
Effect of Insulin on the Expression of Intraocular Vascular
Endothelial Growth Factor in Diabetic Rats

Hsi-Kung Kuo1,2, MD; Pei-Chang Wu1,2, MD; Chien-Neng Kuo1, MD; Yi-Hao Chen1, MD

Background: To investigate the long-term effect of insulin on vascular endothelial growth
factor (VEGF) of streptozotocin (STZ)-induced diabetic rats.

Methods: Male Sprague-Dawley rats received intraperitoneal injections of STZ (60
mg/kg) to induce diabetes. The diabetic rats were divided into two groups:
the poorly controlled diabetic group (4 U of Ultratard® week) and the insulin-
controlled group (2-8 U of Ultratard® per day according to blood glucose
level). The animals were sacrificed 4 months after diabetes induction. The
intraocular fluids of four eyes from two rats were pooled together as one
sample. VEGF was checked using an enzyme-linked immunosorbent assay
(ELISA) kit.

Results: There were eight rats in the poorly controlled diabetic group, 13 in the
insulin-controlled group and 10 in the healthy group. The concentration of
VEGF ranged from 70.72-164.89 pg/ml (mean, 99.60 31.37 pg/ml) in the
poorly controlled diabetic group, 65.17-124.33 pg/ml (mean, 79.05 21.50
pg/ml) in the insulin-controlled group and 50.6-67.6 pg/ml (mean, 58.07 
6.49 pg/ml) in the healthy group. There were statistical differences between
groups (ANOVA, p < 0.001). The mean difference between the poorly con-
trolled diabetic group and the insulin-controlled group was 20.55 9.61
pg/ml (p = 0.041).

Conclusion: The concentrations of VEGF in the two diabetic rat groups were higher than
that in the healthy rat group. Insulin control reduced the rise of VEGF.
(Chang Gung Med J 2006;29:555-60)
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Diabetic retinopathy, a leading cause of blindness,
is still an important research issue. Vascular

endothelial growth factor (VEGF) is a potent
endothelial-selective angiogenic factor, and is essen-
tial to a number of physiological and pathological
neovascular events.(1) It is temporally and spatially
correlated with ocular angiogenesis in a primate
model of retinal vein occlusion.(2) In diabetic

retinopathy, in addition to stimulating new vessel
growth during the proliferative stage of the disease,
VEGF acts as a permeability factor in early diabetic
retinopathy.(3) VEGF is up-regulated in early and pro-
liferative diabetic retinopathy.(4,5) Its high level in the
aqueous humor is a significant risk factor for the
postoperative exacerbation of macular edema and
rubeotic glaucoma.(1,6)
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The discovery of insulin revolutionized the
treatment of diabetes and markedly extended the
lives of people with this disease. Although, there was
debate about the relationship of blood glucose levels
and diabetic retinopathy, the Diabetes Control and
Complications Trial (DCCT) demonstrated that good
control of blood glucose with insulin was the most
important factor in preventing or slowing the pro-
gression of diabetic retinopathy.(7) However, at the 6-
and 12-month visits, a small diverse effect of inten-
sive treatment (“early worsening”) was noted. In the
laboratory, insulin increased the expression of VEGF
in vitro and exacerbated diabetic blood-retinal barrier
breakdown in short-term studies in vivo.(8-12) The
long-term relationship between insulin, VEGF and
diabetic retinopathy is not clear. In this study, we
investigated the influence of insulin on the expres-
sion of VEGF in the ocular fluids of rats 4 months
after diabetes induction.

METHODS

Animals and experimental diabetes
Thirty male Sprague-Dawley rats, aged 7-8

weeks, weighing 280-360 g, were used. All animal
experiments followed the Association for Research
in Vision and Ophthalmology (ARVO) Statement for
the Use of Animals in Ophthalmic and Vision
Research. Diabetes was induced by an intraperitoneal
injection of streptozotocin (Sigma-Aldrich, St. Louis,
MO, USA) (60 mg/kg) in 0.05 M sodium citrate, pH
4.5. The animals were fed standard laboratory rat
chow and water ad libitum. Blood glucose was deter-
mined in tail blood using a blood glucose analyzer
(LifeScan, Milpitas, CA, USA) after 6 hours of fast-
ing. Rats were considered to be diabetic when their
fasting blood glucose concentrations were > 200
mg/dL. Ten normal rats were treated as the healthy
control group.

