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Objective: To localize and demonstrate the effect of curcumin on vascular endothelial growth factor in diabetic
mice kidney induced by streptozotocin
Material and Method: Diabetic mice were induced by streptozotocin (60 mg/kg BW). Male mice were divided
into three groups, control mice, diabetic mice (DM) and diabetic mice treated with curcumin (DMC) (200 mg/
kg BW). At 4 and 8 weeks, animals were sacrificed and kidneys were processed by immunohistochemistry
technique.
Results: At the end of 4 and 8 week experiments, glomeruli were slightly enlarged and showed diffuse thicken-
ing of  the glomerular capillary walls in diabetic mice. Administration with curcumin presented the better
improvement and recovery of cells and tissues compared with diabetic mice. Immunohistochemical staining
for vascular endothelial growth  factor (VEGF) demonstrated that VEGF was mainly detected in the podocytes
and renal tubules. There was an increase in VEGF expression in diabetic mice as compared to control.
Treatment with curcumin significantly inhibited the expression of VEGF in the kidney tissue of diabetic mice
in both 4 and 8 weeks. Comparing the diabetic mice between 4 and 8 week experiments, the expression of
VEGF in the podocytes and renal tubules at 8 week were significantly stronger than at 4 week which repre-
sented time-dependent change. Nevertheless, the intensity of VEGF was not different in DMC mice when it was
compared between 4 and 8 weeks.
Conclusion: VEGF immunoreactivity of the podocytes and the renal tubules at 4 and 8 weeks in DM mice
showed strong intensity more than in control mice. However, the intensity of VEGF in DMC mice was less when
it was compared with DM mice. Moreover, VEGF was a key modulator of angiogenesis and a potent mitogen
for endothelial cells. These results demonstrated the potential use of antiangiogenic curcumin as a novel
therapeutic agent in diabetic mellitus and maintain normal structure of the kidney.
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Diabetic nephropathy is one of major micro-
vascular complications and is the leading cause of end
stage renal disease worldwide. Vascular endothelial
growth factor (VEGF) is an important mediator in
maintaining normal kidney function. It is a potent
cytokine that is considered to be an important media-

tor in the pathogenesis of endothelial dysfunction in
diabetes. In addition, several lines of evidence sug-
gest that up-regulation of VEGF in glomeruli may be
associated with or cause renal dysfunction such as
diabetic nephropathy(1). In the kidney, VEGF was de-
tected pre-dominantly in glomerular podocytes and in
renal tubular epithelial cells. VEGF is an endothelial
specific growth factor that induces microvascular
hyperpermeability and participates in interstitial matrix
remodeling, promotes endothelial cell proliferation, dif-
ferentiation and survival, mediates endothelial-depen-
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dent vasodilatation(2). VEGF is up-regulation in
streptozotocin (STZ) induced diabetic animal and hu-
man with type I and type II diabetes. Therefore inhibi-
tion VEGF function has beneficial effect on diabetic
nephropathy(3,4). Treatment of monoclonal neutraliz-
ing anti VEGF antibodies for 6 weeks caused clearly
dysfunction in DM type I, abolished the urinary albu-
min excretion (UAE), glomerular hypertrophy and glom-
erular hyper-filtration without an effect on metabolic
control(5). The glomerular VEGF expression was high-
est in the type I diabetic patients with mildest sclerotic
changes and was particularly strong in viable
podocyte(5), but was lowered or absent in sclerotic glom-
eruli(6).

Management of diabetes without any side
effect is still a challenge to the medical system. There is
an increasing demand by patient to use the natural
products with antidiabetic activity(7). Curcumin, the
natural occurring compound in turmeric is known as a
wonderful molecule with several proven medical
effects, including anti-inflammatory, anti-diabetic, anti-
oxidant properties and anti-renal lesion effect(8,9).

Nephropathy is one of the dangerous secon-
dary complications induced by diabetes. In an animal
model study, it was observed the dietary curcumin
brought about significant inhibition in the progression
of renal lesion. Curcumin fed at 0.5% level in the diet to
STZ-induced diabetic rats lessened renal damage and
preserved the integrity and function of the kidney(9).

