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ABSTRACT 
The potential of Equisetum debileRoxb. as source of lead compounds for drug development was investigated. The 
bioactivity of the decoction (EdD), ethanolic - (EdE), chloroform- (EdC), hexane - (EdH), and aqueous (EdA) extracts of 
E. debile were determined through Brine Shrimp Lethality Test (BSLT) and in vitro antioxidant assays: Total Antioxidant 
Capacity, 1,1-diphenyl-2-picrylhydrazyl (DPPH) Radical Scavenging Activity, and Total Phenolics Content.  The 
chloroform extract (EdC) of E. debile exhibited moderate toxicity against Artemiasalinanauplii with an LC50 value of 
190.55 mg/L and gave the highest total antioxidant capacity (354.05 mg BHT Equivalents/g sample and 330.20 mg 
Ascorbic Acid Equivalents/g sample).  EdC also gave a remarkably higher phenolics content (713.72 mg Gallic Acid 
Equivalents/g sample) among the extracts, showed DPPH radical scavenging activity of 78.13% and consequently the 
lowest EC50 value (295.02 mg/L).   The results indicated that the chloroform-soluble extract of E. debile is the most 
bioactive and can be further purified to identify compounds responsible for its bioactivity.  
Keywords: Equisetum debile, brine shrimp lethality, antioxidant property, cytotoxicity 
 
Received 12.03.2018                                                        Revised 22.05.2018                                                    Accepted 16.06.2018 
 
INTRODUCTION 
The importance of traditional medicinal plants and traditional health systems has been continuously 
recognized and is gaining increasing attention even up to present.  Today, plant-based system has 
continued to play an essential role in solving the healthcare problems of the world.  According to World 
Health Organization (WHO), about 80% of people worldwide rely on herbal medicines for some parts of 
their primary health care[1].  However, only about five percent of the total plant species have been 
thoroughly investigated to ascertain safety and efficacy of traditional medicine[2]. Hence, investigation on 
plants of medicinal importance is growing phenomenally.                                                             
In the Philippines, there are over 1000 plant species considered to be of medicinal use[3]. Among these 
plants is Equisetum debile Roxb., a fern ally under family Equisetaceae.  Ethnobotanical reports have 
shown polypus, jaundice, hepatitis, urinary troubles, and cancers of breast, liver, intestine, stomach, 
kidneys and tongue[4].However, limited scientific studies were conducted to support therapeutic claims 
and medicinal value of E. debile. Thus, cytotoxic and antioxidant properties of E. debile is worth 
investigating. 
During the process of oxygen utilization in normal physiological and metabolic processes, approximately 
5% of oxygen gets univalently reduced to oxygen-derived free radicals like superoxide, hydrogen 
peroxide, hydroxyl and nitric oxide radicals.  All these radicals are known as reactive oxygen species 
(ROS)[5]. 

ROS exert oxidative stress towards the cells of a body inducing tissue damage leading to various 
physiological disorders[6]. It has been reported that ROS has the capability to initiate the peroxidation of 
membrane lipids and other crucial biomolecules like nucleic acids, proteins and carbohydrates.  In fact, 
there is an increased evidence for the participation of ROS in the pathology of various diseases like 
cancer, diabetes, autoimmune diseases, neurodegenerative diseases, aging, among others[7]. In nature, 
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however, plants have been considered a reservoir of naturally occurring antioxidants.  Antioxidants 
neutralize the effect of free radicals through scavenging ROS, inhibiting ROS formation, binding transition 
metal ions and preventing formation of OH- and/or decomposition of lipid hydroperoxides, repairing 
damage tissues, or by any combination of the above[6].At present, attention to harness the natural and 
non-toxic compounds with antioxidative activity from plant materials has been intensified[8]. Various 
methods are developed to investigate antioxidant properties of different samples. Yet, no single method is 
adequate for determining the antioxidant capacity of food[9] as different methods may give diverse 
results. Thus, different methods must be used to take into account the various mechanisms of antioxidant 
action[10]. 

