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ABSTRACT

Purpose: To compare plasma and vitreous level of vascular endothelial growth factor (VEGF) and
placental growth factor (PIGF) in diabetic rats with poor blood glucose (BG) control, reconstitution of
good BG control, and nondiabetic rats, and to investigate the effect of reconstitution of good BG control
to VEGF and PIGF plasma and vitreous level.

Methods: This is an experimental study using eighteen Sprague Dawley rats which were divided into
intervention group (n=14) and control group (n=4). Intervention group were given Streptozotocin (STZ)
injection to induce diabetes. After 4 weeks, intervention group was randomly divided into group | for
termination and group Il for reconstitution of good BG control with insulin for the following 4 weeks,
and so was the control group. Plasma and vitreous samples were taken. VEGF and PIGF levels were
evaluated with enzyme-linked immunosorbent assay (ELISA).

Results: Seventeen of 18 rats survived in intervention group. BG level of intervention group 11 decreased
dramatically to normoglycemia. ELISA at month 1 showed that VEGF vitreous level tend to be higher
in intervention group | compared to control I, 196.36 + 65.24 pg/dL and 123.64 + 44.99, respectively
(p=0.20). ELISA at month 2 showed that PIGF vitreous level of intervention group | were significantly
higher compared to control I, 59.04 + 2.48 and 51.93 + 3.15, respectively (p=0.01). Vitreous and plasma
VEGF of intervention group | and Il were not different, while vitreous and plasma PIGF were
significantly higher in group I1.

Conclusions: Vitreous levels of VEGF and PIGF were increased in diabetic rats compared to
nondiabetic, and reconstitution of good BG control for 1 month were unable to reduce VEGF and PIGF
levels.
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INTRODUCTION
D iabetes mellitus is a metabolic syndrome with massive global burden. The incidence of
diabetes mellitus has increased dramatically from 171 million to approximately 366

million in 2030.! Diabetic retinopathy is the primary microvascular complication and one of
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the major leading cause of blindness.?® A comprehensive study by Yau et al showed that the
prevalence of diabetic retinopathy has reached 35%.*

Hyperglycemia holds an important role in the pathogenesis of diabetic retinopathy and
tight metabolic control is still a mainstay in the management of diabetic retinopathy.® Diabetes
Control and Complication Trial (DCCT) showed that intensive control decreased the risk of
developing diabetic retinopathy as much as 76% and slowed down the progression in 54%
patients with type 1 diabetes mellitus.® Nevertheless, a study by Warboys et al showed that
increased level of blood glucose did not directly cause functional and cellular change in the
progression of diabetic retinopathy.’

Vascular endothelial growth factor (VEGF) is one of many growth factors involved in
the pathogenesis of diabetic retinopathy.?10 Increased concentration of VEGF in the vitreous
of patients with diabetic retinopathy has been shown in various studies.'**? Placental growth
factor (PIGF), which has been proven to have a role in diabetic retinopathy, is a homolog of
VEGF which binds to the same receptor and works synergistically with VEGF to induce
angiogenesis.34 In proliferative diabetic retinopathy, concentration and mRNA expression of
PIGF is shown to increase.®®

Metabolic control may reduce the risk of diabetic retinopathy in diabetes mellitus.
However, good blood glucose control seems to incompletely prevent the incidence or slow
down the progression of diabetic retinopathy. Regarding PIGF, there is no published data of
how blood glucose control may affect its concentration in the vitreous or systemic circulation.
From these considerations, we would like to know whether reconstitution of good blood glucose

control affect VEGF and PIGF level in the vitreous and systemic circulation in diabetic rats.

MATERIAL AND METHODS

This study was approved by the Ethics Committee of the Faculty of Medicine,
University of Indonesia with ethical approval number 354/UN2.F1/ETIK/2016. Eighteen
healthy adult male Sprague Dawley rats with weight 230-280 g were purchased from Animal
Laboratorium of Pusat Penelitian Biomedis Badan Penelitian dan Pengembangan Kesehatan.
All rats were randomly divided into two groups, 14 rats in intervention group and 4 rats in
control groups. These rats were housed in 5 separate cages. This study was carrioud out in
adherence to recommendations of resolution for the use of animal in ophthalmic and vision
research by The Association for Research in Vision and Ophthalmology (ARVO).

In order to induce diabetes, each rat in intervention group was treated with a single

intraperitoneal injection of streptozotocin (STZ, 50 mg/kg; Sigma Aldrich Inc). This was
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followd by blood glucose examinations from the tail veins using blood glucometer (Accu-chek
Active, Roche). All 14 rats in intervention group had blood glucose level more than 300 mg/dL
in three days after injection, were diagnosed with diabetes, and enrolled in this study. In control
group, all 4 rats were not treated with any intervention.

