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ABSTRACT 
 

Aim: The study aimed to evaluate the toxicity of the crude extracts of Andrographis paniculata 
leaves using a Brine Shrimp (Artemia salina) lethality assay test to substantiate the 
ethnopharmacological uses of this plant. 
Methodology: Ethanol, acetone and ethyl acetate extracts of Andrographis paniculata were 
subjected to qualitative and quantitative phytochemical screening for bioactive compounds using 
standard methods and protocols. The extracts were further subjected to cytotoxicity screening 
using Brine Shrimp Lethality Assay. 
Results: The results of the preliminary screening revealed the presence of alkaloids, saponins, 
terpenes, anthraquinones, tannin and flavonoids in all the extracts studied, Phlobatannins and 
cardiac glycosides were not detected in any of the extracts. Total phenols, alkaloids, flavonoids 
tannins and saponins were determined quantitatively and the results showed that total phenols 
were the major phytochemical constituent present in highest concentration while the least was 
tannin in all extracts. The concentrations of these bioactive compounds were highest in ethanol 
extract. In Brine Shrimp Lethality Bioassay, all the extracts produced dose-dependent cytotoxicity 
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effect to Brine Shrimp nauplii with ethanol extract exhibiting highest toxicity having LC50 value of 
187.5 μg/ml compared to the positive control, potassium dichromate whose LC50 value was 130.0 
μg/ml. 
Conclusion: The cytotoxicity exhibited by the crude extracts confirmed the presence of potent 
bioactive compounds and validates the ethnopharmacological importance of Andrographis 
paniculata in the treatment of different illnesses. 
 

 
Keywords: Andrographis paniculat; Brine Shrimp; cytotoxicity; ethnopharmacological; flavonoids. 
 

1. INTRODUCTION 
 

In recent years, the trend has changed towards 
the utilization of phytochemicals present in like 
vegetables, fruits, oilseeds, spices and herbs [1]. 
These plants serve as alternatives for potential 
antioxidants, nutraceuticals, food supplements, 
folk medicines, pharmaceutical intermediates 
and chemical entities for synthetic drugs and 
functional ingredients [1,2]. These plants are a 
valuable source of natural phytochemical 
compounds such as vitamins, phenolic 
compounds, and flavonoids alkaloids, steroids, 
tannins, cardiac glycosides, volatile oils, fixed oils 
and resins [3,4]. It has been reported by many 
researchers that about 80% of the human 
population (mostly in underdeveloped countries) 
globally depend on herbs for their primary health 
care. The phytochemical compounds of a plant 
often determine the physiological action on the 
human body [5]. Screening of the phytochemical 
components in a given plant extract is aimed at 
identifying the nature of the compound present 
which has been reported to be responsible for 
the observed medicinal action. These 
compounds exert their effect by destroying the 
microorganisms responsible for the infection, 
clearing up residual symptoms, improving 
immunity and plays a vital role in reducing 
human’s ageing process [6].  

 
Despite the numerous benefits of medicinal 
plants, some of the plants are known to carry 
toxicological properties and as such, the 
effectiveness and potential toxicity of medication 
used in folk medicine have to be scientifically 
evaluated [7-9]

.
 Numerous research studies have 

recently focused on both pharmacology and 
toxicity of medicinal plants used by humans. This 
is important to achieve a safe treatment with 
plant products [10]. The toxicity of plants may 
originate from different contaminants or from 
plant chemical compounds that are part of the 
plant. Various assays are used for the research 
of potential toxicity of plant extracts based on 
different biological models, such as in vivo 
assays [11]. However, recent studies employed 

efforts for alternative biological assays that 
include species of Artemia salina, Artemia 
franciscana, Artemia urmiana and Thamno-
cephalus platyurus [12]. These toxicity tests are 
considered a useful tool for preliminary 
assessment of toxicity [13]. A general bioassay 
that appears capable of detecting a broad 
spectrum of bioactivity present in plant crude 
extracts is the Brine Shrimp (Artemia sp.) 
Lethality assay (BSLA) [14]. The selected plants 
are screened for their cytotoxic effect on Artemia 
salina and correlate results of toxicity with known 
ethnopharmacological activities. The advantages 
of Brine Shrimp Lethality Assay include rapid, 
cost-effective, no need for special equipment and 
animal serum. The assay can be performed with 
less than 20 mg sample without any objection 
from animal right advocates to the use of these 
invertebrates for the experiment

 
[15]. 

 
Andrographis paniculata (Burm. f) Nees., also 
called as Kalmegh or “King of Bitters” belongs to 
the family Acanthaceae which is a herbaceous 
plant [16,17].  
 
