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Introduction

Abstract: The aim of this study was to investigate the effect of thiamine pyrophosphate (TPP), administered via sugar water, on retinal neo-
vascularisation in rats. Animals were assigned to three groups, namely the TPP sugar-water group (TPSWG, n = 12), the control group (CG,
n = 12) and the healthy group (HG, n = 12). The TPSWG was injected intraperitoneally with TPP once a day for 6 months. CG and HG rats were
given distilled water in the same way. TPSWG and CG rats were left free to access an additional 0.292 mmol /ml of sugar water for 6 months.
The fasting blood glucose (FBG) levels of the animals were measured monthly. After 6 months, biochemical, gene expression and histopatho-
logic analyses were carried out in the retinal tissues removed from the animals after they were killed. The measured FBG levels were
6.96 + 0.09 mmol/ml (p <0.0001 vs. HG), 6.95 + 0.06 mmol/ml (p <0.0001 vs. HG) and 3.94 + 0.10 mmol/ml in the CG, TPSWG and HG groups,
respectively. The malondialdehyde (MDA) levels were found to be 2.82 + 0.23 (p <0.0001 vs. HG), 1.40 + 0.32 (p <0.0001 vs. HG) and 1.66 + 0.17
inthe CG, TPSWG and HG, respectively. Interleukin 1 beta (IL-1pB) gene expression was increased (3.78 £ 0.29,p <0.0001) and total glutathione
(tGSH) was decreased (1.32 + 0.25, p <0.0001) in the retinal tissue of CG compared with TPSWG (1.92 + 0.29 and 3.18 + 0.46, respectively).
Increased vascularisation and oedema were observed in the retinal tissue of CG, while the retinal tissues of TPSWG and HG rats had a normal
histopathological appearance. A carbohydrate-rich diet may lead to pathological changes in the retina even in nondiabetics, but this may be
overcome by TPP administration.

Keywords: Gene expression, retinopathy, rat, thiamine pyrophosphate

advanced glycation end products in hyperglycaemia,

which can cause vascular injury [6]. Hyperglycaemia has

In the literature, a glucose tolerance test performed with-
out damaging pancreatic 3 cells is used to investigate dia-
betic complications [1]. However, it is known that most of
patients develop hyperglycaemia even if they have no his-
tory of diabetes [2, 3]. It has been reported that nondia-
betic hyperglycaemia may be due to nutrition [4], and it
may lead to an increase in the functioning of the oxidant
system and a decrease in the antioxidant system [5]. Oxi-
dative stress is thought to be due to the overproduction of

© 2019 Hogrefe

been reported to increase inflammatory cytokines, caus-
ing endothelial dysfunction [7, 8]; chronic exposure to hy-
perglycaemia may initiate a number of changes that lead
to microvascular damage and retinal dysfunction [9].
Known as the formation of new blood vessels, neovascu-
larisation is the major finding related to proliferative dia-
betic retinopathy [10].

In the literature, neovascularisation is considered an
important pathological condition leading to vision loss [11,

IntJ Vitam Nutr Res (2018), 88 (3-4), 137-143
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12]. It has been stated that neovascularisation may lead to
‘retinopathy’, which is manifested by complications [13].
The increased permeability due to neovascularisation
causes retinal oedema and haemorrhage [14]. It has been
reported that the malondialdehyde (MDA) and levels in-
crease along with a decrease in the total glutathione
(tGSH) level in retinal tissue that has developed neovascu-
larisation [15]. Furthermore, it has been reported that in-
terleukin 1 beta (IL-1p) has a role in the development of
diabetic retinopathy [16].