The1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay is the most rapid, simple, 
inexpensive, and widely reported method for screening of antioxidant activity of many plant drugs.    This 
assay involves the reduction of free radical DPPH by a free radical scavenger and has been widely used to 
investigate scavenging activity of several natural compounds such as phenolics or anthocyanins[11].  
Several studies have used DPPH radical scavenging activity for assaying antioxidant activity of plant 
extracts [12,13,14]. Phosphomolybdenum Method is a spectroscopic method for the quantitative 
determination of antioxidant capacity, through the formation of phosphomolybdenum complex. In this 
assay, Mo(VI) is reduced to Mo(V) by the sample analyte leading to a subsequent formation of a green 
phosphate/ Mo(V) complex at acidic pH which has a maximum absorbance at 695 nm[15]. The higher 
absorbance value indicates higher antioxidant activity.The Folin-Ciocalteu (FC) method is used to 
measure the total phenolics content.   FC method is based on a chemical reduction of the reagent, which 
isa mixture of tungsten and molybdenum oxides.  The products of the metal oxide reduction have a blue 
color that exhibits a broad light absorption with a maximum at 765 nm.  The intensity of the light 
absorption at that wavelength is proportional to the concentration of phenols[16]. 

In this study, Brine Shrimp Lethality Test (BSLT) has been used to evaluate the cytotoxic properties of E. 
debile.  BSLT, a general bioassay capable of detecting a broad spectrum of bioactivity present in crude 
extracts, has been demonstrated to correlate well with cytotoxicity and other biological properties[17]. In 
the Cell Culture Laboratory of Purdue Cancer Center, BSLT has been used as a pre-screen test for a panel 
of six human solid tumor lines and for the record, over 300 antitumor and pesticidal natural products 
were now isolated[18]. Moreover, BSLT has been used as a simple tool to guide screening and 
fractionation of physiologically active plant extracts  and has appeared to be predictive of cytotoxicity and 
pesticidal activity[19].  This study evaluates the cytotoxic and antioxidant property of the whole plant 
sample of E. debile. 
 
MATERIALS AND METHODS 
Sample Collection and Preparation   
Whole plant samples of Equisetum debileRoxb. were collected from Kalasungay, Malaybalay, Bukidnon (8o 

10’ 27” North, 125o 6’ 14” East) in July 2012 and were submitted to Professor Edgardo C.Aranico of the 
Biological Sciences Department, MSU-IIT for authentication and identification.  Fresh whole plant samples 
were washed with tap water, rinsed with distilled water, and air-dried.    
Preparation of Crude Extracts 
About 2 kg of air-dried plant samples was pulverized using sterile electric blender, weighed, and soaked 
with about 15 L of 95% ethanol for 3 days.  To obtain the crude ethanol extract (EdE), the resulting 
solution was then filtered, concentrated in vacuo at temperature not exceeding 40oC, and weighed.  A 
portion of the EdE(48.1686 g) was then sequentially partitioned in hexane:water (1:1) and 
chloroform:water (1:1) solutions.  The hexane-soluble, chloroform-soluble and water-soluble portions 
were individually concentrated in vacuo and weighed to give hexane - (EdH), chloroform -(EdC) and 
aqueous-soluble (EdA) extracts, respectively.  For the preparation of plant decoction (EdD), 630.0 g of 
fresh and clean whole plant sample of E. debileRoxb. were cut into pieces and boiled in sufficient amount 
of water (1:2) for 5 minutes.   The mixture was then filtered, cooled, freeze-dried, and stored in glass 
containers. 
Brine Shrimp Lethality Assay 
The assay was carried out employing the principle and protocol previously described by McLaughlin and 
Krishnaraju with slight modifications [4,18]. Four tests solutions (1000-, 500-, 100- and 10 mg/L) were 
prepared and tested for each plant extract. Ten previously hatched brine shrimps were transferred to 
each test tube and sterilized sea water was added up to the mark corresponding to 5.00 mL.  Control 
experiments using podophyllotoxin (positive) and seawater (negative) were simultaneously performed 
for the four concentrations.   The number of dead and alive nauplii was counted 24 hours for chronic 
toxicity data.  The results were evaluated and the LC50 (median lethal concentration) values were 
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determined using the Reed-Muench Method[20]. Tests for each sample concentration were done in 
triplicates. 
DPPH Free Radical Scavenging Assay 
The DPPH free radical scavenging activity of the E. debile extracts were determined by comparison with 
known antioxidant butylated hydroxytoluene (BHT) and ascorbic acid (AA)[21].A 3.00 mL of DPPH (0.1 
mM) methanolic solution was added in to each of the various concentrations (500-, 100-, 50-, 25 mg/L) of 
the extracts.   The mixtures were then shaken vigorously and allowed to stand under dark condition at 
room temperature for one hour.  Using a UV-Vis spectrophotometer (Lasany-LI-2800), absorbance of the 
solutions was measured at 517 nm against methanol as a blank.  Each determination was carried out in 
triplicate.  The percent (%) DPPH inhibition was calculated according to the formula: 

