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ABSTRACT:

Diabetes mellitus is a chronic metabolic disorder that prevents
the body to utilize glucose completely or partially. It is characterized by
raised glucose concentration in the blood and alterations in
carbohydrate, protein and fat metabolism. Curcuma longa has several
biological properties, including antidiabetic and antioxidant activity.
The present study was designed to investigate the antidiabetic effect of
Curcuma longa extract against streptozotocin (STZ) induced
perturbations in blood glucose, body weights and hematological
alterations in albino rats. Adult male albino Wister rats, weighing 180 +
20 g was made diabetic by injecting STZ (40mg/kg body weight)
intraperitoneally. Diabetic rats were supplemented with ethanolic
extract of Curcuma longa rhizomes (250 mg/kg body weight) for a
period of three weeks. After this period, rats were decapitated and
blood was collected from control and experimental rats. Blood glucose
levels, WBC, RBC, serum total proteins, albumin, globulin, creatinine,
urea and cholesterol were significantly elevated in diabetic rats with
decreased hemoglobin and body weight levels when compared with
control. The above mentioned parameters were significantly restored
to near normal by oral administration of Curcuma longa extract once
daily for three weeks as compared to untreated rats. The results
obtained indicated that Curcuma longa extract to be beneficial in
preventing diabetes induced alterations in blood glucose, body weights
and hematology in rats.

KEYWORDS: Diabetes; Streptozotocin; Curcuma longa; Blood glucose;

Body weight; hematology; Rats.
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INTRODUCTION:

Diabetes mellitus, is a chronic metabolic disorder commonly known as diabetes, is a disorder
of carbohydrate metabolism characterized by high blood sugar level (hyperglycemia) and high level
of sugar in urine (glycosuria), Insulin lowers the blood glucose level. Insulin is released from the
pancreas to normalize the glucose level. In patients with diabetes, the absence or insufficient
production of insulin causes hyperglycemia.

This can be due to failure in the formation of insulin or liberation or action [1]. Since insulin
is produced by the B-cells of the islets of langerhans, any alterations in the number of functioning
cells will decrease the amount of insulin synthesis. Many diabetics can produce sufficient insulin but
some stimulus to the islets tissue is needed for its secretion.

This study is a part of the national non-communicable diseases (NCD) risk factor surveillance
conducted in different geographical locations in India, This nation-wide NCD risk factor surveillance
study showed that the prevalence of self reported Diabetes is higher in urban, intermediate in Peri-
urban and lowest in rural areas.

Table 1. Top countries for estimated number of people with Diabetes, 2000-2030

2000 2030
People with People with
Ranking

Country Diabetes Country Diabetes

(Millions) (Millions)
1 India 31.7 India 79.4
2 China 20.8 China 42.3
3 u.s. 17.7 u.s. 30.3
4 Indonesia 8.4 Indonesia 213
5 Japan 6.8 Japan 8.9
6 Pakistan 5.2 Pakistan 11.9
7 Brazil 4.6 Brazil 11.3
8 Bangladesh 3.2 Bangladesh 11.1

Ayurvedic Approach in Diabetes treatment:

Ayurvedic physicians have treated diabetes for thousands of years using a combination of
regulated lifestyle and herbal formulations. The physicians also prescribed specific herbal
formulations for the treatment of diabetes. In recent times, the safety and efficacy of these herbs
have been validated by laboratory experiments and clinical trials. A large variety of compounds

obtained from several plant families were found to hypoglycemic effect. The glycosides, glycans,
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certain triterpenes, various types of sulfide molecules, polysaccharides, oils, vitamins, alkaloids,
saponins, glycoproteins, peptides, amino acids and proteins isolated from various plant families
showed beneficial effects in reducing the blood sugar. Many Indian medicinal plants are reported to
be useful in diabetes [2, 3, 4, 5] and [6]. Medicinal plants used to treat hypoglycemic or
hyperglycemic conditions are of considerable interest for ethno-botanical community as they are
recognized to contain valuable medicinal properties in different parts of the plant and a number of
plants have shown varying degree of hypoglycemic and anti-hyperglycemic activity. The active
principles of many plant species are isolated for direct use as drugs, lead compounds or
pharmacological agents. Several species of medicinal plants are used in the treatment of Diabetes
mellitus. Traditional plant medicines or herbal formulations might offer a natural key to unlock
diabetic complications.