It is a hardy and erects herb which grows mainly 
as an under-shrub in the tropical, moist 
deciduous forest. It has glabrous leaves, about 
8.0 cm long and 2.5 cm broad and white flowers 
with rose-purple spots on the petals

 
[18]. The 

stem is dark green, about 0.3- 1.0 m in height 
and 2-6 mm in diameter [19,20]. Some of the 
chemical constituents that have been found in A. 
paniculata are Diterpenes, flavonoids, terpenoid, 
lactones, alkanes, alkaloids, cardiac glycoside, 
tannins, saponins ketones, aldehydes, 
paniculides, farnesols, polyphenols, arabino-
galactan, and several sub-units of andro-
grapholides [20-22]. The biological activities of 
this plant were attributed to the diterpenoids, 
flavonoids and quercetin [23]. It is traditionally 
used to treat gastrointestinal tract and upper 
respiratory infections, fever, herpes, throat 
infection hepatitis, tonsillitis, gastroenteritis, 
pyelonephritis and laryngitis [24,25].  The anti-
inflammatory, anti-microbial, anti-malarial, anti-
diabetic, anti-diarrhoeal, anti-thrombotic, anti-
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venom and hepatoprotective activities of A. 
paniculata has been reported by many 
researchers [26-33].

 
Andrographis paniculata is 

commonly used as folk medicine; therefore this 
research aims to explore the toxicity of different 
extracts of the leaves on brine shrimp. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Preparation of Sample 
 
Fresh leaves of Andrographis paniculata were 
collected from a bush in Mbiabong in Uyo Local 
Government Area of Akwa Ibom State.  
Identification and authentication were carried out 
in the herbarium section of the Department of 
Botany, University of Uyo. The fresh leaves were 
washed with water immediately after collection 
and then chopped into small pieces, air-dried at 
room temperature for about 10 days and 
pulverized into powder form and stored in an 
airtight container until required for use. 
 

2.2 Extraction Procedure 
 

The powdered leaves of Andrographis paniculata 
were extracted by cold maceration method at 
room temperature with ethanol, ethyl acetate and 
acetone and left for 72 hours with intermittent 
shaking. The plant extracts were filtered and 
concentrated using a rotary evaporator at 40°C.  
Each extract was transferred into labelled sterile 
glass vials and stored at 4°C before use.   
 

2.3 Qualitative Phytochemical Analysis of 
Plant Extracts 

 

The leaf extracts (ethanol, ethyl acetate and 
acetone) were screened for alkaloids, flavonoids, 
cardiac glycosides, terpenes, deoxy sugars, 
anthraquinones, saponins, tannins and 
phlobatannins using procedures described by 
several authors [34-36].  
 

2.4 Test for Alkaloids  
 

Each extract was dissolved individually in 1 ml of 
1% hydrochloric acid and filtered. The filtrates 
were used to test the presence of alkaloids.  
 

Dragendorff’s test: 1 mL of the filtrate was 
treated with a few drops Dragendorff's reagent. 
Formation of orange-brown precipitate indicated 
the presence of alkaloids.  
  
Mayers test: Filtrates were treated with Mayer’s 
reagent. Formation of a yellow cream precipitate 
indicated the presence of alkaloids. 

2.5 Test for Tannins  
 
2.5.1 Ferric chloride test 
 
0.5 g of each extract was boiled in 20 ml of 
distilled water. The mixture was filtered and ferric 
chloride was added to the filtrate. A dark green 
color was formed, indicating the presence of 
tannins. 
  
2.5.2 Test for saponins  
 
Frothing test: About 0.5 mg of each extract was 
shaken with five ml of distilled water. Formation 
and persistence of frothing showed the presence 
of saponins. 
 
2.5.3 Test for cardiac glycosides  
 
Salkowski’s test: 0.5 g of each extract was 
dissolved in 2 mL of chloroform. Concentrated 
H2SO4 (3 mL) was carefully added down the side 
of the tube to form a layer. An appearance of a 
reddish-brown colour in the interface indicated 
the presence of steroidal aglycone portion of 
cardiac glycosides. 
   
Keller –Killiani test: 0.5 g of each plant extract 
was dissolved in 2 mL of glacial acetic acid 
containing one drop of ferric chloride solution. 1 
mL of concentrated sulphuric acid was 
subsequently added to the extracts. A brown ring 
obtained at the interface indicated the presence 
of a deoxy sugar characteristic of cardenolides 
 
2.5.4 Test for anthraquinones  
 
Bontrager's test: About 0.5 g of the extract was 
transferred into a dry test tube and 5 mL of 
chloroform was added and shaken for 5 min. The 
extract was filtered and the filtrate was shaken 
with an equal volume of 10% ammonia solution. 
A pink violet or red colour in the lower layer 
indicated the presence of anthraquinone.   

 
2.5.5 Test for flavonoids  

 
Shinoda test: Few pieces of magnesium 
turnings and 1-2 drops of concentrated 
hydrochloric acid were added to 5 mL of each 
extract. Formation of pink colour was taken as 
evidence for the presence of flavanoids  

 
Lead acetate test: Extracts were treated with a 
few drops of lead acetate solution. Formation of 
yellow colour precipitate indicated that the 
presence of flavonoids. 
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2.5.6 Test for reducing sugar (De-Oxy 
sugars) 

 

0.5 g of each extract was macerated with 20 ml 
of distilled water and filtered. To 1 ml of the 
filtrates, 1 ml of alkaline copper reagent was 
added. The mixture was boiled for 5 min and 
allowed to cool. Then 1 ml of phosphomolybdic 
acid reagent and 2 ml of distilled water was 
added and the absorbance read at 420 nm. 
 

