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Objective: The present study was aimed to evaluate phytochemical constituents and the

safety of methanolic extract of root parts of Curculigo orchioides (MECO) by determining their

potential toxicity after acute and 28-day repeated dose administration in Wistar Albino

rats.

Methods: The phytochemical analysis was done by standard laboratory grade reagents.

Acute and 28-day repeated dose oral toxicity studies were performed by the following

OECD test guidelines 423 and 407 respectively.

Results: The present study reveals the presence of complex phytochemical constituents like

flavonoids, saponins, glycosides, terpenoids, steroids and phenols. In acute toxicity study

no treatment related death or toxic signs were observed with MECO administration. In

repeated dose study no significant differences in body weight changes and hematology was

observed between control and MECO groups. Conversely there was a decrease in serum

glucose and cholesterol levels and an increase in protein levels in treated rats compared to

control. No gross pathological findings and difference in relative organ weights were

observed between control and treated rats. Histopathological examination revealed no

abnormalities with the test drug treatment.

Conclusion: In conclusion C. orchioides was found to be non toxic in tested doses and

experimental conditions.

Copyright ª 2013, JPR Solutions; Published by Reed Elsevier India Pvt. Ltd. All rights

reserved.
1. Introduction is distributed widely in the southern parts of Japan, China,
Curculigo orchioides Gaerth, is one of the well knownmedicinal

plant belonging to the family Hypoxidaceae (Amaryllidaceae). It
.
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India and Australia, generally used as a tonic in traditional

Chinese medicine to treat decline in physical strength.1 Its

rhizomes are used as an alternative for demulcent, diuretic,
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restorative and for the treatment of jaundice.2 Curculigoside,

an active compound isolated from C. orchioides can improve

cognitive function and is developed as a new drug for the

treatment of Alzheimer’s disease.3,4 Despite the use of the

plant in traditional, so far no scientific evaluation was carried

out on this plant for the toxicity profile. Our study was

therefore undertaken to screen phytochemical constituents

and determine the toxicity profile of methanolic extract of

root parts of Curculigo orchioides (MECO) on Wistar Albino rats.

The acute toxicity and 28-day repeated dose studies may be

required to predict the safety and effects of long term expo-

sure of a particular medicinal plant. This study therefore

seeks to assess C. orchioides for its toxic effects by seeing body

weight and organ weight changes and hematological and

serum biochemical parameters and changes in

histopathology.
2. Materials and methods

2.1. Preparation of methanolic extract of C. orchioides

The root parts of C. orchioides were collected, shade-dried and

then finely powdered (collected from the Bharathidasan Uni-

versity, Tamil Nadu). 500 g of powder was extracted with

methanol using a Soxhlet apparatus. The solvent was then

evaporated under reduced pressure at 40 �C and dried in

vacuum dessicator.

2.2. Experimental animals

Adult albino rats of the Wistar strain of either sex (170e190 g)

were used in the present study and were obtained from

Madras Veterinary College, TANUVAS, Chennai, India. The

animals were housed in clean polypropylene cages under

conditions of controlled temperature (25� 2 �C) with a 12/12-h

dayenight cycle, they had free access to food and water ad

libitum. Animal experimentation was carried out as per the

rules and protocols approved by the Institutional Animal

Ethical Committee (IAEC).

2.3. Preliminary phytochemical screening

The phytochemical tests were carried out on the methanolic

extract of root parts of C. orchioides to determine the bioactive

compounds using standard procedures.5

2.4. Acute oral toxicity study

The acute oral toxicity study was performed as per the Orga-

nisation for Economic and Cooperation and Development

(OECD) 423 guidelines. Nine female rats were divided in to

three groups (3 per group) i.e., control and two test groups.