Laser photocoagulation is a technical procedure that
has shown good results in the treatment of neovasculari-
sation. In this procedure, newly formed blood vessels are
destroyed and vascular leakage is reduced. However, this
procedure may damage the healthy portion of the retina
and lead to local loss of the visual field [17]. Therefore, it
is necessary to investigate the development of new drugs
and new indications of existing medications to prevent
neovascularisation associated with hyperglycaemia. Thi-
amine pyrophosphate (TPP), which is tested in this study,
has a protective effect against retinal neovascularisation
that may be enhanced with the administration of sugar
water; in this study, the active metabolite of thiamine is
employed [18]. Thiamine regulates intracellular glucose
management through multiple mechanisms [19]. It has
been reported that the correct high glucose-induced ab-
normalities occur via reducing reactive oxygen species
production, which has been shown in both cellular stud-
ies [20, 21] and animal models [22]. Furthermore, thia-
mine has been shown to reduce the progression of retin-
opathy and nephropathy in animals with experimental
diabetes [23]. Yapca et al. reported that hyperglycaemia
led to infertility in rats, and antioxidant therapy failed to
prevent this infertility; however, TPP was able to reverse
this effect [24]. This indicates that more important mech-
anisms other than antioxidant activity may be involved in
the treatment of diabetic complications. In our previous
research, we demonstrated that TPP prevented oxidative
retinal damage caused by ethambutol [25].. In addition,
in a recent study, it was demonstrated in rats that hyper-
glycaemia induced with alloxan led to diabetic prolifera-
tive retinopathy; TPP was reported to reduce the severity
of the retinopathy [15]. This information suggests that
people prone to having a carbohydrate-rich diet may de-
velop retinopathy, and the role of thiamine may be in dia-
betic endothelial micro and macroangiopathy [26]. Fur-
thermore, it indicates that TPP may be beneficial in the
prevention of retinal vascular complications that may de-
velop in these nondiabetic persons.

No study was found in the literature search on the pro-
tective effect of TPP against retinal neovascularisation oc-
curring in animals given sugar in addition to drinking wa-
ter over a long period. Therefore, the objective of this

IntJ Vitam Nutr Res (2018), 88 (3-4), 137-143

study is to investigate the effect of TPP on neovascularisa-
tion that may occur in the retina of rats administered sugar
water in addition to normal drinking water.

Material and Methods

Animals

Experimental animals were obtained from Ataturk Univer-
sity, Medical Experimental Applications and Research
Center. A total of 36 Wistar albino male rats weighing
300-310 g were used in the experiment. To ensure envi-
ronmental adaptation, rats were housed and fed over a
week at normal room temperature (22 °C) in the pharma-
cology laboratory. This study’s conformity to ethical prin-
ciples was determined by the Ataturk University, Medical
Experimental Applications and Research Center local eth-
ics committee (date: 27.11.2015, number: 183).

Chemical agents

The thiopental sodium used in the experiment was ob-
tained from IE Ulagay (Istanbul, Turkey). TPP was ob-
tained from Biopharma (Moscow, Russia).

Experimental procedure

Animals used in the experiment were divided into three
groups, as follows: the TPP sugar-water group (TPSWG;
n=12), the control group (CG; n = 12) and the healthy group
(HG; n = 12). Six rats from each group were used in bio-
chemical and gene expression analyses and another six rats
were used for histopathological examination. Animals in
the TPSWG were injected intraperitoneally with TPP at a
dose of 20 mg/kg once a day for 6 months. CG and HG rats
were intraperitoneally administered an identical volume
(0.1 ml) of distilled water as a solvent once a day for 6
months. All rat groups were fed with a standard pellet diet
and water ad libitum in the normal laboratory setting. How-
ever, TPSWG and CG rats were given both normal drinking
water and 0.292 mmol/ml of sugar water, while HG rats
were given only normal drinking water for 6 months.
Saccharose was used as the sugar in this study. Whether
the animals drank the sugar water was assessed by com-
paring the difference between normal water and sugar wa-
ter administered at an identical volume. The levels of fast-
ing blood glucose (FBG) were measured before TPP and
sugar-water administration from blood samples collected
from the tail veins. Following this, FBG levels were meas-

© 2019 Hogrefe
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ured once a month. A commercially available blood glu-
cose meter was used to measure the FBG levels.

At the end of 6 months, all rats were sacrificed using a
high dose of thiopental sodium anaesthesia, and the reti-
nal layers of both eyes were removed under sterile condi-
tions. Then MDA, tGSH, and IL-1p were studied, and gene
expression and histopathologic analysis were carried out
in the retinal tissues removed from the killed animals. The
results obtained from TPSWG rats were assessed in com-
parison with those of the CG and HG.

