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Objective: To investigate the effect of curcumin on the structural change of microvasculature in STZ-induced diabetic rat’s
liver.

Material and Method: Diabetic rats were induced by streptozotocin (60 mg/kg BW). Male rats were divided into three
groups, control (C), diabetic (DM) and diabetic rats treated with curcumin (DMC) (200 mg/kg BW). After 8 weeks of
experiments, blood vessels of rat’s liver were studied under conventional light microscope (LM) and vascular corrosion cast
technique with scanning electron microscope (SEM).

Results: LM observation demonstrated that there were pathology and destruction of liver tissues and microvasculature in
diabetic animals. The sinusoids around central veins were dilated and filled with red blood cells. There was an accumulation
of lipid droplets in the cytoplasm of hepatocytes and hepatocyte nuclei showed pathological sign of pyknosis. Moreover, the
inflammation change of liver tissues revealed the infiltration of lymphocytes and increasing of collagen deposition in the area
of portal triad. In curcumin-treated rats, the distinguished recovery of liver tissues showed regained normal pattern of central
veins, sinusoids, hepatocytes and portal triad, when compared with liver tissues of control group. By using vascular
corrosion casting with SEM, the liver blood vessels of DM group revealed higher and expanded sizes, compared with control
group; proximal parts of portal veins (C =577.75 + 126.23, DM =892 + 35.79, DMC = 469.5 + 85.53 um), distal parts of
portal veins (C =76.72 + 1.48, DM = 200 + 31.05, DMC = 76.38 + 2.98 um) and venules (C = 27.03 + 0.55, DM = 45.15
+5.03, DMC = 28.38 + 3.67 um) and corresponding to increased blood volumes compared with control group; proximal
parts of portal veins (C =20.8 + 1.28, DM = 62.2 + 3.39, DMC = 14.9 + 0.67 um?®), distal parts of portal veins (C = 0.46
+0.03, DM =3.81 +0.18, DMC =0.41 + 0.05 um®) and venules (C = 0.05 + 0.05, DM = 0.24 + 0.013, DMC = 0.05 + 0.05
umd) respectively. Fascinatingly, liver microvasculature in curcumin treated group developed into regenerate and repair into
healthy and normal characteristics.

Conclusion: Efficiency of curcumin treatment beneficially repaired and regenerated liver tissues of diabetic groups and also
redeveloped the liver’s microvascular complications. These results optimistically demonstrated the potential use of curcumin
as a novel therapeutic agent in liver pathology of diabetic rats.

Keywords: Diabetes mellitus, Streptozotocin, Curcumin, Microvasculature, Vascular corrosion cast, SEM

J Med Assoc Thai 2012; 95 (Suppl. 5): S133-S141
Full text. e-Journal: http://jmat.mat.or.th

Diabetes mellitus (DM) is a disorder of blood
glucose metabolism that affects on the systemic ability
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in order to produce or respond to insulin, leading cause
of major microvascular complications. Generally, insulin
is a hormone that regulates the metabolism of
carbohydrate and fat in the body. The DM are
characterized by hyperglycemia, abnormal lipid and
protein metabolisms along with specific long term
complications, affecting on the retina, kidney, pancreas
and nervous system®. DM condition seriously
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conducts the destruction of important organs, systems
including microvascular architectures such as in kidney
and liver.

The liver is the second-largest organ of the
body (the largest is the skin) and the largest gland. It
works as an interface between the digestive system
and the blood. Most of its blood (70-80%) comes from
portal vein, while the other is supplied by the hepatic
artery. The position of liver in the circulatory system is
optimal for gathering, transforming, accumulating
metabolites, neutralizing and eliminating toxic
substances. Additionally, liver has the capability to
store glucose from non-carbohydrate sources. This key
function of liver makes it vulnerable to diseases in
subjects with metabolic disorders, particularly
diabetes®.