Control group received 0.5% carboxy methyl cellulose as

vehicle at a dose of 10ml/kg bwtwhile the test groups received

an oral dose of 2000 mg/kg bwt of MECO (10 ml/kg bwt in 0.5%

CMC). All the experimental animals were observed for their

mortality and clinical signs of toxicity at 30 min, 1, 2 and 4 h

and thereafter once a day for 14 days following vehicle, MECO

administration. Body weights were recorded once a week. On
15th day the overnight fasted rats (water allowed) were

euthanized using CO2 euthanasia chamber and subjected to

gross pathological examination of all the major internal or-

gans such as brain, heart, lung, liver, kidney, spleen, adrenals

and sex organs. LD50 cut-off value of MECOwas determined in

accordance with Globally Harmonized System of Classifica-

tion and labeling of chemicals.6

2.5. Repeated dose 28-day oral toxicity study

2.5.1. Methodology
In the present study, MECO was administered at three dose

levels i.e., at 200, 400 and 800 mg/kg/day. Both sexes of

Wistar Albino rats (170e190 g) were divided in to 4 groups

with 10 animals (5 males þ 5 females) in each. Group I

served as control and received 0.5% CMC as vehicle orally at

a dose of 10 ml/kg bwt. Remaining 3 groups received MECO

at 200 (Group II), 400 (Group III) and 800 (Group IV) mg/kg/

day, p.o, respectively (10 ml/kg bwt. in 0.5% CMC), for a

period of 28 days. In order to determine the reversibility or

recovery from toxic effects, additional satellite groups were

preset (Group V & VI). Group V served as satellite control

(received 0.5% CMC) Group VI served as treatment satellite

groups which received MECO at 800 mg/kg/day, p.o for a

period of 28 days. Then the satellite groups were scheduled

for follow-up observations for the next 14 days without

vehicle or MECO administration.7

2.5.2. Blood analysis
At the end of the stipulated treatment period, the overnight

fasted animals were anesthetized, whole blood samples were

collected by cardiac puncture for hematological and

biochemical analysis.

2.5.3. Histopathology
Necroscopywas done in all the animals on 29th day except the

satellite group for which it was done on 42nd day. Organs such

as heart, liver, lung, spleen and kidney were collected from all

the animals for weighing and calculating relative organ

weights and for histopathology.

2.6. Statistical analysis

The statistical analysis were carried out by one way ANOVA

followed by Dunnet’s multiple comparison test for the control

and treatment groups using Graph Pad prism 5.0. p

value � 0.05 was considered as significance.
3. Results

3.1. Phytochemical analysis

The results of the phytochemical screening of the extracts of

C. orchioides are presented in Table 1.

3.2. Acute oral toxicity study

There was no treatment related death or signs of toxicity

developed in the control, MECO treated rats through the study.

http://dx.doi.org/10.1016/j.jopr.2013.08.023
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Table 1 e Phytochemical screening of the extract of root
parts of Curculigo orchioides (C.O).

Phytochemicals Methanolic extract

Alkaloids e

Flavonoids þþ
Tannins e

Saponins þ
Glycosides þ
Terpenes þþ
Sterols þ
Phenols þ
Volatile oils e

Resins e

Gums e

þ Represents compound present; þþ represents appreciable

amount; e represents compound absent.
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Rubbing of nose and mouth on the floor of the cage and

restlessness were the only behavioral signs of toxicity shown

by the animals and these disappeared within 24 h of extract

administration. During the study there were no significant

changes in body weights of treated rats compared to control

group. Further there were no gross pathological abnormalities

in both control and treated rats.

3.3. Repeated dose 28-day oral toxicity study

3.3.1. General behavior
There were no noticeable change in the general behavior;

treatment related toxicity signs and mortality observed in

both sexes of rats treated at 200, 400 and 800 mg/kg of meth-

anolic extract orally for a period of 28 days and in the satellite

groups of rats. No significant difference in the body weight

gain was observed between control and treated groups during

the study. The results are depicted in Table 2.

3.3.2. Hemogram
Hematological parameters such a red blood corpuscles, he-

moglobin, hematocrit, packed cell volume, mean corpuscular

volume, mean corpuscular hemoglobin concentration, plate-

lets, white blood corpuscles and lymphocytes were found to

be well within the clinical range of rats8 in the experimental

groups which are shown in Table 3.
Table 2 e Effects of the extract of Curculigo orchioides (C.O) on b