Gene expression of MDA, tGSH and IL-1p3

RNA isolation

RNA was isolated from homogenised retinal tissue samples
using the Roche Magna Pure LC Instrument (Roche Diag-
nostics, Mannheim, Germany) with a MagNA Pure LC
RNA Kit (Roche Diagnostics). The quantity and quality of
the isolated RNA were assessed using a nucleic acid meas-
urement device (MaestroNano, Hsinchu City, Taiwan). Fif-
ty microliters (ul) of RNA samples were stored at -80 °C.

cDNA synthesis

cDNA was synthesised from the isolated RNA samples us-
ing the Transcriptor First Strand cDNA Synthesis Kit (Roche
Diagnostics). For each subject, 1 ul of ddH,0, 10 ul of RNA
and 2 ul of random Primer were combined and incubated in
athermal cycler for 10 min at 65 °C. After incubation, 4 ul of
reaction buffer, 0.5 ul of RNAase, 2 ul of deoxynucleotide
mix, and 0.5 ul of reverse transcriptase were added; the re-
actions were incubated for 10 min at 25 °C, 30 min at 55 °C
and 5 min at 85 °C, before being held at 4 °C.

Quantitative gene expression
evaluation by real-time
polymerase chain reaction (RT-qPCR)

For each cDNA sample, gene expressions of IL-1f (Roche,
Assay ID 500587), and tumour necrosis factor alpha
(TNF-o; Roche, Assay ID 502875) and the reference gene
(G6PD; Roche, Assay ID 502302) were analysed using the
Roche LightCycler 480 II Real-Time PCR instrument
(Roche Diagnostics). PCR reactions occurred in a final vol-
ume of 20 ul with the following components: 5 ul of cDNA,
3 wl of distilled water, 10 ul of LightCycler 480 Probes
Master (Roche Diagnostics) and 2 ul of primer-probe set
(Real-Time Ready single assay; Roche Diagnostics). Cycle
conditions of the relative quantitative polymerase chain
reaction PCR (qPCR) were preincubation at 95 °C for
10 min followed by 45 amplification cycles of 95 °C for
10 s, 6 °C for 30 s and 72 °C for 1 s, followed by cooling at

© 2019 Hogrefe

40 °Cfor 30 s. qPCR analysis and calculation of quantifica-
tion cycle (Cq) values for relative quantification were car-
ried out using the LightCycler 480 Software, Version 1.5
(Roche Diagnostics). Relative quantitative amounts were
calculated by dividing the target genes by the expression
level of the reference gene. The reference gene was used
for normalisation of target gene expression.

Histopathological examination

Eye enucleation material removed from the rats was fixed in
10% (v/v) formalin; following routine tissue processes,
5-um sections were obtained from the paraffin blocks. After
deparaffinisation and rehydration, the sections were stained
with hematoxylin and eosin (H&E). All sections were coded
and evaluated under an optical microscope (Olympus BX
51, Tokyo, Japan) by the same pathologist, who was una-
ware of the treatment protocol; images were taken using a
digital camera (Olympus DP 71, Tokyo, Japan). The Anti-
CD34 antibody (1:50; Clone QBEnd/10, Novocastra Rea-
gents, Leica Biosystems, Wetzlar, Germany) was used to
define neovascularisation immunohistochemically. All sec-
tions were placed on positively charged slides and stained
with Anti-CD34 via an automated immunoassay device
(BOND-III Fully Automated IHC and ISH, Leica Microsys-
tems, Wetzlar, Germany). Images were taken using a digital
camera (Olympus DP 71, Tokyo, Japan).

Statistical analysis

Results obtained from the experiment are expressed as
mean * standard error of mean (x = SEM). The significance
level of the differences between the groups was deter-
mined using the one-way analysis of variance (ANOVA)
test followed by Fisher’s post hoc least significant differ-
ences (LSD) analysis. All statistical processes were per-
formed using SPSS for Windows version 18.0 (IBM Analyt-
ics, New York, USA) statistical software and a p-value <0.05
was considered statistically significant.

Results

Objective findings
Animals in the CG, TPSWG and HG were observed to con-

sume normal drinking water at almost the same rate. How-
ever, the CG and TPSWG were found to consume sugar

IntJ Vitam Nutr Res (2018), 88 (3-4), 137-143
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water in addition to normal drinking water. Furthermore,
rats in the CG and TPSWG were found to drink more sugar
water than drinking water. Consumption of pellet feed was
almost the same for all groups.