Antioxidants play an important role to protect against damage by reactive oxygen species
and their role in diabetes has been evaluated. Many plant extracts and products were shown to
possess significant antioxidant activity. In the present study two of such plants were selected for

evaluation of their antioxidant potential mediated antidiabetic activity.

Curcuma longa:

In Ayurvedic medicine, turmeric is thought to have many medicinal properties and in India
many people use it as a readily available antiseptic for cuts, burns and bruises. Practitioners of
Ayurvedic medicine say that it has fluoride which is thought to be essential for teeth. It is also used
as an antibacterial agent. It is taken in some Asian countries as a dietary supplement, which allegedly
helps with stomach problems and other ailments. It is popular as a tea in Okinawa, Japan. The active
ingredient in turmeric is exploding. U.S. National Institutes of Health had four clinical trials to study
curcumin treatment for pancreatic cancer, multiple myeloma, Alzheimer's, and colorectal cancer.
Curcumin has been used for thousands of years as a safe anti-inflammatory agent in a variety of
ailments as part of Indian traditional medicine". A recent study involving mice has shown that
turmeric slows the spread of breast cancer into lungs and other body parts. Turmeric also enhances
the effect of taxol in reducing metastasis of breast cancer.

Researchers had discovered that turmeric-treated mice were less susceptible to developing
type-Il diabetes, based on their blood glucose levels, and glucose and insulin tolerance tests. They
also discovered that turmeric-fed obese mice showed significantly reduced inflammation in fat tissue
and liver compared to controls. They speculated that curcumin in the turmeric lessens insulin
resistance and prevents type-ll diabetes in these mouse models by dampening the inflammatory

response provoked by obesity. Curcumin and its analogues have a variety of physiological and
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pharmacological activities such as antiinflammatory, anticarcinogenic and antioxidant properties [4,
5,6, 7 and 8].

The present research work was carried out to evaluate the beneficial effects and Protective
role of Plant Extract of Curcuma longa against Streptozotocin induced Diabetes. Other objective of
the study was to determine the role of plant extract on hematological and serum biochemical

parameters.

MATERIAL AND METHODS:
Procurement and Maintenance of Animals:

Healthy female albino wistar rats (180+20g) were procured from Sri Venkateswara
Enterprises, Bangalore, Karnataka, India (Reg. No: 237/99/CPCSEA), Animals were maintained in the
animal house of Sri Venkateswara University, Dept of Zoology, Tirupati. Rats were kept in sterilized
polypropylene cages lined with paddy husk (18"x10"x8"), The animals were maintained under a
regulated 12 h light: 12 h dark scheduled at 24+1°C and relative humidity of 55+15%. Rats were
provided standard rat chow (Sai Durga Feeds and Foods, Bangalore, India) and water ad libitum.
Procurement of chemicals:

All the chemicals used in the present study were Analar Grade (AR) and were obtained from
Sigma (St. Louis, MO, USA), Fisher (Pitrsburg, PA, USA), Merck (Mumbai, India), Ranbaxy (NEW Delhi,
India), Qualigens (Mumbai, India) scientific companies.

For the present work Barnstead Thermoline water purification plant was used for Nano pure
water, Kubota KR 200000T centrifuge for centrifugation of the homogenates and Hitachi UV -2000
Spectrophotometer for measuring the optical density values were used for high —quality results.
Streptozotocin:

Systematic (IJUPAC) name: - 2-deoxy-2-({[methyl (nitroso) amino] carbonyl} amino)-B-
Dglucopyranose

Streptozotocin is a mixture of a- and B-stereoisomers. It occurs as pale yellow or off-white
crystals, powder, or platelets, while the research grade may be off-white to tan solid. It is very
soluble in water, ketones, and lower alcohols, slightly soluble in polar organic solvents, and insoluble
in monopolar organic solvents. The pure compound is sensitive to humidity and light. Streptozotocin
decomposes to diazomethane in alkaline solutions at 0°C. When heated to decomposition, it emits
toxic fumes of nitrogen oxides (IARC 1978, HSDB 2001),

Preparation of Curcuma longa extract:
The fine powder of Curcuma longa rhizome powder were purchased (AGMARK symbol) in

Tirupati. The power is extracted by cold percolation with 95% ethanol for 24h. The extract was

Vol 4 (1) 2018 https://bhumipublishing.com/jsri 12



https://bhumipublishing.com/jsri

Journal of Science Research International ISSN: 2456 - 6365

recovered and 95% ethanol was further added to the plant material and the extraction was
continued. The process was repeated three times. The three extractions were pooled together,
combined, filtered and the filtrate was concentrated to dryness under reduced pressure in rotary
evaporator. The resulting ethanol extract was air-dried. Finally light yellow powdery, crude ethanol
extract of Curcuma longa was obtained. Without any further purification the plant crude ethanol
extract was used in the study. Dose equivalent to 250mg kg/body was calculated and suspended in
2% v/v Tween 80 solution for the experiment [4].

