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The rhizome of Curculigo pilosa (CP) prepared with Corn steep liquor (CSL), is traditionally used in the
treatment of diabetes mellitus. In this study, antidiabetic activity of the CSL extract and its fractions
(butanol and methanol) were evaluated in streptozotocin-induced diabetic rats. Diabetes mellitus was
induced by single intraperitoneal administration of streptozotocin (50mg/kg) and diabetic rats were
treated with 300mg/kg bodyweight of the extract(s) for 28 days. Antidiabetic effect was monitored by
plasma blood glucose, oral glucose tolerances test (OGGT), body weight and heamatological indices. Also
serum urea, creatinine, cholesterol, high density lipoprotein, bilirubin, alkaline phosphatase, aspartate
and alanine transaminases were evaluated. The levels of hepatic glutathione, catalase, superoxide dis-
mutase, lipid peroxidation, nitric oxide and hydrogen peroxide were assessed; also histopathology of the
hepatic tissues was examined. Oral administration of the extract resulted in significant (p < 0.05)
reduction of plasma blood glucose (29.32% crude extract and 22.96% butanol fraction) and also increased
body weight (20.61% crude extract, 13.44% butanol fraction and 6.23% methanol fraction) of diabetic rats.
The heamotogical indices, plasma parameters and hepatic oxidative stress in diabetic rats were returned
to near normalcy following treatment with the extract(s). The GC-MS analysis of the extract revealed the
presence of stilbene, a proven antidiabetic agent, which might be responsible for the antidiabetic activity.
The results obtained suggest that the CSL extract of CP could be used in management of diabetes mellitus
thus providing scientific validation of its use as an antidiabetic agent.
© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is a metabolic disease of carbohydrates
and fat due to deficiency of insulin secretion or varying degree of
insulin resistance.1 It is a major public health problem and has
become a menace globally. According to International diabetic
federation (IDF), 425 million people are currently suffering from
diabetes mellitus and the number is estimated to rise to 642million
by the year 2040 and it was also estimated to cause the mortality of
a person every 6 s in year 2015.2 The increase in blood glucose level
of diabetic patients usually leads to excessive generation of free
radicals and aberration in lipid metabolism which have been
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associated with virtually all complications of diabetes mellitus.
Diabetic complication has reported to develop in patients with
diabetes and has become one of leading causes of mortality
worldwide.3 Presently, nearly half a billion people live with dia-
betes. Low and middle income countries carry almost 80% of the
diabetes burden because they do not have adequate resources to
provide preventive or medical care for their populations therefore,
rely on traditional medicines.4

Traditional medical practices have been in existence since times
immemorial and have been used across all tribes as a source of
treatment. About 90% of the population in rural areas of developing
countries relies solely on traditional medicines for their primary
health care.5 In diabetes, herbal alternatives have proven to provide
symptomatic relief and assist in the prevention of the secondary
complications of the disease.6 Some herbs have also been proven to
help in the regeneration of b-cells and overcoming insulin resis-
tance, while some herbs are also reported to possess antioxidant
activity and cholesterol-lowering action in addition to their anti-
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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hyperglycemic effect.6

Curculigo pilosa Schum and Thonn (CP) belongs to the family of
Hypoxidaceae. CP rhizome of the Curculigo genuswas the first to be
described of African species.7 It is known as ‘Epakun’ in Yoruba tribe
of south-west Nigeria and it is commonly used as a purgative as
well as for the management and treatment of hernia, infertility,
diabetes, genital infections and sexually transmitted infections.8 It
is also used in the manufacture of infant food and sorghum beer.9

Curculigo pilosa rhizome has been reported to be rich in essential
mineral and dietary fibre.9 Apart from this, it contains high poly-
phenols and possesses scavenging abilities.10,11 Its antimicrobial
activities have also been reported.12,13 The phytochemical screening
of its extract reported the presence of phenol, phlobatannin,
coumarin, saponin, steroid and terpenoid.12,14