 
A calibration curve was drawn for the BHT, AA, and sample extracts using Least Squares Method.  The 
equation of the line was then used to calculate the EC50 (concentration required to obtain a 50% 
antioxidant effect) of the extracts. 
Total Antioxidant Capacity Assay 
The total antioxidant activity of the E. debile extracts was evaluated by the Phosphomolybdenum 
Method[15].   A 0.30 mL of 200 mg/L ethanolic solution of E. debile was added with 3.00 mL of the 
reagent solution (0.6 M H2SO4, 28 mM sodium phosphate, 4 mM ammonium molybdate).  The mixtures 
were then incubated at 95oC for 90 minutes, allowed to cool to room temperature.  Absorbance was then 
measured at 695 nm using a UV spectrophotometer (Lasany-LI-2800).  The total antioxidant activity of 
the various extracts was expressed as milligram Ascorbic Acid Equivalents per g sample (mg AAE/g 
sample) and milligram Butylated Hydroxytoluene Equivalents per gram sample (mg BHTE/g sample), 
which were derived from the calibration curve established using ascorbic acid and butylated 
hydroxytoluene as reference standards.  All analyses were conducted in triplicates and results were 
reported as means of the triplicate analysis. 
Total Phenolics Content Assay 
The total phenolics content of the various E. debile extracts were determined by Folin-ciocalteu Method as 
described by Makkar et al.[22].In separate test tubes, 0.10 mL of 500 mg/L (in ethanol) extract was 
combined with 2.80 mL of 10% Na2CO3 and 0.10 mL of 2N Folin-Ciocalteu reagent.  The mixture was then 
set aside for 40 minutes before the absorbance was measured at 725 nm.  The total phenolics content was 
measured as milligram Gallic Acid Equivalents per gram sample (mg GAE/g sample) which was derived 
from the linear equation of the calibration curveusing various concentrations (25-, 50-, 100-, 200 mg/L) 
of gallic acid as working standards.   Analysis was done in triplicates. 
 
RESULTS AND DISCUSSION 
Toxicity Against Brine Shrimp Nauplii 
Analysis of the brine shrimp nauplii mortality data was carried out using the Reed-Muench Method[20] in 
order to estimate the toxicity of the extracts.   Results of the analysis are shown in Table 1.  
 

Table 1.   Percent mortality of brine shrimp nauplii and toxicity (LC50, mg/L) of various E. debile extracts 

Extract 

Percent Mortality of Brine Shrimp after 24-h Exposure* 

LC50 (mg/L) 
10 mg/L 100 mg/L 500 mg/L 1000 mg/L 

EdE 0.00 18.03 42.59 75.47 588.84 
EdH 0.00 6.67 100.00 100.00 208.93 
EdC 0.00 16.13 97.14 100.00 190.55 
EdA 0.00 0.00 26.19 70.73 758.88 
EdD 0.00 0.00 4.08 40.63 >1000 

               * mean of triplicate analysis  
 
The LC50 values after 24-hour exposure of the nauplii are in the order of 190.55 mg/L (EdC) < 208.9 3 
mg/L (EdH)<588.84 mg/L (EdE)<758.88 mg/L (EdA)<greater than 1000 mg/L (EdD).   Brine Shrimp 
Lethality Test is predictive of cytotoxicity and pesticidal activity[19]. Crude extracts resulting in LC50 of 
less than 250 mg/L are considered significantly active and has the potential for further investigation[23]. 
The data obtained indicate relatively higher toxicity of EdC and EdH compared to the other extracts. 
Although the obtained results suggest moderate toxicity among the crude extracts, presence of potential 
antitumor or pesticidal components in both chloroform- and hexane-soluble extracts may still be 
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considered.  These findings are supported by some studies which have reported that methanolic extracts 
of E. debileaerial plant part exhibited moderate activity against brine shrimp[24]and shown antifungal 
and allelopathic properties[25].  Furthermore, the results suggest that the toxicity of E. debile extracts, 
particularly the EdC and EdH, against brine shrimp nauplii is extract type and concentration-dependent.    
DPPH Radical Scavenging Activity 
The DPPH radical scavenging activity, expressed as percent DPPH inhibition, various concentrations of E. 
debile extracts at is presented in Table 2.   
 

