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ABSTRACT

Aims: The present study was aimed at investigating the phytoconstituents in order to
correlate the folkloric claims with the bioactive compounds present in Casuarina
equisetifolia. Also evaluate the antioxidant, antibacterial and cytotoxic property of
Casuarina equisetifolia.

Methodology: In the present study, the leaf extracts were investigated for different
phytochemical groups using specified reagents. Antioxidant activity by following DPPH
free radical scavenging study, antibacterial activity by disc diffusion method and cytotoxic
activity by Brine shrimp (Artemia salina) lethality bioassay procedures.

Results: The qualitative phytochemical screening revealed that the extract contains
alkaloids, glycosides, tannins, steroids, etc. The extract showed strong antioxidant activity
in DPPH free radical scavenging study (ICso: 25.89ug/mL), while, it showed moderate
cytotoxic activity in Brine shrimp (Artemia salina) lethality bioassay study (LCso:
77.98ug/mL). It also showed mild antibacterial activity against both gram positive and
gram negative bacteria.
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Conclusion: The present study tends to suggest the antioxidant, cytotoxic and mild
antibacterial activity of MeOH extract of Casuarina equisetifolia.

Keywords: Casuarina equisetifolia; antioxidant; antibacterial; cytotoxic.
ABBREVIATIONS

DPPH=2, 2-diphenyl-1-picrylhydrazyl; LCs,=Lethal concentration for 50% of the population;
ICso=Inhibition concentration for 50% of the sample.

1. INTRODUCTION

Plants are the major source of medicine; most of the modern medicines are originated from
plants. Today, about 80% of the World’s population still depends on the traditional medicine
practices for the management of various diseases [1,2] and day by day it becoming more
popular. Medicinal plants are good source of many potent and powerful drugs [3].

Present days phytochemical, pharmacological, toxicological screening on different plant
extracts are going on and there is a growing interest in correlating the phytochemical
constituents of a medicinal plant with its pharmacological activity [4,5]. The toxicological
effects of most of the crude extracts are often overlooked based on the facts that plant
medicines have better compatibilities with the human body and produce fewer side effects,
although the adverse effects, sometimes life-threatening, allegedly arising from herbal
remedies consumption [3].

Casuarina equisetifolia family Casuarinaceae is a perennial tree, widely distributed all over
the world. Its leaves are traditionally used for the treatment of mouth infection, rheumatism,
stomachache, urinary tract infection [6]. The plant is traditionally also used to treat
constipation, cough, diabetes, diarrhea, dysentery, gonorrhea, nervous disorders, stomach
acne, throat infections and ulcer [7-9]. The plant is reported to have various biological
activities like anti-asthmatic [10], antimicrobial [11], antioxidant [12-14], antifungal [15],
hepatoprotective  [16], nitrogen fixation [17], antidiarrheal [18], antidiabetic,
antihyperlipidemic [19], and antiulcerogenic [20].

Seventy-six compounds comprising of monoterpene hydrocarbons (29.3%), oxygenated
monoterpenoids (16.2%), sesquiterpene hydrocarbons (2.7%), oxygenated derivatives
(1.0%), aliphatic (40.6%) and non-terpenoid (7.2%) compounds were observed in the leaf
oils. The major compounds were pentadecanal (32.0%) and 1,8-cineole (13.1%). Significant
quantities of a-phellandrene (7.0%), apiole (7.2%) and a-terpinene (6.9%) were present. The
fruit oil was devoid of sesquiterpene hydrocarbon compounds. The main constituents were
caryophyllene-oxide (11.7%), translinalol oxide (11.5%), 1,8-cineole (9.7%), a-terpineol
(8.8%) and a-pinene (8.5%). All the eleven compounds identified in the oil occurred at levels
between 3.4 and 11.7%. Both caryophyllene-oxide and trans-linalool oxide were absent in
the leaf oil [21]. Phytoconstituents reported in C. equisetifolia include p-sitosterol,
campesterol, stigmasterol, cholesterol, cholest-5-en-3-3-ol derivatives, casuarine, catechin,
citrulline, cupressuflavone, epicatechin, gallicin, gentisic acid, isoquercitrin, juglanin,
kaempferol, proanthocyanidins, rutin, trifolin [22,23].
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The present study was aimed at investigate the safety profile as the plant having enormous
biological activity and traditional uses. Cytotoxicity potential of the plant on brine shrimp
(Artemia salina) larvae can reveal the safety profile. Since toxicological evaluation of plant
extracts seeks to determine its possible collateral effects to ensure the safety of its use,
brine shrimp larvae being sensitive to toxic substances are commonly used for toxicity
assays in pharmacology. This paper present for the first time, cytotoxicity of Casuarina
equisetifolia leaf extracts. This biological screening may open a new window for herbal use
of this plant.

