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Objective: To investigate the effect of curcumin on microvasculature changes in STZ-induced diabetic rat’s choroid of eye.
Material and Method: Male rats were divided into three groups: control (C) Diabetic rats were induced by streptozotocin
(STZ) (60 mg/kg BW) (DM) diabetic rats treated with curcumin (DMC) (200 mg/kg BW). After 8 weeks of experiments,
microvasculature changes of rat’s choroid were studied under vascular corrosion cast technique with scanning electron
microscope (SEM).
Results: There were pathology and destruction of choroid microvasculature of DM group that revealed reduced and
shrunken sizes of large and small blood vessels, compared with control group; long posterior ciliary arteries (LPCAs) (C
= 113.70+1.38, DM = 83.53+2.70, DMC = 109.64+3.41 μm), choroid arteries (C = 94.97+2.79, DM = 59.36+2.61, DMC
= 80.31+3.73 μm), vortex veins (C = 74.11+3.24, DM = 46.71+2.56, DMC = 64.66+3.60 μm), and Choriocapillaris
(choroidal capillaries) (C = 13.61+0.62, DM = 4.46+0.24, DMC = 9.96+0.70 μm), respectively. In DM group, LPCAs and
Choroid arteries were tortuous and showed shrinkage. Vortex veins became narrow. Choriocapillaris showed the pathological
characteristics of vascular lesions including of shrinkage, constriction, microaneurysm and blind ending. Fascinatingly,
Choroid microvasculature of the eye in curcumin treated group developed into regenerate and repaired conditions with
healthy and normal characteristics.
Conclusion: Efficiency of curcumin treatment beneficially repaired and regenerated the redevelopment of choroid’s
microvascular complications of eye in 8-week experiments. Potential treatment with curcumin in diabetes has demonstrated
in a meaningful way the therapeutic consequences in the improvement and recovery of choroidal blood vessels in eye
pathology of diabetic rats.
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The complications of diabetes which can
eventually lead to blindness, causing the important
disease of diabetic retinopathy. Concerning
microvascular retinal changes in hyperglycemia
condition, induced intramuscular pericyte death and
thickening of the basement membrane lead to
incompetence of the vascular wall. Small blood vessels
in the eye are especially vulnerable to poor blood
glucose control, then the accumulation of blood
glucose can damages the tiny blood vessels in the eye.
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Generally, diabetic retinopathy is a major clinical
problem, therefore human and animal studies have been
focused on retinal, rather than choroid vasculature.
Normally, the retinal vasculature supplies the inner
retina, while the choroid lies outside the retinal pigment
epithelium (RPE), nourishing the outer retina. The
choroidal vasculature provides oxygen and nutrients
to the outer retina. Therefore, destruction and
nonperfusion of choroidal capillaries, the choriocapillaris, could result in functional visual loss(1).
Although diabetic retinopathy is well
characterized and used diagnostically to monitor
disease progression, the routine clinical ophthalmic
assessment of the choroid is really rare(2). Clinically,
preproliferative diabetic retinopathy is characterized
by tortuousity of vessels, microaneurysm, and vascular
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nonperfusion(3). The recent evidences suggest that
similar events may occur in the diabetic choroid(4,5).
Diabetic retinopathy have also been described in
streptozotocin (STZ) and alloxan models of diabetes(6),
while choroidal vascular leakage and capillary dropout
occur in spontaneously diabetic rats and monkey(7,8).
Hidayat and Fine(5) was the first group that suggested
the term of diabetic choroidopathy demonstrated
capillary dropout, basement membrane thickening,
and choroidal neovascularization. The choroidalvasculopathy in diabetes may play a more prominent role
in the pathogenesis of further diabetic retinopathy. In
addition, the unexplained loss of visual function that
may occur in diabetic subjects without retinopathy may
be result of diabetic choroidopathy(9).
Streptozotocin (STZ) is a widely agent used
to induce insulin-dependent diabetic mellitus in
experimental models that is compatible to those of type
1 diabetes. It has the toxic effects on islet beta cells(10)
and also induces potentially serious systemic
microvascular alterations and complications, as
observed in retina and kidney(11,12).
The vascular corrosion casting technique with
scanning electron microscope (SEM) method have
become a great fundamental tool for perception of
organ microvasculation in order to support further
conditions in terms of physiological and pathological
studies. It is a standard technique to determine the
three dimensional structures of the vascular bed and
network(13,14). This method clearly shows vascular
architecture and provides an easily understandable
beautiful and recognized three-dimensional view of an
entire choroid as well as enlarged localized lesion.
In the present study, curcumin was used as
daily supplement for investigation the improved and
repaired structural changes of microvasculature in STZinduced diabetic rat’s choroid.

