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Abstract: The present study was carried out to investigate the anti-diabetic activity of aqueous extract of Curcuma
longa rhizome in both normal and alloxan induced diabetic rats. Alloxan-induced diabetic and non-diabetic rats
were administered orally with aqueous extract of Curcuma longa rhizome at 200 mg/kg for 28 days, after which the
blood glucose, protein, albumin and lipid profile were determined and compared with the normal control. There was
a significant (p<0.05) increase in the level of blood glucose, total cholesterol, Low Density Lipoprotein (LDL),
triglyceride (TG) and a significant (p<0.05) decrease in the level of High Density Lipoprotein (HDL), total protein,
albumin and body weight of the diabetic untreated rats. Oral administration of aqueous extract of Curcuma longa
rhizome at a dose of 200 mg/kg body weight for 28 days to diabetic rats resulted in a reversal of the above diabetic
conditions. Phytochemical screening of the aqueous, acetone and ethanolic extract of Curcuma longa rhizome
revealed the presence of alkaloids, cardiac glycoside and resins while flavonoids, tannins, saponins, balsams and
phenols were not detected in all solvent extracts. The data from this study suggest that the aqueous extract of
Curcuma longa rhizome used in the study possesses anti-diabetic activities and could be used for the management of
diabetes and associated metabolic alterations.
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1.0 Introduction still ongoing. At present, thousands of plant
Diabetes mellitus (DM) is a group of metabolites are being successfully used for the
syndromes characterized by hyperglycemia, altered treatment of a variety of diseases. According to an
metabolism of lipids, carbohydrates and proteins and estimate, 80% of the world's population relied upon
an increased risk of complications from vascular plants for their medication. The use of the medicinal
diseases ™ which are attributed to an insufficient plants is increasing in many countries where 35% of
supply of insulin . It could also occur when the drugs contain natural products and ethno botanical
insulin receptors are resistant to the functions of information indicates that plant species are used in
circulating insulin . Currently, there are over 150 the traditional management of diabetes %12 13141,
million diabetic patients worldwide and this likely Curcuma longa (Linn) commonly known as
tends to increase to 300 million or more by the year turmeric; is an erect perennial herb ™ with pulpy,
2025 ¥ DM is characterized by increases in glucose orange, tuberous roots that grows to about 2 feet in
levels build up in the blood and urine, causing length ™ and belongs to the family Zingiberaceae.
excessive urination, thirst, hunger and problems with Its rhizome is pungent and bitter ™! and widely used
carbohydrate, fat and protein metabolism ® & 7. It has in indigenous medicine and as household remedies
already been established that chronic hyperglycemia 7 1t is also recommended for treating diabetes, high
of diabetes is associated with long term damage, cholesterol, abdominal pains, menstrual disorder,
dysfunction and eventually the failure of organs, wounds, eczema, jaundice, inflammations, cancerous
especiall¥ the eyes, kidneys, nerves, heart and blood symptoms and as a blood purifying activity "¢ The
vessels . herb contains curcumin as the active ingredient,
Management of diabetes without side effect which is a yellow coloured phenolic pigment
is still a challenge to the medical system. Currently obtained from the powdered rhizome of C. longa
available synthetic antidiabetic agents produce Linn. In the crude extracts of C. longa about 70 to 76
serious side effects such as hypoglycemic coma and % curcumin is present, along with about 16%
hepatorenal disturbances . Moreover, they are not demethoxycurcumin and 8%
safe for use during pregnancy “%. Hence, the search bisdemethoxycurcumin®®.  Studies have also
for safer and more effective anti-diabetic agents is demonstrated a wide spectrum of therapeutic effects,
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such as anti-inflammatory ™ 2% 21 antioxidant %,

antitumor [ 24 antibacterial !, antifungal
antiviral 7 anti-spasmodic 8, immunomodulation
21 and hepatoprotective B! activities. The present
study was designed to investigate anti-diabetic
activity of aqueous extract of Curcuma longa
rhizome in normal and alloxan induced diabetic rats.