2. MATERIALS AND METHODS
2.1 Plant Collection

Leaves of Casuarina equisetifolia were collected from National Botanical Garden, Dhaka,
Bangladesh on November, 2013 and were authenticated at department of botany,
Chittagong University, Bangladesh. A voucher specimen (Acc. No. SBU1031) was also
deposited for future reference in department of pharmacy and botany, Chittagong University,
Bangladesh.

2.2 Extraction of Plant

400g of leaves of Casuarina equisetifolia were cut into small pieces and was macerated in
MeOH at 37°C for 15 days accompanying occasional shaking and stirring. The whole
mixture was then underwent a coarse filtration by clean, white cotton, followed by a filtration
through Whatmann filter paper. The filtrate was then evaporated through rotary evaporator
followed by desiccation to get the dried crude extract (yield:12%). This extract was used for
phytochemical and biological screening [24].

2.3 Phytochemical Screening

MeOH extract of Casuarina equisetifolia was tested for different chemical groups according
to the described methods [25-28].

2.4 Anti Oxidant Activity

Anti oxidant activity of Casuarina equisetifolia was tested using DPPH (2, 2-Diphenyl-1-
picrylhydrazyl) free radical scavenging assay method modified by Gupta et al. [29,30]. In
short, different concentrations (1, 5, 10, 50, 100 and 500ug/mL) of extract and ascorbic acid
was prepared as standard in ethanol and was taken in test tubes. Then 2mL of 0.004% of
DPPH solution was added to each test tube, shaken well and allowed to stand for 30 min for
reaction to occur. The absorbance was then determined at 517nm. Then % inhibitions were
plotted against concentration and ICsq was calculated from the graph. The experiment was
performed in triplicate and average absorption was noted for each concentration.

2.5 Antibacterial Activity

Antibacterial activity of Casuarina equisetifolia was tested by the disc diffusion method
[31,32]. Sterilized Whatmann No. 1 filter paper was cut into circular disc diameter of 6mm.
Calculated amount of the test sample was infused with disc, allowed to dry and placed onto
inoculated nutrient agar seeded plates aseptically. The plates were incubated with the
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extract of Casuarina equisetifolia at 37°C for 24 hours. Then the diameters of the zone of
inhibition were measured in millimeters. Antibacterial activity test was carried out in triplicate.
Sample disc used 500ug/disc of extract solution; Standard disc used of ciprofloxacin
(30ug/disc) from Ovoid Ltd. served as positive control and blank discs was used as negative
control [33].

2.6 Brine Shrimp Lethality Bioassay

The Brine shrimp Nauplii were obtained by hatching eggs in artificial sea water after
incubation at 37°C for 48h with continuous oxygen’s supply. The nauplii were allowed to
stand for another 48h in seawater to ensure survival and maturity before use. Six conc. of
plant extract (10, 20, 40, 80, 160, and 320ug/mL) in DMSO. Each extract preparation was
dispensed into clean test tube 10ml volumes and tested in triplicate. The concentration of
DMSO in the vials was kept below 20uL/mL. For control, same procedure was followed
except test sample. After marking the test tubes properly, 10 living nauplii were added to
each of the 20 vials with the help of the Pasteur pipette. The test tube containing the sample
and control were then incubated at 37°C for 24h in a water bath, after which tube was
examined and the surviving nauplii counted. From this, the percentage of mortality was
calculated at each concentration [34-38]

2.7 Statistical Analysis

A significant difference between the control group and experimental groups was determined
by the Student’s t-test.