Treatment

1st

Control Group 0.5% CMC 144.99 � 2.42 152

C.O treated

Group

200 mg/kg P.O/day Met extract 145.64 � 1.10 157

400 mg/kg P.O/day Met extract 141.45 � 1.02 151

800 mg/kg P.O/day Met extract 140.35 � 1.91 154

Satellite Group Control 0.5% CMC 143.66 � 1.87 151

C.O (800 mg/kg P.O/day) Met extract 140.99 � 2.20 153

Values are expressed as mean � SEM; g e gram; Met e methanolic; Signi

*p < 0.05, **p < 0.01 and ***p < 0.001 vs control group.
3.3.3. Biochemical indices
There was a significance decrease in glucose and cholesterol

levels in MECO treated rats and an increase in serum protein

of rats treated with MECO (400 & 800 mg/kg/day) compared to

the control groups. No changes in other biochemical param-

eters were observed between control and treated groups. The

results are tabulated in Table 4.

3.3.4. Organ weights
There were no significant differences in organ and relative

organweights of heart, lung, liver, kidney and spleen recorded

between the control, MECO treated groups. The results are

tabulated in Table 5.

3.3.5. Histopathology
The macroscopic analysis of the target organs of the treated

rats did not show changes in color and texture when

compared with the control group. In our study we performed

histopathological examinations in control and high dose

group. The organs revealed no abnormalities.
4. Discussion

The plant kingdom represents an enormous reservoir of bio-

logically active compounds with various chemical structures

and protective/disease preventive properties.9 Despite the

usage of the plants in folklore medicine over ages, only lately

has pharmacology and toxicology of these plants begun to

receive attention from scientists. Hence to validate their

claimed pharmacological properties and investigate their

possible toxicity, preclinical toxicity studies were carried out

initially on methanolic extract of root parts of C. orchioides in

Wistar Albino rats.

In the present study, during acute toxicity evaluation, there

were nomortality and toxicity signs observed at 2000mg/kg. A

28-day repeated oral toxicity study was performed following

OECD test guideline 407 in both male and female Wistar Al-

bino rats. Since examination of clinical signs plays major role

in toxicological testing, mortality and morbidity were recor-

ded twice a day throughout the study. MECO did not produce

any alterations in the feed and water consumption and the

changes in body weights of treated rats are insignificant

compared to that of control. This reveals that it does not
ody weight gain of rats-repeated oral toxicity study.

Body weight in gm/week

2nd 3rd 4th 5th 6th

.36 � 2.25 163.39 � 0.86 168.54 � 0.61

.19 � 1.50 166.30 � 1.07 170.30 � 0.51

.66 � 1.22 161.84 � 1.03 167.75 � 0.87

.82 � 1.72 163.94 � 0.88 168.54 � 0.48

.71 � 1.06 162.40 � 0.84 168.40 � 0.53 173.00 � 0.53 177.91 � 0.58

.44 � 1.35 161.99 � 0.68 169.55 � 0.42 173.19 � 0.64 179.41 � 0.68

ficance with Dunnet’s test following one way ANOVA is evaluated as

http://dx.doi.org/10.1016/j.jopr.2013.08.023
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Table 3 e Effects of the extract of Curculigo orchioides (C.O) on hematological parameters of rats e repeated oral toxicity
study.

Treatment Hematological parameters

RBC (�106/cm) Hemoglobin (g/dl) HCT (%) PCV (%) MCV (fl)

Control Group 0.5% CMC 7.22 � 0.25 14.25 � 0.54 38.29 � 2.30 45.49 � 1.85 47.27 � 2.29

C.O treated Group 200 mg/kg P.O/day Met extract 7.51 � 0.33 13.21 � 0.57 36.11 � 2.31 45.16 � 2.21 47.38 � 1.87

400 mg/kg P.O/day Met extract 6.98 � 0.35 13.28 � 0.68 35.97 � 1.81 45.12 � 1.93 48.15 � 1.19

800 mg/kg P.O/day Met extract 6.70 � 0.21 12.84 � 0.50 32.77 � 2.81 47.90 � 1.90 47.51 � 1.71

Satellite Group Control 0.5% CMC 7.39 � 0.27 13.23 � 0.52 33.84 � 2.27 46.26 � 2.67 48.07 � 2.93

C.O(800 mg/kg P.O/day) Met extract 7.27 � 0.24 13.08 � 0.55 33.90 � 2.14 42.73 � 2.21 47.02 � 2.05