whereas control rats received injection with 0.9%
normal saline alone. Rats with blood sugar level >250
mg/dl were determined as diabetic animals. At the end
of 8 weeks after STZ injection and plus curcumin
supplementation, the choroid microvasculature of both
eyes were investigated by vascular corrosion cast
technique with scanning electron microscope (SEM).
Vascular corrosion cast technique
The experimental rats were perfused with 500
ml of 0.9% NaCl solution through the left ventricle to
flush out the blood from the blood vessels. Then, the
Batson’s No. 17 plastic mixture was infused into blood
circulation of rats. The plastic injected-animals were
left at room temperature for 30 minutes and immersed in
hot water (80°C) for 3 hours to complete plastic
polymerization. After polymerization, the eyes were
disconnected and the tissues were corroded in 10%
KOH solution at room temperature for 30-40 days. The
eye vascular cast was rinsed in slow running tap water
and cleansed in several changes of distilled water to
get rid of any remaining tissues. Then, the eye casts
were dried out at room temperature, mounted on a metal
stub with double glue tape and carbon paint before
being coated with gold on sputtering apparatus. Finally,
the eye cast was examined area of choroid under SEM
(JEOL JSM-5400) at accelerating voltage of 10 KV. The
diameter of choroid blood vessels was measured by
SemAfore computer software program.
Statistical analysis
The results were expressed as mean +
standard error of the mean (SEM). Statistical analysis
was performed by using ANOVA followed by
Bonferroni post test. The value of p<0.05 was
considered to indicate statistical significance.
Results

Material and Method
Induction of diabetes and experimental protocols
The procedure of the animal research was
approved by Srinakarinwirot University Medical Center
Animal Care Committee. Thirty male Wistar rats (200250 g) obtained from National Laboratory Animal Center
of Mahidol University were classified into three groups:
control group (C) (n = 10), diabetic group (DM) (n =
10), and diabetic-treated with curcumin at a dose of 200
mg/kg BW (DMC) (n = 10). Experimental diabetic rats
were induced by intravenous injection in lateral tail
vein of streptozotocin (STZ) (Sigma, St. Louis, MO,
USA) (60 mg/kg BW) dissolved in 0.9% normal saline
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SEM study of corrosion casts revealed clearly
high magnification and detection of microvascular
changes on the posterior wall of the eye. A threedimensional illustration demonstrated the entire
choroidal vasculature and view of the prominent
differences choroidal vessels among three groups of
rat at 8 weeks.
In normal condition of control group,
numerous normal even blood vessels architectures of
two long posterior ciliary arteries (LPCAs) were divided
from posterior ciliary artery (PCA) (Fig. 1A) and gave
branches into choroid arteries (Fig. 1B) together with
recognized conspicuously vortex veins (Fig. 2A-B).
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Presentation of prominent microvascular network of
choriocapillaris was characterized for healthy normal
sizes together with normal shape and standard pattern
of choroid vasculature organization. The choriocapillaris formed with each other a large flattened sheetlike vascular sinus with little space between the
capillaries. With the corresponding arterioles, the
venules gathering the choriocapillaris also showed a
very short course. These venules then became larger
venules and drained into vortex veins (Fig. 3A).
In DM group, as the blood sugar increased
progressively, the choroidal vascular changes
demonstrated the LPCAs with slight tortuosity and
shrinkage. The choroid arteries were often more
tortuous, generalized narrowing and showed localized
constrictions. The first-branch arterioles from the
choroid arteries were also revealed dominant
constrictions (Fig. 1C). The collecting venules
converging from all directions into vortex veins were
gradually decreased in numbers whereas the vortex
veins became narrower. Moreover, the collecting
venules converging intothe vortex veins were more
decreased in numbers (Fig. 2C), irregular caliber and
showed localized aneurismal dilatations (Fig. 3C).
Thechoriocapillaris changes were more evident, they
was elongated and decreased in numbers and also
was clearly visible as sparse vessels. Constrictions,