Induction of Diabetes:

Streptozotocin  (STZ, 2-deoxy-2-({[methyl (nitroso) amino] carbonyl} amino)-B-
Dglucopyranose) frequently used dosage is 40mg/kg BW [9] Single injection of STZ given
intravenously or intraperitonially to the adult rats to induce diabetes. After fasting for 18hrs, rats
were injected intraperitonially with a single dose of 40mg STZ (Sigma, St. Louis, Mo., USA) freshly
dissolved in 0.1 M cold sodium citrate buffer, (pH 4.5), After injection, they had a free access to food
and water was given 5% glucose solution to drink overnight to counter hypoglycemic shock. Diabetes
in rats was identified by moderate polydipsia and marked polyuria. From the second day onwards
fasting blood samples were collected from the rats by tail vein and blood glucose was measured by
Accu chek Sensor comfort glucometer (Manufacture-Johnson and Johnson) to know the induction of
diabetes. If the blood glucose levels were more than 300mg/dL, insulin (IIlU Protamine Zinc Insulin) is
given to the diabetic rats for diabetic condition for one week. After one week the rats with
hyperglycemia (blood glucose level 250mg/dL) were selected and used for the experiment [10].

Grouping of animals:

Group -1 : Normal Control rats.
Group- 2 : Diabetic rats (Streptozotocin)
Group -3 : Diabetic rats treated with 250 mg/Kg b.w. of  Curcuma longa.

The blood samples were collected after completion of treatment i.e. on 22" day of the treatment.
The blood was used for the hematological parameters and separated serum was used for the serum
biochemical parameters.
Estimation of Blood glucose:

Estimation of Blood glucose levels was carried out by using Accu Chek glucometer (Sensor
Comfort),
Body Weight Changes:

Body weights of all groups of (eight) rats were recorded before and after treatments. The
body weights of all groups were recorded at an interval of one week till the completion of the

experiential period (21 days),
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Hematology:

Blood samples were collected at the end of experimentation period immediately after
sacrifice the blood was collected from the jugular vein and the blood was allowed into a graduated
centrifuge tubes containing 10% EDTA, a common anticoagulant used for routine hematological
work. The blood parameters like total erythrocytic count, total leucocyte count, hemoglobin and
hematocrit (PCV) were estimated by using standard procedures.

Biochemical Parameters:

With out adding anticoagulant, the blood was collected into separate tubes and subject for
centrifugation and serum collected was used for biochemical analysis. The parameters such as of
glucose, total proteins, albumin, globulin, total cholesterol, creatinine, blood urea nitrogen, and
bilirubin were estimated by using diagnostic kits supplied by SD fine, Ranbaxy, span diagnostics Ltd.,

India, and the procedures mentioned in the kit.

RESULTS AND DISCUSSION:
Blood Glucose:

Blood glucose levels were measured using glucometer (Accu Chek) in control, diabetic,
diabetic treated with Curcuma longa extract groups before and after treatment. In group Il, the
blood glucose levels were significantly increased after induction with STZ when compared with
control.

Tablel. Showing Blood glucose levels in the control and experimental animals:

Days Group-I Group-Il Group-lll
1* Day 89.33 +8.38 282.16 +37.92 280.16 +34.62
10" Day 106.50 +9.35 306.66 +30.32 208.67 £24.41
21% Day 119.52 +12.56 271.33 +42.78 137.16 +£23.92

Values are mean * S.D. of 6 individual rats

Blood glucose levels were significantly decreased in the group lll, where the rats were
subjected to Curcuma longa extract. The various blood glucose values of alterations are as shown in
Table-1 and Figure-1.

Most of the body cells use the sugar called glucose as their major source of energy. Glucose
molecules are broken down within cells in order to produce adenosine triphosphate (ATP)
molecules, energy-rich molecules that power numerous cellular processes. Glucose molecules are
delivered to cells by the circulating blood and therefore, to ensure a constant supply of glucose to

cells, it is essential that blood glucose levels be maintained at relatively constant levels. Level
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constancy is accomplished primarily through negative feedback systems, which ensure that blood

glucose concentration is maintained within the normal range of 70-110 mg/dl.