2.0 Materials and Methods
2.1 Plant Material

The rhizomes of Curcuma longa used for
this study were obtained from Federal College of
Forestry, Jos, Nigeria and were authenticated at the
Department of Plant Science and Technology,
University of Jos, Jos, Nigeria, where a voucher
specimen was deposited at the Herbarium of the
Institute.

2.2 Chemicals

Alloxan monohydrate was obtained from
Sigma-Aldrich Chemical Company, St Louis, U.S.A.
All the other chemicals used were of analytical grade
and prepared in glass distilled water.

2.3 Experimental Animals

Adult Wistar (male and female) albino rats
(20) weighing between 180-250g were obtained from
the National Veterinary Research Institute, Vom, Jos,
Nigeria. The animals were housed in aluminum cages
under standard conditions. They were maintained on
standard animal pellets (purchased from Grand
Cereal and Oil Mills Limited Jos, Nigeria) and water
ad libitum. The animals were acclimatized for two
weeks before the commencement of the experiment.

2.4 Preparation of Plant Extract

The Curcuma longa rhizomes were oven
dried at 40°C for 72 hours to a constant weight. The
dried rhizomes were then pulverized using Beltone
Luinohun Blender (model MS-223, Taipei, Taiwan).
The powdered form was stored in airtight plastic
container until required for use. 100g of the fine
powder was percolated in one liter of distilled water
for 48 hours at 37°C (to ensure maximum extractions
of phytochemicals). This was then filtered with
Whatman No. 1 to remove all un-extractable matter.
The same procedure was employed for acetone and
ethanolic extracts except that the aqueous filtrate was
concentrated on a steam bath and reconstituted in
distilled water to give the required dose of 200 mg/kg
body weight as used in this study. (A value arrived at
from information obtained during ethnobotanical
survey). The reconstituted aqueous extract was
administered orally using cannula to normal and
diabetic rats.
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2.5 Phytochemical Screening

The aqueous, acetone and ethanolic extracts
of Curcuma longa rhizome were screened for some
phytochemical ~ constituents  using  standard
procedures *%%,

2.6 Induction of Diabetes

The animals were fasted overnight and
diabetes was induced by a single intraperitoneal
injection of a freshly prepared Alloxan monohydrate
(150 mg/kg body weight) in ice cold 0.9% NaCl
solution. The animals were allowed 5% glucose
solution overnight ad libitum to overcome the drug-
induced hypoglycemia. Control (normal) rats were
not injected with alloxan and were placed on normal
saline alone. After 24 hours, rats with blood glucose
level >7.0 mmol/L were considered as diabetic and
used for the experiment.

2.7 Experimental Design

After randomizing into various groups and
before initiation of the experiment, the rats were
acclimatized to the animal house conditions. The rats
were maintained during the study on standard rat feed
consisting of 70% carbohydrate, 14.50% protein, 7%
fat, 7.20% fibre and 1.20% minerals. The animals
were randomized into 4 groups of 5 animals each for
the evaluation of anti-diabetic activity.
GROUP A: Normal control rats on 0.5 ml normal
distilled water per day.
GROUP B: Diabetic control rats on 0.5 ml normal
distilled water per day.
GROUP C: Diabetic treated rats on 0.5 ml of extract
(equivalent to 200mg/kg aqueous Curcuma longa
rhizome extract).
GROUP D: Normal treated rats on 0.5 ml of extract
(equivalent to 200mg/kg aqueous Curcuma longa
rhizome extract).
All administered were done orally per day using
cannula for 28 days.

2.8 Body Weight Determination

Total body weight of diabetic and non-
diabetic Wistar rats were determined using digital
balance, before and after the experimental period and
recorded as initial body weight (IBW) and final body
weight (FBW) respectively.