Biochemical findings

Amount of FBG

As shown in Table I, levels of FBG were significantly in-
creased in the CG and TPSWG at months 1-6 after admin-
istration of sugar water began compared to the levels be-
fore sugar-water administration (p <0.0001). However,
the differences in the FBG levels between the CG and TP-
SWG in this period were not statistically significant
(p>0.05). The levels of FBG measured in this period in the
HG were almost the same before and after sugar-water
administration.

Results of MDA, tGSH
and IL-1p gene expression

As shown in Figure 1, MDA gene expression was 1.66 + 0.17
in the retinal tissue of the HG, while this value was found
to be increased, at 2.81  0.09 (p <0.001 vs. HG) in the
retinal tissue of the CG, which was administered
0.292 mmol /ml of sugar water. However, MDA gene ex-
pression was decreased at 1.40 + 0.13 (p >0.05 vs. HG) in
the retinal tissue of the TPSWG, which was treated with
TPP. Statistical analysis revealed a significant difference
between the CG and TPSWG and an insignificant differ-
ence between the TPSWG and HG in terms of MDA.
tGSH gene expression was found to be 3.51 % 0.15 in the
retinal tissue of the HG. This value was found to be
1.31 % 0.10 (p <0.001 vs. HG) in the CG administered 0.1
0.292 mmol of sugar water and 3.18 * 0.18 (p >0.05 vs.

Gen Expression Level
nN

sl =

HG CG TPSWG HG CG TPSWG HG CG TPSWG

Figure 1. The effects of TPP and sugar water on tGSH, MDA and IL-1f
gene expression levels.

*p<0.0001 vs. TPSWG

TPP: Thiamine pyrophosphate

tGSH: Total glutathione

MDA: Malondialdehyde

IL-1B: Interleukin 1 beta

TPSWG: Thiamine pyrophosphate sugar-water group

HG) in the TPSWG. The difference in tGSH between the
HG and TPSWG was not statistically significant, while the
difference between the tGSH values of the HG and TP-
SWG and that of the CG was statistically insignificant.

IL-1p gene expression was also significantly higher in
the CG (3.78 + 0.12) compared with the HG (2.17 * 0.89,
p <0.001) and TPSWG (1.91 £ 0.12, p <0.001). Moreover,
the IL-1p gene expression values were found to be ex-
tremely close to each other in the HG and TPSWG
(p>0.05; Figure 1).

Histopathological findings

In Figures 2a and 2b, the optic microscopic images show
the normal histopathologic and immunohistochemical
views of the retinal tissue of the HG, respectively. Howev-
er, increased vascularisation (black arrow) and oedema

Table I. FBG levels of HG, CG and TPSWG groups in retinal tissue before and after sugar-water administration

Groups Fasting Blood Glucose (umol/ml)

Before the sugar

After the sugar water administration

water administration

1 st month 2 nd month 3 rd month 4 th month 5 th month 6 th month
HG 4.27 +0.09 3.86+0.12 4.18+0.11 3.81+0.15 3.97+0.11 4.27 +0.07 3.94+0.10
CG 4.06+0.07 6.27+0.16 6.52+0.13 6.37+0.12 6.86+0.08 6.93+0.05 6.96+0.09
TPSWG 4.16+0.16 6.33+£0.14 6.65+0.06 6.40 +0.09 6.73+10.08 6.87+0.08 6.95+0.06

FBG: Fasting blood glucose

HG: Healty group

CG: Control group

TPSWG: Thiamine pyrophosphate sugar-water group

IntJ Vitam Nutr Res (2018), 88 (3-4), 137-143

© 2019 Hogrefe



${ protocol} ://econtent.hogrefe.com/doi/pdf/10.1024/0300-9831/a000248 - Durdu Altuner <durdualtuner@hotmail.com> - Friday, June 14, 2019 1:17:57 AM - |P Address:79.123.143.210

E.Cinici et al., Thiamine pyrophosphate & retinal neovascularization

141

(star) were observed histopathologically in the retinal tis-
sue of the CG, which was administered 0.292 mmol /ml of
sugar water for six months (Figure 2c). Increased vascu-
larisation (arrows) was shown immunohistochemically
(Figure 2d). In contrast, a close to normal appearance in
the retina of the TPSWG, which was treated with TPP, was
shown via histopathological (Figure 2e) and immunohisto-
chemical (Figure 2f) studies.

