown increased 
urea values which were signifi cant and the comparison 
between the diabetic and drug-treated diabetic groups 
at day 15 showed the groups D1, D2, D3, D5 and D6 
showed decrease in blood urea values which were 
statistically signifi cant. At 60 days when the control 
and the other groups were compared there was a 
statistically signifi cant increase in the values between 
them and there was a statistically signifi cant reduction 
in values between the diabetic and the diabetic drug-
treated groups. It was seen that the groups D3 and D5 
showed a major decline in levels when compared with 
the diabetic control showing that the drugs have some 
effects in the prevention of progression of diseases. 
Between the diabetic treated groups it was shown that 
the group D5, showed a remarkable reduction in blood 
urea values from the diabetic groups which were highly 
signifi cant (P < 0.001).

Effect of drugs on serum creatinine, urine spot 
albumin creatinine ratio (ACR) in diff erent groups 
of animal
The serum creatinine values and spot ACR were 
comparable among different groups at the baseline. 
It was also seen that the mean values of serum 
creatinine and spot ACR over the different groups at 
different time points was also within the normal range 
indicating no involvement of glomerulus. This was 
also evident from the histological pictures of normal 
glomerulus.

Histopathological examination of kidney in diff erent 
groups of animal
There was no gross morphological change in the 
kidneys of any group of the animals. No change in the 
glomerulus could be detected in any of the groups of 
animals [Figure 1]. In contrast to the control group, the 
untreated diabetic rat kidneys at the end of 60 days 
showed extensive tubular dilatations, tubular atrophy 
with severe interstitial inflammations lymphocytic 
cellular infiltrates and normal glomerulus where 
in the control group have normally filled tubules, 
normal interstitium without any cellular infi ltrate and 
normal glomerulus [Figure 1] and This picture was 
also correlated with the biochemical renal parameter 

changes. It was shown that in group D1, D3, D6 moderate 
tubular dilatation with mild to moderate interstitial 
infl ammations and with normal glomerulus was seen. 
In D5 group, mild tubular dilatations, mild interstitial 
infl ammations and normal glomerulus were noticed. 
The highest Reno protective effect was observed with 
D5 group. The histological score for the renal changes 
were commensurate to the histopathological changes 
as mentioned above and documented in Table 5. The 
score of tubulointerstitial lesions was signifi cantly less 

Table 4: Changes in blood urea (mg/dl) at baseline, 
15 days and 60 days control, diabetic and diabetic 
treated groups of rats
Groups 0 days 15 days 60 days
C 20.2±2.40 20.3±3.44 21.7±1.21
D 21±1.89 72.2±8.47+* 142.2±13.07+α$

D1 20.3±1.96 25±2.52α 75.7±11.09+α$

D2 25±2.52 37±6.41+α 84.8±15.10+α$

D3 20.8±1.32 33.5±3.44α* 52.3±9.52+α$

D4 20.3±1.96 59.5±8.31+* 95.8±21.63+α$

D5 20.3±1.96 54±8.17+α* 53.3±7.50+α$

D6 21.5±1.51 57.2±11.26+α* 93.5±5.75+α$

D7 21±1.89 72.2±8.47+* 99.5±12.84+α$

n = 6 in each group, Data expressed in mean ± SD, *P < 0.05 for within group 
comparison of blood urea between 15 days and 0 day; $P < 0.05 for within 
group comparison of blood urea between 60 days and 0 day, +P < 0.05 
for intergroup comparison of blood urea with control and other groups, 
αP < 0.05 for intergroup comparison of blood urea with diabetic and diabetic 
treated groups

Figure 1: H&E staining of kidney structure containing tubules, 
interstitium and glomerulus. H&E staining of kidney structure 
containing tubules, interstitium and glomerulus. C - control with 
normal tubules, interstitium and glomerulus. D - diabetic control with 
extensive tubular dilatation showing epithelial cell atrophy severe 
interstitial infl ammations (not shown) and normal glomerulus. D1, 
D3, D6 shows moderate tubular dilatation with mild to moderate 
interstitial infl ammations (not shown) and normal glomerulus. D5 
photograph shows only mild tubular dilatation with mild interstitial 
infl ammations and normal glomerulus. (magnifi cation 400×)
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in groups D5 and D6, compared to that of the untreated 
diabetic group. However the scores were signifi cantly 
higher for all the diabetic groups compared to the 
control group of animals.

