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Mystroxylon aethiopicum has been used by many ethnic groups in Africa for the management of 
hemorrhagic diarrhea, stomachache, respiratory tract infections, urinary tract infections coughs, 
hypertension and gonorrhea. This study was carried out to identify low molecular weight 
phytochemicals present in the root bark extract of M. aethiopicum with the aid of gas chromatography-
mass spectrometry (GC-MS) technique. The GC-MS analysis revealed the presence of various low 
molecular weight phytochemicals which belongs to four groups of secondary metabolites namely 
sesquiterpenes, dieterpenes, monoterpenes and fatty acids. The presence of these phytochemicals in 
the plant extract may be positively associated with pharmacological properties of M. aethiopicum and 
therefore justifying the ethnomedical usage of the plant. 
 
Key words: Gas chromatography-mass spectrometry (GC-MS) analysis, pharmacological properties, 
phytochemicals.  

 
 
INTRODUCTION 
 
The importance of medicinal plants and traditional health 
systems in solving health care problems of the world is 
gaining attention (Gadir, 2012). Medicinal plants have 
been of great value to human healthcare in most parts of 
the world for thousands of years (Pokhare et al., 2011). 
The medicinal value of plants is due to presence of 
bioactive compounds with interesting pharmacological 
activities such as anticancer, anti-inflammatory, 
antibacterial, antifungal and antioxidant (Ammal and Bai, 
2013). Screening for  bioactive  compounds  in  medicinal 

plants is an important pre-requisite in investigations 
aiming at establishing lead compounds which can be 
further developed into potential herbal products for 
treatment of several ailments (Bohlin and Bruhn, 1999). 
Gas chromatography coupled to mass spectrometry (GC-
MS) has commonly been used for analysis of relatively 
low molecular weight compounds (Eisenhauer et al., 
2009; Prabhadevi et al., 2012). Taking into consideration 
the medicinal importance of bioactive compounds, it is 
essential to  thoroughly  investigate their composition and 
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hence promote the use of such compounds as potential 
sources of drug templates (Bohlin and Bruhn, 1999). In 
recent years, there has been a growing interest in 
researching and developing new compounds from 
different sources including medicinal plants such as 
Mystroxylon aethiopicum to combat infectious diseases 
pathogenic microbes (Balouiri et al., 2016). This plant 
species was earlier reportedly used by many ethnic 
groups in Africa for the management of infectious 
diseases (Boer et al., 2005). Despite the wide use of 
such plant in the management of infectious diseases, 
there is lack of scientific studies regarding phytochemicals 
responsible for therapeutic effects. In this regard, the 
plant was chosen for determination of its bioactive 
compounds. This study therefore reports the phyto-
chemical investigations of M. aethiopicum chloroform root 
bark extract using GC-MS technique.  
 
 
MATERIALS AND METHODS 
 
Studied taxon 
 
Mystroxylon aethiopicum is a member of family Celastraceae and is 
a perennial evergreen phanerophyte (tree) that may grow up to 12 
m high (Irish, 2012). This plant is found in a wide range of habitats 
including forest margins, evergreen forests, open woodland, 
riverine fringes, on termite mounds and rocky ridges (Burrows and 
Willis, 2005). The plant is mostly abundant in Ethiopia, Sudan, 
South Africa, Namibia, Angola, Cameroon, Madagascar, Seychelles 
and Comoro (Curtis and Mannheimer, 2005). In Tanzania, the 
species grows in highlands of Arusha and Kilimanjaro regions 
where it is locally known as “Oldonyanangui” in Maasai language 
(Kokwaro, 1993). Traditionally, the plant is currently knowledgably 
by many communities for the management of hemorrhagic diarrhea, 
stomachache, respiratory tract infections, urinary tract infections, 
coughs, hypertension and gonorrhea (Boer et al., 2005; Iwu, 2014). 
In Kenya, fine powder prepared from root barks of this plant is 
reportedly used in making tea that is considered to be a good 
medicine for stomachache (Burkil, 2004).  
 