Hyperglycemia causes release of tissue
damaging reactive oxygen species (ROS) balance
between radical production and antioxidant defense(11).
It has been proposed that STZ acts as a diabetogenic
agent owing to its ability to destroy pancreatic beta
cells(12). Curcumin and its derivations, demethoxycur-
cumin and bis-demethoxycurcumin had the potential
to control the diseases through its potent antioxidant
activity(10,11). Curcumin lowered the production of ROS
in vitro(12), so it also maintained the activities of anti-
oxidant enzymes like superoxide dismutase, glutathione
peroxidase and catalase(13). In vitro, curcumin could
significantly inhibit ROS generation by activated
macrophages, which play an important role in inflam-
mation(12).

In this work, the cellular localizations and
comparative expression of VEGF in diabetic mice’s kid-
ney were studied before and after administration of
curcumin, which is a coloring principle of the commonly
used spice turmeric (Curcuma longa). Curcumin was
expected to have application as a novel natural material
to control and attenuates diabetic mellitus renal damage.

Material and Method
Induction of diabetes and experimental protocols

Male mice (30-35 g) obtained from National
Laboratory Animal Center of Mahidol University.
Experimental diabetes were induced by triple intra peri-
toneal of streptozotocin (STZ) (Sigma, St, Louis, MO,
USA) (60 mg/kg BW) dissolved in 0.9% normal saline.
Control mice received injection with 0.9% normal saline
alone. Mice with blood sugar level > 250 mg/dl were
used as diabetic animals. Control and diabetic mice
were randomly selected and divided in three groups
(10 mice/group), control mice, diabetic mice (DM) and
diabetic mice treated with curcumin (99.99% pure,
Sigma) (200 mg/kg BW) (DMC). At the end of 4 and 8
weeks of experimental duration, the animals were
sacrificed. Kidneys were quickly excised and processed
for immunohistochemistry.

Immunohistochemistry
Five μm thick sections from Bouin’s solution

fixed paraffin-embedded kidney tissue were placed onto
slides, rehydrated in xylene and graded alcohols. Tis-
sues were immersed in 3% H2O2 in methanol for 1 hour
to block endogenous peroxidase, followed by incuba-
tion in serum blocking solution. The primary antibody,
monoclonal antibody VEGF (Santa Cruz Biotechnol-
ogy Inc, USA) was added at a 1:25 dilution for 72 hours
at 4°C. Negative control sections were stained under
identical conditions with the buffer solution subs-
tituting for the primary antibody. After washing with
phosphate buffered saline (PBS), sections were incu-
bated with biotinylated secondary antibody IgG for 30
minutes, washed in PBS. Sections were next incu-bated
with avidin-biotin complex (Zymed Laboratories, USA).
Peroxidase conjugated were subsequently localized by
diaminobenzidine tetrahydro chloride as a chromogen,
then the positive reaction result was presented in brown
color in cells and tissues. Slides were counterstained
with hematoxyline, dehydrated through series of alco-
hol and xylene, covered with a glass cover slipped and
observed by light microscope. Each slide was evalu-
ated the intensity of VEGF by observers un-aware of
the experiment details (50 slides/group). Comparative
intensity of VEGF was revealed by using the following
scales; 0, absent or very low intensity; +, low inten-
sity; ++, mild intensity; +++, moderate inten-sity; ++++,
high intensity(14).

Results
In general, immunohistochemical staining for

VEGF in control mice demonstrated that VEGF was
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fundamentally stained in the glomerular visceral epi-
thelial cell or podocytes (P), evidenced by brown cyto-
plasmic staining. In renal tubule compartment, all posi-
tive stained cells showed a localized cytoplasmic pat-
tern, which was focally increased in the collecting tu-
bules (CT), distal convoluted tubules (DCT), thick (Tk)
and thin (Tn) loops of Henle and to a lesser extent in
proximal convoluted tubules (PCT), while it was abs-
cence in mesangial (M) and glomerular capillary cells
(Ca) in control mice (Fig. 1A-D).