Administration of insulin
Diabetic rats were treated with long-acting

insulin Ultratard® HM (Novo Nordisk, Copenhagen,
Denmark) 1 week after becoming diabetic and were
then randomly assigned to one of two groups (15
rats/group), one poorly controlled and the other con-
trolled with insulin by a traditional method. Group 1
rats (poorly controlled diabetic group) were given
insulin 4 units once per week (to avoid a high mor-

tality rate), while group 2 rats (insulin-controlled
group) were given different doses of insulin every
day according to their blood glucose levels. Blood
glucose was checked twice per week. If the blood
glucose concentration was 100-200, 200-300, 300-
400 or > 400 mg/dL, diabetic rats were given 2, 4, 6
or 8 units of insulin per day, respectively. This proto-
col was based on the authors’ past experience. Body
weight and ocular status were checked daily. The
animals were sacrificed 4 months after induction of
diabetes.

Measurement of VEGF
After sacrifice, the eyeballs were enucleated

immediately. They were bisected and the intraocular
fluids were collected for the measurement of VEGF.
As the volume of a single specimen was too small,
the intraocular fluids of four eyes from two rats were
pooled together as one sample, except for a single
rat. For VEGF measurement, 50 µl of undiluted
intraocular fluid was used. For the single rat, the
intraocular fluid was double diluted and then 50 µl
was used for measurement. VEGF was measured
using an enzyme-linked immunosorbent assay
(ELISA) kit (Quantikine, R&D Systems,
Minneapolis, MN, USA) according to the manufac-
turer’s instructions. This assay, employing an affinity
purified polyclonal antibody, recognizes both 164
and 120 amino acid residue forms of mouse VEGF.

Statistical analyses
All results are expressed as means ( SD).

Differences in body weights and blood glucose levels
were compared using Student’s t test. Differences in
VEGF between groups were compared by one-way
analysis of variance (ANOVA) followed by the post
hoc test (least significant difference (LSD) test) for
comparison of pairs of groups. Differences were con-
sidered statistically significant when the p values
were less than 0.05.

RESULTS

Experimental diabetes
Nine rats died before completion of the 4-month

diabetic period (most within the first month) and
were, thus, excluded from the analyses. There were
eight rats in the poorly controlled diabetic group, 13
in the insulin-controlled group and 10 in the healthy
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group.

Glucose control and body weight
In the poorly controlled diabetic group, the aver-

age blood glucose level was 380.43 96.45 mg/dL.
In the insulin-controlled group, the average blood
sugar was 364.66 99.23 mg/dL. The difference
between these 2 groups was not statistically signifi-
cant (Student’s t test, p = 0.1295). In the poorly con-
trolled diabetic group, the average initial body
weight was 323.25 30.67 g and the final body
weight was 313.5 40.86 g (a loss of 2.45%). In
the insulin-controlled group, the average initial body
weight was 330.31 27.57 g and the final body
weight was 429.46 46.87 g (a gain of 30.68%).
The change in body weight between the two groups
was statistically significant (Student’s t test, p =
0.00134) (Table 1). The insulin-controlled group of
rats had better growth.

VEGF concentration
The concentration of VEGF was 70.72-164.89

pg/ml (mean, 99.60 31.37 pg/ml) for the poorly
controlled diabetic group, 65.17-124.33 pg/ml
(mean, 79.05 21.50 pg/ml) for the insulin-con-
trolled group and 50.6-67.6 pg/ml (mean, 58.07 
6.49 pg/ml) for the healthy group (Fig. 1). There
were statistically significant differences between the
groups (ANOVA, p < 0.001). The comparison of
pairs of groups using the LSD test showed that the
mean difference between the poorly controlled dia-
betic group and the healthy group was 41.53 
10.15 pg/ml (p < 0.001), between the insulin-con-
trolled group and the healthy group was 20.98 

9.00 pg/ml (p = 0.027), and between the poorly con-
trolled diabetic group and the insulin-controlled
group was 20.55 9.61 pg/ml (p = 0.041) (Table 2).
The VEGF concentrations of the two diabetic rat
groups were higher than that of the healthy rat group.
Insulin control can reduce the rise of VEGF and the
difference in VEGF concentrations between the two
diabetic groups was statistically significant.

DISCUSSION

Studies of animal diabetes show that hyper-
glycemia is the primary insult in the pathogenesis of

Table 2.  Vascular Endothelial Growth Factor (VEGF) Concentrations
in Different Groups

Healthy Insulin-controlled Poorly controlled
group group diabetic group

N 10 13 8
VEGF (pg/ml) 58.07 6.49 79.05 21.50 99.60 31.37
Healthy - p = 0.027* p < 0.001*
Insulin-controlled p = 0.027* - p = 0.041*
Poorly controlled diabetic p < 0.001* p = 0.041* -

Abbreviation: N: number of diabetic rats.
*p < 0.05.