Discussion

In this study, the levels of FBG were measured once a
month in animals left free to access both normal drinking
water and 0.292 mmol/ml sugar water; these were com-
pared with the values of the animals given only drinking
water. In addition, whether the retinal tissue of animals
administered sugar water developed oxidative damage
was assessed through the measurement of MDA, tGSH
and IL-1p gene expressions and neovascularisation via his-
topathological analysis. Although level of FBG obtained in

the experiment was significantly higher than that of the
healthy animals, this is not considered to represent diabe-
tes; in the literature, diabetics are defined as those with an
FBG level above 13.88 umol/ml [27].

It has been reported that hyperglycaemia as a result of
nutrition may develop in persons with no history of diabe-
tes [3, 4]. Hyperglycaemia is known to modulate oxidant/
antioxidant balance in favour of oxidants, thereby creating
tissue damage [5]. In the present study, glucose loading
administered without damaging the pancreatic § cells in
rats increased gene expression of MDA, which is an oxidant
parameter, and decreased gene expression of tGSH, which
is an antioxidant. Researchers have emphasised that chron-
ic hyperglycaemia has an important role in decreased anti-
oxidant capacity and the development of hyperglycaemic
complications [28]. In another study, the final product of
lipid peroxidation, MDA, was reported to have a role in the
emergence of late diabetic complications [29]. However,
MDA was found to be higher, while tGSH was lower, in the
retinas of the rat group administered sugar water; we could
not exactly consider this result to represent glycaemia, and
it suggests that oxidative stress developed in the retina.

Figure 2a. Light microscope image of the retina of an HG rat. Normal histological appearance of retinal tissue was observed (haematoxylin and

eosin [H&E], x40). HG: Healty group.

Figure 2b. Image of the retina of an HG rat. Neovascularisation was not observed with the Anti-CD 34 antibody, that was applied immunohisto-

chemically (x40). HG: Healty group.

Figure 2c. Light microscope image of the retina of a CG rat (increased vascularisation [black arrow] and oedema [star] were observed; H&E, x40).

CG: Control group.

Figure 2d. Immunohistochemical appearance of the retina of a CG rat. Neovascularisation [black arrows] was shown with the Anti-CD 34 antibody,
that was applied immunohistochemically (x40). CG: Control group.
Figure 2e. Light microscope image of the retina of a TPSWG rat. Close to normal histological appearance in the retina was observed (H&E, x40).

TPSWG: Thiamine pyrophosphate sugar-water group.

Figure 2f. Image of the retina of a TPSWG rat Neovascularisation was not observed with the Anti-CD 34 antibody, that was applied immunohisto-
chemically (x40 and x100). TPSWG: Thiamine pyrophosphate sugar-water group.

© 2019 Hogrefe
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In this study, IL-1p gene expression was significantly in-
creased in CG group, while increased MDA and decreased
tGSH values were observed. In a study by Scuderi et al.,
hyperglycaemia was stated to increase the gene expres-
sions of IL-1p and other proinflammatory cytokines in the
retinal tissue [30]. It was argued in a study by Xie et al. that
glucose and IL-1p may stimulate angiogenesis in the retina
[31]. Known also as neovascularisation in the retina, this
angiogenesis phenomenon results in vascular retinopathy
due to secondary complications [13]. In our study, neovas-
cularisation was also histopathologically detected in the
retinal tissue of rats in the CG, with increases in the pa-
rameters reflecting oxidative stress and inflammation.
This indicates that the gene expression outcomes were
consistent with the histopathological findings.

Neovascularisation is a major finding used for diagnosis
of diabetic retinopathy [10]. However, it is recognised as a
pathological event not only in diabetes but also in all eye
diseases and retinopathy models [25, 32]. In addition to
neovascularisation, oedema was also developed in the ret-
inal tissue of the CG. There are studies in the literature
demonstrating that oedema in the retina results from the
increased permeability due to neovascularisation [13, 14].
Oedema is reported to be observed at higher rates in pro-
liferative as opposed to nonproliferative retinopathy [33].