 
Plant materials and preparation of extracts 
 
The plant materials were collected from Imbibya village in Arusha 
rural district, Tanzania. Plant species were identified by Mr. Gabriel 
Laizer, a botanist from Tropical Pesticide Research Institute (TPRI) 
and voucher specimen coded MA-0001 is kept at the Nelson 
Mandela African Institution of Science and Technology (NM-AIST). 
Root bark was harvested without affecting the plant, air dried under 
the shade and pulverized into fine particles using electric blender. 
Pulverized materials (250 g) were macerated in chloroform for 48 h. 
The respective extracts were filtered through Whatman No. 1 filter 
paper on a plug of glass wool in a glass column and solvents were 
evaporated through the vacuum using a rotary evaporator and the 
final residue obtained was subjected to GC-MS analysis. 
 
 
GC-MS analysis 
 
GC-MS analysis was carried out using Agilent 6890N GC connected 
to the Agilent 5975 MS (Agilent technologies, USA) with capillary 
column (HP-5) of 30 m length, 0.25 mm diameter and 0.25 µm film 
thickness. Helium  gas  (99.999%)  was  used  as  carrier  gas  at  a  
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constant flow of 1 mL/min and an injection volume of 1 µL was 
employed. The injector temperature was maintained at 250°C, the 
ion-source temperature was 280°C, the oven temperature was 
programmed from 110°C (isothermal for 2 min), with an increase of 
10°C/min to 200°C, then 5°C/min to 280°C, ending with a 9 min 
isothermal at 280°C. The mass spectrometer operated in electron 
ionization mode with an ionizing energy of 70 eV and the ion source 
temperature was 230°C. The inlet line temperature was 200°C and 
the total GC-MS running time was 36 min. Interpretation on mass 
spectrum of GC-MS was done using the database of National 
Institute Standard and Technology (NIST) having more than 62,000 
patterns. The mass spectra of the detected compounds from the M. 
aethiopicum chloroform root bark extract were compared with the 
spectra of the known compounds stored in the NIST library. In this 
way, the name, molecular weight and structure of the compounds 
contained in the M. aethiopicum chloroform root bark extract were 
determined. 
 
 
RESULTS 
 
The GC-MS technique was used to identify thirty four 
volatile phytochemical compounds present in the M. 
aethiopicum chloroform root bark extract. The retention 
time, peak areas, molecular formulas, molecular weights 
and biological activities of these compounds are 
presented in Table 1. These phytochemicals belongs to 
four groups of secondary metabolites namely 
sesquiterpenes, dieterpenes, monoterpenes and fatty 
acids. 

Sesquiterpenes seemed to be in high proportions than 
the rest of low molecular weight secondary metabolites 
identified in M. aethiopicum chloroform root bark extract. 
These sesquiterpenes are δ-cadinol, copaene, α-
muurolene, caryophyllene, α-calacorene, α-humulene, 
cubenol, β-eudesmol, γ-cadinene, elixene, isolongifolene, 
aromadendrene, isoledene, thujopsene, α-cubebene, 
epizonarene, α-gurjenene, α-farnesene, cyperene, (Z,Z)-
α-farnesene, α-curcumene, caryophyllene oxide,  norelidol 
and  farnesol (Figure 1). 

Diertepenes identified in this study were geranyl 
linalool, totarol and geranylgeraniol, while monoterpenes 
were borneol and santolina epoxide (Figure 2). 
Additionally, fatty acids identified are 9,12,15-
octadecatrienoic acid, (Z,Z,Z), 9,12-octadecadienoic acid 
(Z,Z), 9-octadecenoic acid, (E), tetradecanoic acid and n-
hexadecanoic acid (Figure 2).  
 