Treatment Hematological parameters

MCH (pg) MCHC (g/dl) Platelets (�103/cm) WBC (�103/cm) Lymphocytes (%)

Control Group 0.5% CMC 19.88 � 1.02 36.22 � 1.98 680.70 � 41.65 9.65 � 1.08 68.71 � 3.13

C.O treated group 200 mg/kg P.O/day Met extract 20.57 � 1.05 36.71 � 2.08 677.70 � 48.01 9.71 � 0.87 68.34 � 4.23

400 mg/kg P.O/day Met extract 20.81 � 0.92 40.99 � 1.04 723.90 � 51.76 11.46 � 1.38 73.74 � 4.30

800 mg/kg P.O/day Met extract 21.34 � 1.50 38.44 � 1.65 703.50 � 64.74 12.37 � 1.17 70.76 � 3.25

Satellite Group Control 0.5% CMC 20.55 � 1.07 42.03 � 1.66 791.50 � 56.95 11.17 � 1.16 68.79 � 4.95

C.O (800 mg/kg P.O/day) Met extract 19.23 � 0.78 36.14 � 1.77 737.10 � 52.79 11.77 � 1.24 73.34 � 4.36

Values are expressed as mean � SEM; Met e methanolic; Significance with Dunnet’s test following one way ANOVA is evaluated as *p < 0.05

**p < 0.01 and ***p < 0.001 vs control group. RBC e red blood cell; HCT e hematocrit; PCV e packed cell volume; MCV e mean corpuscular

concentration; MCH e mean corpuscular hemoglobin; MCHC e mean corpuscular hemoglobin concentration; WBC e white blood corpuscles.
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adversely affect the basic metabolic processes of the experi-

mental rats.

In the study, treatment with MECO did not produce any

alteration in hematological parameters which indicate that C.

orchioides did not affect blood cells and their production.

In biochemical evaluation the extracts treated groups

showed reduction in serum glucose levels. This suggests that

C. orchioides could produce hypoglycemic effects. A number of
Table 4 e Effects of the extract of Curculigo orchioides (C.O) on b

Treatment

Glucose
(mg/dl)

Control group 0.5% CMC 103.67 � 9.68

C.O treated Group 200 mg/kg P.O/day Met extract 101.43 � 9.13

400 mg/kg P.O/day Met extract 74.28 � 4.93

800 mg/kg P.O/day Met extract 71.29 � 5.80

Satellite Group Control 0.5% CMC 111.07 � 8.97

C.O(800 mg/kg

P.O/day)

Met extract 72.64 � 9.53

Treatment

Creatinine (mg

Control Group 0.5% CMC 0.72 � 0.06

C.O treated group 200 mg/kg P.O/day Met extract 0.70 � 0.05

400 mg/kg P.O/day Met extract 0.78 � 0.09

800 mg/kg P.O/day Met extract 0.92 � 0.12

Satellite

Group

Control 0.5% CMC 0.89 � 0.06

C.O(800 mg/kg

P.O/day)

Met extract 0.72 � 0.08

Values are expressed as mean � SEM; Met e Methanolic; Significance wi

**p < 0.01 and ***p < 0.001 vs control group. BUN e blood urea nitrogen;

alanine transaminase; LDH e lactate dehydrogenase.
investigators have shown that coumarin, flavonoids, terpe-

noids and a host of secondary plant metabolites including

arginine and glutamic acids possess hypoglycemic effects in

various experimental animal model.10

MECO exhibited reduction in cholesterol levels. This shows

C. orchioides possess lipid lowering activity and also some

beneficial effects on the cardiovascular risk factors. The lipid

lowering activity may be due to presence of flavonoids.11
iochemical parameters of rats-repeated oral toxicity study.