Table 2.  Percent DPPH inhibition of various concentrations of E. debile extracts 

Extract 
% Inhibition* 

EC50, 
mg/L 

25 mg/L 50 mg/L 100 mg/L 500 mg/L  
EdE 1.77 1.97 1.97 5.22 >500 
EdH 1.08 1.38 1.58 4.33 >500 
EdC 7.98 14.29 28.18 78.13 295 
EdA 5.80 7.52 9.69 15.13 >500 
EdD 5.62 7.61 7.79 13.59 >500 
Ascorbic acid 18.98 48.47 99.21 100.00 53 
Butylated hydroxytoluene 15.07 39.51 51.10 87.55 123 

*mean of triplicate analysis 

 
The DPPH radical scavenging activity of the E. debile extracts increases along with the increase in their 
concentrations (Table 2).  Among the extracts, EdC gave the highest DPPH radical scavenging activity.  
The chloroform extract showed 78.13% DPPH radical inhibition compared to 100% and 87.59% for 
ascorbic acid and BHT, respectively.  Consequently, the required extract concentration to obtain 50% 
radical inhibition (EC50) is lowest for EdC (295 mg/L).   The results obtained are consistent with the 
findings of Sarkar where E. debile extract has shown significant free radical scavenging activity[12]. The 
said activity of E. debile extract may be attributed to the known antioxidants, i.e. sterols, ascorbic acid, 
silicic acid, phenolic acid and flavonoids, present in the plant [12, 26]. 
Total Antioxidant Capacity   

The total antioxidant capacity of the E. debile extracts is presented in Figure 1. 

 
Figure 2.  Total antioxidant capacity of various E. debile extracts. 

 
The total antioxidant capacity of the E. debile extract was found to decrease in the order 
EdC>EdH>EdE>EdA>EdD.  The good antioxidant capacity of EdC compared to the other crude extracts 
can be attributed to the antioxidant compounds in the plant sample that has high extractability in 
chloroform.  Moreover, the values for BHTE were found relatively higher than their corresponding AAE 
values (Figure 2).  This can be explained by taking into consideration that major contributor to the total 
antioxidant capacity of terrestrial plants are lipid-soluble.  Other compounds that might contribute to 
total lipid-soluble antioxidant capacity are carotenoids, flavonoids, and cinnamic acid derivatives[16]. 
Total Phenolics Content  
The total phenolics content (in mg GAE/g sample) of the various extracts of E. debile are shown in Figure 
3.   
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Figure 3.  Total phenolic content of various E. debile extracts. 

 
The chloroform-soluble fraction (EdC) showed the highest level of phenolic content (713.72 mg GAE/g 
sample) among the five samples (Figure 3).  This finding is supported with the known fact that most 
phenolic compounds have intermediate polarity and are expected to be soluble in moderately polar 
solvent like chloroform. Phytochemical studies found that E. debile contains phenolic acids and flavonoids 
[27,28].  It is noteworthy that the trend of the results for DPPH radical scavenging activity and total 
phenolics are similar.  The results imply a strong correlation between DPPH radical scavenging activity 
and the levels of phenolic compounds in the extracts[29]. Accordingly, phenolic compounds are active 
quenchers of DPPH radical in a concentration-dependent manner [30,31]. 

 
CONCLUSION AND RECOMMENDATION 
LC50 values for BSLT showed relatively higher toxicity of EdC and EdH against brine shrimp nauplii.   The 
EdCgave the highest total antioxidant capacity value. On the other hand, a strong correlation between 
DPPH radical scavenging activity and total phenolics content was observed. EdC which has remarkably 
higher phenolics content than the other extracts exhibited the highest radical scavenging activity of and 
consequently the lowest EC50 value.  The results of the BSLT and in vitro antioxidant assays indicate that 
the chloroform-soluble extract (EdC) is the most bioactive and can be a possible source of lead 
compounds for drug development.  Further purification of the extract is recommended to identify the 
compounds responsible for its bioactivity. 
 