 
DISCUSSION 
 

The gas chromatography coupled to mass spectrometer 
was used to analyze M. aethiopicum chloroform root bark 
extract. Secondary metabolites belonging to 
sesquiterpenes, diterpenes monoterpenes and fatty acids 
were identified. Most of these phytochemicals have been 
reported to possess interesting biological activities 
against human infectious diseases and non-
communicable diseases as shown in Table 1. Compounds 
that have been reported to exhibit antitumor activities  are 
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Table 1. Reported biological activities of volatile phytochemical compounds detected in M. aethiopicum chloroform root bark extract. 
 

S/N 
RT 

(min) 
Peak area 

(%) 
Name of compound 

Molecular 
formula 

Molecular 
weight (g/mol) 

Reported bioactivity References 

1 13.89 8.29  δ-cadinol  C15H26O 222.37 Antifungal Ho et al. (2011) 

2 11.43 5.73 γ-cadinene  C15H24 204.35 Antibacterial Kubo et al. (1992); Pérez et al. (2011); Vukovic et al. (2008) 

3 31.03 5.00 Borneol  C10H18O 154.25 Antimicrobial Al-Farhan et al. (2010); Tabanca et al., (2011) 

4 10.17 3.19 Caryophyllene  C15H24 204.35 Antibacterial, antifungal Baskaran et al. (2016); Sarada et al. (2011) 

5 24.07 1.88 α-farnesene  C15H24 204.35 Insecticidal Yang et al. (2014) 

6 16.89 1.78 n-hexadecanoic acid           C16H32O2 256.42 Antitumor Kumar et al. (2010) 

7 18.88 1.65 9,12-octadecadienoic acid (Z,Z)  C18H32O2 280.45 Antitumor Prabhadevi et al. (2012); Sermakkani and Thangapandian (2012) 

8 13.06 1.58 Caryophyllene oxide              C15H24O 220.35 
Anti-inflammatory, antitumor, 
antibacterial,  analgesic, anesthetic  

Rajeswari et al. (2011) 

9 14.01 1.49 β-eudesmol  C15H26O 222.37 Antifungal Su and Ho (2013) 

10 23.29 1.23 Santolina epoxide  C10H16O 152.23 Cardiovascular disorder Rasheed et al. (2015) 

11 16.82 1.20 Tetradecanoic acid                 C14H28O2 228.37 Antitumor Devi and Muthu (2014); Selvamangai  and Bhaskar (2012) 

12 9.30 1.15 Copaene  C15H24 204.35 Antibacterial Solis et al. (2004) 

13 15.68 0.99 Norelidol  C15H26O 222.37 Antifugal Krist et al. (2015) 

14 11.04 0.93 α-muurolene  C15H24 204.35 Antioxidant Gurbuz et al. (2013) 

15 13.61 0.91 Cubenol  C15H26O 222.37 Anti-inflammatory Lee et al. (2010) 

16 11.25 0.89 α-curcumene  C15H24 204.35 Antibacterial Sadashiva et al. (2010); Merghache et al. (2014) 

17 13.25 0.83 Thujopsene  C15H24 204.35 Antifungal Manter and Kelsey (2007); Barrero et al. (2005) 

18 8.84 0.61 α-cubebene               C15H24 204.35 Antibacterial, antioxidant Naidoo et al. (2009) 

19 9.16 0.60 Epizonarene  C15H24 204.35 Antidiabetic Keskes et al. (2016) 

20 8.78 0.59 α-gurjenene  C15H24 204.35 Insecticidal González et al. (2014); Lavanya et al. (2014) 

21 19.06 0.58 
9,12,15-octadecatrienoic acid, 
(Z,Z,Z)  

C18H30O2 278.43 Antitumor Prabhadevi et al. (2012); Mickymaray et al. (2015) 

22 14.45 0.56 Farnesol  C15H26O 222.37 Antifungal Brilhante et al. (2013) 

23 21.44 0.52 Totarol  C20H30O 286.45 Antimicrobial Mossa et al. (2004); Kubo et al. (1992) 

24 12.78 0.40 Elixene  C15H24 204.35 Anti-inflammatory Li et al. (2014) 

25 9.89 0.32 (Z,Z)-α-farnesene  C15H24 204.35 Antioxidant Çelik (2014) 