3. RESULTS
3.1 Phytochemical Screening

Phytochemical analysis showed that Casuarina equisetifolia contains flavonoids, alkaloid,
saponin, tannin, steroid among others. The results are as given in Table 1.

Table 1. Test result for chemical groups of Casuarina equisetifolia

S/no. Compound groups Present/absent
Flavonoid
Alkaloid
Saponin
Tannin
Steroid
Sugar
Gum
ME=Methanolic extract, +=Present, -=Absent

~NoO R WN
+ + + + + + +

3.2 DPPH Free Radical Scavenging Activity

In comparison to ascorbic acid Casuarina equisetifolia showed strong antioxidant (DPPH
free radical scavenging activity) activity where the 1C5,=25.71ug/mL Table 2, Fig. 1.
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Table 2. DPPH free radical scavenging activity of Casuarina equisetifolia

Concentration (ug/mL) % inhibition ICso
Ascorbic acid Casuarina Casuarina Standard
MeantSD equisetifolia equisetifolia ascorbic
MeanzSD ___acid _
1 4.01+0.001 11.48+0.004 25.71+0.003  5.98+0.007
5 48.03+0.005 16.8410.002
10 80.14+0.002 17.92+0.004
50 93.04+0.003 65.05+0.002
100 94.03+0.007 85.45+0.002
500 95.14+0.009 90.17+0.006
Values represent the meanxSD; Number of readings in each group =3, * p<0.001 vs. control
120
100
y=17.33x- 26.25
80 - R?=0.7874
60

a0
20
0
-20
-40
60

% Inhbition

Con. { pg/ml)

500

y=18.469x-53.76
R?=0.8935

——Ascorhic acid

== equisetifolia

Fig. 1. DPPH free radical scavenging activity of Casuarina equisetifolia, values
represent the meantSD; Number of readings in each group =3

3.3 In vitro Antibacterial Activity

Methanolic extracts of the leaves of Casuarina equisetifolia showed mild antibacterial activity

against test organism Table 3.

3.4 Brine Shrimp lethality bioassay

Methanolic extracts of leaves of Casuarina equisetifolia showed moderate Cytotoxic Activity
comparable to standard sample in Brine Shrimp lethality bioassay test where the LCs, was

found at 95.87ug/mL Table 4, Fig. 2.
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Table 3. In vitro Antibacterial activity of Casuarina equisetifolia

Bacterial strains Diameter of zone of inhibition (mm)
Sample (250ug/disc) Ciprofloxacin HCI
MeanzSD (30pg/disc) MeantSD
Gram positive Bacillus subtilis 8.02 +0.23 30.01+0.21
Bacillus cereus 6.11 1£0.12 32.21+0.23
Gram negative  Pseudomonas 7.23 £0.27 35.06+0.46
aureus
E. coli 7.14 +0.33 35.04+0.44

Values represent the mean+SD,; Number of readings in each group =3.

Table 4. Brine Shrimp lethality bioassay of Casuarina equisetifolia

Conc. of Casuarina Log conc. % mortality LCs, (ug/mL) MeantSD
equisetifolia
10 1 10 95.87+0.86
20 1.301 20
40 1.602 20
80 1.903 60
160 2.204 60
320 2.505 70
Values represent the mean+SD; Number of readings in each group=3, * p<0.001 vs. control

80

20 y=13.143x-19.143
el R?=0.8891
=
b 60
t
(=] 50
=
=X 40

30 ——% Mortality

20

10

0
10 2 3 4 S 6 i
Log Conc. (ug/ml)

Fig. 2. Brine Shrimp lethality bioassay of Casuarina equisetifolia, values represent the
mean*SD; Number of readings in each group=3
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4. DISCUSSION