Blood glucose level were recorded daily in all the rats of intervention group and once a
week in all the rats of control group. Periods of observation and intervention were one month
and two months after injection. All rats in intervention group will be observed for the initial
one month in the condition of poor blood glucose control. After four weeks, all the rats in
intervention group were further divided into intervention group I and Il. Intervention group |
was terminated at the end of the first month, while intervention group Il was given intervention
for the reconstitution of good blood glucose control for another month. All the rats of control
group were also randomly divided into two groups to have separate time of termination.

During the first month, all rats in intervention group received subcutaneous injection of
short-acting insulin (Actrapid® human mono-component insulin, Novo Nordisk) if the blood
glucose level exceeded 400 mg/dL. During the second month, rats in intervention group Il were
regularly treated with subcutaneous injection of long-acting insulin (Lantus® insulin glargine,
Sanofi) twice daily to achieve blood glucose level lower than 200 mg/dL.

Termination of all rats were performed under the recommendations of Institutional
Animal Care and Use Committee Guidelines. To collect blood samples, vena cava aspiration
was performed, and 2 mL of whole blood was collected in EDTA tubes. Plasma was the
separated from other blood components and was further centrifugated at 3000 revolution per
minute for 15 minutes followed by ELISA of VEGF and PIGF. To collect vitreous samples, all
eyeballs were enucleated, and vitreous bodies were aspirated and kept in eppendorf tubes.
Vitreous samples were centrifugated at 3000 revolution per minute for 10 minutes followed by
ELISA of VEGF and PIGF. All ELISA examinations were performed using a specific kit for
rats (Abbexa Ltd.) and in duplo.

Statistical analysis and graphics were done using IBM SPSS 20.0 (SPSS Inc., Chicago,
IL). The results were presented as mean+SD or median(range) according to the distribution of
the data, and percentages. Statistical significance was defined as p<0.05.

RESULTS
Mean initial blood glucose level of intervention group and control group were not
different, 75.71 + 6.13 mg/dL and 80.25 + 7.41 mg/dL, respectively (p=0,23). Diabetes

developed in all rats in intervention group on the third day after injection with mean blood
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glucose level 442.86 + 80.50 mg/dL and was significantly different compared to initial level
(p<0.01). One rat died in intervention group and was dropped out from the study. After four
weeks, all rats in intervention group were randomly divided in group | which consisted of 6 rats
and group Il which consisted of 7 rats. All rats in control group were also divided into two
groups and each consisted of two rats.

Comparison of blood glucose level of intervention group Il and control group Il is
shown in table 1. Blood glucose level of intervention group was significantly reduced into a
level of lower than 200 mg/dL in month 2 compared to initial concentration in month 1 which
was higher than 400 mg/dL. Their blood glucose levels were even significantly lower than those

of control group.

Table 1 Comparison of blood glucose level between intervention group 1l and control group 11 during
month 1 and 2

Blood glucose level Blood glucose p value
month 1 (mg/dL) level month 2
(mg/dL)
Intervention Il (n=7) 414.50 (226-600) 65.00 (35-365) <0.01b
Control 11 (n=2) 103.13 + 10.86 108.63 + 12.69 0.41c
p value <0.01a <0.01a

Notes: ®Mann-Whitney test; "Wilcoxon test; ®Paired T test

Changes of blood glucose level in all groups is shown in figure 1. At the end of the first
month, blood glucose level of intervention group I and Il were similar and consistent above 350
mg/dL. At the end of the second month, blood glucose levels of intervention group Il were

markedly reduced to a condition lower than control group.
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Comparison of vitreous and plasma level of VEGF and PIGF in intervention group and
control group at month 1 is shown in table 2. Vitreous VEGF level of intervention group was
higher than control group, although this difference was not proven to be stastistically
significant. Plasma VEGF levels of intervention and control group showed similar results.
Vitreous VEGF levels of both groups were higher than plasma levels, while opposite findings

were found in PIGF levels.

Table 2 Comparison of vitreous and plasma levels of VEGF and PIGF between intervention

group | and control group |

Intervention | (n=6) Control I (n=2) p value
VEGF (pg/mL)
Vitreous 196.36 £ 65.24 123.64 £ 44.99 0.20a
Plasma 93.34 + 25.17 94.09 +3.21 0.97a
PIGF (pg/mL)
Vitreous 50.86 + 3.48 48.59 + 0.88 0.42a
Plasma 57.83 +5.96 65.18 + 18.73 0.68a

Notes: 2Student T test

Consistent with the findings during the first month, vitreous VEGF and PIGF levels of
intervention group were higher than control group (table 3). However, the differences were
significant only for PIGF and not for VEGF. Also similar with the findings at month 1, vitreous

VEGF levels were higher than plasma levels, while opposite results were found in PIGF levels.