Blood Glucose Levels u 1st Day

400 -
350 -
300 - { i 21st Day

M 10th Day

250 -
200 -
150 - I
100 -
50 -

mg/dl

Group-| Group-Il Group-lll

Figure 1. Blood glucose levels in control and experimental animals

The levels of glucose in the blood are monitored by the cells in the pancreas. If the blood
glucose level falls to dangerous levels (as in very heavy exercise or lack of food for extended
periods), the Alpha cells of the pancreas release glucagon, a hormone which alerts the liver to
increase blood glucose levels and converts stored glycogen into glucose (Glycogenesis), Thus glucose
is released into the blood stream, increasing blood sugar levels. There are several other causes for
an increase in blood sugar levels. Among them diabetic stress due to the accumulation of reactive
OXygen spices is a major cause.

In the present study blood glucose levels were maintained at normal levels in control rats. A
significant increase in glucose levels found in STZ treated rats could be due to the distruction of
pancreatic beta-cells by STZ induced oxidative stress. The elevation of glucose in STZ treated rats
was due to an oxidative stress produced in the pancreas, due to a single strand break in pancreatic
islets DNA [11]. In experimental diabetes, enzymes of glucose and fatty acid metabolism are
markedly altered; hence blood glucose levels were increased [12]. An increased hyperglycemia has
been reported to induce oxidative stress due to glycation of proteins and accumulation of polyols
[13]. One of the consequences of hyperglycemia is increased metabolism of glucose by sorbitol
pathway. Besides this, other path ways, such as fatty acid and cholesterol biosynthesis favor
hyperglycemia [14]. Hyperglycemia is currently considered to be primarily responsible for the auto-
oxidative glycosylation, formation of hydro peroxides and free radicals, in particular the hydroxyl
radical and low density lipoprotein oxidation [15].

The action of STZ in the pancreas is preceded by its rapid uptake by the B cells [16]. Rapid

uptake by insulin-secreting cells has been proposed to be one of the important features determining
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STZ diabetogenicity. Another aspect concerns the formation of reactive oxygen species [17]. A
similar uptake of STZ also takes place in the liver. However, the liver and other tissues are more
resistant to reactive oxygen species in comparison to pancreatic 3 cells and this resistance protects
them against STZ toxicity [18, 19]. The formation of reactive oxygen species is preceded by STZ
reduction. In beta cells of the pancreas its reduction occurs in the presence of different reducing
agents. Since STZ exhibits a high affinity to the SH-containing cellular compounds, reduced
glutathione (GSH), cysteine and protein-bound sulfhydryl groups (including SH containing enzymes)
are very susceptible to its action [20]. However, other reducing agents such as ascorbate may also
participate in this reduction [21, 22] proposed that one of the SH-containing compounds essential
for proper glucose-induced insulin secretion is glucokinase (EC 2.7.1.2), being very vulnerable to STZ.
STZ reacts with two -SH groups in the sugarbinding side of glucokinase resulting in the formation of
the disulfide bond and inactivation of the enzyme. Glucose can protect glucokinase against the
inactivation hindering the access of alloxan to the -SH groups of the enzyme [22].

In case of rats which were subjected to both STZ and plant extracts, the decrease in blood
glucose was due to the hypoglycemic activity of the extracts. Changes of blood glucose levels in the
group Il where diabetic rats were treated with plant extract is due to the flavonoid and triterpenoid
compounds in them. A number of investigations had reported that 6-gingerol, tannins, polyphenolic
compound, flavonoids, triterpenoids posses analgesic, hypoglycemic and other pharmacological
actions in various experimental animal models [23, 24].The plant favorably affected glycolytic,
gluoneogenic, and liogenic enzymes to restore glucose homeostasis in STZ-induced diabetic rats [25].
The administration of Curcuma longa powder to diabetic animals has been shown to lower blood
glucose levels and partially restore the activities of key enzymes of carbohydrate and lipid
metabolism close to normal values in animal model systems [25, 26]. Oxidant induced alterations in
the glucose utilizing system during diabetic manifestation is partially reversed by the administration
of herbal extracts (Methanol extracts (75%) of Aegle marmelos, Momordica charantia, Trigonella
foenum-graecum, curcuma longa, Eclipta prostrata, Salacia oblonga, Coriandrum sativum, Vernonia
anthelmintica and Murraya koenigii) having antioxidant activity. Various reports demonstrated that
the Curcuma longa have hypoglycemic, hypocholserolemic and hyperinsulinomic effects on type 1
and type 2 Diabetes mellitus patients and experimental diabetic animals [27, 28]. Oral administration
of extract from Curcuma longa lowers blood glucose and attenuates STZ-induced hyperlipidemia in
diabetic rabbits. [29]. Curcuma longa rhizomes he been reported to possesses active constituents
showing blood glucose lowering activity in STZ induced diabetic rats [30]. Curumin has been shown

to lower blood glucose levels in typ-2 diabetic KK-ay mice [31] and STZ treated rats [32]. The
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administration of an aqueous extract of turmeric and abromine powder resulted in a significant

reduction in blood glucose.