Flavonoid, tannin, alkaloid, Saponin, steroid, sugar, and gum has been Preliminary
confirmed by phytochemical screening in the plant extract. The major phenol compounds
that were isolated from leaves of Casuarina equisetifolia were gallic, protocatioic,
chlorogenic, p. hydroxy benzoie, p. coumaric, syringic, vanillic and salicylic acid [39]. These
phenolic compounds may be responsible for antioxidant activity. Casuarina equisetifolia has
tannic acid confirmed from phytochemical screening could have for the antioxidant action
Fig. 1 [40]. Polyphenolic compounds, like flavonoids, tannins and phenolic acids have the
antioxidant activity. With the increasing dose the antioxidant activity was increased
significantly (P<0.001). Antioxidant-based drug formulations are used for the prevention and
treatment of complex diseases like atherosclerosis, stroke, diabetes, Alzheimer’'s disease
and cancer [41]. An antioxidant is any substance that, when present at low concentrations
significantly prevents oxidation of cell content like protein, lipid, carbohydrates and DNA.
Casuarina equisetifolia shows more than five times ICsy than standard ascorbic acid and
may be a good source of natural antioxidant.

Extracts are regarded as non-toxic if its LCsy is greater 100ug/mL in brine shrimp lethality
assay [38]. The mortality percentage and LCs, (lethal concentration for 50% of the
population) were determined using statistical analysis and the graph of Logarithm of
concentration against percentage lethality [40]. Methanol extract of leaves of Casuarina
equisetifolia has moderate cytotoxicity in comparison to standard sample Fig. 2. According to
the literature, compounds that present brine shrimp (Artemia salina) toxicity, in general also
have cytotoxic properties against cells of solid tumors found in humans [42]. The presence of
flavonoids, glycosides, alkaloids and saponin in plants probably responsible for this activity
because the biological activities of plants may be due to the presence of these diverse group
of chemical compounds [43]. However, increasing the concentration of Casuarina
equisetifolia leaf extract increasing the percent mortality rate significantly, P<0.001.

Methanol extract of Casuarina equisetifolia showed mild effect against the Gram positive and
Gram-negative organisms. Kishore and Rumana [44] reported that the presence of alkaloids,
proteins, glycosides, saponins, flavonoids and tannins of C. equisetifolia bark extract might
be responsible for the antimicrobial activity. The antimicrobial effect of methanol extract of
Casuarina equisetifolia against these organisms may be responsible for phenolic
compounds, alkaloids, saponin and flavonoids present in the leaf extract.

5. CONCLUSION

Cytotoxic activity study reveals that Casuarina equisetifolia leaves are safe for human use
and as Casuarina equisetifolia having good antioxidant it may be used as natural
antioxidant.
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appropriate ethics committee and have therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki.

933



European Journal of Medicinal Plants, 4(8): 927-936, 2014

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1.

© N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Olajuyigbe OO, Afolayan AJ. Pharmacological assessment of the medicinal potential
of Acacia mearnsii De Wild. Antimicrobial and Toxicity activities. Int J Mol Sci.
2012;13:4255-4267.

Steenkamp V, Mathivha E, Gouws MC, Rensburg CEJ. Studies on antibacterial,
antioxidant and fibroblast growth stimulation of wound healing remedies from South
Africa. J Ethnopharmacol. 2004;95:353-357.

Satish S, Mahesh B. Antimicrobial activity of some important medicinal plants against
plant and human pathogens. World J Agric Sci. 2008;4:839-843.

Nair S, Nagar R, Gupta R. Antioxidant phenolics and flavonoids in common Indian
foods. J Assoc Physicians (India). 1998;46:708-710.

Zafar R, Mujeeb M. Retinoid and rutin in callus culture of Tephrosia purpurea pers.
Indian. J Pharm Sci. 2002;3(Suppl.2):58-61.

Ghani A. Medicinal Plants of Bangladesh. 2" ed. The Asiatic Society of Bangladesh,
Bangladesh; 2003.