The kidney at 4 and 8 weeks revealed glom-
erular and renal tubular hypertrophy, and glomerular
capillary cells dilatation in all DM mice. After treatment
by curcumin, kidney tissues in DMC mice dramatically
reduced glomerular and renal tubular hypertrophy and
glomerular capillary dilatation as compared with DM
mice.

Concerning  the result of each of 4 and 8 week
experiments, VEGF immunoreactivity of the podocytes
and renal tubules inducing collecting tubules, distal
convoluted tubules and proximal convoluted tubules
in DM (Fig. 2C-D, 3C-D) and DMC (Fig. 2E-F, 3E-F)

revealed strong intensity more than in control group
(Fig. 2A-B, 3A-B). However, the intensity of VEGF of
the podocytes, collecting tubules, distal convoluted
tubules and proximal convoluted tubules in DMC group
(Fig. 2E-F, 3E-F) was less when it was compared with
DM group (Fig. 2C-D, 3C-D). In comparison, the expres-
sion of VEGF in DM group between 4- and 8-week
experiments, it was demonstrated that the VEGF inten-
sity was strongly stained in 8 week group (Fig. 2C-D,
3C-D). Nevertheless, the expression of VEGF in DMC
group was not significantly different between 4 and 8
week experiments (Fig. 2E-F, 3E-F). In summary, the
comparison of VEGF intensity among control, DM and
DMC mice of 4- and 8-week experiments was demon-
strated in Table 1.

Discussion
STZ-injected mice showed significant

increase in blood glucose, polyuria and a decrease in
bodyweight compared with age- matched control
mice(15). We developed  a  model for DM type I by the
injection of STZ into mice. It is a highly effective cyto-

Fig. 1 Micrographs of immunoreactivity staining of mice kidney in the control group showed the distribution of VEGF the
podocyte (P), collecting tubules (CT), distal convoluted tubules (DCT), loops of Henle (Tk = thick, Tn = thin),
proximal convoluted tubules (PCT), whereas VEGF was not presented in mesangial cells (M), glomerular capillary
cells (Ca) and vasa recta (VR). A = The glomerulus with positive staining for VEGF with labeling of podocyte (P) and
renal tubules (DCT and PCT), B = Low magnification of the renal cortex showing the immunoreactivity staining of
VEGF in the CT, DCT and PCT, C-D = Low (C) and high (D) magnifications of the renal medulla showing the
immunoreactivity staining of VEGF in the CT, Tk and Tn
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Fig. 2 Comparison of VEGF immunoreactivity in the podocytes (P), collecting tubules (CT), distal convoluted tubules
(DCT) and proximal convoluted tubules (PCT) among three groups at 4 week, A-B = Control mice; C-D = Diabetic
mice (DM); E-F = Diabetic mice treated with curcumin (DMC) Abbreviation; Ca : glomerular capillary cells

Fig. 3 Comparison of VEGF immunoreactivity in the podocytes (P), collecting tubules (CT), distal convoluted tubules
(DCT) and proximal convoluted tubules (PCT) among three groups at 8 week, A-B = Control mice;  C-D = Diabetic
mice (DM); E-F = Diabetic mice treated with curcumin (DMC) Abbreviation; Ca: glomerular capillary cells
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Week Control   DM DMC

  4 + +++ ++
  8 + ++++ ++

Table 1.  VEGF intensity level of the podocytes and renal
tubules among three groups at 4 and 8 weeks experi-
ments

toxic agent for pancreatic beta cells, and STZ treated
animals have been used as a model for DM type I(16).
The kidney at 4 and 8 weeks revealed glomerular and
renal tubular hypertrophy and glomerular capillary cells
dilatation in all DM mice. The treatment of curcumin
(200 mg/kg BW) in DMC mice dramatically reduced
glomerular and renal tubular hypertrophy and glom-
erular capillary cells dilatation as compared with the
DM mice. These results indicated that STZ-induced
histological damages associated with glomerular and
renal tubular hypertrophy and glomerular capillary cells
dilatation were diminished after curcumin treatment.