shrinkage, blind endings (Fig. 3B) and capillaries
dropout of choriocapillaris were detected (Fig. 2, 3C).
The intercapillaries spaces were irregular whereas the
arterioles and venules showed wholesale loss (Fig. 2,
3C).
After 8 week of curcumin supplementation,
the healthy normal patterns of choroidal blood vessels
have recovered and got restored in DMC groups. LPCA,
choroid arteries (Fig. 1D) and vortex veins (Fig. 2D)
turn out to be regenerated and repaired into healthy
and normal characteristics like in control group. All
choroid arteriole to the choriocapillaris proceeded
parallel arrays so as to interdigitate with choroid veins
draining at this region. The collecting venules
converging intothe vortex veins were still showed a
few localized aneurismal dilatations (Fig. 3D). The
choriocapillaris formed with each other as a flattened
sheet-like vascular sinus with little space between the
capillaries similarly to control group.
Concerning to the sizes of LPCAs, choroid
arteries, vortex vein, and choriocapillaris at 8 weeks
experiments were scored quantitatively in a blind
fashion (Fig. 4). The average diameters about 100 μm
far from the portion of main blood vessels of normal,
DM, and DMC blood vessels were measured and
compared as the followings; LPCAs (C = 113.70+1.38,
DM = 83.53+2.70, DMC = 109.64+3.41 μm), choroid

Fig. 1

Fig. 2

SEM choroidal micrograph of posterior wall of
eye vascular cast. A) Control group, showing the
whole of blood vessels of choroid that come from
posterior ciliary artery (PCA) and divide into 2
branches of long posterior ciliary arteries (LPCA).
B-D) Illustrating choroid arteries (CRA) that
divide from LPCA and give branches to supply the
choroid of eye in Control, DM and DMC groups,
respectively. Bar = 100 μm.
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SEM choroidal micrograph of vortex veins vascular
cast. A, B) Control groups, showing the collecting
venules converging from all directions into vortex
veins of control group. C) Illustrating the choriocapillaris and the collecting venules that are
gradually decreased in number. The vortex veins
(VV) become narrower. D) The collecting venules
converging intothe vortex veins have recovered and
got restored in DMC group. Bar = 100 μm.
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(C = 13.61+0.62, DM = 4.46+0.24, DMC = 9.96+0.70 μm)
respectively. The data were shown that the DM
choroidal blood vessels had significant decrease in
the diameter of LPCAs, choroid arteries, and vortex
veins indices when compared to control rats (p<0.001).
In contrast, the diameters of LPCAs, choroid arteries,
and vortex veins were significantly increased after
treatment with curcumin in DMC rats (p<0.001).
These findings confirmed previous
studies(15,16) that curcumin might have efficiency to help
or improve diabetic condition in term of recovery of
blood vessels.

Fig. 3

SEM choroidal micrographs of posterior wall of
eye vascular cast. A) Control group, showing the
choriocapillarise (white asterisks) that come from
branches of choroid arteries (CRA). B) Showing
constrictions (white arrows), shrinkage, blind
endings (white arrowhead), capillaries dropout of
choriocapillaris, and tortuousity of choroid artery
in DM group (black asterisks). C) Illustrating the
branches of PCA, two LPCAs and thechoriocapillaris changes. The collecting venules converging
intothe vortex veins (VV) are more decreased in
number, irregular caliber and show localized
aneurismal dilatations (black arrows). D) Showing
the choriocapillaris that have recovered and got
restored in DMC group. The collecting venules
converging intothe vortex veins are still localized
for a few aneurismal dilatations (black arrows).
Bar = 100 μm.