Histopathological examination of retina in diff erent 
groups of animal
In the diabetic rats it was found that there was lots 
of vacuolations seen in the inner plexiform layer and 
the ganglionic layer of the retina which was marked 
as a neuronal diabetic retinopathy changes [Figure 2]. 
Other late changes which were supposed to be in the 
diabetic eye (endothelial injury, basement membrane 
thickening, neovascularisation etc.) were not seen. After 
treatment with drugs, there was improvement shown, by 
the reduction in vacuolations, in the group (D5) which 
received a full dose of combinational drug treatment.

Morphological changes in eye
The diabetic rat, over the course of the study developed 
lens changes. It was observed that cataract [Table 5] 
development occurred after 3-4 weeks of STZ injection. 
Although a large number of animals in the untreated 
diabetic group had developed cataract compared 
to the drug treated diabetic groups, yet, the values 
did not reach statistical signifi cance, due to, smaller 
number of animals. The group of animals receiving full 
combinational doses (D5) showed best protection against 
the development of cataract.

Discussion
In a human study, it was reported that the ACE inhibition 
or AT-II (AT-1 subtype) receptor blocking helps in 
the prevention of progression of retinopathy in type I 
DM.[7] However, there is no published document on the 
effect of combinational treatment with ACEI and AT-II 
(AT-1 subtype) receptor antagonist on the progression 

of diabetic retinopathy either in animals or in human 
beings.

It was reported earlier that there was 17-20% mortality 
following STZ injection.[10] Accordingly, the model of STZ 
induced DM was, thus, standardized with a view to obtain 
persistent diabetic state without mortality to the animals. 
In order to achieve the goal, 5% sucrose[11] was added for 
fi rst 48 hours and NPH insulin was injected, s.c.at a dose 
of 1-2 units throughout the study period, depending on 
the level of blood glucose.[12] The changes in body weight 
are considered as one of the markers for diabetic condition.
[13] The diabetic state was confi rmed on day 6 with blood 
sugar and HbA1c levels remained persistently higher 
(blood sugar in the range of 200-300 mg/dl) throughout 
the study. It was found that the study drugs had no 
signifi cant effect on the RBS or HbA1c level compared 
to the untreated diabetic group either on the 15th or 60th 
day following STZ injection.[14] There is no published 
literature documenting the effect of ACEI or angiotensin 
receptor blockers on blood sugar level or HbA1c level in 
the animal model of diabetic state except one report[14] 

which documents that telmisartan and benzipril had no 
effect on the blood sugar level compared to untreated 
diabetic control group. The glycated hemoglobin values 
were also evaluated and these values depict glycemic 
control over the past few months.[15] Signifi cant difference 
in HbA1c level between the control group and D5 
group was observed on day 15 suggesting thereby that 
prolonged treatment with the combination of telmisartan 
and ramipril might benefi cially infl uence the HbA1c level.

Table 5: Eff ect of drugs on cataract and scoring of renal 
tubulointerstial lesions in STZ treated animals
Groups Tubulointerstitial 

scoring
 Number of animals 

that developed cataract
C 0±0 0
D 3.38±0.51* 5
D1 2.13±0.35*# 2
D2 3.25±0.46* 3
D3 2.13±0.35*# 2
D4 3.38±0.51* 2
D5 0.88±0.35*# 1
D6 1.75±0.46*# 2
D7 3.13±0.35* 4
N = 6 in each group, *P < 0.05 between control and the various groups, 
#P < 0.05 between diabetic and drug treated diabetic group

Figure 2: H&E staining of layers of retina of control (C), diabetic (D) 
and the drug treated diabetic groups. H&E staining of layers of retina of 
control (C), diabetic (D) and the various drugs treated diabetic groups. 
The control group showed the orderly arrangement of all the cell layers 
of retina without any vacuolations. Diabetic group and D1, D2, D3, D4, 
D6 and D7 show extensive vacuolations in the inner plexiform layers 
and the ganglionic layer of the retina. In diabetic treated group (D5) 
vacuolations markedly reduced. (Magnifi cation 400×)
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The blood urea was significantly increased in the 
untreated diabetic group compared to the values of 
the control animals. Further, it was observed the blood 
urea level in an untreated diabetic group signifi cantly 
increased from the baseline value, thereby indicating 
progressive renal tubular damage caused by persistent 
diabetes in animals. Blood urea levels showed progressive 
increase on day 15 and day 60 compared to the baseline 
in the entire drug treated diabetic groups. However 
the levels of the blood urea in all of the drug-treated 
diabetic groups were signifi cantly lower compared to 
the untreated diabetic group on day 15 and day 60. It 
suggested the protective effect of ACEI and ARBs in the 
progression of renal damage. However, the protection 
offered by the full dose of ramipril and telmisartan 
combination was maximum, since the increase in blood 
urea level in this group of animals was least among these 
entire drug-treated groups on day 15 and day 60.