Body Weights:

Body weights of rats were measured using a digital balance at an interval of 10 days during
the experimental period. The initial average weight of animals was in the range of 180 + 200g. In
group ll, the body weights were significantly decreased after induction with STZ when compared
with the control rats. In the group lll, the body weights were significant increased when compared

with the diabetic (group Il) rats. The changes of body weights are as shown in Table-2 and figure-2.

Table 2. Body Weight levels in the control and experimental animals:

Days Group-I| Group-Il Group-lll
1** Day 242.53+28.41 229.66+31.38 227.64+15.73
10" Day 260.43+24.31 188.42+13.76 220.88+25.57
21° Day 276.17+19.28 140.19+14.71 237.33+19.02

Values are mean * S.D. of 6 individual rats

. M 1st Day
Body Weights
350 - H 10th Day
300 - i 21st Day
250 - I
g 200 -
[¢]
to 150 -
100 -
50 -
o .
Group-| Group-ll Group-lll

Figure 2. Body weights levels in control and experimental animals

Body weight is determined by energy intake on one hand and energy expenditure on the
other. Imbalance between energy intake and expenditure results in a change in body weight.
Organisms expend energy to perform daily work required for survival, such as finding food or
evading predators. Metabolic efficiency refers to the amount of energy an organism has to exert to

perform a given amount of work.
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Metabolic efficiency varies among different species of organisms and among different
individuals within a species. An individual with high metabolic efficiency will expend less energy to
perform a specific task, such as climbing a set of stairs, than an individual with low metabolic
efficiency. Compared with an individual with low metabolic efficiency, an individual with high
metabolic efficiency is better able to preserve body weight during negative daily energy balance
(expenditure exceeding intake), but likely to gain more weight during positive energy balance (intake
exceeding expenditure), The ability of an organism to minimize reduction in body weight during long
periods of starvation is likely associated with its survival. As a result, millions of years of evolution
may have favored organisms with high metabolic efficiency [33, 34, 35, 36].

A constellation of clinical studies has established the close link between obesity and type 2
diabetes[37, 38]. This correlation, however, is not perfect; many diabetic patients are not obese, and
many obese individuals are perfectly responsive to insulin. Regardless of whether a causal
relationship exists between obesity and the body's response to insulin, beneficial effects of weight
loss on the metabolic parameters of many diabetic patients are well documented [39, 40]. Thus, it is
not surprising that a combination of weight loss and exercise is an effective treatment for many
diabetic patients [41].

In the present study, STZ induced diabetic rats showed decreased level of body weights. The
decrease in body weight in diabetic rats clearly shows a loss or degradation of structural proteins.
Weight loss which is one of the clinical features of Diabetes mellitus may be due to the degeneration
of the adipocytes and muscle tissues to make up for the energy lost from the body due to frequent
urination and over conversion of glycogen to glucose. Weight loss is a very serious issue in the
management of Diabetes mellitus [42].

Due to diabetes the structural proteins are known to contribute for the body weight [43].
STZ induced diabetes is characterized by a severe loss in body weight. The control diabetic animals
showed a significant decrease in body weight compared with normal rats [44]. Changes in body
weight in adult and non adult diabetic rats varied. Since the non adult diabetic rats are in the
growing age, diabetic loss of weight is not seen in them and they even show a slight weight gain. In
adult rats, however diabetes is an accompanied by loss of weight [45]. Weight loss during diabetes is
mainly related to urinary glucose excretion because cells become to use glucose. Another factor
could be also the osmotic diuresis resulting in hyper osmotic dehydration.

In the case of diabetic rats treated with Curcuma long extract (group Ill) increased levels in
body weights were observed. They showed almost same response as that of control rats. This shows

that Curcuma long plant extract apposes degeneration of the adipocytes and muscle tissues which
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occurs during diabetic stress in order to make up for the energy lost from the body due to frequent
urination and over conversion of glycogen to glucose.