Corn steep liquor (CSL) is a product of wet cornmilling, usually a
filtrate in the production of palp (a cereal-based traditional lactic
acid fermented food). It is an important solvent in traditional
medicine of south-west Nigeria, where it is used to form decoction
and infusion for treatment of diabetes.15

Despite considerable progress in the treatment of diabetes by
oral hypoglycemic agents most of the synthetic drugs used in the
management of diabetes are expensive, toxic and non available
especially to low and middle income earner which constitute the
larger percentage of the populace. Also, with high rate of diabetes
mellitus throughout the world, there is need for development of
indigenous, inexpensive botanical sources for management of
diabetes mellitus. Previously the acute toxicity of Corn Steep Liquor
extract of Curculigo pilosa has been studied and the LD50 was found
to be as high as 2828mg/kg and therefore, it is considered to be
relatively safe.14 Therefore, this present study is designed to eval-
uate the antidiabetic effect of Corn Steep Liquor extract of Curculigo
pilosa and its solvent fractions in streptozotocin induced diabetic
rats. This is in view to scientifically substantiate the indigenous use
of this plant as antidiabetic herb.
2. Materials and methods

Plant Materials: The dried corn and Curculigo pilosa rhizomes
used in the work were gotten from local market (Bodija), Ibadan.
They were identified and authenticated in the Department of Bot-
any, University of Ibadan. The sample vouchers (UIH-22759 and
UIH-22773) were deposited in their herbarium. They were without
infection. The dried corn was used for preparation of corn steep
liquor. The Curculigo pilosa was washed with distilled water, sliced
and shade dried in the laboratory. The shade dried samples were
grinded into powdery form.
2.1. Preparation of corn steep liquor (CSL)

This was prepared by steeping corn using the method.14 Well-
washed healthy, dried corn grains (1000 g) were soaked in 4 L hot
water (100 �C) for 72 h. It was milled using a well-washed blender
and filtered using muslin cloth. The filtrate was then allowed to
settle for 24 h. The resultant supernatant (Corn steep liquor) was
decanted and used for the extraction.
2.2. Extraction of sample

One thousand grams (1000 g) of the powered Curculigo pilosa
was extracted with 10 L of corn steep liquor, After 72 h, the extract
was filtered using muslin cloth and the filtrate was concentrated
using rotary evaporator. The extracts were kept in refrigerator until
use.
2.3. Fractionation of sample

One hundred gram (100 g) Crude Corn steep liquor extract was
adsorbed with silica gel (ratio 1:2); the adsorbed mixture was
loaded on Buchner funnel already packedwith silica gel. The funnel
was elutedwith butanol andmethanol successively under pressure.
The eluted samples were concentrated using rotary evaporator to
give butanol and methanol fractions respectively.

2.4. Experimental animals

Healthy Wistar albino rats weighing 80e100 g were obtained
from the animal house of the Department of Physiology, College of
Medicine, University of Ibadan. They were fed with standard pellet
diet (Ladokun feeds) and water was given ad libitum. They were
kept under a constant 12-hr light and dark cycle. The animals were
acclimatized for 2 weeks before the induction of experimental
diabetes. The experimental protocols were conducted in accor-
dance with ethical guidelines as approved by Institutional animal
care use and research ethics committee for care and use of labo-
ratory animals (UI-ACUREC/App/03/2017/006).

2.5. Induction of diabetes mellitus

Experimental Diabetes was induced in overnight fasted exper-
imental rats by a single intraperitoneal injection of streptozotocin
(50mg/kg body weight) dissolved in 0.1M freshly prepared cold
citrate buffer pH 4.5.16 After 72 h for development of diabetes,
blood glucose was measured and rats with fasting blood glucose
greater than 15.2mmol/l were considered diabetic and used in the
present study.

2.6. Experimental design

After the successful induction of experimental diabetes, the rats
were divided into six groups each containing a minimum of 6 rats.