Incidentally, it was observed that there was no change 
in the serum creatinine values in the control group, 
untreated diabetic group or the different drug treated 
diabetic groups of animals. Further, there was no change 
in urinary spot ACR in any of the groups of the animals. 
The precise reason for isolated increase in blood urea is 
not clearly known. It might be due to diabetes associated 
catabolic states of animals and the involvement of renal 
proximal tubules, since renal proximal tubules are 
involved in urea handling[16] whereas glomerulopathy is 
associated with creatinine clearance and the appearance 
of albumin in the urine. It might be possible that the 
diabetic animals were suffering from renal tubulopathy 
which precede glomerulopathy.[17] Keeping in view 
the fact that the increase in blood urea levels for the 
drug treated groups of animals were significantly 
lower compared to untreated diabetic groups, it might 
be possible that ACEI, angiotensin receptor blocker 
and particularly their combinations have renal tubule 
protective effects against diabetes induced tubulopathy. 
The effect of diabetes and the drugs on blood urea levels 
as observed in the present study corroborate similar 
fi nding reported in the literature. Previous studies[17] 

had documented that the renal tubulopathy precede 
micro albuminuria resulting on account of diabetic 
glomerulopathy. It was also found in the present study 
that there was extensive tubular dilatation with renal 
interstitial infl ammation in the histopathology of the 
kidney in the diabetic animals. The tubular involvement 
and the interstitial inflammation were significantly 
lower in the drug treated diabetic animals compared to 
untreated diabetic group.

Diabetic nephropathy is classically understood as a 
glomerular disease. However, this understanding is 
currently being contested with recent studies suggesting 
a pivotal role of the tubulointerstitium in the initiation 

and progression of DN.[18] The literature suggests that 
chronic hyperglycemia may orchestrate several structural 
and functional abnormalities of the tubulointerstitium 
before signifi cant glomerular changes.[18]

It was also mentioned in the literature that tubular 
cells are not only affected secondary to glomerular 
injury, but also the primary targets for the pathological 
infl uences. It was said that in renal disease in diabetes, 
there was involvement of severe tubular lesions without 
involvement of the glomerulus in about one third of the 
diabetic population. The pathologic reactions which lead 
to diabetic nephropathy may fi rst occur in the peritubular 
microcirculations which cause oxidative injury and the 
subsequent tubular damage. The tubular cells are the 
direct targets for the enhanced glucose levels present in 
diabetes. Glucose uptake is independent of the action of 
insulin and the intracellular glucose level of the tubular 
cells parallel plasma glucose concentration. Raised 
plasma glucose concentration resulted in augmented 
glomerular filtrate levels of glucose, which in its 
turn resulted in increased proximal tubular glucose 
reabsorption independent of the action of insulin. 
Tubular cells are direct targets for enhanced glucose 
levels present in diabetes. In addition, excess glucose 
in the glomerular fi ltrate leads to enhanced proximal 
tubular glucose effl ux within the proximal tubule. On 
exposure to glucose, tubular cells secrete vasoactive 
hormones like AT-II, transforming growth factor β and 
matrix proteins. Glucose-dependent metabolic pathways 
and vasoactive hormones may directly infl uence tubular 
and interstitial cells, leading to renal dysfunction caused 
by non-glomerular mechanisms.[19]

In the STZ model of diabetes, the tubulointerstitial injury 
was due to the combined action of the hyperglycemia 
and STZ.[20,21] At the optimal diabetogenic dose of STZ, 
diabetic animals developed progressive histological 
changes typical of diabetic nephropathy. It was shown 
in the present study that the drugs causing inhibition 
of the RAS system protected the kidney of the diabetic 
animals from the tubulointerstial damage. The fi ndings 
of the present study are at variance to the reported 
studies in the literature in which it was documented 
that early diabetic nephropathy occurred by one month 
with mesangial expansion and basement membrane 
thickening.[22]