2.6 Terpenes  
 

0.5 g of the different extracts were dissolved in 4 
mL of distilled water and filtered. 2 ml of 
concentrated tetraoxosulphate VI acid was 
added to the filtrates. A red colour was observed 
usually indicates the presence of terpenes. 
 

2.7 Phlobatannins 
 

2.7.1 Hydrochloric acid test 
 
About 0.5 g of each plant extract was dissolved 
in water and filtered. The filtrate was boiled with 
1% hydrochloric acid. Deposition of a red color 
precipitate was taken as a positive test. 
 

2.7.2 Quantitative estimation of phyto-
constituents 

  

The phytochemicals which are present in the 
ethanol, ethyl acetate and acetone extract of 
Andrographis paniculata was determined and 
quantified.  
 

2.7.3 Determination of polyphenols 
 

The total phenolic content in the extracts was 
determined by the modified Folin-Ciocalteu 
method as described by Singleton and Rossi [37] 
and modified by Ayoola et al. [38]. The sample 
extract was dissolved in methanol (1 mg/ml). An 
aliquot of 0.5 ml of each plant extract (1 mg/ml) 
was mixed with 5 ml of Folin- Ciocalteu reagent 
which was previously diluted with distilled water 
(1:10 v/v). The mixture was shaken slightly and 
allowed to stand at 22°C for 5 mins. Afterwards, 
4 ml (75 g/L) of sodium carbonate (Na2CO3) was 
added.  The tubes containing the mixtures were 
allowed to stand for 30 min at 40°C to develop 
colour. Absorbance was read at 765 nm using 
the spectrophotometer. Results were expressed 
as gallic acid equivalent in (mgGAE/g) of 
extracts. All samples were analyzed in triplicate. 
 

2.7.4 Determination of total flavonoids 
 

Total flavonoid contents were determined using 
the method of Ordon et al. [39]. A volume of 0.5 

ml of 2% AlCl3 ethanol solution was added to 0.5 
ml of the sample solution.  This reaction mixture 
was kept four 1 hour at room temperature.  The 
absorbance was measured at 420 nm. The 
yellow colour indicated the presence of 
flavonoids. Extract samples were evaluated at a 
final concentration of 0.1 mg/mL. Total flavonoid 
content was calculated as quercetin equivalents 
(mg/g). 
 

2.7.5 Determination of total alkaloids 
 

Total alkaloids were determined according to the 
standard method as described by Harbone [36]. 
5 g of the sample extract was weighed into a 250 
ml glass beaker and 200 ml of 10% acetic acid in 
ethanol was added, covered and allowed to 
stand for 4 hours. This was filtered and the 
extract was concentrated on a water bath to one-
quarter of the original volume. Concentrated 
ammonium hydroxide was added dropwise to the 
extract until the precipitation was complete. The 
solution was allowed to settle and the precipitate 
was collected and washed with dilute ammonium 
hydroxide and filtered. The residue which 
contained alkaloids was dried and weighed. 
 

2.7.6 Determination of total tannins  
 
500 mg of the sample was weighed into a 50 ml 
plastic bottle. 50 ml of distilled water was added 
and shaken for 1 h in a mechanical shaker. This 
was filtered into a 50 ml volumetric flask and 
brought to volume. 5 ml of the filtrate was 
pipetted into a test tube and mixed with 2 ml of 
0.1 M FeCl3 in 0. I N HCl and 0.008 M potassium 
ferrocyanide. The absorbance was measured at 
720 nm [40].  
 
2.7.7 Determination of total saponins  
 
20 g of each sample was put into a conical flask 
and 200 ml of 20% aqueous ethanol was added. 
The samples were heated in a hot water bath for 
4 hours with continuous stirring at about 55°C. 
The mixture was filtered and the residue re-
extracted with another 200 ml 20% ethanol. The 
combined extracts were reduced to 40 ml over a 
water bath at about 90°C. The concentrate was 
transferred into a 250 ml separatory funnel and 
20 ml of diethyl ether was added and shaken 
vigorously. The aqueous layer was recovered 
while the ether layer was discarded. The 
purification process was repeated. 60 ml of n-
butanol was added. The combined n-butanol 
extracts were washed twice with 10 ml of 5% 
aqueous sodium chloride. The remaining solution 
was heated in a water bath. After evaporation, 
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the samples were dried in an oven to a constant 
weight and the saponin content was calculated 
[41]. 
 