26 10.74 0.26 α-humulene  C15H24 204.35 Antitumor Hadri et al. (2010); Legault and Pichette (2007) 

27 12.47 0.23 α-calacorene  C15H24 204.35 Antibacterial Shaik et al. (2014) 

28 18.73 0.19 9-octadecenoic acid, (E)  C18H34O 282.46 Antitumor Sagwan et al. (2013); Kajalakshmi and Mohan (2016) 

29 8.52 0.15 Isolongifolene  C15H24 204.35 Antioxidant Rangasamy and Namasivayam (2014) 

30 10.83 0.15 Aromadendrene  C15H24 204.35 Antibacterial Mulyaningsih et al. (2010) 

31 10.67 0.12 Isoledene  C15H24 204.35 Antitumor Asif et al. (2016) 

32 25.54 0.12 Geranylgeraniol  C20H34O 290.48 Antibacterial Vik et al., (2007); Togashi et al. (2008) 

33 7.80 0.07 Cyperene  C15H24 204.35 Antifungal Ghannadi et al. (2012) 

34 17.48 0.06 Geranyl linalool  C20H34O 290.48 Antibacterial, antifungal Soares et al. (2012); Delaquis et al. (2002); Pattnaik et al. (1996) 
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Figure 1. Structures of δ-cadinol (1), copaene (2), α-muurolene (3), caryophyllene (4), α-calacorene (5), α-
humulene (6), cubenol (7), β-eudesmol (8), γ-cadinene (9), elixene (10), isolongifolene (11), aromadendrene 
(12), isoledene (13), thujopsene (14), α-cubebene (15), epizonarene (16), α-gurjenene (17), α-farnesene (18),  
cyperene (19), (Z,Z)-α-farnesene (20), α-curcumene (21), caryophyllene oxide (22),  norelidol (23) and  farnesol 
(24) from M. aethiopicum chloroform root bark extract. 

 
 
 

 
 

Figure 2. Structures of geranyl linalool (25), totarol (26), geranylgeraniol (27), borneol (28), santolina 
epoxide (29), 9,12,15-octadecatrienoic acid, (Z,Z,Z) (30), 9,12-octadecadienoic acid (Z,Z) (31), 9-
octadecenoic acid, (E) (32), tetradecanoic acid (33) and n-hexadecanoic acid (34) from M. 
aethiopicum chloroform root bark extract. 
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α-humulene, isoledene, caryophyllene oxide, 9,12,15-
octadecatrienoic acid (Z,Z,Z), 9,12-octadecadienoic acid 
(Z,Z), 9-octadecenoic acid (E), tetradecanoic acid and n-
hexadecanoic acid (Kumar et al., 2010; Prabhadevi et al., 
2012; Sermakkani and Thangapandian, 2012; Rajeswari 
et al., 2011; Devi and Muthu, 2014; Selvamangai and 
Bhaskar, 2012; Prabhadevi et al., 2012; Mickymaray et 
al., 2015; Hadri et al., 2010; Legault and Pichette, 2007; 
Sagwan et al., 2013; Kajalakshmi and Mohan, 2016; Asif 
et al., 2016). 

Compounds that have been reported to exhibit 
antibacterial and antifungal activities are δ-cadinol, 
copaene, caryophyllene, α-calacorene, β-eudesmol, γ-
cadinene, aromadendrene, thujopsene, α-cubebene, 
cyperene, α-curcumene, caryophyllene oxide, norelidol, 
farnesol, geranyl linalool, totarol, geranylgeraniol and 
borneol (Ho et al., 2011; Kubo et al., 1992; Pérez et al., 
2011; Vukovic et al., 2008; Baskaran et al., 2016; Sarada 
et al., 2011; Rajeswari et al., 2011; Su and Ho, 2013; 
Solis et al., 2004; Krist et al., 2015; Sadashiva et al., 
2010; Merghache et al., 2014; Manter and Kelsey, 2007; 
Barrero et al., 2005; Naidoo et al., 2009; Shaik et al., 
2014; Mulyaningsih et al., 2010; Ghannadi et al., 2012). 
α-muurolene, isolongifolene, α-cubebene and (Z,Z)-α-
farnesene have been reported to possess antioxidant 
activities (Gurbuz et al., 2013;  Naidoo et al., 2009; Çelik, 
2014; Rangasamy and Namasivayam, 2014). 