In the present study it was observed that fewer number 
of animals in the drug treated group developed 
cataract in 60 days against the untreated diabetic 
group. The results showed a defi nite trend of ACEI 
and ARBs exerting beneficial effects in preventing 
the development of cataract in the diabetic animals. 
The results of the present study are in confi rmation of 
such previously reported study of ACEI and ARBs on 
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cataract development in diabetic animals.[23] The results 
of several studies suggest that the oxidative stress is a 
major determinant in diabetic complications.[24] It is also 
known that ACEIs remove free radicals.[25] The level of 
these free radicals increases in diabetes and along with 
hyperglycemia, is considered as a cause of accelerated 
cataractogenesis. Apart from hyperglycemia, increased 
amount of free radicals[26], the attenuated endogenous 
antioxidant mechanisms[27] also contribute to cataract 
development. Drugs like ACEI had shown some effect 
on the prevention of cataract. The molecular mechanisms 
underlying the inhibitory action of ACEIs on diabetic 
cataracts could be related to various reductions in 
non-enzymatic glycosylation, the polyol pathway, and 
free radical production. In the present study the use of 
ACEI or ARBs showed protection in the development 
of cataract. This delay in the genesis of cataract was 
also mentioned in previous studies[28,29] suggesting the 
role of ACEI in preventing the development of cataract. 
Keeping in view the results of the present study and the 
postulated mechanism mentioned above[28,29] further 
studies are warranted to fi nd out the anticataract effect 
of ACEI and ARBs.

The histological changes that develops into a full 
blown diabetic retinopathy includes decreased number 
of neurons, especially ganglionic cells, a narrow layer 
of rods and cones, atrophy of pigmented epithelium, 
attenuation of the inner nuclear layer and accumulation 
of eosinophil substances between photoreceptor outer 
segments and retinal epithelium.[30,31] However, in 
the early phase of diabetic retinopathy such changes 
do not occur, but there are vacuolations seen in the 
different cell layers including disorderly arrangement 
of cells in different layers of the retina.[32] As with 
earlier studies[32], in the present study it was observed 
that the untreated diabetic group developed neuronal 
changes of diabetic retinopathy manifested by 
extensive violations of the inner plexiform layer and 
ganglionic cell layer. This model shows apoptosis 
of the inner retinal neurons, such as ganglion cells 
and amacrine cells, and the activation of the Muller 
glial cells in the retina[33,34], which can all contribute 
to the inner retinal dysfunction.[35] It has been found 
that the treatment with ACEI and ARBs markedly 
reduced the vacuolar changes as observed in the 
untreated diabetic group. It has been reported that 
tissue RAS system is present in the retina.[36,37] The 
AT-II has been reported to adversely infl uence the 
vascular component of the retina.[38] However, recent 
studies using the STZ-induced diabetes model have 
begun to reveal the influence of AT-II on neural cells.
[39] The activation of the local RAS in STZ-induced 
diabetes model cause damage to the inner cell layer 
of the retina leading to functional impairment.[40] The 
above mentioned facts highlight the activation of local 

RAS system in the retina causing damage which was 
observed in the present study. Further it explains the 
protective role of ARBs and ACEI on the development 
of retinal infl ammations and the change in the inner 
granular layer of the retina which were observed in the 
untreated diabetic group. However, long term studies 
are warranted to observe and document more fl orid 
retinopathy changes[30,31] and the effect of drugs on it.

Conclusion
The effi cacy of ACEI (ramipril) and ARBs (telmisartan) 
combinations in three-dose ratios were evaluated 
against the microvascular complications and was 
found that the combination of ramipril and telmisartan 
showed improvement in the biochemical parameter 
and in the histopathological improvement of renal 
tubulopathy, renal interstitial infl ammatory changes 
and neuronal changes in the retinopathy in the diabetic 
animals. ACEI and ARBs showed delayed development 
of cataract in their full dose combination. These 
combinations might act through the inhibition of the 
locally activated renin-angiotensin system triggered by 
persistent hyperglycaemia. Thus ARB and ACEI have 
shown a trend in protecting the animals from early 
renal tubulopathy, neuronal changes in the retina and 
cataract formation caused by STZ-induced diabetes 
mellitus.
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