Fig. 4

The average diameters of long posterior ciliary
arteries (LPCA), choroid arteries, vortex veins and
choriocapillaris in control (C) diabetes (DM) and
diabetes supplemented with curcumin (DMC) rats
at 8 weeks. Values are mean + SE *p<0.001,
**p<0.01.

arteries (C = 94.97+2.79, DM = 59.36+2.61, DMC =
80.31+3.73 μm), vortex veins (C = 74.11+3.24, DM =
46.71+2.56, DMC = 64.66+3.60 μm) and Choriocapillaris
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Discussion
In the present study of STZ induced diabetic’s
rats eye, vascular cast and SEM results revealed
specific changes of choroidal vessels among three
groups of rat. The DM rats displayed increasing
choroidal damages. Generally, the architecture of the
choroidal microvasculature consists of long straight
LPCAs, choroid arteries, short running arterioles and
venules, choriocapillaries and vortex veins. In diabetic
condition, vessels tortuosity, shrinkage, and generalized
narrowing were observed in the LPCAs, choroid arteries
and vortex veins together with number reductions.
Damage was worst in the choriocapillaris that is the
smallest vessels. It was remarkably similar to a study
using choroidal casts in human diabetes in which
constrictions, shrinkage, blind endings microaneurysms and capillary dropout were observed. The
intercapillaries spaces were irregular while the arterioles
and venules also showed wholesale loss. There is no
evidence for choroidal neovascularization as observed.
According the previous studies, the
pathology of choroidal damage occurred in human
diabetic retinopathy and shared many features with
retinal vasculopathy including endothelial cell loss(17)
tortuosity, microaneurysms, capillaries dropout(4) and
reduced circulation in area of choroid(18). In the severe
phenotype in a mouse model of retinal vascular damage
which appeared similar to that in diabetic retinopathy,
the percentage area covered by the choriocapillaris
decreased to two-thirds of that in wild-type, as
indicative of capillaries dropout(19). Capillary shrinkage
may lead to the decreased blood flow as observed in
human diabetic retinopathy(4). Generally, capillary
constrictions are speculated that it is a natural sequence
is for capillary blockage to lead to discontinuity and
capillary breakage. This constriction may arise via
capillary damage induced by leucostasis and
microaneurysms. The microaneurysms in the diabetic
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Table 1. The average diameters of long posterior ciliary arteries (LPCA), choroid arteries (CRA), vortex veins and
choriocapillaris in control (C) diabetes (DM) and diabetes treated with curcumin (DMC)
Groups