2.9 Collection of Blood Sample

The methods described by Yakubu et al. ¥
were used for the collection of blood samples and
preparation of serum. In brief, with the animal under
diethyl ether anaesthesia, the neck area was quickly
shaved to expose the jugular veins. The veins after
being slightly displaced (to avoid contamination with
interstitial fluid) were then sharply cut with a sterile
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scalpel blade. Blood was collected into EDTA
sample bottles for haematological assay and also
collected into clean, sterile sample bottles which
were allowed to clot for 30 minutes. This was then
centrifuged at 33.5 g for 15 minutes using a Uniscope
Laboratory Centrifuge. The sera were aspirated with
Pasteur pipettes and stored frozen until required for
the biochemical analyses.

2.10 Assay of Biochemical Parameters

The total protein content of the serum was
determined using the Biuret method B%. Albumin
(ALB) level was determined as described by Grant
and Kacchman [ Serum glucose [ total
cholesterol *, Low Density Lipoprotein (LDL) &,
High Density Lipoprotein (HDL) ¥ and triglyceride
(TG) ¥ were also determined. All measurements
were done using Spectronic 21 spectrophotometer
(Bausch and Lomb, NY).

2.11 Statistical Analysis

Data are expressed as mean = standard
deviation (SD). Comparison of the data from test
control groups of animals were analyzed by One Way
Analysis of Variance (ANOVA) at the confidence
limit of 95% and where applicable, Least Significant
Difference (LSD) was used to determine significant
results, differences between groups were considered
statistically significant at p<0.05.

3.0 Results

Table 1 shows the phytochemicals present in
the aqueous, acetone and ethanolic extract of
Curcuma longa rhizome. The presence of alkaloids,
cardiac glycoside and resins were detected in the
three solvent. Carbohydrate was present only in the
acetone extract of the rhizome while terpenes and
steroid were present in the aqueous and ethanolic
extract of the rhizome. Flavonoids, tannins, saponins,
balsams and phenols were not detected in all solvent
extracts.

Table 2 shows the effect of aqueous extract of
Curcuma longa rhizome on body weight of both
normal and alloxan induced diabetic rats. There was a
significant (p<0.05) decrease in the body weight of
rats in the diabetic control group when compared
with the normal. The administration of the aqueous
extract of Curcuma longa rhizome at the dose of 200
mg/kg body weight increase body weight of rats in
the diabetic treated group.

Table 3 shows the effect of aqueous extract
of Curcuma longa rhizome on blood glucose, protein
and albumin of both normal and alloxan induced
diabetic rats. There was a significant (p<0.05)
increase in the blood glucose level of rats in the
diabetic untreated group when compared with the
normal control, normal treated and diabetic treated
groups. Also, there was significant (p<0.05) decrease
in the level of total protein and albumin of rats in the
diabetic untreated group compared to normal rats at
the 28" day. The administration of the aqueous
extract of Curcuma longa rhizome at the dose of 200
mg/kg body weight significantly (p<0.05) decrease
the blood glucose and significantly (p<0.05) increase
the total protein and albumin of rats in the diabetic
treated group.

Table 4 shows the effect of aqueous extract
of Curcuma longa rhizome on High Density
Lipoprotein  (HDL), total cholesterol (TC),
triglyceride (TG), and Low Density Lipoprotein
(LDL) of normal rats and alloxan induced diabetic
rats. There was a significant (p<0.05) increase in the
level of TC, TG and LDL and a significant (p<0.05)
decrease in the level of HDL of rats in the diabetic
untreated group when compared with the control and
other treated groups. The administration of the
aqueous extract of Curcuma longa rhizome at the
dose of 200 mg/kg body weight significantly
(p<0.05) decrease the level of TC, TG and LDL and
significantly (p<0.05) increase the level of HDL of
diabetic treated group at the 28" day of the study.