Glomerular and renal tubular hypertrophy are
well-recognized of diabetic mice. They are characterized
by an increased number of glomerular capillary cells,
which are due to the formation of new capillaries rather
than lengthening or dilating of existing capillaries(17).
As an important mediators of physiological and patho-
logical angiogenesis, glomerular hypertrophy is asso-
ciated with glomerular hyperfiltration and hyper-
glycemia in type I diabetes(18).

In the present study, VEGF expression in
kidney tissues increased significantly during the early
period of diabetes. These findings agreed with those
of  previous reports  that renal VEGF mRNA expression
increased during the early period of diabetic nephro-
pathy in type II diabetic rats(19-21) and pronounced VEGF
up-regulation occurring in glomerular podocytes in the
early stage of diabetic nephropathy(22).

VEGF is likely to play a role in the process by
inducing the proliferation of glomerular capillary cells.
In early diabetic nephropathy in STZ-induced diabetic
mice, the increased glomerular volume and glomerular
capillary cells were accompanied by enhance VEGF
expression(23). During the course of crescentic glome-
rular nephritis, loss of glomerular capillaries was asso-
ciated with decreased VEGF immunoreactivity(24).

In this study, the immunoreactivity of VEGF
in renal tissues was high in diabetic state and dietary
curcumin showed a pronounced reversing trend on
this at 4 and 8 weeks. Diabetic retinopathy is accom-
panied by increase in various angiogenic factors,

including VEGF and hypoxia-induced growth factor
(HIF), which are considered to play a pivotal role in the
induced cellular permeability and angiogenesis(25). We
have demonstrated that curcumin administration sup-
presses VEGF levels in the diabetic kidney. In agree-
ment, others have shown that curcumin can abolish IL-
18, which induces the increasing of VEGF production
in rheumatoid arthritis synovial fibroblastd via AP-1
dependent pathways(26).

The increase of VEGF in the diabetic kidney is
consistent with in vitro studies suggesting that higher
glucose level can induce VEGF expression. It has been
reported that acute hyperglycemic stimulates VEGF
gene expression in vascular smooth muscle cells, via
protein kinase C dependent pathway(27). Protein kinase
C beta II inhibition was associated not only with
reduced VEGF-induced retinal permea bility(28), but also
with retardation of development of albuminuria in
diabetic rats induced by STZ(29). Elevated glucose level
leaded to activate of the sorbital pathway, protein ki-
nase C, hexosamine pathway, advanced glycation end
product(30), reactive oxygen species, cytokines and
growth factor production(31). Direct high glucose-in-
duced protein kinase C and mitogen activated protein
kinase activation also cause increased production of
oxidative stress in the diabetic kidney(32). Curcumin
inhibited phorbol-12 myristate-13 acetate, which in-
duced reactive oxygen species generation, suggesting
that curcumin has an inhibitory action on protein kinase
C activity(33).

Conclusion
STZ-induced histological damages associated

with glomerular, renal tubular hypertrophy and upre-
gulated VEGF expression were diminished after cur-
cumin treatment. VEGF may participate in the progres-
sion of the early stage of diabetic renal injury. Treat-
ment with curcumin significantly inhibited expression
of VEGF in kidney of diabetic group. These results
demonstrated the potential use of antiangio-genic
curcumin as a novel therapeutic agent in diabetic neph-
ropathy.
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ผลของ curcumin ต่อการแสดงออกของ vascular endothelial growth factor ในไตหนูถีบจักร
ท่ีเป็นเบาหวานจากการเหน่ียวนำของ streptozotocin

ธาริณี สวัสด์ิพาณิชย์, หัทยา เพชรพิบูลย์ไทย, บุษบา ปันยารชุน,วิภาวี อนุพันธ์พิศิษฐ์