Biochemical parameters

Cholesterol
(mg/dl)

Protein
(g/dl)

Bilirubin
(mg/dl)

BUN (mg/dl)

93.85 � 7.93 5.44 � 0.58 0.42 � 0.05 16.41 � 1.09

99.08 � 5.16 5.94 � 0.60 0.46 � 0.07 15.75 � 1.45

* 70.91 � 3.82** 5.68 � 0.62 0.59 � 0.06 16.92 � 1.18

** 61.15 � 3.06*** 6.44 � 0.72 0.53 � 0.07 14.87 � 1.55

92.92 � 9.89 6.13 � 0.40 0.66 � 0.07 18.16 � 0.90

** 60.56 � 2.81** 7.92 � 0.28** 0.51 � 0.08 17.22 � 1.48

Biochemical parameters

/dl) ALP (IU/L) AST (IU/L) ALT (IU/L) LDH (IU/L)

120.02 � 14.40 70.79 � 5.30 73.49 � 6.30 255.71 � 35.74

124.66 � 13.45 64.99 � 5.02 71.84 � 4.95 294.69 � 32.51

125.62 � 13.39 65.31 � 5.18 66.70 � 5.40 325.43 � 37.49

122.87 � 10.98 67.43 � 6.31 65.66 � 4.22 284.21 � 35.77

107.68 � 12.78 69.38 � 5.95 71.80 � 4.63 268.99 � 34.06

119.20 � 10.60 67.60 � 4.97 59.10 � 5.33 302.56 � 27.23

th Dunnet’s test following one way ANOVA is evaluated as *p < 0.05

ALP e alkaline phosphatase; AST e aspartate transaminase; ALT e

http://dx.doi.org/10.1016/j.jopr.2013.08.023
http://dx.doi.org/10.1016/j.jopr.2013.08.023


Table 5 e Effect of Curculigo orchioides (C.O) on relative organ weights of rats e repeated oral toxicity study.

Treatment Relative organ weight (g%)

Heart Liver Lung Spleen Kidney

Control Group 0.5% CMC 0.47 � 0.002 4.74 � 0.24 0.49 � 0.02 0.46 � 0.02 1.02 � 0.05

C.O treated Group 200 mg/kg P.O/day Met extract 0.45 � 0.01 4.40 � 0.16 0.49 � 0.02 0.46 � 0.11 1.05 � 0.08

400 mg/kg P.O/day Met extract 0.45 � 0.01 4.51 � 0.14 0.45 � 0.01 0.45 � 0.02 1.24 � 0.10

800 mg/kg P.O/day Met extract 0.44 � 0.01 4.47 � 0.16 0.48 � 0.02 0.44 � 0.02 1.14 � 0.12

Satellite Group Control 0.5% CMC 0.44 � 0.02 4.42 � 0.16 0.50 � 0.02 0.46 � 0.02 1.27 � 0.12

C.O (800 mg/kg P.O/day) Met extract 0.45 � 0.02 4.38 � 0.21 0.52 � 0.02 0.43 � 0.02 1.17 � 0.10

Values are expressed as mean � SEM; Met e Methanolic; Significance with Dunnet’s test following one way ANOVA is evaluated as *p < 0.05

**p < 0.01 and ***p < 0.001 vs control group.
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Several researches conducted had indicated that many plant

sterols reduce serum cholesterol absorption.12 There was

significant increase in protein levels in MECO (400 & 800 mg/

kg/day) treated rats compared to control groups whichmay be

due to its property of increased protein synthesis.

The insignificant difference in urea and creatinine levels

between the treated groups and the control group probably

suggests that the extract did not interfere with the renal ca-

pacity toexcretethemetabolite. Indeedcreatinine isknownasa

good indicator of renal function. Any rise in creatinine levels is

only observed if there is a marked damage to functional neph-

rons.13 Elevation of bilirubin suggests increase in hemolysis.14

The aqueous and methanolic extracts of C. orchioides did not

alter the bilirubin levels in treated rats compared to the control.

Histopathological studies of kidney structure showed

normal structural features suggesting the preserved renal

integrity of MECO treated rats.
5. Conclusion

This study has shown the diversity in toxicity as well as the

chemical constituents of the root parts of C. orchioides in

relation to the extraction solvent. The No Observed Adverse

Effect Level (NOAEL) of C. orchioides was estimated to be

greater than 800 mg/kg/day. This study provides the basis for

further study on the detailed toxic and pharmacological ef-

fects of the extracts of aerial parts of C. orchioides and their

active component(s).
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