Control: Control rats treated with distilled water
Dcontrol: Diabetic control rats treated with distilled water
CRD: Diabetic rats treated with CSL extract (300mg/kg)
BUTH: Diabetic rats treated with Butanol fraction of CSL extract
(300mg/kg)
METH: Diabetic rats treated with Methanol fraction of CSL
extract (300mg/kg)
GLBC: Diabetic rats treated with Glibenclamide (1mg/kg).

Body weight and plasma glucose level measurements were
conducted weekly during the experiment. Plasma glucose level was
measured using one-touch glucometer. The dosage of the extracts
was adjusted every week to accommodate changes in body weight
to maintain the same dosage throughout the experiment. They
were administered orally for 28 days using intragastric tube. After
28 days, the rats were fasted overnight and euthanized under
anesthesia (Sodium pentobarbitone). The blood was collected with
or without anticoagulant sample bottles for plasma and serum
respectively.

2.7. Oral glucose tolerance test (OGTT)

On the 28th day, the rats were fasted overnight and 1 g/kg
glucose was given orally to all the groups of rats. Blood samples
were collected from the tail vein of all the animals at 0, 30, 60, 90,
and 120min after the glucose administration.17 The blood glucose
levels were determined using one-touch glucometer.



Table 1
Effect of CSL Extract of Curculigo pilosa and its solvent fractions on blood glucose (mmol/l) in streptozotocin-induced diabetic rats.

Initial 7th day 14th day 21st day 28th day

Control 5.00± 0.82 5.50± 0.47 5.47± 0.38 5.57± 0.82 5.43± 0.75
Dcontrol 19.20± 1.92a 20.40± 1.88a 25.72± 2.63a 28.72± 2.80a 30.08± 3.52a

CRD 21.25± 1.70a 18.46± 3.20a 16.72± 3.41ab 15.58± 2.28ab 15.02± 3.04ab

BUTH 21.36± 1.99a 17.46± 2.90ab 17.06± 3.23ab 16.60± 3.08ab 16.40± 2.64ab

METH 21.06± 1.41a 22.72± 1.52a 23.05± 2.21a 24.18± 3.68ab 24.05± 2.06ab

GLBC 23.60± 1.03a 20.20± 0.72a 18.32± 1.98ab 16.60± 1.32ab 14.10± 1.90ab

Data are expressed as mean± SEM, n¼ 6, Initial means 72hr of streptozotocin injection.
a p< 0.05 when experimental groups were compared with control group, b p< 0.05 when experimental groups were compared with diabetic control group.

Table 2
Effect of CSL Extract of Curculigo pilosa and its solvent fractions on body weight (g) in streptozotocin-induced diabetic rats.

Initial 7th day 14th day 21st day 28th day

Control 123.7± 2.33 142.5± 4.40 171.5± 3.15 178.5± 3.70 190.0± 3.80
Dcontrol 126.3± 2.89 100.5± 3.50a 105.8± 3.22a 99.7± 2.50a 94.5± 2.90a

CRD 121.3± 1.91 118.8± 2.67a 131.3± 3.10ab 140.0± 3.70ab 152.8± 3.30ab

BUTH 125.5± 2.80 113.5± 3.12a 133.5± 1.91ab 141.8± 4.11ab 145.0± 3.12ab

METH 123.3± 2.11 110.5± 3.04a 122.8± 3.11ab 128.5± 2.55ab 131.5± 3.11ab

GLBC 125.0± 2.30 117.5± 2.85a 125.8± 2.71ab 139.0± 2.81ab 143.1± 3.70ab

Data are expressed as mean± SEM, n¼ 6, Initial means 72hr of streptozotocin injection.
a p< 0.05 when experimental groups were compared with control group, b p< 0.05 when experimental groups were compared with diabetic control group.
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2.8. Haematological indices determination

After four weeks of treatment with the extracts, blood samples
collected with anticoagulant were used for the determination of
the haematological indices using 3-part differential haematology
auto analyzer, Surgifield, England following manufacturer's in-
struction. These include packed cell volume (PCV), heamoglobin
(hg), red blood cell (RBC) and white blood cell (WBC).
Table 3
Effect of CSL Extract of Curculigo pilosa and its solvent fractions on heamatological
indices in streptozotocin-induced diabetic rats.