2.8 Brine Shrimp Lethality Bioassay 
 
The Brine Shrimp Lethality Bioassay was used to 
predict toxicity activity as described by Meyer et 
al. [42]. Briefly, 4 mg of each extract was 
dissolved in 2% dimethyl sulfoxide (DMSO).  
Solutions of varying concentrations (1000,500, 
250,125,62.5,31.25 μg/ml) were obtained by 
serial dilution technique using seawater. The 
solutions obtained were then added to pre-
marked vials containing 10 live brine shrimp 
nauplii in 5 ml seawater. The experiments were 
done in triplicate. About 10 ml of DMSO in 
seawater and different concentrations of 
potassium dichromate were taken as negative 
and positive controls respectively. After 24 hours, 
the vials were inspected using a magnifying 
glass and the number of survived nauplii in each 
vial was counted. LC50 values were determined, 
based on the percentage mortality, using a linear 
regression method, plotting % mortality against 
the correspondent log of concentration. 
Biological activity was recorded as the 
concentration when 50% of the larvae were killed 
within 24 hours. From the data obtained, the 
percentage lethality of Brine Shrimp nauplii                
for each concentration and control was 
calculated. 

 
3. RESULTS AND DISCUSSION 
 
Phytochemicals can be derived from any part of 
the plant like bark, leaves, flowers and seeds 
[43]. Phytochemical screening is one of the 
techniques to identify new sources of 
therapeutically and industrially important 
compounds like alkaloids, flavonoids, phenolics, 
steroids, tannins and saponins. Knowledge of the 
chemical compounds of plants is important 
because such information will be of value for the 
synthesis of new bioactive compound/s for 
treating specific disease [44]. The extracts of the 
leaves of Andrographis paniculata were 
screened qualitatively and quantitatively for the 
presence of secondary metabolites. The results 
obtained are presented in Tables 1 and 2. The 
preliminary qualitative phytochemical screening 
of ethanol, acetone and ethyl acetate extracts of 
Andrographis paniculata for bioactive 
compounds indicated that these extracts 
contained alkaloids, saponins, tannins, 
flavonoids, terpenes, anthraquinone and cardiac 

glycosides in varying proportions. However, 
deoxy- sugars and phlobatannins were absent in 
all the extracts while cardiac glycosides were not 
detected in the ethanol extract. These secondary 
metabolites contribute towards the biological 
activities of medicinal plants such as 
hypoglycemic, antidiabetic, antioxidant, anti-
microbial, anti-inflammatory, anti-carcinogenic, 
antimalarial, anticholinergic and antileprosy 
activities [45]. Preliminary analysis of 
phytochemicals is essential for the quantitative 
estimation and separation of pharmacologically 
active chemical compounds, which subsequently 
may lead to the drug discovery and development 
[46]. 
 

Quantitative estimation of chemical compounds 
in the different leaf extracts of Andrographis 
paniculata indicated that all the extracts 
contained high to moderate levels of bioactive 
compounds. Generally, it was found that ethanol 
extract had the highest concentration of bioactive 
compounds quantitatively estimated. Total 
phenolic content was highest in ethanol extract 
(49.24 ± 0.15 mg GAE/g) (Table 2), while the 
least concentration was recorded for ethyl 
acetate (11.48 ± 1.43 mg GAE/g). Naturally 
occurring phenolic compounds, such as phenolic 
acids, flavonoids, curcuminoids, lignans, tannins, 
stilbenes and quinones have been reported to be 
associated with the antioxidant activity of plant 
and food extracts [47]. This is mainly due to their 
redox properties, allowing them to act as 
reducing agents, hydrogen donors, singlet 
oxygen quenchers, hydroxyl radical quenchers, 
and metal chelators [48]. The ethanolic extract 
recorded the highest content for flavonoids (3.30 
± 1.5 mg/g) and the lowest content of flavonoids 
was noted in ethyl acetate extract (0.78 ± 0.56 
mg/g). Flavonoids have been referred to as 
nature’s biological response modifiers because 
of their inherent ability to modify the body’s 
reaction to allergies, virus and carcinogens [49]. 
Flavonoids are equally free radical scavengers 
that prevent oxidative cell damage, have strong 
anticancer, antiallergic, and anti-inflammatory 
activities [50,51]. 
 

Alkaloids have been reported to possess various 
pharmacological activities including analgesic, 
antihypertensive effects, antiarrhythmic effect, 
antimalarial, bactericidal effects and anticancer 
activity and they exhibit marked physiological 
activity when administered to animals [52,53,         
50]. The result obtained showed that the                    
extracts contained a moderate concentration of 
alkaloids. 
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Table 1. Phytochemical compounds of different extracts of Andrographis paniculata 

 
Compounds  Ethanol Acetone  Ethyl acetate 

Alkaloids +++ ++ + 
Saponins ++ ++ + 
Terpenes ++ ++ + 
De-oxy sugars - - - 
Anthraquinone +++ ++ + 
Tannins  +++ + + 
Cardiac glycosides - + + 
Flavonoids ++ + + 
Phlobatannins - - - 

Keyword: + =low concentration, ++ = moderate concentration, +++ = high concentration, - = absent 
 