Hematological Parameters:

Significant decreased levels of hemoglobin, during diabetes when compared with corresponding

control group. But WBC and RBC was increased in diabetes rats.

Table 3. Blood Parameters levels in the control and experimental animals:

Parameters Group | Group Il Group Il
Haemoglobin (gm/dl) 12.8£0.7 9.2+ 0.86 12.4+0.98
RBC (millions/pl) 4.5+ 0.32 3.8+ 0.37 4.8£0.43

WBC (cells/pl)

5600+ 348.23

5800+ 316.23

6400+ 361.24

Values are mean * S.D. of 6 individual rats
Administration of Curcuma longa extract tended to bring the values to near to normal range

and the effect was more pronounced in the group of rats treated with plant extract.

 Haemoglobin

Hematological Parameters

16 - M RBC
14 -
12 | M WBC
10 -
8 .
6 .
4 -
2 .
0 -

Group-| Group-ll

Group-lll

Figure 3. Blood Parameters levels in the control and experimental animals

In diabetic rat haemoglobin (Hb) levels were found to be low when compared to normal rats,
as the Hb synthesis might also be depressed. Thus Curcuma longa treated rats showed improved
levels of Hb because of its glucose lowering effect. The various proteins including hemoglobin
undergo an enzymatic glycation in diabetes. Glycosylated hemoglobin was found to be increased in

diabetes condition and the amount of increase is directly proportional to that of fasting blood
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glucose level [46]. Lowered levels of hemoglobin were observed in diabetic rats which might be due
to the increased formation of HbAlc. Hyperglycemia is the clinical hallmark of poorly controlled
diabetes, which is known to cause glycation, and also known as nonenzymatic glycosylation. HbAlc
was found to increase in patients with Diabetes mellitus and the increase was directly proportional
to the fasting blood glucose levels. Previous studies reported that the active components present in
Curcuma longa were effective in raising the hemoglobin levels in rats.

The link between chronic diseases and anemia is well characterized [47]. The occurrence of
anaemia in Diabetes mellitus has been reported due to the increased non-enzymatic glycosylation of
RBC membrane proteins, which correlates with hyperglycemia. Oxidation of these proteins and
hyperglycaemia in Diabetes mellitus causes an increase in the production of lipid peroxides that lead
to haemolysis of RBC. The major pathological consequences of free radical induced membrane lipid
peroxidation include increased membrane rigidity, decreased cellular deformability, reduced
erythrocyte survival, and lipid fluidity [48]. In this study, the RBC membrane lipid peroxide levels in
diabetic rats were not measured. The reversal effect shown by the Curcuma longa were effective in
reduce the RBC levels in rats.

Peripheral WBC count has been shown to be associated with insulin resistance, type 2
diabetes, coronary artery disease, stroke, and diabetes micro- and macrovascular complications [49,
50]. Peripheral blood leukocytes are composed of polymorphonuclear cells, including monocytes as
well as lymphocytes. Polymorpho- and mononuclear leukocytes can be activated by advanced
glycation end products, oxidative stress, angiotensin Il [51, 52], and cytokines in a state of
hyperglycemia. Leukocytes may be activated through the release of cytokines, such as TNF-q,
transforming growth factor-1, superoxide, nuclear factor kB (NF-kB), monocyte chemoattractant
protein 1, interleukin-1f, and others [53] to participate in the pathogenesis of diabetic micro- and
macrovascular complications. The profile of the WBC count reflects the balance between the rate of
granulocyte production and that of WBC. [54] reported that diabetes in mice was accompanied by
moderate neutrophilic leukocytosis and prolonged circulation times of neutrophils and monocytes,
and a shortened circulation time of lymphocytes, which increases the susceptibility to infection. The
active components present in Curcuma longa decreases the WBC count.

Serum Biochemical Parameters:

A significant increase in serum total proteins (5.42), albumin (2.52) and globulin (3.86) was
recorded in diabetic untreated rats when compared to the normal control rtes (Group-I), Curcuma
longa treated diabetic rats showed significant decrease in serum total proteins (4.72), albumin (2.24)

and globulin (2.68) levels compared to the diabetic rats and also nearly levels of the control rats.
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Table 4. Serum Biochemical Parameters levels in the control and experimental animals:

Parameters Group | Group Il Group Il
Total Proteins (g/dl) 4.68+ 0.53 5.42+0.92 4,72+ 0.34
Albumin (g/dl) 2.12+0.32 2.52+0.48 2.24+0.36
Globulin (g/dl) 2.44+0.38 3.86+0.97 2.68+0.82