As noted above, the difference in the levels of FBG be-
tween the CG and TPSWG administered sugar water was
statistically insignificant. However, the oxidant/antioxidant
balance changed in favour of oxidants in the CG and anti-
oxidants in the TPSWG. Furthermore, while the CG devel-
oped neovascularisation and oedema, these findings were
not observed in the TPSWG. In a recent study, TPP has been
proposed to prevent the development of nondiabetic neo-
vascularisation and oedema due to oxidative stress [25]. In
their study, Park et al. argued that neovascularisation is as-
sociated with the production of reactive oxygen species and
can be decreased with antioxidant therapy [34]. TPP has
been reported to prevent an increase in MDA and a de-
crease in tGSH, which they lead to oxidative stress in the
retinal tissue [25]. However, there are several studies in the
literature arguing that TPP treats diabetic complications
through an unknown mechanism other than antioxidant ac-
tivity [24]. Thornalley reported that high cytosolic glucose
concentrations in hyperglycaemia may lead to the accumu-
lation of triose phosphates and the development of diabetic
complications, while overproduction of triose phosphates
and diabetic complications arising from excessive accumu-
lation of triose phosphates may be prevented by stimulation
of the reductive pentose phosphate pathway [35]. Gangolf
etal. reported that reduction of the pentose phosphate path-
way can be induced by cytosolic transketolase, which is de-
pendent on TPP [36]. Thiamine was reported that prevent
incipient retinopathy in diabetic rats. Thiamine increased

IntJ Vitam Nutr Res (2018), 88 (3-4), 137-143

the conversion of triosephosphates to ribose 5-phosphate
through activation of transketolase, decreased protein ki-
nase C activation, and reduced protein glycation [21, 22].

In conclusion, in the present study, the levels of FBG
varied between 6.23 and 6.95 umol/ml in rats given both
normal drinking water and 0.292 mmol/ml of sugar water
over a period of 6 months. Although this level of glucose is
not considered sufficient to create a diabetic model, it pro-
duced neovascularisation and oedema in the retinal tissue
of rats in the CG. Moreover, parameters reflecting oxida-
tive stress from inflammation were increased and antioxi-
dants were decreased in the retinal tissue of the CG. Al-
though the levels of FBG in the animals treated with TPP
were almost the same as those in the CG group, no patho-
logical findings, such as neovascularisation and oedema,
were observed in this group. These results indicate that
persons without a history of diabetes but having a dietary
habit of a carbohydrate-rich nutrition may develop vascu-
lar retinopathy. This suggests that TPP may be beneficial
in the prophylaxis of nutritional retinal damage.

Acknowledgments

Emine Cinici, Renad Mammadov and Durdu Altuner de-
signed the experiments and wrote the paper, Renad Mam-
madov, Huseyin Findik, Bahadir Suleyman and Nihal Ce-
tin conducted the animal experiments, Ilknur Calik and
Hilal Balta performed histopathological studies, Ismail
Hakki Tas analysed data. Ebru Sener performed immuno-
histochemical studies.

Financial expences of this study was paid by the authors.

Conflict of Interest

The authors declare that there are no conflicts of interest.

References

1. Etuk, E. (2010). Animals models for studying diabetes mellitus.
Agric Biold N Am, 1, 130-134.

2.Van,G., Berghe, M., Wouters, P, Weekers, F., Verwaest, C., Bruyn-
inckx, k., Schetz, M., Vlasselaers, D., Ferdinande, P and Lauwers,
P (2001). Intensive insulin therapy in critically ill patients. N
EnglJ Med, 345.

3. Mizock, B.A. (1995). Alterations in carbohydrate metabolism dur-
ing stress: a review of the literature. The Am J Med, 98, 75-84.

4. Inzucchi, S.E., Goldberg, PA., Dziura, J.D., Siegel, M., Lee, M,
Halickman, J. and Sherwin, R. (2003). Risk factors for poor gly-
cemic control in a medical intensive care unit (ICU). In: Diabe-
tesvol. 52, pp. A96, Amer Diabetes Assoc, Alexandria, USA.

© 2019 Hogrefe



${ protocol} ://econtent.hogrefe.com/doi/pdf/10.1024/0300-9831/a000248 - Durdu Altuner <durdualtuner@hotmail.com> - Friday, June 14, 2019 1:17:57 AM - |P Address:79.123.143.210

E. Cinici et al., Thiamine pyrophosphate & retinal neovascularization

143

5.

(o]

14.

21.

22.

23

Arden, G.B. and Sivaprasad, S. (2011). Hypoxia and oxidative
stress in the causation of diabetic retinopathy. Curr Diabetes
Rev, 7,291-304.