Regarding the toxic effects on islet beta
cells®, streptozotocin (STZ) is a widely used agent to
induce insulin-dependent diabetic mellitus in
experimental animals. The pathological and biochemical
features of this animal model are compatible to those of
type 1 diabetes. It also potentially induces serious
systemic microvascular alterations and complications,
as observed in retina and kidney“9,

The vascular corrosion casting technique has
become a standard technique to determine the three
dimensional structures of the vascular bed®”. The
identification of structures in vascular cast not only
presents for the description of the organ vasculature,
but also helps to understand other mechanisms such
as blood volume and blood flow regulation®. This is a
great fundamental tool for understanding organ
microvasculation in order to support further conditions
in terms of physiological and pathological studies.

Curcumin, the principle of dietary spice
turmeric (Curcuma longa), has been used in traditional
medicine as a household herbal remedy for various
diseases such as biliary disorders, anorexia, coryza,
cough, rheumatism, sinusitis, hepatic disorders and
diabetic wound®. Several studies have emphasized a
wide spectrum of curcumin’s biological actions in
hypolipidemic, hypoglycemic and antioxidant
activities1?, Furthermore, curcumin is reported to
attenuate diabetic complications such as nephro-
pathy®319 islets of Langerhans neogenesis“® and has
ability to eliminate oxygen-derived free radicals for
peroxidation of cell lipids, because of the presence of
phenolic groups in the structure®®,

In the present study, curcumin was used as a
daily supplement for investigation or the improved and
repaired structural changes of microvasculature in STZ-
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induced diabetic rat’s liver.

Material and Method
Induction of diabetes and experimental protocols
Thirty male Wistar rats (200-250 g) obtained
from the National Laboratory Animal Center of Mahidol
University. The procedure of the animal research was
approved by Srinakarinwirot University Medical Center
Animal Care Committee. Experimental diabetic rats were
induced by intravenous injection in the lateral tail vein
of streptozotocin (STZ) (Sigma, St. Louis, MO, USA)
(60 mg/kg BW) dissolved in 0.9% normal saline. Control
rats received injection with 0.9% normal saline alone.
Rats with blood sugar level > 250 mg/dl were used as
diabetic animals. Male rats were divided 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). At the end of 8 weeks
after STZ injection and plus curcumin supplementation,
the liver tissues were studied under conventional
light microscope and the liver microvasculature were
investigated of both quality and quantity analyses by
vascular corrosion cast technique with scanning
electron microscope (SEM).

Histological study

The livers were fixed in Bouin’s solution for
overnight. Then, they were dehydrated in a graded
series of ethanol through 70, 80, 90, 95 and 100% with
two changes for 1 hour each. Three changes of xylene
with 30 minutes each were used as clearing reagent
before filtration and liver tissues were then embedded
in paraffin, cross sectioned at 5 um thick and stained
with hematoxylin and eosin (H&E). All sections were
examined and photographed by Olympus light micro-
scope (BX-50, Olympus, Japan).

Vascular corrosion cast technique

Each group of rats was perfused with 400 to
500 ml of 0.9% NaCl solution through the left ventricle
to wash out the blood from the blood vessels. Then,
the Batson’s No. 17 plastic mixture was injected into
blood circulation of rats. The animal with injected plastic
was left at room temperature for 30 minutes and
immersed in hot water (80°C) for 3 hours to assure
polymerization of the plastic. After polymerization, the
liver was removed from the abdomen and the tissue
was corroded in 40% KOH solution at room temperature
for 20-30 days. The liver vascular cast was rinsed in
slow running tap and washed in several changes of
distilled water for removal of any remaining tissues. It
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was then air dried in room temperature, mounted on a
metal stub with double glue tape and carbon paint
before being coated with gold on sputtering apparatus.
Finally, the cast was examined under SEM (JEOL JSM-
5400) at accelerating voltage of 10 KV.

Statistical analysis

The results were expressed as mean +
standard error of the mean (SE). Statistical analysis
was performed by using ANOVA. The value of p<0.01
was considered to indicate statistical significance.