Three of the identified compounds were reported to 
exhibit anti-inflammatory activities while two 
phytochemicals were reported as insecticidal. These 
include cubenol, elixene, caryophyllene oxide, α-
gurjenene and α-farnesene, respectively (Lee et al., 
2010; Li et al., 2014; Rajeswari et al., 2011; González et 
al., 2014; Lavanya et al., 2014; Yang et al., 2014). 
Epizonarene and santolina epoxide have been reported 
to exhibit antidiabetic and cardiovascular disorder, 
respectively (Keskes et al., 2016; Rasheed et al., 2015). 
The reported biological activities of the identified 
compounds in this study validates the ethnomedical 
information on to the use of M. aethiopicum root bark for 
the management of hemorrhagic diarrhea, stomachache, 
respiratory tract infections, urinary tract infections, 
coughs, gonorrhea, cancer and hypertension (Boer et al., 
2005; Iwu, 2014). 

 
 
Conclusion 
 
The GC-MS analysis of M. aethiopicum chloroform root 
bark extract led to identification of low molecular weight 
phytochemicals. These phytochemicals are grouped as 
sesquiterpenes, diterpenes, monoterpenes and fatty 
acids. The presence of vast number of phytochemicals in 
the root bark extracts of M. aethiopicum justifies its use 
for various ailments in Africa. Findings from this study 
have therefore validated the medicinal potential of M. 
aethiopicum root bark. 
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Decocted Draco spilopterus has been utilized in the Philippines for the treatment of asthma associated 
with its strong folkloric beliefs however no scientific evidence was available to prove such claims. 
Thus, the researchers ventured into this study to determine the anti - asthma potential of dried D. 
spilopterus on male albino rats using mesenteric mast cell count by atopic allergy method. Fifteen D. 
spilopterus were used in the study. Decocotion was the extraction method employed. Seven male 
albino rats were used in each trial and randomly divided into different test  groups which were as 
follows: Treatment groups (600, 800 and 1000 mg/kgbw); negative control group (water); positive 
control group (Prednisolone 10 mg/kgbw); untreated group; and normal group. Mesentric mast cell 
count by atopic allergy method was employed in this study. Results revealed that the test solutions 
with a dose of 600, 800 and 1000 mg/kgbw elicited a mean anti-asthmatic activity of 42.25, 66.44 and 
89.32%, respectively. The median effective dose was 663.90 mg/kgbw. The anti - asthma activity was 
dose - related; with increasing dose, the disrupted mast cell decreases. The test solution obtained from 
D. spilopterus is a potential alternative in the management of asthma but further studies have to be 
conducted.   
 
Key words: Draco spilopterus, mesenteric mast cell count. 

 
 
INTRODUCTION 
 
Asthma is a chronic disease that affects the airways of 
the lungs characterized as airway hyper responsiveness 
and airflow obstruction at the bronchial level (Blitski et al., 
2013; Nimgulkar et al., 2011; Varona et al., 2014). 
According to the World Health Organization (WHO) 