Table 2. Results of quantification of the phytochemical bioactive compounds in different 
extracts of Andrographis paniculata 

 

Bioactive compounds  (mg/g) Ethanol extract Acetone extract  Ethyl acetate extract 

Total phenolics 49.24 ±0.15 21.56±1.34 11.48±1.43 
Total flavonoids 3.30 ±1.5 2.7±1.7 0.78±0.56 
Total alkaloids 1.88±0.01 0.23±0.04 0.22±0.04 
Total tannins 0.23±1.5 0.22±1.2 0.15±1.4 
Total saponins 10.58±1.7 10.2±0.22 7.45±1.5 

 

Table 3. LC 50 result of Brine shrimp lethality 
bioassay of different extracts of 

Andrographis paniculata 

 
Extracts LC 50  in 

µg/mL 

Ethanol 187.5 
Acetone 375 
Ethyl acetate 750 
Potassium dichromate 130 

 

The different extracts of Andrographis paniculata 
contained varying concentrations of tannins, with 
ethanol extract recording the highest 
concentration (0.23 ± 1.5 mg/g). The defensive 
properties of tannins are generally attributed to 
their ability to bind proteins [54]. It exerts anti-
inflammatory effects probably by inhibiting the 
release, synthesis and /or production of 
inflammatory cytokines and mediators, including 
prostaglandins, histamine and polypeptide [55]. 
Tannins have astringent properties, hasten the 
healing of wounds and inflamed mucous 
membranes. They are also known to have 
various physiological effects like anti-irritant, anti-
scretolytic anti-parasitic and anti-microbial 
activities. Plants containing tannin are used to 
treat non-specific diarrhoea and inflammation of 
the mouth [56]. 
 
The concentration of saponins in this study 
ranged from 7.45 ± 1.5 mg/g to 10.58 ± 1.7 mg/g. 
Ethanol contained the highest concentration of 
saponins, while ethyl acetate recorded the least 

concentration. Saponins are known to exhibit 
antimicrobial activities and protect plants from 
microbial pathogens [57]. It is also reported that 
saponins are capable of precipitating and 
coagulating red blood cells [58].  Saponins are 
known to possess antioxidant, anti-cancer and 
anti-inflammatory properties [59,60]. These 
classes of compounds present from phyto-
chemical screening are responsible for the 
medicinal activity of Andrographis paniculata 
against several pathogens and therefore justify 
the ethnopharmacological uses of this plant in 
the treatment of different illnesses. 
 

3.1 Brine Shrimp Lethality Test  
 
The brine shrimp test represents a rapid, 
inexpensive and simple bioassay for testing plant 
extract lethality which in most cases corroborates 
reasonably well with cytotoxic and anti-tumour 
properties. It has been proven to be a convenient 
system for monitoring biological activities of 
natural products [61]. Brine shrimp lethality assay 
after 24 hours of exposure to the crude extracts 
of Andrographis paniculata and positive control, 
potassium dichromate were investigated and the 
LC50 values are presented in Table 3. Different 
measures of lethality were observed with 
exposure to different concentrations of the test 
samples. The results obtained showed that the 
brine shrimp lethality assay of the three plant 
extracts was concentration-dependent, with 
maximum mortalities at a concentration of 1000 
μg/mL whereas least mortalities were at 10 μg/ml 
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concentration. According to Meyer’s toxicity 
index, herbal extracts with LC50 < 1000 μg/mL 
are considered toxic, while extracts with LC50 > 
1000 μg/mL are considered non-toxic [42]

.
 

Equally, according to Rieser et al. [62], crude 
extracts resulting in LC50 values less than 250 
μg/ml were considered active. The leaf extracts 
of Andrographis paniculata exhibited positive 
brine shrimp larvicidal activity concerning the 
toxicity indexes proposed by Meyer et al. [42] 
and Rieser et al. [62]. Among the extracts 
studied, ethanol had the highest toxicity (LC 50 = 
187.5 μg/mL) which is comparable to the positive 
control (LC50 130 μg/ml), confirming that ethanol 
may be a more suitable medium for obtaining 
specific bioactive compounds responsible for the 
toxicity. It is possible that a broad range of 
structurally diverse compounds contribute to the 
overall pharma-cological activity of the crude 
extract and synergistic effects between active 
principles may exist [63].  
 

4. CONCLUSION  
 

Qualitative and quantitative evaluation of the 
different leaf extracts of Andrographis paniculata 
revealed the presence of bioactive compounds 
such as phenols, flavonoids, alkaloids, tannins 
and saponins in varying concentrations. The 
extracts were further subjected to toxicity assay 
using Brine shrimps. The results indicated that 
the leaf extracts of Andrographis paniculata 
exhibited cytotoxic activity against brine shrimp 
since their LC50 values were less than 1000 
μg/mL. The cytotoxicity exhibited by the crude 
extract further confirmed the presence of 
bioactive compounds and gave credence to the 
ethnopharmacological uses of the plant in the 
treatment of various diseases. However, Brine 
Shrimp Lethality Assay is inadequate in 
determining the mechanism of action of the 
bioactive substances in the plant, further 
investigations such as isolation and structural 
elucidation of these compounds are necessary.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Kaur, C. and Kapoor, H. C. Antioxidants in 
fruits and vegetables – the millennium 
health, Int J Food Sci Technol. 2001;36: 
703-725. 