Results

The results from LM observation
demonstrated that there were pathology and
destructions of liver cells and tissues, especially liver
microvasculature in diabetic animals when compared
with the control group (Fig. 1A, 1B). Liver sections of
DM rats were shown that sinusoids around the central
veins were dilated and filled with lots of red blood cells
(Fig. 2A). There was an accumulation of lipid droplets
in the cytoplasm of hepatocytes and pyknosis of
hepatocyte nuclei was evident (Fig. 2B). Moreover, the
rat’s liver of DM showed the inflammatory changes of
liver tissues that was revealed by infiltration of
lymphocytes (Fig. 3A, 3B and 3D) and increasing of
thick bundles of collagen deposition in the area of
portal triad (Fig. 3C). In curcumin-treated rats, the liver
tissue showed closely normal pattern of healthy central
veins, sinusoids, hepatocytes (Fig. 4A) and portal triad
(Fig. 4B), when compared with liver tissues of control
rats (Fig. 1A, 1B). Interestingly, the curcumin-treated
liver tissues demonstrated recovered typical arrange-
ment of radiating plates of hepatocytes and sinusoids

Light micrographs of control rat’s liver at 8 weeks
(H & E). A: showing the hepatic plates of hepato-
cytes (H) that radiate from the central vein (V).
Hepatocytes are large polyhedral cells with large
round nuclei. Some hepatocytes are binucleate cells
(an arrow). The space between hepatic plate is the
liver sinusoid (S). B: showing a portal triad con-
sisting of a branch of portal vein (PV), hepatic
artery (A) and bile duct (B). x40

Fig. 1
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together with central veins.
SEM study of corrosion casts revealed clearly

Fig. 2  Light micrographs of DM rat’s liver at 8 weeks (H
& E). A: showing dilated liver blood sinusoids (S)
and central veins (V). The sinusoids are also filled
with red blood cells (arrows). B: showing the accu-
mulation of lipid droplets in the hepatocytes (ar-
rows). Many hepatocytes had pyknotic nuclei (P)
that appeared small and condense, V = central vein.

x40

Fig. 3

Light micrographs of DM rat’s liver at 8 weeks (H
&E). A, B and D: showing the inflammation of the
portal triad (PT) that demonstrated some lym-
phocytes (arrows) nearly portal vein (PV). C: show-
ing collagen deposition (C) filled in area of portal
triad (PT), A = hepatic artery, B = Bile duct. x40

Light micrographs of DMC rat’s liver at 8 weeks
(H & E). A: showing normal pattern with radiating
anastomosing plates of hepatocytes (H), central
vein (V) and space of sinusoid (S). B: showing the
portal triad consisting of a branch of portal vein
(PV), hepatic artery (H) and bile duct (B). x40

Fig. 4
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high magnification and detection of microvascular
changes. In the normal condition of the control group,
numerous normal even blood vessel architectures of
proximal and distal parts of portal veins together with
venule branches were conspicuously observed.
Presentation of prominent microvascular network was
characterized for healthy normal sizes together with
normal shape and standard pattern of liver vasculature
organization (Fig. 5 A-D).

In comparison to the control group, liver

Fig. 5  SEM micrographs of liver vascular casts of control
group, A: showing the whole of blood vessels of
medial lobe of liver. B, C and D: showing the proxi-
mal parts of portal vein (PPV), distal part of por-
tal vein (DPV) giving branches to venules (*). Bar

=500 um

vascular changes of the DM group demonstrated the
event of liver blood vessel hypertrophy, which
presented unhealthy destroyed characteristics of blood
vessel morphology (Fig. 6 A-B). The noticeable lesions
of diabetic pathology consisted of the expansion of
proximal and distal parts of portal veins together with
venule branches. Moreover, distal portions of portal
veins showed signs of abnormal structures of blind
endings and shrinkage of venules (Fig. 6 C, D). On the
contrary, the DMC group, which was treated with
curcumin, the healthy normal patterns of hepatic
vessels were recovered and restored. Portal veins in
the curcumin-treated group (Fig. 7) became regenerated
and repaired into healthy and normal characteristics as
in the control group. Moreover, the new development
and neovascularization of new nourishing blood
vessels were emerged and presented extensively.