PCV (%) Hb(mg/dl) RBC(10^6) WBC(10^3)

Control 41.37± 1.34 157.33± 5.23 7.53± 0.14 8.75± 0.90
Dcontrol 36.19± 0.44a 137.00± 4.50a 6.14± 0.19a 11.50± 0.70a

CRD 40.47± 0.82b 152.67± 3.67b 6.83± 0.05b 10.80± 0.57a

BUTH 37.74± 0.31a 147.67± 5.17ab 6.22± 0.22ab 11.20± 0.55a

METH 36.78± 1.74a 151.33± 4.50ab 6.35± 0.11a 9.83± 0.82b

GLBC 39.17± 1.69b 154.33± 5.17b 6.91± 0.42b 9.67± 1.21b

Data are expressed as mean ± SEM, n¼ 6.
a b
2.9. Biochemical assays

Blood collected into sample bottles without anticoagulant were
centrifuged at 3000 g for 15min to obtained serum. Serum urea
was assayed by the method of,18 serum creatinine by the method
of,19 serum cholesterol by the method of,20 serum high density li-
poprotein by the method of,20 serum total bilirubin by the method
of,21 serum aspartate transaminase (AST) by the method of,22

serum alanine transaminase (ALT) by the method of,22 and serum
alkaline phosphatase (ALP) by the method of.23 All determinations
were carried out using diagnostic kits (Randox diagnostic kit, UK).
Atherogenic index (AI) and Cardiac risk ratio (CRR) were calculated
following the method of24 and,25 respectively.
p< 0.05 when experimental groups were compared with control group, p< 0.05
when experimental groups were compared with diabetic control group.

Fig. 1. Effect of CSL extract of Curculigo pilosa and its solvent fractions on OGTT (mmol/
l) in streptozotocin-induced diabetic rats. a p< 0.05 when experimental groups were
compared with control group, b p < 0.05 when experimental groups were compared
with diabetic control group.
2.10. Determination of hepatic hyperglycemia-induced oxidative
damage

Hepatic tissues from control and experimental groups of rats
were excised, rinsed with ice-cold saline and homogenized in 0.1M
phosphate buffer (pH 7.4) using Teflon homogenizer and centri-
fuged at 10,000�g for 10min at 4 �C. The supernatant obtained was
used for the biochemical estimations. The protein content in the
liver homogenate was estimated by the method of.26 Lipid perox-
idation was quantified by the method of.27 Nitric oxide (NO) level
was assessed by the method of.28 Reduced glutathione was deter-
mined using the method of.29 Hydrogen peroxide (H2O2) genera-
tion was determined according to the method of.30 Catalase (CAT)
activity was determined by the method of Clairborne.31 Superoxide
dismutase (SOD) activity was determined by the method of.32
2.11. Histological observations hepatic tissues

Tissue histology was done by the method of.33 Hepatic tissues
were fixed in 10% formalin for 24 h. The tissue was processed using
automatic tissue processor. The tissues were blocked in paraffin
wax and the blocks were trimmed to expose the tissue surface
using a rotary microtome. The surfaces were allowed to cool on ice
before sectioning. The tissues were sectioned at 4 mm. The sections
were floated on water bath at 55 �C and dried at 60 �C for 1 h.
Sections were stained with hematoxylin-eosin (for structural



Fig. 2. Effect of CSL extract of Curculigo pilosa and its solvent fractions on kidney damage biomarkers (a) Urea (b) Creatinine in streptozotocin-induced diabetic rats. a p< 0.05 when
experimental groups were compared with control group, b p< 0.05 when experimental groups were compared with diabetic control group.
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derangement). Histological changes in the stained sections were
viewed and analyzed under the optical microscope by a pathologist
without prior knowledge of the groups.