estimates, 235 million people suffer from asthma. It is a 
public health problem in all countries regardless of level 
of development. Over 80% of asthma deaths occur in low 
and lower - middle income countries, such as the 
Philippines. According  to  the  WHO  data  in  May  2014, 
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asthma deaths in the Philippines reached 2.37% of total 
deaths. Asthma belongs to the top 10 causes of death in 
the Philippines. In a study by Lai et al. (2006) the 
estimated direct per - patient cost of asthma, including 
maintenance, urgent care, and drug as the basis, in the 
Philippines was $212±11. The health care expenditure for 
the treatment for asthma in the Philippines is costly. 
Furthermore, drugs used in the management of asthma 
are associated with several drawbacks. Inhaled 
corticosteroids work quickly and effectively in about 95% 
of patients with acute asthma. While it is challenging to 
beat the efficacy of inhaled steroids, new drugs should 
better them on their side effects profiles, especially when 
used frequently in a long - term fashion. There is still a 
concern about the use of inhaled corticosteroids as 
patients fear long - term side effects such as 
osteoporosis and stunting growth in children (Barnes, 
2009). Thus, this necessitates the search for new 
therapies for asthma, driven by the prospect of a 
significant need for anti - asthma medications globally.  

We ventured into this study to provide another 
management regimen for asthma which is native and rich 
in the Philippine forests to help especially those who are 
located in remote areas with difficult access to hospitals 
and medical care facilities. Influenced by folkloric belief 
originating from the ancient Chinese, the D. spilopterus, 
also known as the Philippine Flying Dragon, could 
effectively cure asthma. With this belief, some Filipinos 
have adapted this kind of regimen. The belief has been 
and is still practiced in the Philippines. However, no 
scientific evidence was available to prove such claims. 
Thus, this study was conducted, for the first time, in order 
to determine the number disrupted mesenteric mast cells 
of the rats (Figure 3), in relation to the treatment groups; 
determine which among the doses would produce the 
least disruption on the mesenteric mast cells; determine 
the percent activity of the test solutions; lastly, determine 
the median effective dose of the test solutions (Figure 2).  
 
 
MATERIALS AND METHODS 
 
Collection and preparation of the animal sample  
 
The dried D. spilopterus were purchased in a store located along 
Osmeña Boulevard, Cebu City, Philippines. They were 
authenticated by the Department of Biology, University of San 
Carlos. They were washed to remove adhering materials and cut 
into small pieces. 

 
 
Extraction of the animal sample  
 
The extraction method used was decoction. Fifteen cut dried D. 
spilopterus were placed in a pot. Water was added and was 
brought to a boil for 15 to 20 min. Once it boiled, the pot was 
covered and removed from the heat. The stove was set to lowest 
heat and the liquid was allowed to simmer for about 45 min. Once 
the end of the simmer time was reached, the pot was removed from 
heat and was set aside for about two hours to cool down. The 
boiled  flying  lizards  were  strained   out   of   the   liquid   and   the  

 
 
 
 
remaining extract was squeezed out. The filtrate was evaporated to 
dryness using an evaporating dish using a water bath.  
 
 
Preparation of the stock solution  
 
About 9.6 g of dried powder extract from the boiled D. spilopterus 
was weighed and dissolved in sufficient amount of water to obtain a 
100% w/v stock solution. From the stock solution, three different 
arbitrary doses of 600, 800 and 1000 mg/kgBW of rat, were 
administered to the treatment groups. 
 
 
Preparation of the positive and negative controls  
 
Prednisolone (20 mg/5 ml) syrup was used for the dose 
adjustments of the individual rats. Only one dose served as the 
positive control (10 mg/kg). The National Asthma Education and 
Prevention Program Expert Panel recommend 40 to 180 mg/day 
P.O. dosage of prednisolone. The dose was calculated by the 
average therapeutic dose of humans to rat on the basis of BSA 
(conversion factor - 0.018 for rats) by referring to the table of Paget 
and Barnes (1964). The negative control was plainly water with a 
dose of 0.2 ml/20 g.  
 
 
Test animals  
 
All test animals were housed in the University of San Carlos animal 
house and the research protocol was conducted under the 
supervision of a certified and trained animal technician ensuring 
proper animal handling was observed throughout the duration of the 
study. Male albino rats weighing about 100 to 200 g were selected. 
Prior to experimentation, the rats were divided into seven groups 
(Table 1) each containing three rats and then acclimatized for three 
days with a diet of standard rat pellets. 
 