Values are mean * S.D. of 6 individual rats

Serum Biochemical Parameters  maibumin
H Globulin

i Total Proteins

1

S =B N W & U1 O N
1

Group | Group Il Group Il

Figure 4. Serum Biochemical Parameters levels in the control and experimental animals

Hyperlipidemia is a known complication of Diabetes mellitus and coexists with it and is
characterized by increased levels of cholesterol and also changes in lipoprotein patterns. Interest in
the study of plasma lipids in diabetes arises from the widely acknowledged higher incidence of
atherosclerotic disease which is a major cause of premature death in diabetic patients whether it is
type-l or type-Il [55].

In the present investigation, results show a significant in plasma albumin, globulin, total protein
levels in diabetic rats which are in agreement with many earlier reports. These alterations in
diabetes are due to enhanced catabolism of proteins [46, 56]. It is well known that in insulin
deficiency (diabetes) decreased protein synthesis and increased protein degradation lead to release
of amino acids which are directed for gluconeogenesis. Lowered albumin and globulin in diabetic
rats might be due to increased degradation and/or decreased production and/or increased urinary
excretion of these substrates. Microalbuminuria in STZ-diabetic rats and humans is well documented
with increased albumin excretion range (AER) [57] and formation of advanced glycation and
products (AGEs) leading to kidney damage and diabetic glomerulopathy [58]. Curcuma longa
supplementation appears to have rectified this abnormality in diabetic rats as evidenced by

significantly elevated serum albumin levels in rats receiving Curcuma longa observed that the risk of
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progression to over proteinuria can be reduced by improved glycemic control. In the present study
also, the glycemic control exerted by Curcuma longa might have contributed to the restored plasma
albumin levels. Moreover, supplementation of Curcuma longa might have induced protein synthesis
by effective utilization of the available amino acids and also by reducing protein catabolism and/or
by regulating certain signal transduction mechanisms and enzymes. Phytochemicals of Curcuma
longa extract appear to have mitigated the metabolic abnormalities and restored the urea and
creatinine levels.

Insulin is the principal regulatory hormone involved in the tight regulation of fuel
metabolism. In response to blood glucose levels, it is secreted by the B-cell of the pancreas and
exerts its effects by binding to cell surface receptors that are present on virtually all cell types and
tissues [59]. In the present study, normal rats treated with Curcuma longa extract showed normal
levels of insulin while diabetic rats had shown very low levels of insulin as a consequence of
pancreatic B-cell damage indicating low pancreatic B-cell activity followed by Streptozotocin.

The serum biochemical parameter of control rats are Creatinine (2.16), Urea (26.945) and
(95.74) was tabulated in Table-1. Increased levels of the creatinine (2.83), urea (35.36) and
cholesterol (135.38) was recorded in the diabetic untreated rats (group-Il), Curcuma longa treated
rats shows significantly decreased levels of creatinine (2.34), urea (28.28) and cholesterol (102.68)

when campared to the diabetic rats and also near to the normal rats (Table-5 and Figure-5),

Table 5. Serum Biochemical Parameters levels in the control and experimental animals

Parameters Group | Group Il Group Il
Creatinine (mg/dl) 2.16x0.16 2.83+£0.42 2.34+0.68
Urea (mg/dl) 26.94+3.94 35.36% 6.46 28.28+5.98
Cholesterol (mg/dl) 95.74+ 10.92 135.38+ 23.6 102.68+ 18.74

Values are mean + S.D. of 6 individual rats

Hyperlipidemia is a known complication of Diabetes mellitus and coexists with it and is
characterized by increased levels of cholesterol and also changes in lipoprotein patterns [60].
Interest in the study of plasma lipids in diabetes arises from the widely acknowledged higher
incidence of atherosclerotic disease which is a major cause of premature death in diabetic patients

whether it is type-l or type-Il [51, 55].
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Figure 5. Serum Biochemical Parameters levels in the control and experimental animals