2.12. Gas chromatography - mass spectrum analysis (GC-MS)

An aliquot of 1 ml of sample solution of the sample was injected
into the column with the injector temperature at 350 �C. GC oven
temperature started at 60 �C and holding for 2min until it was
raised to 260 �C at the rate of 5 �C/min, without holding. Holding
was allowed at 280 �C for 9min with program rate of 5 �C/min. The
Fig. 3. Effect of CSL extracts of Curculigo pilosa and its solvent fractions on liver damage biom
when experimental groups were compared with control group, b p < 0.05 when experimen
injector and detector temperatures were set at 250 �C and 280 �C
respectively. Ion source temperature was maintained at 200 �C. The
mass spectrum of Compounds in samples was obtained by electron
ionization at 70 eV and the detector was operated in scan mode
from 45 to 450 amu (atomic mass units). A scan interval of 0.5 s and
fragments from 45 to 450 Da was maintained. The total running
time was 54min. Interpretation on mass spectrum GC-MS was
conducted using the database of National Institute Standard and
Technology (NIST) having more than 62,000 patterns. The spec-
trum of the unknown component was comparedwith the spectrum
of the known components stored in the NIST library. The name,
arkers (a) AST (b) ALP (c) TB (d) ALT in streptozotocin-induced diabetic rats. a p< 0.05
tal groups were compared with diabetic control group.
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molecular weight and structure of the components of the test
materials were ascertained.

2.13. Statistical analysis

Data are expressed as the mean± SD of at least three mea-
surements. The significance of the differences between the means
of the samples were established by the analysis of variance
(ANOVA) P< 0.05 using SPSS statistics 20 and charts were drawn
with graph pad prism 5.

3. Results

The effect of Corn steep liquor extract of Curculigo pilosa and its
solvent fractions on blood glucose level was shown in Table 1. There
was significant (P< 0.05) decrease in the level of blood glucose of
CSL extract and its butanol fraction treated group when compared
with diabetic untreated group but was significantly (P< 0.05)
elevatedwhen compared with undiabetic group. The effect on body
weight is showed in Table 2. A significant decrease in the body
weight of the diabetic rats is observed but upon administration of
the extracts and glibenclamide there was significant (P< 0.05)
restoration of the body weight to near normalcy. Also Table 3
showed the effect of the extracts and glibenclamide on the some
heamatological (PCV, Hb, RBC andWBC) indices in the diabetic rats.
A significant (P< 0.05) decrease was found in the diabetic rats
which were returned to near normalcy with the treatment.

The effect of CSL extract of Curculigo pilosa and its solvent
fractions on the streptozotocin induced diabetic rats after an oral
glucose challenge was showed in Fig. 1. The blood glucose level in
the control and diabetic rats treated with the crude extract and its
Fig. 4. Effect of CSL extracts of Curculigo pilosa and its solvent fractions on lipid profile
streptozotocin-induced diabetic rats. a p< 0.05 when experimental groups were compared w
control group.
butanol fraction were elevated to a maximum value at 30min after
glucose load and declined to near basal levels at 120min, whereas,
in streptozotocin-induced diabetic rats, the increase in blood
glucose level was still high after 120min.

The effect of CSL extract of Curculigo pilosa on kidney function
tests (Urea and Creatinine), liver function test (TB, ALT, AST, ALP)
and lipid profiles (Cholesterol, HDL-cholesterol, atherogenic index
and cardiac risk ratio) in streptozotocin-induced rats were showed
in Fig. 4 and 23 respectively. Induction of experimental diabetes by
streptozotocin led to significant (P< 0.05) alteration in the level of
these biochemical parameters. However, oral administration of CSL
extract of Curculigo pilosa for 28 days was able to significantly bring
the levels to near normalcy.