ACKNOWLEDGMENT  
This research is funded by the Department of Science and Technology-Philippine Council for Health 
Research and Development (DOST-PCHRD), Commission on Higher Education (CHED), and Central 
Mindanao University (CMU). 
 
REFERENCES  
1. World Health Organisation (WHO). (1995). WHO Traditional Medicine Strategy 2014-2023. World Heal. Organ., 

pp. 1–76. 
2. Kunwar, R.M., Shrestha, K.P., & Bussmann, R.W. (2010). Traditional herbal medicine in Far-west Nepal: A 

pharmacological appraisal.  J. Ethnobiol. Ethnomed., 6: 1–18. 
3. Farnsworth, N.R. & Soejarto, D.D. (1985). Potential consequences of plant extinction in the United States on the 

current and future availability of perscription drugs. Econ. Bot., 39 (3):231–240. 
4. Krishnaraju, A.V.,  Rao, T.V.N., Sundararaju. D., Vanisree, M., Tsay, H.S., & Subbaraju, G.V. (2005).  Assessment of 

Bioactivity of Indian Medicinal Plants Using Brine Shrimp (Artemia salina) Lethality Assay.  Int. J. Appl. Sci. Eng. 
Int. J. Appl. Sci. Eng., 3(2):125–134. 

5. Kumar, S.T., Shanmugam, S., Palvannan, T., & Kumar, B.V.M. (2008). Evaluation of antioxidant properties of 
Canthium parviflorum Lam. leaves.  Nat. Prod. Radiance, 7(2):122–126. 

6. Gupta, V.K. & Sharma, S.K. (2014).  Plants as natural antioxidants. Indian J. Nat. Prod. Resour., 5 (4): 326–334. 
7. Jananie, R.K., Priya, V., &  Vijayalakshmi, K. (2011).  Invitro assessment of free radical scavenging activity of 

Cynodon dactylon.  J. Chem. Pharm. Res, 3 (4): 647–654. 
8. Lobo, V., Patil, A., Phatak, A., & Chandra, N.  (2010). Free radicals, antioxidants and functional foods: Impact on 

human health,  Pharmacogn. Rev., 4 (8): 118-126. 
9. Prior, R.L., Wu, X., & Schaich, K. (2005).  Standardized methods for the determination of antioxidant capacity and 

phenolics in foods and dietary supplements.  J. Agric. Food Chem., 53 (10): 4290–4302. 

Ang  et al 



BEPLS Vol 7 [9] August 2018                     27 | P a g e            ©2018 AELS, INDIA 

10. Moharram, H.A.  & Youssef, M.M. (2014).  Methods for Determining the Antioxidant Activity : A Review Methods 
for Determining the Antioxidant Activity : A Review.  J. Food Sci. Technol., 11(1): 31–42. 

11. Kedare, S.B. & Singh, P. (2011). Genesis and development of DPPH method of antioxidant assay.  Journal of Food 
Science and Technology,  48(4):412-422. 

12. Sultana, N., Rahman, R., Islam, M.E., Ahmed, S., & Akter, S. (2012).  Cytotoxic , Antibacterial and Free Radical 
Scavenging Activity Studies of the Solvent Extracts of Aerial Stems.  Int. J. Chem. Sci., 10 (1):19–26. 

13. Me, N.F.A. & Vr, R. (2010).  Investigation of Antioxidant Activity and Total Phenolic Content of Various Fractions 
of Aerial Parts of Pimpinella Barbata (Dc.) Boiss. Jundishapur J. Nat. Pharm. Prod., 5(1):1–5. 

14. Peteros, N.P. &  Uy, M.M. (2010).  Antioxidant and cytotoxic activities and phytochemical screening of four 
Philippine medicinal plants.   J. Med. Plants Res., 4(5):407-414. 

15. Prieto, P., Pineda, M., & Aguilar, M. (1999).  Spectrophotometric quantitation of antioxidant capacity through the 
formation of a phosphomolybdenum complex: Specific application to the determination of vitamin E.  Anal. 
Biochem., 269(2):337-341. 