วัตถุประสงค์ : เพ่ือหาตำแหน่งและการแสดงออกของ vascular endothelial growth factor (VEGF) เปรียบเทียบ
กับหนูเบาหวานที่ได้รับ curcumin ในหนูที่ถูกเหนี่ยวนำให้เป็นเบาหวานด้วยสาร streptozotocin (STZ)
วัสดุและวิธีการ : หนูถีบจักรถูกเหน่ียวนำให้เป็นเบาหวานโดยสาร STZ (60 mg/kg BW) และได้แบ่งหนูออกเป็น 3
กลุ่ม ได้แก่ หนูกลุ่มควบคุม กลุ่มเบาหวานและกลุ่มเบาหวานที่ได้รับชมิ้นชัน (200 mg/kg BW) โดยทำการทดลอง
เป็นเวลา 4 และ 8 สัปดาห์ เม่ือครบกำหนดได้เก็บเน้ือเย่ือไตมาศึกษาดูการแสดงออกของ VEGF ด้วยวิธี immuno-
histochemistry (IHC)
ผลการศึกษา : . ในไตของหนูท่ีเป็นเบาหวานท่ี 4 และ 8 สัปดาห์ จะมี glomeruli ขนาดใหญ่ข้ึน มีผนังของ glomerular
capil lary cells หนาตัวข ึ ้น เม ื ่อเปร ียบเทียบกับกลุ ่มควบคุม ส่วนในหนูเบาหวานที ่ได ้ร ับขมิ ้นช ันพบ
ว่าลักษณะของเนื ้อเยื ่อไตโดยทั่วไปดีขึ ้นเมื ่อเปรียบเทียบกับกลุ ่มเบาหวานที่ไม่ได้รับขมิ ้นชัน เมื ่อนำเนื ้อเยื ่อ
ไตมาศึกษาโดยวิธี IHC พบว่าเซลล์ท่ีมีการแสดงออกของ VEGF ได้แก่เซลล์ podocyte และ renal tubular การแสดง
ออกของ VEGF จะชัดเจนมากในหนูกลุ่มที่เป็นเบาหวานเมื่อเปรียบเทียบกับกลุ่มควบคุม ในหนูเบาหวานที่ได้รับ
ชมิ้นชันพบว่ามีการแสดงออกของ VEGF ลดลงเมื่อเปรียบเทียบกับกลุ่มเบาหวานที่ไม่ได้รับขมิ้นชัน และเมื่อนำหนู
เบาหวานของระยะ 4 และ 8 สัปดาห์มาเปรียบเทียบกันพบว่า ในหนูกลุ่มเบาหวานท่ีระยะ 8 สัปดาห์จะมีการแสดงออก
ของ VEGF ในเซลล์ podocytes และ renal tubules ท่ีชัดเจนมากกว่าในหนูเบาหวานระยะ 4 สัปดาห์ แต่ในหนูเบาหวาน
ที่ได้รับขมิ้นชันทั้งสองระยะมีการแสดงออกของ VEGF ไม่แตกต่างกัน
สรุป : ในหนูกลุ่มเบาหวานท้ัง 4 และ 8 สัปดาห์ มีการแสดงออกของ VEGF ท่ีชัดเจนมากในเซลล์ podocytes และ
renal tubules เมื่อเปรียบเทียบกับหนูกลุ่มควบคุมและลดลงในหนูเบาหวานที่ได้รับขมิ้นชัน เนื่องจาก VEGF
เป็นสารที่มีบทบาทสำคัญที่เกี่ยวข้องกับการสร้างหลอดเลือด ผลการศึกษาในครั้งนี้แสดงว่า ขมิ้นชันมีคุณสมบัติใน
การยับยั ้งการ สร ้างหลอดเล ือดและมีแนวโน้มในการช ่วยร ักษาและคงสภาพเนื ้อเย ื ่อไตที ่ เส ื ่อมสภาพ
จากสภาวะเบาหวานได้