The effect of CSL extract of Curculigo pilosa and its solvent
fractions on hyperglycemia mediated oxidative stress in hepatic
tissues of streptozotocin induced diabetic rats was showed in
Fig. 5aef. Significantly (P< 0.05) higher level of markers of oxida-
tive stress (LPO, NO and H2O2) were found in diabetic rats when
compared to the control rats. Also, GSH and activities of enzymic
antioxidants (CAT and SOD) were significantly (P< 0.05) lowered in
the diabetic rats when compared with the control rats. However,
treatment with CSL extract of Curculigo pilosa or its butanol fraction
was able to significantly (P< 0.05) lower the elevated oxidative
stress makers (LPO, NO and H2O2) and raised the level of decreased
GSH, CAT and SOD in the hepatic tissues of the diabetic rats.

Photomicrographs of hepatic sections stained with hematoxylin
and eosin was showed in Fig. 6aef. Control rats showed normal
central venules without congestion, the morphology of the hepa-
tocytes appear normal, no pathological lesion seen. Untreated
diabetic rats (6 b) showed very poor morphology, the liver paren-
chyma is moderately fibrotic, there is severe to chronic infiltration
s (a) Cholesterol (b) HDL-Cholesterol (c) Atherogenic index (d) Cardiac risk ratio in
ith control group, b p< 0.05 when experimental groups were compared with diabetic



Fig. 5. Effect of CSL extracts of Curculigo pilosa and its solvent fractions on hepatic (a) GSH (b) LPO (c) NO (d) H2O2 (e) Catalase (f) SOD in streptozotocin-induced diabetic rats. a
p< 0.05 when experimental groups were compared with control group, b p< 0.05 when experimental groups were compared with diabetic control group.
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of inflammatory cells involving the sinusoids, central venules are
normal without congestion but few perivascular infiltration and
few apoptotic hepatocytes seen. Diabetic rats treated with CRD (6c)
showed normal central venules without congestion (white arrow),
however, there is mild perivascular infiltration seen, the
morphology of the hepatocytes show cytoplasmic infiltration by fat
and vacuolation, the sinusoids appear normal and not infiltrated.
Diabetic rats treated with BUTH (6 d) showed mildly congested
central venules, the morphology of the hepatocytes show cyto-
plasmic vacuolation and foamy cytoplasms, the sinusoids appear
mildly infiltrated. Diabetic rats treated with METH (6e) showed
normal central venules without congestion, some of the hepato-
cytes appear normal while others exhibit vesicular nuclei and
foamy cytoplasms, the sinusoids appear mildly infiltrated by
inflammatory cells. Diabetic rats treated with GLBC (6f) showed
normal central venules without congestion, the morphology of the
hepatocytes appear normal, the sinusoids appear normal and not
infiltrated, no pathological lesion seen.

The GC-MS analysis of crude extract of curculigo pilosa revealed
fourteen peaks (Fig. 7). The phytochemicals present are showed in
Table 4. The prominent phytochemicals include thymine, stilbene,
4-Methoxybenzene-1,2-diol and salicyl alcohol.
4. Discussion

Streptozotocin (STZ, 2-deoxy-2-(3-(methyl-3-nitrosoureido)-D-
glucopyranose) is usually used to induced experimental diabetes in
animal models. STZ is an alkylating agent which causes the
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breakage of DNA that induces the activation of poly-ADP-ribose
synthetase leading to nicotinamide adenine dinucleotide (NAD)
depletion and subsequent inhibition of insulin synthesis and
secretion.34

Medicinal plants are widely used especially in developing
countries for the management of diabetes mellitus. In this present
study, the antidiabetic effect of CSL extract of Curculigo pilosa and it
solvent fraction was evaluated in streptozotocin-induced diabetic
rats.