. Porta, M., Toppila, I., Sandholm, N., Hosseini, S.M., Forsblom, C.,

Hietala, K., Borio, L., Harjutsalo, V., Klein, B.E., Klein, R., Pater-
son, A.D. and Groop, PH. (2016). Variation in SLC19A3 and Pro-
tection From Microvascular Damage in Type 1 Diabetes. Diabe-
tes, 65,1022-1030.

.Oliver, E.F.and Opie, L. (1994). Effects of glucose and fatty acids

on myocardial ischaemia and arrhythmias. The Lancet, 343,
1565-1568.

.Preiser, J.-C., Devos, P and Van den Berghe, G. (2002). Tight

control of glycaemia in critically ill patients. Curr Opin Clin Nutr
Metab Care, 5, 533-537.

.Cheung, N. and Wong, TY. (2008). Diabetic retinopathy and sys-

temic vascular complications. Prog Retin Eye Res, 27, 161-176.

.Engerman, R.L. (1989). Pathogenesis of diabetic retinopathy.

Diabetes, 38,1203-1206.

. Watkins, P.J. (2003). ABC of diabetes-Retinopathy. Br Med J,

326,924-926.

.Wilkinson-Berka, J.L., Wraight, C. and Werther, G. (2006).

The role of growth hormone, insulin-like growth factor and
somatostatin in diabetic retinopathy. Curr Med Chem, 13,
3307-3317.

. Taeusch, HW., Ballard, R.A., Gleason, C.A. and Avery, M.E.

(2005). Avery’s Diseases of the Newborn, 8th ed. Philadelphia,
PA: Elsevier Health Sciences.

Aiello, L.P, Northrup, J.M., Keyt, B.A., Takagi, H. and lwamoto,
M.A. (1995). Hypoxic regulation of vascular endothelial growth
factor in retinal cells. Arch Ophthalmol, 113, 1538-1544.

. Cinici, E., Ahiskali, I., Cetin, N., Suleyman, B., Kukula, O., Altuner,

D.,Coban, A, Balta, H., Kuzucu, M. and Suleyman, H. (2016). Ef-
fect of thiamine pyrophosphate on retinopathy induced by hy-
perglycemia in rats: A biochemical and pathological evalua-
tion. Indian J Ophthalmol, 64, 434-9.

.Kowluru, R.A.and Odenbach, S. (2004). Role of interleukin-1be-

tainthe pathogenesis of diabetic retinopathy. BrJ Ophthalmol,
88,1343-1347.

.Aiello, L.M. (2003). Perspectives on diabetic retinopathy. Am J

Ophthalmol, 136, 122-135.

.Sica, D.A. (2007). Loop diuretic therapy, thiamine balance, and

heart failure. Congest Heart Fail, 13, 244-247.

. Singleton, C.K. and Martin, PR. (2001). Molecular mechanisms

of thiamine utilization. Curr Mol Med, 1, 197-207.

.La Selva, M., Beltramo, E., Pagnozzi, ., Bena, E., Molinatti, PA.,

Molinatti, G.M. and Porta, M. (1996). Thiamine corrects delayed
replication and decreases production of lactate and advanced
glycation end-products in bovine retinal and human umbilical
vein endothelial cells cultured under high glucose conditions.
Diabetologia, 39, 1263-1268.

Berrone, E., Beltramo, E., Solimine, C., Ape, A.U. and Porta, M.
(2006). Regulation of intracellular glucose and polyol pathway
by thiamine and benfotiamine in vascular cells cultured in high
glucose.J Biol Chem, 281, 9307-13.

Hammes, H.P, Du, X., Edelstein, D., Taguchi, T., Matsumura, T.,
Ju, Q., Lin, J., Bierhaus, A., Nawroth, P, Hannak, D., Neumaier,
M., Bergfeld, R., Giardino, I. and Brownlee, M. (2003). Benfoti-
amine blocks three major pathways of hyperglycemic damage
and prevents experimental diabetic retinopathy. Nat Med, 9,
294-9.

.Babaei-Jadidi, R., Karachalias, N., Ahmed, N., Battah, S. and

Thornalley, PJ. (2003). Prevention of incipient diabetic ne-

© 2019 Hogrefe

24.

25.

26.