Table 1: Phytochemical screening of aqueous, acetone and ethanolic extract of Curcuma longa rhizome

Phytochemicals Aqueous Acetone Ethanol
Alkaloids + + +
Flavonoids - - -
Tannins - - -
Saponin - - -
Cardiac glycosides + + +
Terpenes and steroids + - +
Balsams - - -
Phenols - - -
Resins + + +
Carbohydrates - + -

Key= + present; - absent.
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Table 2: Effect of aqueous extract of Curcuma longa rhizome on body weight of alloxan induced diabetic rats

Weight Variation (g)
Group Initial (IBW) Final (FBW)
Control 248+3.80 279+2.80
Diabetic control 250+4.00% 190+4.98%
Diabetic treated 255+3.80%° 277+2.78%
Normal treated 250+3.78%° 280+2.77%

Values are expressed as mean * SD, n=5 for each group
%values are significantly different from normal control (p<0.05)
®values are significantly different from the diabetic control group (p<0.05)

Table 3: Effect of aqueous extract of Curcuma longa rhizome on blood glucose, protein, and albumin of

alloxan induced diabetic rats

Group Glucose (mmol/L) Protein (g/L) Albumin (g/L)
Control 5.03+0.01 72.00+1.41 33.25+0.96
Diabetic control 18.45+0.012 66.00+0.82% 27.25+0.96%
Diabetic treated 7.83+0.01% 68.25+0.96™ 35.25+0.96°
Normal treated 4.94+0.01% 66.25+0.96® 27.25+0.96°

Values are expressed as mean £ SD, n=5 for each group
%values are significantly different from normal control (p<0.05)
®values are significantly different from the diabetic control group (p<0.05)

Table 4: Effect of aqueous extract of Curcuma longa rhizome on serum lipid profile of alloxan induced

diabetic rats

Lipid profile (mmol/L)
Group TC TG LDL HDL
Control 3.10+0.08 1.18+0.05 2.15+0.10 2.73+0.13
Diabetic control 5.68+0.06% 2.17+0.01% 3.13+0.09% 0.43+0.10%
Diabetic treated 4.69+0.02° 1.71+0.02% 2.03+0.09" 0.98+0.13"
Normal treated 2.95+0.10" 0.85+0.06" 1.90+0.08% 2.93+0.10°
Values are expressed as mean + SD, n=5 for each group
#values are significantly different from normal control (p<0.05)
®values are significantly different from the diabetic control group (p<0.05)
4.0 Discussion Mafulul et al. [ reported that the possible

Prolonged exposure to hyperglycemia is
now recognized as the primary causal factor in the
pathogenesis of diabetic complications as well as
induces a large number of alterations in vascular
tissue that potentially promote or accelerated
atherosclerosis ™. In this study, there was a
significant increase in the level of blood glucose of
rats in the diabetic group. Oral administration of
aqueous extract of Curcuma longa rhizome to the
diabetic rats significantly reduced the blood glucose
level compared with the control. Previous reports has
indicated that plant extracts possess hypoglycemic
properties, possible insulin release stimulatory effects
and uptake of peripheral glucose, which in turn
reversed alloxan induced hyperglycemia [#24%4445]
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mechanism by which aqueous extract from plants
brings about their hypoglycemic action may be by
induction of pancreatic insulin secretion from f cells
of islets of Langerhans or due to enhanced transport
of blood glucose to peripheral tissue. Reducing
insulin resistance and inhibition of intestinal glucose
absorption are also possible mechanisms as reported
by Xi et al.“ and Youn et al. ¥ respectively. They
may contain biomolecules that can modify or
stimulate insulin receptors, modify the structure of
glucose transport protein (GLUT 4) and may inhibit
insulin antagonist within the body as reported by
Igbakin and Oloyede ).

In the present study, alloxan induced diabetes rats
produced a significant decrease in body weight. The
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loss in weight in the diabetic groups is attributed to
the alloxan that was injected into the animals.
Alloxan is known to partially destroy the beta-cells of
the islets of the Langerhans of the pancreas that
function in insulin regulation, producing type 1
diabetes. The destruction of the pancreas results in
the utilization of non-carbohydrate moieties such as
protein for the synthesis of glucose. The loss of
structural proteins in increased gluconeogenesis
together with increased lipolysis and increased
synthesis of ketone bodies results in severe weight
loss % Furthermore, the weight loss observed in
alloxan-diabetic rats can be due to a reduction of food
intake Y. Administration of aqueous extract of
Curcuma longa rhizome was found to be effective in
ameliorating the weight loss observed in the diabetic
rats compared with the control.