Interestingly, liver blood vessels in the DM
group revealed significantly higher and expanded sizes
of proximal and distal parts of portal veins together
with venules when compared with the control (Table.
1). Concerning to the sizes of proximal and distal parts
of portal veins and venules, the average diameters of
normal, DM and DMC were measured and compared
as the followings; proximal parts of portal veins (C =
577.75+126.23, DM =892 + 35.79, DMC = 469.5 + 85.53
um), distal parts of portal veins (C=76.72+1.48, DM =
200 + 31.05, DMC =76.38 + 2.98 um) and venules (C =
27.03+0.55,DM =45.15+5.03, DMC =28.38 + 3.67 um),
respectively.

Fig. 6  SEM micrographs of liver vascular casts of DM
group, A: showing the whole of blood vessels of
medial lobe of liver. B, C and D: showing the distal
of portal vein (DPV) giving branches to blind end-
ing and shrink venules (*). Bar = 500 um
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SEM micrographs of liver vascular casts of DMC
group, A: showing the whole of blood vessels of
medial lobe of liver. B, C and D: showing the distal
of portal vein (DPV) giving branches to many
venules (*) and new development of blood vessels
(white arrows). Bar = 500 um
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Table 1. The average diameters of proximal and distal parts of portal veins, and venules in control (C), diabetes (DM), and

diabetes treated with curcumin (DMC)

Group Diameters of blood vessels (um), mean + SE

Proximal parts of portal v. Distal parts of portal v. Venules
Control 577.75 + 126.23 76.72 +1.48 27.03 +0.55
DM 892 +35.79 200 + 31.05 45.15 +5.03
DMC 469.5 + 85.53 76.38 +2.98 28.38 + 3.67
p-value 0.001 <0.001 <0.001

SE = Standard error of mean

Table 2. The average blood volumes of proximal and distal parts of portal veins, and venules in control (C), diabetes (DM),

and diabetes treated with curcumin (DMC)

Group Blood volumes of blood vessels (um?) mean + SE

Proximal parts of portal v. Distal parts of portal v. venules
Control 20.8+1.28 0.46 +0.03 0.05 + 0.05
DM 62.2 +3.39 3.81+0.18 0.24 +0.013
DMC 14.9 + 0.67 0.41+0.05 0.05 + 0.05
p-value <0.001 <0.001 <0.001

SE = Standard error of mean

Fascinatingly, liver microvasculature in the
curcumin-treated group recovered and reconstructed
in good physical shape conditions among three groups
of proximal, distal parts of portal veins and venules
(Table. 2). The blood volumes of DM hepatic blood
vessels were also increased, when compared with the
control, whereas the hepatic blood volumes of DMC
were decreased, when compared with DM. The average
values of blood volumes of proximal and distal parts of
portal veins, and venules among three groups (C, DM,
DMC) were presented as the followings; proximal parts
of portal veins (C=20.8+1.28, DM =62.2 + 3.39, DMC
=14.9+0.67 um?), distal parts of portal veins (C =0.46
+0.03,DM =3.81+0.18, DMC =0.41 + 0.05 um?) and
venules (C=0.05+0.05, DM =0.24 +0.013, DMC =0.05
+ 0.05 umd) respectively. These findings confirmed
previous studies®+® that curcumin might have
efficiency to help or improve a diabetic condition in
terms of recovery of blood vessels.