 
Mesenteric mast cell count by atopic allergy method 
 
The procedure adopted for mesenteric mast cell count is by atopic 
allergy method in accordance with the study of Reddy et al. (2010) 
and Balaji et al. (2014). 
 
 
Sensitization of the test animals  
 
After three days of acclimatization, the rats were sensitized only on 
the first day of experimentation by injecting 0.5 ml of horse serum 
and 0.5 ml of triple antigen, subcutaneously, specifically near the 
abdomen. The horse serum was for the induction the allergic 
reaction, which was supported by the administration of the antigen.  
 
 
Administration of doses  
 
Group 1 was used as negative control without any drug treatment 
and Group 2 was used as positive control and was administered 
with prednisolone, 10 mg/kg body weight, orally. Groups 3, 4 and 5 
were treated with 600 mg/kg body weight, 800 mg/kg body weight 
and 1000 mg/kg body weight of the test solution prepared from D. 
spilopterus extract. Group 6 was used as the untreated group and 
therefore received no treatment. Group 7 was used as the normal 
group and was not sensitized by the allergen and no treatment was 
received. Complete allergic reaction of the horse serum occurs after 
5 to 24 h after administration. After sensitization, the rats were 
treated with prednisolone and test solutions of different doses from 
the 5th to 12th day. 
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Figure 1. Percent anti-athma activity. 

 
 
 
Staining of the mesenteric mast cells  
 
On the 13th day, all rats from each group were sacrificed for 
microscopic examination on the mast cells. The mesenteries of the 
sacrificed animals along with pieces of intestine were suspended in 
Krebs-Ringer solution in order to obtain free, membrane-bound 
granules for rupturing cells. The mesentery pieces were exposed 
with 5% horse serum for 10 min. Pieces of mesentery were stained 
superficially with toluidine blue for mast cells to stain 
metachromatically. The cells stained a different color from the dye 
solution and the rest of the tissue. Mast cells stained red-purple 
(metachromatic staining) and the background stained blue 
(orthochromatic staining). Metachromasia, tissue elements staining 
a different color from the dye solution, is due to the pH, dye 
concentration and temperature of the basic dye. Blue or violet dyes 
will show a red color shift, and red dyes will show a yellow color 
shift with metachromatic tissue elements. The tissue was immersed 
in 0.1% toluidine blue (in 4% aqueous saline) for 10 min. The tissue 
was cleared in xylene for 5 to 10 min. It was rinsed with acetone 
thrice and was placed on a microscopic slide, stretched with the 
help of a needle. The intestinal pieces were cut and removed. 
 
 
Counting of disrupted mast cells  
 
The tissue was examined under the microscope in 100X 
magnification. Three slides per animal were used. Disrupted mast 
cells were stained red-purple and the normal mast cells were 
stained blue. Each slide was divided in three grids and the 
disrupted mast cells in four randomly selected fields for each grid 
were counted. With the numbers of disrupted mast cells, the 
percent anti-asthmatic activity was calculated using the formula 
shown below. Anti-asthmatic activity shown by the negative control 
is considered negligible: 
 

                                   

 
                                                                

                                                                

     
 
                                   

 
                                                             

                                                                

     

                                   

 
                                                                

                                                                

     
 
 
Median effective dose (ED50)  
 
A linear regression analysis was used to obtain a linear equation 
through Microsoft Excel 2007 that will be then be used to calculate 
ED50.  
 
 
Statistical analysis  
 
Statistical analysis was performed using Microsoft Excel software 
and StatPlus 2009 program. To confirm the variability of the data 
and validity of results, the number of disrupted mast cells was 
compared using one-way analysis of variance (ANOVA). 
Differences between the untreated and the test solutions were 
considered statistically significant at standard P value ≤ 0.01. 
 
 

RESULTS AND DISCUSSION 
 
The test solution of D. spilopterus, based on the results, 
indicates an anti-asthma property. This was exhibited by 
the number of disrupted mast cells obtained and counted 
from the intestinal mesentery of the test animals. The 
anti-asthma activity exhibited by the D. spilopterus was 
dose-related; with increasing dose, the disrupted mast 
cell decreases.  