In this study, the enhanced elevation of blood glucose level due
to administration of STZ was lowered by oral administration of CSL
extract and butanol fraction. This reduction suggested the hypo-
glycemic activity of the extracts and might be due to its insulin
stimulatory effect on the remnant b-cells or the ability to promote
the regeneration of aberrant b-cells and overcoming insulin resis-
tance. The destruction of b-cells by STZ causes some physico-
metabolic abnormalities such as body weight loss, and increase in
food and water intake.35 In this study, a pronounce weight loss was
noted in the diabetic rats but oral administration of extracts was
able to improve the body weight of the diabetic rats. The
improvement in body weight of diabetic rats suggested the
enhanced control of glucose homeostasis after treatment with the
extracts. An oral glucose tolerance test (OGTT) is a more reliable
marker of early abnormalities in glucose homeostasis than fasting
Fig. 6. Photomicrographs (� 100) of hepatic tissue of control and experimental groups of
blood glucose and it reflects hepatic gluconeogenesis and uptake of
glucose from blood into skeletal muscle and adipose tissue after a
meal.36 An excessive elevation of blood glucose level in diabetic rats
following oral load of glucose was exhibited which was an indica-
tion of impaired glucose tolerance. Diabetic rats treated with the
extracts were able to mitigate the impaired glucose tolerance
thereby further confirm insulin stimulatory effect of the extracts on
the remnant b cells.

Anaemia is a common occurrence in diabetes, particularly in
patients with overt nephropathy or renal impairment.37 Anaemia
occurrence in diabetes mellitus is due to the increased non-
enzymatic glycosylation of red blood cell membrane proteins,
which correlates with hyperglycaemia.38 Other findings in diabetic
patients have revealed several metabolic and functional abnor-
malities of their red blood cells, including reduced erythrocyte
survival,39 systemic inflammation, occult blood loss and haematinic
deficiencies.40 The observed decrease in heamoglobin, packed cell
volume and red blood cells in STZ-induced diabetic rats implies
haematological disorders. Treatment with our extracts for 28 days
was able to restore the values to near normalcy. This might not be
unconnected with improved glucose homeostasis of the treated
diabetic rats.

The elevation of biomarker enzymes (alanine aminotransferase,
aspartate aminotransferase and alkaline phosphatase) and bilirubin
rat (stained with H&E). A: Control, B: Dcontrol, C: CRD, D: BUTH, E: METH, F: GLBC.



Table 4
Compounds found in the CSL extract of Curculigo pilosa using GC-MS.

RT Compound Nature of Compound Peak area Biological activity

6.669 Thymine Pyrimidine 1.35 Antimicrobial
8.282 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- Flavonoid fraction 1.19 Antioxidant
9.902 Stilbene Polyphenol 2.67 Antidiabetic, anticancer, antioxidants
10.305 Thiazole Aromatic 2.81 Antibacterial, antifungal, antioxidant hypertension
11.509 Salicyl alcohol Phenol 32.78 Antioxidant,
15.990 4-Methoxybenzene-1,2-diol Phenol 11.20 Anticancer, antioxidant
17.415 3,4-Dimethoxythiophenol Aromatic 1.96 #
17.615 Benzene, 1-methyl-3-[(4-methylphenyl)methyl]- Aromatic 1.08 #
18.468 4,5-Dihydro-3-furoic acid Organic acid 1.25 #
19.520 Bicyclo [2.2.1]heptan-2-ol Alcohol 1.13 Antiasthmatics
20.001 2,5-Dihydroxypropiophenone 1.48 Antipsychotics
21.386 Benzoic acid Aromatic 14.67 Preservatives, antioxidant, antimicrobial
25.31 3,7-Benzofurandiol Aromatic 25.31 #
43.455 2-Propyl-1,3-benzodioxane Aromatic 1.14 #