2. Elliot JG. Application of antioxidant 
vitamins in foods and beverages, Food 
Technol.1999;53:46-48. 

3. El-Ghorab AH, Shibamoto T, Ozcan M. 
Chemical composition and antioxidant 
activities of buds and leaves of capers 
(Capparis ovata Desf. Var. Canesencene) 
cultivated in Turkey. J Essent Oil Res. 
2007;19:72-77. 

4. Tonthubthimthong P, Chuaprasert S, 
Douglas P, and Luewisuttichat W 
Supercritical CO2 extraction of nimbin from 
neem seeds an experimental study. 
Journal of Food Engineering. 2001;47: 
289-293. 

5. Ighodaroro OM, Mairiga JP, Adeyi AO.  
Reducing and anti-proxidant profiles of 
flavonoids in Ocimum gratissimum. Int J. 
Chem. Science. 2009;2:85-89. 

6. David G, Richard CBS, John FP. Medical 
microbiology. A guide to microbial 
infections Palliogenesis, immunity, 
laboratory diagnosis and control, 15th Edn. 
EL ST publishers. 1997;558-564. 

7. Baker J, Borris R, Carte B, Cordell G, 
Soejarto D, Cragg G. Natural product 
discovery and development. New 
prospective on international collaboration. 
Journal of Natural Products. 1995;58: 
1325-1357. 

8. Cox P, Balik M. The ethnobotanical 
approach to drug discovery. Scientific 
American. 1994;270:82-7. 

9. Munoz V, Sauvain M. A search for natural 
bioactive compounds in Bolivia through a 
multidisciplinary. Approach part 1. 
Evaluation of the anti-malarial activity of 
plants used by the Chacobo Indians. 
Journal of Ethnopharmacology. 2002;69: 
127–137. 

10. Parra LA, Yhebra RS, Sardiñas IG, Buela 
LI. Comparative study of the assay of 
Artemia salina L. and the estimate of the 
medium lethal dose (LD50 value) in mice, 
to determine oral acute toxicity of plant 
extracts. Phytomed. 2001;8:395-400. 

11. Carballo JL, Hernández-Inda ZL, Pérez P, 
García-Grávalos MD. A comparison 
between two brine shrimp assays to detect 
in vitro cytotoxicity in marine natural 
products. BMC Biotech. 2002;2:17. 

12. Veni T, Pushpanathan T, Comparison of 
the Artemia salina and Artemia fransiscana 
bioassays for toxicity of Indian medicinal 
plants. J Coastal Life Med. 2014;2:453-
457. 

13. Mayorga P, Pérez KR, Cruz SM, Cáceres 
A. Comparison of bioassays using the 
anostracan crustaceans Artemia salina 
and Thamnocephalus platyurus for plant 



 
 
 
 

Daniel and Ibok; SARJNP, 2(3): 172-181, 2019; Article no.SARJNP.53956 
 
 

 
179 

 

extract toxicity screening. Bras J Pharm. 
2010;20:897-903. 

14. Pisutthanan S, Plianbangchang P, 
Pisutthanan N, Ruanruay S, Muanrit O. 
Brine shrimp lethality activity of Thai 
medicinal plants in the family Meliaceae. 
Naresuan University Journal. 2004;12(2): 
13-18. 

15. McLaughlin JL, Rogers LL. The use of 
biological assays to evaluate botanicals. 
Drug Inform. J. 1998;32:513–524. 

16. Mishra SK, Sangwan NS, Sangwan RS. 
Andrographis paniculata (Kalmegh): A 
review. Pharmacog. Rev. 2007;1:283-  
289.  

17. Kanokwan J, Nobuo N. Pharmacological 
aspects of Andrographis paniculata on 
health and its major diterpenoid constitute 
andrographolide. J of Health Sci. 2008;     
54(4):370-381.  

18. Nirlep K. Andrographis paniculata: A 
review on ethnomedicinal potential and 
biological activities. J Plant Dev Sci. 
2016;8:1. 

19. Zhang X. WHO Monograph on selected 
medicinal plants. World Health Organiza-
tion, Geneva. 2004;2. 

20. Niranjan A, Tewari SK and Lehri A. 
Biological activities of Kalmegh 
(Andrographis paniculata Nees) and its 
active principles- A review. Indian J Nat 
Prod Res. 2010;1(2):125-135.  

21. Akbar S. Andrographis paniculata: A 
Review of pharmacological activities and 
clinical effects. Altern Med Rev. 2011; 
16(1):66-77. 

22. Sharma M, Joshi S. Comparison of 
antioxidant activity of Andrographis 
paniculata and Tinospora cordifolia leaves. 
J Curr Chem Pharm Sci. 2011;1(1):1-8. 