The median effective dose (ED50) is 663.90 mg/KBW. 
Theoretically, the dose in which 50% anti-asthmatic 
activity will be exhibited by the test solutions is 663.90 
mg/KBW. Linearity was verified by analysis of different 
concentrations. As a result, regression analysis showed 
good correlations with R

2
 = 0.9997 in the doses 600, 800 

and 1000 mg/KBW. This means that there is a direct 
relationship between the dose and the percent anti-
asthmatic activity (Figure 1).  
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Figure 2. Median effective dose. 
 
 
 

 
 

Figure 3. Comparison of disrupted mast cells among the positive 
control, negative control, test solutions and untreated; A: Negative 
Control; B: Positive Control; C: 600 mg/KBW; D: 800 mg/KBW; E: 1000 
mg/KBW; F: Untreated; G: Normal. 
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Table 1. Treatment groups. 
 

Treatment groups Treatment  

1 Negative control (Water - 0.2/20 g)  

2 Positive control (Prednisolone - 10 mg/KBW)  

3 Test solution (600 mg/KBW)  

4 Test solution (800 mg/KBW)  

5 Test solution (1000 mg/KBW)  

6 Untreated (Sensitized without treatment)  

7 Normal (No sensitization and treatment)  

 
 
 

Table 2. One-way ANOVA for percent anti-asthma activity. 
 

Source of variation d.f. SS MS F p-value 

Between Groups 3 11,760.8268 3,920.2756 53.4157 0.0000123 

Within Groups 8 587.1346 73.3918   

Total 11 12,347.9614    

 
 

 
A probability (p) value of 0.0000123 was obtained. A p-

value of < 0.01 indicates that a statistical significant 
difference exists between the different doses in relation to 
their anti-asthmatic activity. This indicates that the 
observed difference in outcomes is due to the observed 
effect. The treatment groups have a dose dependent 
relationship. As the dose increases, the percent anti-
asthmatic activity also increases (Table 2).  

The probable mechanism of Draco spilopterus’s anti-
asthma activity is that it offers significant protection 
against degranulation by stabilizing the mast cells, which 
is responsible for the decreasing airway inflammation by 
preventing release of various inflammatory mediators. 
This may be due to the presence of alkaloids. 

Chemical analysis on the secondary metabolites D. 
spilopterus has never been conducted however, based 
on literature, chemical tests was performed on another 
lizard species, Tropidurus semitaeniatus, utilized in 
traditional medicine in Northeast Brazil which revealed 
that it contains alkaloids (Santos et al., 2012). A study 
also revealed that an alkaloid produced statistically 
significant protection against Tween 80 - induced 
degranulation, as also to sensitized mast cells challenged 
with an antigen (horse serum) (Ghosal et al., 1986).  

Based on the results, the proponents conclude that the 
extract of dried D. spilopterus in doses of 600, 800 and 
1000 mg/KBW elicited an anti-asthmatic activity on male 
albino rats. The positive control group administered with 
20 mg/5 ml prednisolone produced an average of 170 
disrupted mast cells. The negative control group 
administered with plainly water produced an average of 
343 disrupted mast cells. The treatment groups with 
doses 600, 800 and 1000 mg/KBW produced an average 
of 275, 232 and 190 disrupted mast cells, respectively. 
Based on the number of disrupted mast cells, the dose of 

1000 mg/KBW showed the most significant relationship 
with the least number of disrupted mast cells. The 
average calculated percent anti-asthmatic activity of the 
test solutions were 42.25% for 600 mg/KBW, 66.44% for 
800 mg/KBW, 89.32% for 1000 mg/KBW. Using the 
obtained percent activity, the median effective dose 
(ED50) is 663.90 mg/KBW. 

These findings provide a preliminary data on the anti-
asthma effect of decocted D. spilopterus. Further 
investigations on the isolation of specific compounds and 
toxicity studies may warrant the development of the 
animal extract into a drug product.  
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