Weiner MA. Ethnomedicine in Tonga. Econ Bot. 1971;25(4):423-50.

Whistler WA. Polynesian medicinal plants. Hong Kong: Everbest; 1992.

Prajapati ND, Purohit SS, Sharma AK, Kumar T. Handbook of medicinal plants.
Jodhpur: Agrobios (India); 2003.

Karimulla SK, Kumar BP. Antiasthmatic activity of bark of Casuarina equisetifolia L.
(Casuarinaceae). Int J Exp Pharmacol. 2011;1(1):1-3.

Parekh J, Jadeja D, Chanda S. Efficacy of aqueous and methanol extracts of some
medicinal plants for potential antibacterial activity. Turk J Biol. 1971;29:203-10.

Chopra RN, Nayar SL, Chopra IC. Glossary of Indian medicinal plants. New Delhi:
Council of Scientific and Industrial Research (India); 1956.

Prakash D, Suri S, Upadhyay G, Singh BN. Total phenol, antioxidant and free radical
scavenging activities of some medicinal plants. Int J Food Sci Nutr. 2007;58:18-28.
Zhang SJ, Lin YM, Zhou HC, Wei SD, Lin GH, Ye GF. Antioxidant tannins from stem
bark and fine root of Casuarina equisetifolia. Molecules. 2010;15:5658-70.

Han ST. Medicinal plants in South Pacific. Geneva: WHO Regional Publications; 1998.
Ahsan MR, Islam KM, Bulbul 1J. Hepatoprotective activity of methanol extract of some
medicinal plants against carbon tetrachloride-induced hepatotoxicity in rats. Eur J Sci
Res. 2009;37(2):302-10.

Li-Hua Z, Gong-Fu Y, Yi-Ming L, Hai-Chao Z, Qi Z. Seasonal changes in tannin and
nitrogen contents of Casuarina equisetifolia branchlets. J Zhejiang Univ Sci B.
2009;10:103-11.

Kumar KKS. Pharmacological studies of anti diarrhoeal activity of Casuarina
equisetifolia (L.) in experimental animals. Asian J Pharm Sci Technol. 2011;1(1):8-11.
Sriram N. Antidiabetic and antihyperlipidemic activity of bark of Casuarina equisetifolia
on streptozotocin induced diabetic rats. Inter J Pharm Rev Res. 2011;1(1):4-8.

Shalini S, Kumar AS. Study on phytochemical profile and antiulcerogenic effect of
Casuarina equisetifolia L. Asian J Pharm Sci Technol. 2011;1(1):12-7.

934



21.

22.

23.

24.

25.
26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

European Journal of Medicinal Plants, 4(8): 927-936, 2014

Ogunwande IA, Flamini G, Adefuye AE, Lawal NO, Moradeyo S, Avoseh NO.
Chemical compositions of Casuarina equisetifolia L., Eucalyptus toreliana L. and Ficus
elastica Roxb. ex Hornem cultivated in Nigeria. South African Journal of Botany.
2011;77:645-649.

Cambie RC, Ash J. Fijian medicinal plants. Australia: CSIRO; 1994.

Nash RJ, Thomas PIl, Waigh RD, Fleet GWJ, Wormald MR, Lilley PMQ, et al.
Casuarine: A very highly oxygenated pyrrolizidine alkaloid. Tetrahedron Lett.
1994;35(42):7849e52.

Taylor RSL, Edel F, Manandhar NP, Towers GHN: Antimicrobial activity of Southern
Nepalese medicinal plants. J Ethnopharmacol. 1996;50:97-102.

Harborne JB. Phytochemical methods. London: Chapman and Hall, Ltd; 1973:49-188
Trease GE, Evans WC: Pharmacognsy. 11™ ed. Brailliar Tiridel, Canada: Macmillian
Publishers; 1989.

Sofowora A. Medicinal plants and traditional medicine in Africa. Ibadan, Nigeria:
Spectrum Books Ltd. 1993;289.