23. Tang W, Eisenbrand G. Chinese drugs of 
plant origin, chemistry, pharmacology and 
use in traditional and modern medicine. 
Springer-Verlag. 1992;97-103.  

24. Shalini VB and Narayanan JS. 
Antibacterial activity of Andrographis 
paniculata Nees against selective human 
pathogens. Afri J Microbiol Res. 2015; 
9(16):1122-1127. 

25. Wangboonskul J, Daodee S, Jarukamjorn 
K. Study of Andrographis paniculata 
tabulates in healthy thaimale volunteers. 
Thai Pharm Health. Sci. J. 2006;1(3):209-
218. 

26. Singha PK, Roy S, Dey S Antimicrobial 
activity of Andrographis paniculatA. 
Fitoterapia. 2003;74:692-694. 

27. Trivedi NP, Rawal UM Hepatoprotective 
and antioxidant property of Andrographis 
paniculata (Nees) in BHC induced liver 
damage in mice. Indian J. Exp. Biol. 2001; 
39(1):41-6. 

28. Rahman NA, Furuta T, Kojima S, Tabane 
K, Ali-Mohd M. In vitro and in vivo study 
revealed that malarias medicinal plants, 
Piper sarmentosum, Andrographis 
paniculata and Tinospora crispa produce 
considerable antimalarial effect. J. 
Ethnopharmacol. 1999;64:249–254 

29. Gupta S, Yadava J. S, Tandon, J.S 
Antisecretory (antidiarrhoeal) activity of 
Indian medicinal plants against Escherichia 
coli enterotoxin-induced secretion in rabbit 
and guinea pig ileal loop models. 
Pharmaceut. Biol. 1993;31(3):198-204. 

30. Dhiman A, Goyal J, Sharma KA, Dhiman 
S. A Review on medicinal prospectives of 
Andrographis paniculata Nees. J Pharm 
Sci Innov. 2012;1(1):1-4. 

31. Samy RP, Thwin MM, Gopalakrishnakone 
P, Ignacimuthu S. Ethnobotanical survey of 
folk plants for the treatment of snakebites 
in Southern part of Tamilnadu. Indian J 
Ethnopharmacol. 2008;115:302-312. 

32. Agarwal R, Sulaiman SA, Mohamed M. 
Open label clinical trial to study adverse 
effects and tolerance to dry powder of the 
aerial part of Andrographis paniculata in 
patients type 2 with diabetes mellitus 
Malaysian J Med Sci. 2005;12(1):13-19. 

33. Zhao HY, Fang WY. Antithrombotic effects 
of Andrographis paniculata Nees    in 
preventing myocardial infarction. Chin. 
Med. J (Engl). 1991;104:770-775. 

34. Sofowora A. Medicinal plants and 
traditional medicine in Africa, New York. 
John Wiley and Sons. 1993;191-300.  

35. Evans WC, Trease E. Pharmacognosy. 
15

th
 Ed., W.B. Sauners Co. Ltd., London, 

Philadelphia, Torento, Sydney, Tokyo; 
2002. 

36. Harbone JB. Phytochemical methods. 
London. Chapman and Hall, Ltd. 1973;49-
188.  

37. Singleton VL, Rossi JA. Colorimetry of total 
phenolics with phosphomolybdic-
phosphotungstic acid reagent. Am. J. Soc. 
Enol. Viticul. 1965;16:144-158. 



 
 
 
 

Daniel and Ibok; SARJNP, 2(3): 172-181, 2019; Article no.SARJNP.53956 
 
 

 
180 

 

38. Ayoola GA, Folawewo AD, Adesegun SA, 
Abioro OO, Adepoju-Bello AA, Coker HAB. 
Phytochemical and antioxidant screening 
of some plants of apocynaceae from South 
West, Nigeria. African Journal of Plant 
Science. 2008;2(9):124-128. 

39. Ordon AL, Gomez JD, Vattuone MA, Isla 
MI. Antioxidant activities of Sechium edule 
(Jacq.) Swart extracts. Food Chem. 2006; 
97:452–458. 

40. Van-Burden T, Robinson W. Formation of 
complexes between protein and Tannin 
acid. J. Agric. Food Chem. 1981;1:77. 

41. Obdoni B, Ochuko P. Phytochemical 
studies and comparative efficacy of the 
crude extracts of some homostatic plants 
in Edo and Delta States of Nigeria. Global 
J. Pure Appl. Sci. 2001;8:203–208.   

42. Meyer BN, Ferrigni NR, Putnam JE, 
Jacobsen LB, Nichols DE, Mclaughlin JL. 
Brine shrimp, a convenient general 
bioassay for active plant constituents. 
Plenta Medica. 1982;45:31–34. 

43. Cragg GM, David JN, 2001. Natural 
product Y. Lin. Tannins and human health: 
drug discovery in the next millennium. J. 
Pharm. Biol. A review, Criti Rev. Food. Sci. 
Nutr. 2001;39:8-17. 