Control
DM
DMC
p-valuea

Diameters of blood vessels (μm), mean + SE
LPCAs

Choroid arteries

Vortex veins

Choriocapillaris

113.70+1.38
83.53+2.70
109.64+3.41
<0.001

94.97+2.79
59.36+2.61
80.31+3.73
<0.001

74.11+3.24
46.71+2.56
64.66+3.60
<0.001

13.61+0.62
4.96+0.48
9.96+0.70
<0.001

SE = standard error of mean

choroid are associated with intrachoroidalneovascular
formations(20).
The current studies suggest several
contributing factors that the numbers of
polymorphonuclear leukocytes (PMNs) is increased in
the human diabetic choroidal vasculature and are often
associated with Choriocapillaries degeneration
(CCD)(21). The aggregation of PMN is generally
associated with inflammatory and immune response.
In diabetic choroids, it is often observed the elevated
levels of P-selectin and intracellular adhesion molecule
1. These substances stimulate PMN rolling and
adhesion to endothelial cells, respectively(22). The
diabetic PMN can produce a greater oxidative burst,
which can contribute to the endothelial cells loss in
CCD and also release proteolytic enzymes that damage
endothelial cells(23).
Glucose is the main cause for microvascular
complications of diabetes like retinopathy, nephropathy
and neuropathy. The negative role of hyperglycemia
on endothelial functions and pathological changes
occur in diabetes are well established. There are four
major molecular signaling mechanisms activated by
hyperglycemia in endothelial cells. These include:
activation of PKC, increased hexosamine pathway flux,
increased advanced glycation end product formation,
and increased polyol pathway flux(24).
Protein kinase C (PKC) is a family of serinethreonine kinases that plays an important role in signal
transduction mechanisms(24). The PKC pathway is
further activated in diabetes as a result of
hyperglycemia. In this pathway, PKC is activated by
the increased amounts of diacylglycerol (DAG), which
is synthesized directly from glycolytic intermediates
such as dihydroxyacetone phosphate and glyceraldehyde-3-phosphate(25,26). PKC appears to be activated
in a range of diabetic tissues including the retina, kidney,
heart, and aorta. An activation of PKC has been
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implicated in many processes relevant to diabetic
complications, including regulation of vascular
permeability and flow, increased production of
cytokines, and increased synthesis of basement
membranes(27). In diabetes microvascular complications,
for example, PKC affects the activation of a number of
growth factors and changes the function of vasoactive
factors. These vasoactive factors include vasodilators
such as nitric oxide (NO) as well as vasoconstrictors
such as angiotensin II and endothelin-1(28).
Only a small proportion of glucose is
metabolized to sorbitol during normoglycemia, while in
hyperglycemia the enzyme aldose reductase (AR) is
activated, leading to an accumulation of intracellular
sorbitol and fructose that increase the flux through the
polyol pathway (29). Sorbitols and other polyols
accumulate in intracellular vicinity, leading to osmotic
damage and swelling. Moreover, aldosereductase (AR)
is the first and rate-limiting enzyme of the polyol
pathway, which converts monosaccharides (glucose)
to their polyols or sugar alcohols (sorbitol). This
enzyme is widely distributed throughout the body,
including those tissues that are susceptible to chronic
diabetic complications (retina, lens, cornea, glomerulus,
nervous system and the blood vessels). In fact,
alterations in sorbitol and fructose metabolism are
implicated as factors contributing to vascular complications in diabetes mellitus(30).
After curcumin supplementation, the healthy
normal patterns of choroid blood vessels have
recovered and got restoration at 8 weeks. Choroid
blood vessels in curcumin-treated group became
regenerated and repaired in to healthy and normal
characteristics. Regarding curcumin, it potentially
inhibits lipid peroxidation in rat liver microsome(31), along
with being an inhibitor of lipid peroxidation. It is known
that curcuminhas an inhibitory on PKC activity.
Activation of PKC by glucose has been implicated in
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the regulation and activation of membrane-associated
NAD(P)H-dependent oxidases and subsequent
production of superoxide anion(32).
Various compounds may inhibit the formation
of pro-inflammatory cytokines thus offering the means
for modulation of the process and possibly avoiding
extensive damage (inflammation) of the surrounding
tissue by invading neutrophils and lymphocytes.
Curcumin down-regulates the expression of various
cell surface adhesion molecules that have been linked
with inflammation(33), down-regulation the expression
of various inflammatory cytokines, including TNF-α,
IL-1, IL-6, IL-8, and chemokines(34). Curcumin has been
shown to inhibit the action of TNF-α, one of the most
pro-inflammatory of the cytokines(35). Moreover,
curcumin is a potent antioxidant, which might contribute
to its anti-inflammatory action(36,37).
Normal choroidal vasculature is essential for
normal function and structure of the retina. The rich
blood supply to the choriocapillaris with high oxygen
pressure and high vascular permeability would be
participated considering its role in diffusing oxygen
and nutrients through the choriocapillaris to nourish
the retina. Damaging of choroidal blood vessels can
result in photoreceptor dysfunction and death. Vasoocclusions and nonperfusionof choroidal blood vessels
is occurred in the diabetic choroid, as well as in the
retina. The patho-physiological effects of diabetic on
the microcirculation of the choroid may be reflected
in the choroidal vascular changes as noted in this
present study. Interestingly, healthy blood vessels
became recovered and redeveloped in diabetic-rats,
supplemented with curcumin.
Conclusion
It is possible that curcumin could improve the
destruction of the choroid blood vessels because the
potential beneficial effects of curcumin have been
shown to exhibit anti-inflammatory, antioxidant and antidiabetic activities. Potential treatment with curcumin in
diabetes has been demonstrated meaningfully about
the therapeutic consequence in improvement and
recovery choroid’s microvascular complications of eye.
The efficiency of curcumin might be applied to be
an alternative therapeutic agent in diabetic
choroidiopathy. Further studies of curcumin treated
on retinal microvasculature are suggested.
Acknowledgement
The present study was supported by a grant
from National Research Council of Thailand and