Source: Dr.Duke's phytochemical and ethnobotanical databases

Fig. 7. Chromatogram of Corn steep liquor extract of Curculigo pilosa by GC-MS.
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in the bloodstream is an indication of hepatocellular damage that
showed these enzymes that have leaked into the bloodstream.41 It
has also been hypothesized that elevation in bilirubin, ALT, AST and
ALP are possible predictors of type 2 diabetes.42 In this study, in-
duction of diabetes by STZ is accompanied by increased in the level
of these enzymes in the bloodstream, however the reversal of these
enzymes activity in extract-treated diabetic rats towards baseline is
an evidence of the prevention of cellular and tissue damage by our
extracts. This capacity may further strengthen the optimized lipid
metabolism in the liver of diabetic rats.43 Also In STZ-induced
diabetes, the elevation in level of blood glucose is usually accom-
panied by an increase in plasma cholesterol, triglycerides, LDL and
VLDL and decreases in HDL.44 During diabetes, activation of
hormone-sensitive lipase during insulin deficiency is characterized
by increased release of free fatty acids from adipose tissue. There-
fore, the marked hyperlipidaemia that is usually seen in diabetes
may be regarded as a consequence of the uninhibited actions of
lipolytic hormones on fat depots.43 In this study, there was a
marked alteration in the total cholesterol and high density lipo-
protein concentrations in the STZ-induced diabetic rats. Adminis-
tration of our extractswas able to normalize the observed abnormal
lipid status in the treatment group. This might be due to better
insulin control in the treated group.

STZ-induced diabetes is usually characterized with elevation of
the serum level of urea and creatinine which was considered as
significant markers of renal dysfunction.45 Creatinine and urea are
byproduct of body metabolism, which are usually excreted in
kidney. In the present study, the oral treatment of our extracts for
28 days significantly decreased the serum creatinine and urea
levels in diabetic rats. Therefore, it may be concluded that the STZ-
induced renal changes in the diabetic rats were averted in the
treated group.

STZ-induced diabetes is also characterized by increased pro-
duction of reactive oxygen species (ROS) which are involved in the
etiology of several diabetic complications including diabetic ne-
phropathy and hepatic damage.46 Several studies have shown that
supraphysiological glucose enhances reactive oxygen species pro-
duction in mesangial cells of the kidney glomerular and provokes
necrosis, inflammation and oxidative stress in hepatic tissues.47,48

The elevated reactive ROS deplete the antioxidant defenses of the
liver thus making it more vulnerable to hyperglycemia-mediated
oxidative damage. In this study, markers of oxidative stress were
elevated in diabetic rats; Lipid peroxides, hydroperoxides and
protein carbonyls which are the secondary products of oxidative
stress are unleashed during diabetes.49 The oral treatment of our
extracts was able to avert the oxidative stress by decreasing the
level of MDA, hydroperoxides and nitrites in the liver of the diabetic
rats. Diabetes is often associated with a notable decline in the level
of intracellular antioxidants due to their detoxifying effects on
enormous free radicals produced by supraphysiological glucose.
Also, the decrease in the enzymic antioxidant in the STZ-induced
diabetic rats was almost normalized by the oral admistration of
our extract(s). The protective nature of the extract on the hyper-
glycemia induced oxidative stress in hepatic tissues of the diabetic
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rats was further established by histopathological examination. The
obvious structural aberrations include fibrotic parenchyma, chronic
infiltration of inflammatory cells involving the sinusoids, few per-
ivascular infiltration and few apoptotic hepatocytes. The adminis-
tration of the extract was able to minimize these structural
aberrations in the diabetic rats.

The GC-MS analysis of the extract revealed the presence of many
phytochemicals including stilbene, a phytochemical with proven
antidiabetic and antioxidant properties.50e53 The antidiabetic ac-
tivity of the extract might not be unconnected the stilbene present
in it.

5. Conclusion

Conclusively, the results of the present study clearly justified the
traditional use of CSL extract of Curculigo pilosa as an antidiabetic
drug. The extract and its butanol fraction possess hypoglycemic
ability, normalized aberrant lipid profile and some enzymemarkers
of organ's damage in the serum. Also hyperglycemia mediated
oxidative stress in hepatic tissue was averted.
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