Table 3 Comparison of vitreous and plasma levels of VEGF and PIGF between intervention group 1l

and control group 1l

Intervention Il (n=7) Control Il (n=2) p value

VEGF (pg/mL)

Vitreous 195.71 + 55.27 173.64 £ 25.72 0.61a
Plasma 113.90 + 35.92 96.37 +19.28 0.54a
PIGF (pg/mL)

Vitreous 59.04 + 2.48 51.93+3.15 0.11a
Plasma 111.09 +53.11 108.99 + 53.03 0.96a

Notes: 28Student T test

The differences of vitreous and plasma VEGF levels in both intervention groups were
not shown to be statistically significant, as seen in table 4, although treatment had been given
to intervention group Il. Opposite results were seen in vitreous and plasma PIGF levels.

Intervention group Il showed higher vitreous and plasma PIGF levels compared to group I.
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Reconstitution of good control did not seem to affect VEGF levels but showed an increase in
PIGF levels.

Table 4 Comparison of VEGF and PIGF levels between intervention groups

Intervention group

Intervention | (n=6) Intervention Il (n=7) pvalue
VEGF
Vitreous (pg/mL) 196.36 + 65.24 195.71 + 55.27 0.992
Plasma (pg/mL) 93.34 + 25.17 113.90 + 35.92 0.272
PIGF
Vitreous (pg/mL) 50.86 + 3.48 59.04 + 2.48 <0.012
Plasma (pg/mL) 57.83 +5.96 111.09 +53.11 0.042

Notes: 2Student T test

Comparison of both growth factor levels in plasma and vitreous of each observation
period is shown in figure 2. As seen in figure 2A, there is a considerable difference between
vitreous VEGF levels of intervention group and control group. Vitreous VEGF levels of
intervention group I and 11 were not different (p=0.99), while plasma VEGF levels were similar
between all intervention and control groups. In figure 2B, at month 1 vitreous and plasma PIGF
levels were similar, while at month 2 there was a significant difference of vitreous PIGF levels
between the two intervention groups (p<0.01). A significant difference was also seen in plasma
PIGF levels between intervention group (p=0.04) however when compared to control group the
difference was not significant (p=0.96).
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DISCUSSION

Diabetes mellitus causes microvascular and macrovascular changes due to neovascular
mechanism.® Excessive angiogenesis in diabetes takes the role the diabetic retinopathy.
Diabetic retinopathy is a multifactorial complication attributable to complex interaction
between biochemical and metabolic abnormalities in the retina. Multiple cellular pathway
activities mediated by hyperglycemia suggested to have an important role in the pathogenesis
of diabetic retinopathy. Hyperglycemia causes biochemical changes which induce increased
regulation of proangiogenic and inflammatory factors. The imbalance between proangiogenic
and antiangiogenic factors causes blood retinal barrier damage and growth of new vessels in
diabetic retinopathy.

This study utilized Sprague Dawley rats which were given 50 mg/kg intraperitoneal
Streptozotocin injection to induce diabetes. Previous studies using the same strain of rats used
various dosage of STZ ranging from 45 mg/kg to 70 mg/kg according to baseline range of body
weight.*”18 The onset of diabetes itself ranges from 1 to 3 days after injection which is similar
to our study in which all rats were diagnosed as diabetes within 3 days after injection.718

During the first month, all rats in intervention groups were in uncontrolled
hyperglycemia condition. Mean blood glucose level for 4 weeks was above 400 mg/dL
consistently. Similar result was found in other study in which 42 diabetic rats had mean blood
glucose level above 450 mg/dL for four weeks.'® To achieve reconstitution of good blood
glucose level in intervention group Il during the second month, rats were given subcutaneous
injection of long acting insulin Lantus® daiy as recommended by Luippold et al in their study.?
The applied dosage was 4 1U considering achievement of normoglycemia with this dosage.
There were three events found in our study. First, the tendency of increased vitreous VEGF
levels but not in plasma and not in PIGF in the first month. Second, the constant levels of VEGF
in the vitreous and plasma accompanied by increased levels of PIGF in vitreous and plasma
after reconstitution of good control. And third, the contradictory ratio between vitreous and
plasma VEGF and PIGF in which vitreous VEGF levels were consistently higher than plasma
levels while opposite finding was found in PIGF.

In this study we found a tendency of increased VEGF levels in the vitreous of diabetic
rats within 1 month after uncontrolled hyperglycemia compared to healthy rats. According to
several studies, VEGF within the eye is mainly a result of local production.?:?®> VEGF is
produced by cells as an unbound molecule which can bind to its receptor. The result of this

study was similar to study by Zhang et al and Sueshi et al which found an increase of vitreous
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VEGF levels and its protein expression within the retina of diabetic rats.'®?* VEGF expression
in diabetes is caused by increased production of reactive oxygen species (ROS) which further
increase VEGF mRNA stability.?>2¢ Increased VEGF regulation in early diabetic retinopathy
is not merely compensation towards hypoxia and ischemia, although hypoxia is a major
stimulatior for VEGF production.