Discussion

The diabetogenic action from STZ is mediated
by selective destruction of pancreatic beta cells in islets
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of Langerhans. The important studies have been shown
that STZ causes increased generation of reactive
oxygen species, DNA damage and extensive DNA repair
leading to depletion of intracellular nicotinamide adenine
dinucleotide (NAD) level. As aresult, it further causes
severe depletion of ATP pool, activation of DNA repair
enzyme, Poly ADP-ribose polymerase-1¢7, Poly ADP-
ribose polymerase-1 overactivation and depletion of
free radical scavenging potential caused by STZ lead
to damage beta cells in islets of Langerhans.

Reactive oxygen species play an important
role in the pathogenesis and development of
complications of DM®®, The principal pathological
feature of diabetes is the morphological and functional
alterations of microvessels. DM has been reported as
an important risk factor for coronary artery disease,
arthrosclerosis and stroke®®. An increase in intima-
media complex thickness has been demonstrated in the
DM patients®02Y,

Extensive liver injury of various etiologies,
which manifested as hepatocyte damage and associated
with inflammatory and immune response, is the starting
point for resulting in fibrosis. Liver inflammation is
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initiated by Kupffer cells, the resident macrophage of
the liver. This inflammation involves the formation and
release of many inflammatory mediators and other
inflammatory cells into damage regions®?. The sinusoid
endothelial lines the sinusoidal space and form a barrier,
which serves to divide the liver into functional compart-
ments. However, Kupffer cells are able to traverse this
barrier and pass in and out of the hepatic spaces,
facilitating their signaling function. This signaling role
is the ability of Kuffer’s cells to respond to local changes
by the release of cytokines and other signaling
molecules such as reactive oxygen species® and a
potent antioxidant agent and free radical scavenger®,
Regarding to curcumin, it potentially inhibits
lipid peroxidation in rat liver microsome®, Along with
being an inhibitor of lipid peroxidation, the efficacy of
curcumin has been widely studied in decreasing various
diabetic complications such as diabetic retinopathy®@,
wound healing®® diabetic nephropathy®” and
hepatotoxicity@. Its potential as a hypoglycemic agent
has also been observed in humans® and animals®?.
The present study, an animal model for
diabetic mellitus was developed by the injection of
streptozotocin into the DM group and treated with
curcumin in the DMC group. At the end of the 8 week
experiment, the liver tissues and blood vessels were
studied by LM observation and vascular corrosion cast
technique with SEM. The results demonstrated that
the characteristics of liver tissues and blood vessels of
STZ-induced diabetic rats revealed pathology and
destruction. Interestingly, healthy liver tissues and
blood vessels recovered and redeveloped in curcumin-
treated diabetic animals. Regarding the diameters and
blood volumes of liver blood vessels in the DM group
were significantly increased compared to the control
group at the 8 week experiments. After rats had
curcumin supplementation, the diameters and blood
volumes of liver blood vessels of DMC the group were
toward decreased significantly, when compared with
the DM group. These findings of the present study are
in agreement with the reports that the histopathological
characteristic of liver has the lesions, causing by STZ
injection. The rat liver sections showed the dilated portal
vessels, sinusoids and veins®®Y, The pancreatic islets
of diabetic mice at 8 weeks after being injected with
STZ were enlarged and lymphocytes infiltration
involved the islets and adjacent ducts and veins. In
the pancreas of diabetic mice fed with curcumin showed
small islets and aggregation of lymphocytes adjacent
to interlobular ducts®®. In mice kidneys at 4 and 8 weeks
after being injected with STZ revealed glomerular and
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renal tubular hypertrophy and glomerular capillary
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®.

It was possible that curcumin could improve
the destruction of the liver blood vessels that the
potential beneficial effects of curcumin have been
shown to exhibit anti-inflammatory©?, antioxidant®
and anti-diabetic activities®**9. Potential treatment with
curcumin in diabetes demonstrated meaningfully about
the therapeutic consequence in improvement and
recovery of liver tissues and blood vessels. The
efficiency and achievement of curcumin might be
applied to be an alternative therapeutic agent in diabetic
hepatic pathology.
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