16. Hajaji, H. El., Lachkar, N., Katim, A., & Lachkar, M. (2010).  Antioxidant properties and total phenolic content of 
three varieties of carob tree leaves from Morocco.  Rec. Nat. Prod., 4(4):193–204. 

17. Itharat, A. & Ooraikul, B. (2007).  Research on Thai medicinal plants for cancer treatment. Advances in Medicinal 
Plant Research. 287-317. 

18. Mclaughlin, J.L., Rogers, L.L., & Anderson, J.E. (1998).  The use of biological assays to evaluate botanicals.  Ther. 
Innov. Regul. Sci., 32(2): 513–524. 

19. Pimentel Montanher, A.B., Pizzolatti, M.G., & Costa Brighente, I.M. (2002). An application of the brine shrimp 
bioassay for general screening of Brazilian medicinal plants.   Acta Farm. Bonaer., 21(3): 175–178. 

20. Saganuwan, A. (2011).  A modified arithmetical method of Reed and Muench for determination of a relatively 
ideal median lethal dose (LD50).  African J. Pharm. Pharmacol., 5: 1543-1546. 

21. Lee, K.G. & Shibamoto, T. (2001).  Antioxidant property of aroma extract isolated from clove buds [Syzygium 
aromaticum (L.) Merr. et Perry].  Food Chem., 74(4): 443-448. 

22. Makkar, H.P.S.,  Singh, B., Vats, S.K., & Sood, R.P. (1993).  Total phenols, tannins and condensed tannins in 
different parts of Rumex hastatus.  Bioresour. Technol., 45(1):69–71. 

23. Rieser, M.J., Gu, Z.M., Fang, X.P., Zeng, L., Wood, K.V., & McLaughlin, J.L. (1996).  Five novel mono-tetrahydrofuran 
ring acetogenins from the seeds of Annona muricata.  J. Nat. Prod., 59: 100-108. 

24. Mackeen, M.M., Khan, M.N., Samadi, Z., & Lajis, N.H. (2000).  Brine shrimp toxicity of fractionated extracts of 
Malaysian medicinal plants.  Nat. Prod. Sci., 6(3):131-134. 

25. Khan M.I., Ahmad M., Khan R.A., Ullah A., Rehman S., & Ullah B. (2013).  Phytotoxic, antioxidant and antifungal 
activity of crude methanolic extract of Equisetum debile.  International Journal of Biosciences. 3(8):130-135. 

26. Revilla, M.C., Andrade-Cetto, A.,  Islas, S., & Wiedenfeld, H. (2002). Hypoglycemic effect of Equisetum 
myriochaetum aerial parts on type 2 diabetic patients.   J. Ethnopharmacol., 81: 117-120. 

27. Stajner, D., Popović, B.M., Canadanović-Brunet, J., & Boza, P. (2006). Free radical scavenging activity of three 
Equisetum species from Fruska gora mountain.  Fitoterapia, 77:601-604. 

28. Geetha, R.V., Lakshmi, T., & Roy, A. (2011).  In vitro evaluation of anti bacterial activity of Equisetum arvense Linn. 
on urinary tract pathogenes.  Int. J. Pharm. Pharm. Sci., 3(4): 323-325. 

29. Gawron-Gzella, A.,  Dudek-Makuch, M.,  & Matławska, I. (2012).  DPPH radical scavenging activity and phenolic 
compound content in different leaf extracts from selected blackberry species.  Acta Biol. Cracoviensia Ser. Bot., 
54 (2):32–38. 

30. Govindan, P. & Muthukrishnan, S. (2013). Evaluation of total phenolic content and free radical scavenging 
activity of Boerhavia erecta.  J. Acute Med., 3(3):103–109. 

31. Bendary, E., Francis, R.R.,  Ali, H.M.G., Sarwat, M.I., & El Hady, S. (2013).  Antioxidant and structure–activity 
relationships (SARs) of some phenolic and anilines compounds.  Ann. Agric. Sci., 58(2):173–181. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
CITATION OF THIS ARTICLE 
Ang AM, Peteros N, UyM. Cytotoxicity and Antioxidant Activity of Equisetum debileRoxb. (Equisetaceae) from 
Bukidnon, Philippines. Bull. Env. Pharmacol. Life Sci., Vol 7 [9] August 2018: 22-27 

Ang  et al 