In contraty to VEGF, vitreous level of PIGF in our study did not show an increase
compared to healthy nondiabetic rats. PIGF is expressed as a response to hypoxia and other
growth factors involved in angiogenesis.**?” Unlike VEGF, hypoxia is not the main stimulator
towards PIGF. Without severe hypoxia, PIGF is already produced in early diabetic retinoathy.?®
In addition, PIGF exclusively binds to VEGFR-1 with higher afinity compared to VEGF.
VEGFR-1 are naturally expressed by healthy tissue and various cell types including endothelial
cells and mononuclear cells compared to VEGFR-2 which are solitarily expressed by
endothelial cells in pathological condition.?%3 For this reason, it may come to consideration
that PIGF previously produced will directly bind to VEGFR-1 and the unbound molecules will
be detected as being stable or not increased.

Plasma levels of both VEGF and PIGF were not increased in our diabetic rats at the end

of the first month. Diabetes initially causes microvasculature damage which is more vulnerable
towards hypoxia. VEGF is found to be increased in diabetic microvascular complications such
as retinopathy, nephropathy, and neuropathy. The increase of VEGF levels were found to be
local.®! In long-standing diabetes accompanied by macrovascular complications, almost all
organs are affected, therefore systemic VEGF may be increased.
Another finding in this study was seen after reconstitution of good control at the end of the
second month. Reconstitution of good control for 1 month may be assumed to only inhibit
further increase of VEGF levels but did not reverse to normal condition. Chiarelli et al in the
study found decreased serum VEGF levels in diabetic patients after 2 years of good blood
glucose control.®? In other words, reconstitution of good control may require longer period of
time to reverse growth factor levels. Another possible justification is related to the binding of
VEGF to VEGFR-2. VEGF production may not be entirely inhibited but the unbound molecules
binds to VEGFR-2 which expression are increased due to the high level of VEGF itself.
Eventually, VEGF levels were detected as if they did not increase.

In contrast to VEGF, systemic and local PIGF levels continued to increase after
reconstitution of good control. One possible reason is reconstitution of good control may inhibit
VEGF production but not PIGF. Diabetic microvascular complications cause hypoxia and

retinal ischemia.® Increased PIGF regulation is not solely stimulated by hypoxia buat also other
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stimuli including nitric oxide, cytokines, and other growth factor.34* Second, all VEGFR-1 as
the exclusive receptor bind to PIGF, therefore unbound molecules of PIGF will be detected as
increased. A study by Gilbert et al supports this study which found VEGFR-1 distribution were
not increased in diabetes.®® Last possible explanation is that VEGF has the ability to increase
PIGF regulation.?’

Last finding in our study is the contradictory ratio between vitreous and plasma VEGF
and PIGF. Vitreous VEGF levels were consistently higher than plasma levels. This result is
similar with study by Wang et al and Qian et al who stated that vitreous VEGF levels were
higher than serum levels in patient with proliferative diabetic retinopathy.?*® VEGFR-2
expression is higher in capillary endothelial cells compared to larger vessels. This explains
increased regulation of VEGF and VEGFR in diabetes initially occurred in capillary bed.® This
finding support the viewpoint that increased vitreous VEGF levels are due to local production.
Opposite result was found in PIGF which plasma levels were consistenly higher than vitreous
levels. As far to our knowledge, there is no study directly compatring systemic and vitreous
PIGF levels in patient with diabetes or diabetic retinopathy. Studies by Mitamura et al and
Khalig et al showed vitreous PIGF levels in proliferative diabetic retinopathy were
approximately 100 pg/mL, while separate study by Helske et al in patient with diabetes showed
serum PIGF levels were as high as 690 + 423 pg/ml.*3540 This finding suggests that systemic
PIGF levels are higher than vitreous levels but the basic mechanism needs to be elucidated.

This study has several limitations. First, relatively short period of observation. With
longer observation difference between intervention and control group, and also between poor
control and reconstitution of good control, may be more apparent. Second, method of blood
glucose evaluation may be improved by performing examination more than once a day to
observe any blood glucose fluctuation. Blood glucose control using insulin implants or
Linplant® may also be considered. And third, ELISA did not evaluate intraretinal levels of

growth factor and only assessed the unbound levels.

CONCLUSION

GDD implantation provided good outcomes in NVG management in terms of IOP
control and reduction of antiglaucoma medications. GDD implantation combined with 1VB
injection might offer the potential in maintaining VA compared to GDD alone despite 10P
control and number of medications remained the same. Prospective study with larger sample
size and longer period of follow up is warranted. IVB injection protocol should also be

standardized to confirm efficacy and safety of this treatment modality.
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