Table 1. Blood Glucose Level and Body Weight Change in
Diabetic Rats

Insulin- Poorly 
controlled controlled p value

group diabetic group

n 296 129
Glucose level (mg/dL) 364.66 99.23 380.43 96.45 0.1295
N 13 8
Initial BW (g) 330.31 27.57 323.25 30.67
Final BW (g) 429.46 46.87 313.5 40.86
BW gain +30.68% -2.45% 0.00134

Abbreviations: n: total number of blood glucose tests; N: number of
diabetic rats; BW: body weight; BW gain: body weight difference calcu-
lated by the formula (final BW-initial BW/initial BW).

Fig. 1 Vascular Endothelial Growth Factor (VEGF) concentra-
tion in different groups.



Chang Gung Med J Vol. 29 No. 6
November-December 2006

Hsi-Kung Kuo, et al
Insulin and VEGF

558

diabetic retinopathy. Several metabolic perturbations,
including the polyol pathway, oxidative damage and
non-enzymatic glycation, may be activated sec-
ondary to hyperglycemia. These biochemical alter-
ations may further cause alternation of vasoactive
factors influencing blood and permeability. VEGF is
one of the most important vasoactive factors.(3,13-16)

VEGF is a potent angiogenic factor and permeability
factor, and it is up-regulated in early and prolifera-
tive diabetic retinopathy.(2,4,5,17-20) The therapeutic
effect of panretinal photocoagulation on proliferative
diabetic retinopathy is exerted by reduction of the
level of VEGF in ocular fluid.(21) VEGF could be an
important monitoring index for diabetic retinopathy.

Whereas the institution of strict glycemic con-
trol retards the development and progression of
retinopathy over the long term, acute intensive
insulin therapy might initially result in an early dete-
rioration of diabetic retinopathy in patients with
long-standing poor glycemic control, especially if
retinopathy is at or past the moderate nonprolifera-
tive stage.(7,22) Recently, insulin has been reported to
increase the expression of VEGF in different cell
types through multiple signaling pathways.(8,9,23) Lu et
al., Qaum et al. and Poulaki et al. demonstrated that
acute intensive insulin therapy markedly increased
VEGF mRNA and protein levels, and blood-retinal
barrier breakdown in the retinas of 8-day diabetic
rats. They correlated these findings to the transient,
early worsening of diabetic retinopathy.(10-12) They
also showed insulin-induced VEGF expression
required p38 mitogen-activated protein kinase
(MAPK) and phosphatidylinositol 3-kinase (PI 3-K),
whereas hyperglycemia-induced VEGF expression
was hypoxia-inducible factor 1 alpha (HIF-1α)-inde-
pendent and required protein kinase C (PKC) and
p42/p44 MAPK.(11,12) Insulin-like growth factor-1
(IGF-1) and IGF-2 are other members of the insulin
signaling family. IGF-1 has been shown to promote
angiogenesis by enhancing VEGF expression.(24,25)

Poulaki et al. also showed that IGF-1 participated in
the pathophysiology of diabetic retinopathy by
inducing retinal VEGF expression via PI-3K/protein
kinase B (AKT), HIF-1α and nuclear factor kappa B
(NF-κB) activation.(26) However, few animal studies
have focused on the long-term effects of insulin.

For conventional (non-intensive), long-term
insulin treatment, the effect of insulin on the expres-
sion of VEGF is unclear. Here, we studied non-inten-

sive insulin treatment in the diabetic rat model.
Given the insulin treatment protocols in this study,
the average blood glucose of the insulin controlled
group was not significantly lower than the poorly
controlled diabetic group. This result might be due to
free food intake, lack of daily monitoring and insuffi-
cient sugar control. However, the average body
weight increase was significantly different. Insulin
still improved the growth of these diabetic rats and
reduced the rise of VEGF in 4-month duration dia-
betic rats. This finding is compatible with most clini-
cal studies that have shown that VEGF is lower in
eyes of subjects with milder diabetes. However, the
different results of insulin on VEGF production in
our study, and other in vitro and short-term in vivo
studies, could not be reconciled in this paper and
require further effort to investigate other changes in
long-term diabetic rats.
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