S44

The Strategic and Wisdom and Research Institute,
Srinakharinwirot University, Fiscal Year 2012.
Potential conflicts of interest
None.
References
1. Gerard AL, Jingtai C, Scott MD. Relationship of
polymorphonuclear leukocytes to capillary
dropout in the human diabetic choroid. Am J Patho
1997; 15 (3): 707-14.
2. Shiragami C, Shiraga F, Matsuo T. Risk factors for
diabetic choroidopathy in patients with diabetic
retinopathy. Graefes Arch ClinExpOphthalmol
2002; 240:436-42.
3. Yanoff M, Ocular pathology of diabetes mellitus.
Am J Opthalmo 1969; 67: 21-38.
4. Fryczkowski AW, Hodes BL, Walker J. Diabetic
choroidal and iris vasculature scanning electron
microscopy finding. IntOphthalmo 1989; 13: 26979.
5. Hidayat A, Fine B, Diabetic choridopathy: light
and electron microscope observation of seven
case. Ophthalmology 1985; 67: 512-22.
6. Rodrigues AC, Schellini SA, Greorio EA. Choroidal
vasculature in diabetic rats. J SubmicroscCyto
Pathol 2004; 36: 327-31.
7. Cald well RB, Fitzgerald ME. The choriocapillaris
in spontaneously diabetic rats. Microvasc Res
1991; 42: 229-44.
8. Johnson MA, Lutty GA, Maleod DS. Ocular
structure and function in an aged monkey with
spontaneous diabetic mellitus. ExpEye Res 2005;
80: 37-42.
9. Cao J, Mcleod DS, Merges CA, Lutty GA.
Choriocapillaris degeneration and related
pathologic changes in human diabetic eyes. Arch
ophthalmol 1998; 116: 589-97.
10. Ohno T, Horio F, Tanaka S, Terada M, Namikawa T,
Kitch J. Fatty liver and hyperlipidemia in IDDM
(Insulin dependent diabetes mellitus). Life Sci 2000;
66(2): 125-31.
11. Veelken R, Hilgers K, Hartner A, Haas A, Bohnier
K, Sterzel R. Nitric oxide synthase isoforms and
glomerular hyper filtration in early diabetic
nephropathy. J Am SocNephrol 2000; 11: 71-9
12. Alder VA, Su E, Yu D, Cringle S, Yu PK. Diabetic
retinopathy: early functional changes. ClinExp
PharmacolPhysiol 1997; 10: 785-88.
13. Lametschwandtner A, Lametschwandtner U,
Weiger T. Scanning electron microscopy of

J Med Assoc Thai Vol. 97 Suppl. 2 2014

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

vascular corrosion casts technique and
applications: update review. Scanning microsc
1990; 4: 889-941.
Murakami T. Application of the scanning electron
microscope to the study of the fine distribution of
the blood vessels. Arch histoljap 1971; 32: 445454.
Sawatpanich T, Petpiboolthai H, Punyarachun B,
Anupanpisit V. Effect of curcumin on vascular
endothelial growth factor expression in diabetic
mice kidney induced by streptozotocin. J Med
Assoc Thai 2010; 93 Suppl 2: S1-7.
Khimmaktong W, Petpiboolthai H, Punyarachun
B, Anupanpisit V. Study of curcumin on
microvasculature characteristic in diabetic rat’s
liver as revealed by vascular corrosion cast/
scanning electron microscope (SEM) Technique.
J Med Assoc Thai 2012; 95 Suppl 5: S133-41.
Mcleod DS, Lutty GA. High-resolution histologic
analysis of the human choroidal vasculature. Invest
Opthalmo Vis Sci 1994; 35: 3799-811.
Schocket LS, Brucker AJ, Niknam RM.
Foveolarchoroidal hemodynamics in proliferative
diabetic retinopathy. IntOphthalmo 1989; 13: 26979.
Tee LBG, Penrose MA, O’Shea JE, Lai CM, Rakoczy
EP, Dunlop SA. VEGF-induced choroidal damage
in a murine model of retinal neovascularization. Br
J Opthalmol 2008; 92: 832-38.
Miyamoto K, Khosoft S Bursell SE, Prevention of
leukostasis and vascular leakage in streptozotocininduced diabetic retinopathy via intercellular
adhesion molecule-1 inhibition. ProcNatlAcadSci
USA 1999; 96: 10836-41.
Lutty GA, Cao J, Mcleod DS. Relationship of
polymorphonuclear leukocytes (PMNs) to
capillaries dropout in the human diabetic choroid.
Am J Pathol 1997; 151: 707:714.
Mcleod D, Lefer D, Merge C, Lutty G. Enhanced
expression of intracellular adhesion molecule-1 and
P-selectin in the diabetic retina and choroid. Am J
Patho 1995; 147:642-53.
Fletcher J, Haynes AP, Crouch SM. Acquired
abnormalities of polymorphonuclear neutrophil
function. Blood Rev 1990; 4: 103-10.
Menta W, Korytkowski M, Mitrakou A., Jenssen
T, Yki-Jarvinen H, Evron W, Dailey G, Gerich G.
Pancreatic beta-cell dysfunction as the primary
genetic lesion in NIDDM; evidence from studies
in normal glucose-tolerant individuals with a firstdegree NIDDM relative. JAMA 1995: 273; 1855–