27.

28.

29.

30.

3

S

32.

33.

34.

35.

36.

phropathy by high-dose thiamine and benfotiamine. Diabetes,
52,2110-20.

Yapca, O.E., Ibrahim Turan, M., Borekci, B., Akcay, F. and Suley-
man, H. (2014). Bilateral ovarian ischemia/reperfusion injury
and treatment options in rats with an induced model of diabe-
tes. Iran J Basic Med Sci, 17, 294-302.

Cinici, E., Cetin, N., Ahiskali, I., Suleyman, B., Altuner, D., Alp,
H.H., Sener, E., Calik, I. and Suleyman, H. (2015). The effect of
thiamine pyrophosphate on ethambutol-induced ocular toxic-
ity. Cutan Ocul Toxicol, 1-6.

Luong, KV. and Nguyen, LT. (2012). The impact of thiamine
treatment in the diabetes mellitus.J Clin Med Res, 4, 153-60.
Jaouhari, J., Lazrek, H. and Jana, M. (2000). The hypoglycemic
activity of Zygophyllum gaetulum extracts in alloxan-induced
hyperglycemic rats.J Ethnopharmacol, 69, 17-20.

Van Dam, PS., Gispen, W.H., Bravenboer, B., Van Asbeck, B.S.,
Erkelens, D.W.and Marx, J.J. (1995). The role of oxidative stress
in neuropathy and other diabetic complications. Diabetes Me-
tab Res Rev, 11,181-192.

Peuchant, E., Delmas-Beauvieux, M.C., Couchouron, A., Du-
bourg, L., Thomas, M.J., Perromat, A., Clerc, M. and Gin, H.
(1997). Short-term insulin therapy and normoglycemia: effects
on erythrocyte lipid peroxidation in NIDDM patients. Diabetes
care, 20,202-207.

Scuderi, S., D’amico, A.G., Federico, C., Saccone, S., Magro, G.,
Bucolo, C., Drago, F. and D'Agata, V. (2015). Different retinal
expression patterns of IL-1a, IL-1B, and their receptorsin a rat
model of type 1 STZ-induced diabetes. J Mol Neurosci, 56,
431-439.

.Xie, M., Hu, A, Luo, Y., Sun, W, Hu, X. and Tang, S. (2014). Inter-

leukin-4 and melatonin ameliorate high glucose and
interleukin-18 stimulated inflammatory reaction in human
retinal endothelial cells and retinal pigment epithelial cells.
Mol Vis, 20,921.

Albert, D.M., Jakobiec, FA., Azar, D.T. and Gragoudas, E.S.
(1994). Principles and Practise of Ophtalmology, 2nd ed. Phil-
adelphia, PA: WB Saunders Company.

Bandello, F., Parodi, M.B., Lanzetta, P, Loewenstein, A., Mas-
sin, P, Menchini, F. and Veritti, D. (2010). Diabetic macular
edema, In: Macular Edema. Vol, 47, pp. 73-110, Karger Pub-
lishers, Basel.

Park, S.W., Cho, C.S.,Jun, H.O., Ryu, N.H., Kim, J.H.,Yu, Y.S., Kim,
J.S.and Kim, J.H. (2012). Anti-Angiogenic Effect of Luteolin on
Retinal Neovascularization via Blockade of Reactive Oxygen
Species ProductionLuteolin Inhibits Retinal Neovasculariza-
tion. Invest Ophthalmol Vis Sci, 53, 7718-7726.

Thornalley, PJ. (2005). The potential role of thiamine (vitamin
B1) in diabetic complications. Curr Diabetes Rev, 1, 287-98.
Gangolf, M., Czerniecki, J., Radermecker, M., Detry, O., Nisolle,
M., Jouan, C., Martin, D., Chantraine, F, Lakaye, B., Wins, P,
Grisar, T. and Bettendorff, L. (2010). Thiamine status in humans
and content of phosphorylated thiamine derivatives in biop-
sies and cultured cells. PLoS One, 5,e13616.

Durdu Altuner, MD, PhD.,

Department of Pharmacology, Faculty of Medicine,
Erzincan University

24030 Erzincan

Turkey

durdualtuner@hotmail.com

IntJ Vitam Nutr Res (2018), 88 (3-4), 137-143


https://www.researchgate.net/publication/330858288


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