Albumin is a major protein of human plasma
and represents about 25% of total hepatic protein
synthesis and half its secreted proteins. Its synthesis
is depressed in a variety of diseases, particularly
those of the liver ®2, Table 3 shows that there was a
significant decrease in the concentration of albumin
and total serum protein of the untreated alloxan
induced diabetic rats when compared with the control
and the treated groups. This observation may be
attributed to numerous effects of hyperglycemia in
alloxan-induced diabetes. Hyperglycemia increases
gluconeogenesis and as such leads to excess protein
breakdown as well as excess loss of nitrogen
resulting in negative nitrogen balance 3. A decline
in the total protein level in diabetic rats has been
attributed to inhibition of oxidative phosphorylation,
which leads to decrease in protein synthesis, increase
in catabolic processes and reduction in protein
absorption B4, Also, decrease in the total protein of
alloxan induced rat, might be due to decrease in
protein content of the urine, leading to
microproteinurea which is an important clinical
marker of diabetic nephropathy ©°, it may also be
due to increased protein catabolism  as a result of
insulin deficiency from free radical generated due to
alloxan induction, since it has been established that
insulin stimulates the incorporation of amino acids
into  protein % These results imply that
administration of the extracts caused a remarkable
increase in the serum total protein and albumin levels
in the diabetic rats.

Diabetes affects both glucose and lipid
metabolism P In the postprandial state elevated
serum insulin increases lipoprotein lipase activity in
adipose tissue and promotes fuel storage as
triglycerides in normal metabolism ¥ The
deficiency of insulin depletes the activity level of
lipoprotein lipase, thus leading to deranged
lipoprotein metabolism during diabetes ®%. Alloxan
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induced diabetic untreated rats showed significantly
increased serum lipid profiles except HDL compared
with the control rats. The elevated TG, TC, LDL
level and decreased HDL level in alloxan-induced
diabetic rats observed in this study is in agreement
with the previous reports regarding alteration of these
parameters under diabetic condition [** %, This may
be due to the increase in the mobilization of free fatty
acids (FFA) from the peripheral depots, since insulin
inhibits the hormone sensitive lipase Y. Serum FFA
concentration is a result of the balance between the
release from lipolysis, neosythesis and disposal and
represent the major determinant of insulin effect on
FFA oxidation and non-oxidative metabolism [,
Oral administration of the aqueous rhizome extract of
Curcuma longa to the diabetic rats significantly
reduced the level of TG, TC, and LDL and
significantly increases the level of HDL. The results
suggest that aqueous extract of Curcuma longa
rhizome possesses potential therapeutic value in
combating atherosclerosis, which is one of the major
complications of diabetes by lowering serum lipids
particularly total cholesterol, triglyceride and low
density lipoprotein level.

Phytochemicals are a natural bioactive
compound found in plants, such as vegetables, fruits,
medicinal plants, flowers, leaves and roots that work
with nutrients and fibers to act as a defense system
against disease or more accurately, to protect against
disease 3. The performance of Curcuma longa
rhizome extract in reversing the negative effects of
alloxan on diabetic rats may due to the presence of
phytochemicals shown in table 1. The most important
of these bioactive constituents of plants are alkaloids,
tannins, flavonoids and phenolic compounds [©%.
Previous reports have demonstrated the anti-diabetic
activity of triterpenoid and glycosides © . In this
study, the phytochemical investigation of Curcuma
longa rhizome indicated the presence of alkaloids,
terpenes and steroid, cardiac glycoside, resins and
carbohydrates in different solvents, indicating their
preferential solubility in these solvents.

5.0 Conclusion

This study has demonstrated that aqueous
extract of Curcuma longa rhizome significantly
reduces blood glucose, LDL, TG, TC and increase
body weight, total protein and albumin in
experimentally induced diabetic rats. Therefore, the
plant has hypoglycaemic, hypolipidaemic effects at
the dosage and duration of study. Further studies are
needed to be carried out to isolate and identify the
active principle(s) in the extract as well as elucidate
its mode of action and toxicity for enhanced
Phytotherapy.
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