Edeoga HO, Okwu DE, Mbaebie BO. Phytochemical constituents of some Nigerian
medicinal plants. Afri J Biotechnol. 2005;4:685—-688.

Gupta M, Mazumdar UK, Sivahkumar T, Vamis MLM, Karki S, Sambathkumar R,
Manikandan L. Antioxidant and anti-inflammatory activities of Acalypha fruticosa. Nig.
J. Nat. Prod. Med. 2003(7):25-29.

Ahmed Firoj, Shahid 1Z, Razzak MA, Rahman M, Mostafizur, Hoque Tahmina,
Rahman MT, Sadhu SK. Free radical scavenging activity of some Mangroves
available in Bangladesh. Oriental pharmacy and experimental medicine. 2006;58-64.
Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic susceptibility testing by a
standardized single disk method. Am. J. Clin. Pathol. 1966;45:493-496.

Firoj Ahmed, M Amirul Islam, M Mustafizur Rahman. Antibacterial activity of Leonurus
sibiricus aerial parts. Fitoterapia. 2006;77(4):316-7.

Ellof JN. A sensitive and quick microplate method to determine the minimum inhibitory
concentration of plant extracts for bacteria. Planta Medical. 1998;64:711-713.

Meyer BN, Ferrigin NR, Putnam JB, Jacobsen LB, Nichols DE, McLaughlin JL. Brine
shrimp: A convenient general bioassay for active plant constituents. Planta Med.
1982;45:31-34.

Goldstein AL, Kalkan SM. Principles of Drug Action, 2" ed. Willy Biochemical Health
Publications. 1974;376-381.

Pelka M, Danzl C, Distler W, Petschelt A. A new screening test for toxicity testing of
dental materials. J Dent. 2000;28:341-345.

Moshi MJ, Innocent E, Magadula JJ, Otieno DF, Weisheit A, Mbabazi PK, Nondo
RSO: Brine shrimp of some plants used as traditional medicine in Kagera Region,
North West Tanzania. Tanzan J. Health Res. 2010;12:63-67.

Gupta MP, Monge A, Karitas G, Lopez de Cerain A, Solis PN, Leon E, de Trujilo M,
Surez O, Wilson F, Montenegro G, Noriega Y, Santana Al, Correa M, Sanchez C.
Screening of Panamanian medicinal plants for brine shrimp toxicity, crown gall tumor
inhibition, cytotoxicity and DNA interaction. Intr J Pharmacol. 1996;34:123-127.

Nehad M. Gumgumjee, Abdulrahaman S. Hajar. Antimicrobial efficacy of Casuarina
equisetifolia extracts against some pathogenic microorganisms. Journal of Medicinal
Plants Research. 2012;6(47):5819-5825.

Md. Sariful Islam Howlader, Md. Mofizur Rahman, Abul Bashar Ripon Khalipha, Firoj
Ahmed, Md. Mustafizur Rahman. Antioxidant and Antidiarrhoeal Potentiality of
Diospyros blancoi. Int. J Pharmcol. 2012;8:403-409.

Devasagayam TPA, Tilak JC, Boloor KK, et al. Review: Free radical and antioxidants
in human health. Curr Stat Fut Pros JAPI. 2004;53:794-804.

935



European Journal of Medicinal Plants, 4(8): 927-936, 2014

42. MclLughilin JL, Rogers LL. The use of biological assays to evaluate botanicals. Drug
Information J. 1991;32:513-524.

43. Mohammad Sekendar Ali, Mohammad Ruhul Amin, Chowdhury Mohammad Imtiaz
Kamal, Mohammad Aslam Hossain. In vitro antioxidant, cytotoxic, thrombolytic
activities and phytochemical evaluation of methanol extract of the A. philippense L.
leaves. Asian Pac J Trop Biomed. 2013;3(6):464-469.

44. Kishore DV, Rahman R. Spasmolytic activity of Casuarina equisetifolia bark extract.
Int. J. Pharm. Sci. Res. 2012;3(5):1452-1456.

© 2014 Hossen et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=519&id=13&aid=4707

936