44. Geetha TS, Geetha N. Phytochemical 
screening, quantitative analysis of primary 
and secondary metabolites of 
Cymbopogan citratus (DC) stapf. leaves 
from Kodaikanal hills, Tamil Nadu. 
International Journal of Pharm Tech 
Research. 2014;6(2):521-529. 

45. Negi JS, Singh P, Rawat B. Chemical 
constituents and biological importance of 
Swertia: A review. Curr Res Chem. 2011; 
3:1-15. 

46. Varadarajan P. Rathinaswamy G, 
Asirvatahm D. Antimicrobial properties and 
phytochemical constituents of Rheo 
discolor. Ethnobotanical Leaflet. 2008;12: 
841–845. 

47. Huang WY, Cai YZ, Zhang Y. Natural 
phenolic compounds from medicinal herbs 
and dietary plants: potential use for cancer 
prevention. Nutrition Cancer. 2010;62:1-
20. 

48. Gupta S, Prakash J. Studies on Indian 
green leafy vegetables for their antioxidant 
activity. Plant Foods for Human Nutrition. 
2009;64:39-45. 

49. Aiyelaagbe OO, Osamudiamen PM. 
Phytochemical screening for active   

compounds in Mangifera indica leaves 
from Ibadan, Oyo State. Plant Sciences 
Research. 2009;2(1):11-13. 

50. Okwu DE, Okwu ME. Chemical 
composition of Spondias mombin Linn 
plant parts. Journal for Sustaining 
Agricultural Environment. 2004;6(2):140-
147.  

51. Kingley O, Marshall AA. Medicinal 
potential of Acalypha wilkesiana leaves. 
Advances in Research. 2014;2(11):655-
665. 

52. Okwu DE. Phytochemical and vitamin 
content of indigenous spices of South 
Eastern Nigeria. J. Sustain Agric. Environ. 
2004;6:30-37. 

53. Saxena M, Saxena J, Nema R, Singh D, 
Gupta, A. Phytochemistry of medicinal 
plants. Journal of Pharmacognosy and 
Phytochemistry Center for Microbiology 
and Bio-Technology Research and 
Training, Bhopal, India. 2013;8192(1):168-
182. 

54. Mazid M, Khan TA, Mohammad F. Role of 
secondary metabolites in defense 
mechanisms of plants. Biology and 
Medicine. 2011;3(2):232-249. 

55. Ojewole J. Antinociceptive anti-
inflammatory and antidiabetic effects of 
Bryophyllum pinnatum (Crassulaceae) leaf 
aqueous extract. Journal of Ethno-
pharmacology. 2005;99:13-19.  

56. Ofokansi KC, Esimone CO, Anele CK. 
Evaluation of the in vitro combined anti 
bacterial effects of the leaf extracts of 
Bryophyllum pinnatum. (Fam: 
crassulaceae) and Ocimum gratissium 
(Fam: Labiate). Plant Production Research 
Journal. 2005;9:23-27.  

57. Sczkowski CP, Kalinowska M, 
Wojciechowski Z. The 3-O-glucosylation of 
steroidal saponins and alkaloids in 
eggplant (Solanum melongena); evidence 
for two separate glycosyl transferences, 
Phytochemistry. 1998;48:1151-1159. 

58. Francis G, Zohar KH, Makker PS,  Klaus B 
The Biological action of saponins in animal 
system British Journal of Nutrition. 2002; 
88(6):587-605.  

59. Igidi OJ, Edene CE. Proximate and 
phytochemical compositions of Napoleona 
vogelii hook fruit. The International Journal 
of Engineering and Science. 2014;3(6):46-
51. 

60. Shi J.  Arunasalam K, Yeung D, Kakuda Y,  
Mittal G,  Jiang Y. Phytochemical J. Med. 
Food. 2004;7:67-78. 



 
 
 
 

Daniel and Ibok; SARJNP, 2(3): 172-181, 2019; Article no.SARJNP.53956 
 
 

 
181 

 

61. Chanda S, Baravalia Y. Brine shrimp 
cytotoxicity of Caesalpinia pulcherrima 
aerial parts, antimicrobial activity and 
characterization of isolated active fractions. 
Nat. Prod. Res. 2011;25(20):1955-64. 

62. Rieser MJ, Gu ZM, Fang XP, Zeng L, 
Wood KV, McLaughlin JL. Five novel 
mono-tetrahydrofuran ring acetogenins 

from the seeds of Annona muricata. 
Journal of Natural Products. 1996;59:100-
108. 

63. Montanher AP, Moacir GP, Inês Maria CB. 
An application of the brine shrimp bioassay 
for general screening of Brazilian Medicinal 
Plants, Acta Farm. Bonaerense. 2002;     
21(3):175-8. 

 

© 2019 Daniel and Ibok; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), 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.sdiarticle4.com/review-history/53956 

http://creativecommons.org/licenses/by/2.0