In the present investigation, results show a significant in urea and creatinine levels in
diabetic rats which are in agreement with many earlier reports. These alterations in diabetes are due
to enhanced catabolism of proteins [56]. It is well known that in insulin deficiency (diabetes)
decreased protein synthesis and increased protein degradation lead to release of amino acids which
are directed for gluconeogenesis. Due to increased catabolism of proteins and amino acids, hepatic
ureagenesis and creatinine production are elevated in diabetic rats [46]. As a consequence,
increments in urea and creatinine levels occur in plasma. Microalbuminuria in STZ-diabetic rats and
humans is well documented with increased albumin excretion range (AER) [57] and formation of
advanced glycation and products (AGEs) leading to kidney damage and diabetic glomerulopathy [58].
Curcuma longa supplementation appears to have rectified this abnormality in diabetic rats as
evidenced by significantly elevated serum albumin levels in rats receiving Curcuma longa observed
that the risk of progression to over proteinuria can be reduced by improved glycemic control. In the
present study also, the glycemic control exerted by Curcuma longa might have contributed to the
restored plasma albumin levels. Moreover, supplementation of Curcuma longa might have induced
protein synthesis by effective utilization of the available amino acids and also by reducing protein
catabolism and/or by regulating certain signal transduction mechanisms and enzymes.
Phytochemicals of Curcuma longa extract appear to have mitigated the metabolic abnormalities and
restored the urea and creatinine levels.

Insulin is the principal regulatory hormone involved in the tight regulation of fuel
metabolism. In response to blood glucose levels, it is secreted by the B-cell of the pancreas and
exerts its effects by binding to cell surface receptors that are present on virtually all cell types and

tissues [59]. In the present study, normal rats treated with Curcuma longa extract showed normal
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levels of insulin while diabetic rats had shown very low levels of insulin as a consequence of

pancreatic B-cell damage indicating low pancreatic B-cell activity followed by Streptozotocin.

SUMMARY AND CONCLUSION:

In present investigation, anti-diabetic properties of Curcuma longa in STZ induced diabetic
rat hematological parameters and serum biochemical parameters were studied with the blood
glucose and body weight levels. Wistar stain male albino rats of 3 months age were used in the
present study. They were maintained in the animal house at 24+2° C, humidity of 45-64% with
photoperiod of 12 hours light and 12 hours darkness. Regarding selection of age and grouping of
animals as mentioned in "Material and methods" was taken in to consideration to select 3 months
old rats as adult age in this experimental design for expected results. They were maintained in clean
poly propylene cages and fed with standard rat pellet diet (Hindustan lever Ltd., Mumbai) and water
ad libitum. The animals of same age group were divided in to 3 groups, each group consists of six

animals and the division of groups is as follows.

Group -1 : Normal Control rats.
Group- 2 : Diabetic rats (Streptozotocin)
Group -3 : Diabetic rats treated with 250 mg/Kg b.w. of  Curcuma longa.

The blood samples were collected after completion of treatment i.e. on 22" day of the
treatment. The blood was used for the hematological parameters and separated serum was used for
the serum biochemical parameters.

The summary of the results from this study is presented as follows:

1. No significant blood glucose level changes were observed in control rats. In diabetic rats
blood glucose levels were increased. Curcuma longa rats, which were subjected to Curcuma longa
extract supplementation showed decreased levels of blood glucose. This may be due to the
antidiabetic compounds present in Curcuma longa.

2. We observed body weight changes in the current investigation in all experimental rats. In
diabetic rats, the body weights were significantly decreased after induction of STZ. The decrease in
body weight in diabetic rats clearly showed a loss or degradation of structural proteins. Weight loss
which is one of the clinical features of Diabetes mellitus may be due to the degeneration of the
adipocytes and muscle tissues to make up for the energy loss from the body due to frequent
urination and over conversion of glycogen to glucose. In the Curcuma longa treated rats, body
weights were gained near to control levels after treatment with Curcuma longa plant extract.

3. The blood parameters revealed significant alterations in all experimental groups. In group-ll

(Diabetic rats) the blood parameters such as Hemoglobin, RBC, WBC counts were highly decreased
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which suggest the anemic condition in the body, and increased count was observed in group-lll
(Diabetic + Curcuma lona) treated rats.

4, Increased levels were observed in Albumin, Globulin, Total proteins, Creatinine, Urea and
Cholesterol in group-Il (Diabetic) rats indicating its impact on Soluble proteins, disturbance on
immune mechanism etc, whereas the same were decreased in group-lll treated with Curcuma longa
plant extract of diabetic rats.

To conclude the present findings reveals that treatment with selected dosage of Curcuma
longa extract is beneficial in countering the alterations in various blood and serum biochemical
parameters. This study drawn a conclusion, stating that Curcuma longa treatment to diabetic rats
may be beneficial to improve the metabolic efficiency and thereby improve the health status. Thus

Curcuma longa may be useful in the formulation of herbal drugs which can be used in the treatment

of diabetes.
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