J Med Assoc Thai Vol. 97 Suppl. 2 2014

61.
25. Ron D, Kazanietz MG. New insights into the
regulation of protein kinase C and novel phorbol
ester receptors. FASEB J 1999; 13: 1658-76.
26. King GL, Ishii H, Koya D. Diabetic vascular
dysfunc-tions: a model of excessive activation of
protein kinase C. Kidney IntSuppl 1997; 60: S77S85.
27. Koya D, King GL. Protein kinase C activation and
the development of diabetic complication.
Diabetes 1998; 47: 859-66.
28. Inoguchi T, Battan R, Handler E, et al. Preferential
elevation of protein kinase C isoform beta II and
diacylglycerol levels in the aorta and heart of
diabetic rats: Differential reversibility to glycemic
control by islet cell transplantation. ProcNatlAcad
Sci USA 1992; 89: 11059-63.
29. Candido R, Allen TJ. Haemodynamics in
microvascular complications in type 1 diabetes.
Diabetes Metab Res Rev 2002; 18: 286-304.
30. Hawthorne GC, Bartlett K, Hetherington CS, et al.
The effect of high glucose on polyol pathway
activity and myoinositol metabolism in cultured
human endothelial cells. Diabetologia 1989; 32: 16366.
31. Babu PS, Srinivasan K. Influence of dietary
curcumin and cholesterol on the progression of
experimentally induced diabetes in albino rats. Mol
Cell Biochem 1995; 152(1):13-21.
32. Jeong WS, Kim IW, Hu R, Kong AN. Modulatory
properties of various natural chemopreventive
agents on the activation of NF-kappa B signaling
pathway. Pharm Res 2004; 2: 661-70.
33. Natarajan C, Bright JJ. Curcumin inhibits
experimental allergic encephalomyelitis by
blocking IL-12 signaling through Janus kinaseSTAT pathway in T lymphocytes. J Immunol2002;
168: 6506-13.
34. Kobayashi T, Hashimoto S, Horie T. Curcumin
inhibition of Dermatophagoidesfarinea-induced
interleukin-5 (IL-5) and granulocyte macrophagecolony stimulating factor (GM-CSF) production
by lymphocytes from bronchial asthmatics.
BiochemPharmacol1997; 54: 819–24.
35. Hsuuw YD, Chang CK, Chan WH, Yu JS. Curcumin
prevents methylglyoxalinduced oxidative stress
and apoptosis in mouse embryonic stem cells and
blastocysts. J Cell Physiol2005; 205; 379-86.
36. Mahesh T, Balasubashini MS, Menon VP. Effect
of photo-irradiated curcumin treatment against
oxidative stress in streptozotocin-induced diabetic

S45

rats. J Med Food 2005; 8: 251–5.
37. Okada K, Wangpoengtrakul C, Tanaka T, Toyokuni
S, Uchida K, Osawa T. Curcumin and especially

tetrahydrocurcumin ameliorate oxidative stressinduced renal injury in mice. J Nutr 2001; 131: 2090–
5.

  ⌫  ⌫ 
     ⌫ ⌫ ⌫   
  ⌦ ⌫  ⌫     
⌫          
⌫        ⌫  ⌫     
⌫  ⌫ ⌫         ⌫ ⌫
  ⌦
   ⌫⌫  
⌦ ⌦⌫⌫ ⌫
  ⌫  ⌫    
                 
         ⌧         
              ⌫
     ⌧  ⌫⌫ 
  ⌫⌫    
⌫⌫   ⌫   
⌫⌫
   ⌦⌫⌫⌫ ⌫
   ⌫⌫ ⌫  ⌫ ⌫

S46

J Med Assoc Thai Vol. 97 Suppl. 2 2014

