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Abstract 
 
Medicinal herbs such as Cosmos caudatus and Orthosiphon stamineus are sources of a huge 
number of bioactive compounds with antioxidant and antimicrobial properties. C. caudatus 
plant has bioactive compounds such as phenolics, flavonoids, and terpenoids. On the other 
hand, phytochemicals from O. stamineus have been shown to have a wide range of traditional 
applications due to their antioxidant and antibacterial characteristics. The bioautography 
method is used to isolate active molecules on chromatogram followed by the chemical and 
biological detection system. In antimicrobial bioautography, agar overlay Thin Layer 
Chromatography (TLC) bioautography detection, direct TLC bioautography detection, and 
contact bioautography are used for antimicrobial screening of the compounds. Meanwhile, 
TLC 2, 2-diphenyl-1-picrylhydrazylradical (TLC-DPPH) bioautography is applied for the 
detection of antioxidant activity of the plant extracts. This review aims to list and describe 
the antimicrobial and antioxidant bioautographic methods used especially for C. caudatus 
and O. stamineus plants. This study might be useful in identifying the antimicrobial and 
antioxidant properties of the constituents of both plants. 
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1.0 Introduction 

Many analytical methods, including 
chromatographic techniques, have been 
used for separation and determination of 
flavonoids and phenolic acids and one of 
them is TLC bioautography (1). It is an 
effective and inexpensive technique for 
the phytochemical analysis of plant 
extracts. This can be performed in both 
highly equipped as well as in small 
research laboratories (2). TLC plays a 
significant role in analysing polyphenols 
in natural extracts and in verifying the 
existence of plant-based natural drugs. 
TLC bioautography is a method that 
integrates  chromatographic separation 
with in situ assessment of biological 
activity (3). TLC bioautography can be 
used to conduct antibacterial, antioxidant, 
and enzyme inhibitory activities. This 
method is mainly used for preliminary 
screening of natural products possessing 
antimicrobial and antioxidant biological 
activities and for bioactivity-directed 
fractionation and isolation of active 
components from complex extracts. TLC-
direct bioautography is also able to 
identify natural compounds that exhibit 
antimicrobial properties (2). In TLC 
DPPH, purple background, DPPH radical-
scavenging chemicals emerged as yellow 
dots. In reverse phase TLC plates with 
DPPH as a detecting agent, the developing 
colour will be quite unstable, however, on 
standard TLC plates; the coloration 
formed after spraying with DPPH is 
relatively stable, allowing the identification 
of radical-scavenging activity after 30 
minutes (4). C. caudatus and O. stamineus 
are said to have rich amounts of secondary 
active metabolites. C. caudatus contained 
mainly quercetin, quercitrin, rutin and 
chlorogenic acid while O. stamineus 
contained rosmarinic acid, sinensetin and 
many other compounds. In this review, the 
application of bioautography methods is 
discussed to identify the antioxidant and 

antimicrobial activity of plants 
phytoconstituents regarding O. stamineus 
and C. caudatus. By using this method, we 
can identify the phytochemicals present in 
both plants and evaluate the antioxidant 
and antimicrobial activity of the 
compounds. This method is more 
economical, versatile, consume less time, 
and easy to perform.  

2.0 Cosmos caudatus species 

C. caudatus is a herb of the family 
Asteraceae (5). It is locally known as 
Ulam Raja in Malaysia. It is a medicinal 
plant originating from Latin America and 
later grown in Southern Asia (6). The 
species is an annual to short-lived 
aromatic herb, grows to a height of 3 
metres, and bears purple or pink coloured 
flowers (7). The leaves are pinnate and 
dissected into five leaflets in opposite 
directions. The leaf lamina's upper surface 
is dark green while the lower surface is 
bright green with minute hairs. The 
pinkish or violet daisy-like flowers are 
composited with a cluster of yellow florets 
at the centre. Due to its unique, appealing 
smell and aroma, it is eaten raw which 
adds diversity and taste to food (8). To 
enhance the flavours, it is usually eaten by 
dipping in shrimp and chili paste. C. 
caudatus leaf can be served in hotels and 
restaurants across Malaysia as a local 
delicacy. This plant has high antioxidant 
ability with specific medicinal properties, 
including anti-diabetic, anti-hypertensive, 
anti-inflammatory, bone-protection and 
antimicrobial activity (6). 

Phytochemical properties 

Studies conducted on C. caudatus have 
revealed a vast array of phytochemicals. 
Phenolic compounds of caffeoylquinic 
acids, quercetin glycosides, catechin, and 
proantho-cyanidins have been reported 
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from the leaves of C. caudatus (8). The 
caffeoylquinic acids are chlorogenic, neo-
chlorogenic, cryptochlorogenic acids. 
Quercetin glycosides include arabino-
furanoside, glucoside, rhamnoside, and 
rutinoside (9,10). Quercetin is the prevalent 
flavonoid in the C. caudatus, while 
chlorogenic acid, caffeic acid and ferulic 
acid are the major phenolic acids (11,12). 
The essential oil of C. caudatus contains 
γ-cadinene (33%) and caryophyllene (10%) 
as major components (13). The chlorogenic, 
neochlorogenic, crypto-chlorogenic acids 

isolation in C. caudatus were previously 
obtained by using aqueous acetone and 
aqueous ethanol fraction (8). Column and 
liquid chromatography were used for the 
isolation of quercetin and six of its 
glycosylated derivatives in C. caudatus. 
Quercetin is a heterocyclic compound , 
insoluble in water and was fractionated  by 
ethyl acetate from the methanolic extract 
(10). Table 1 showed the main chemical 
constituents found in the leaves of C. 
caudatus. 

 

Table 1: Phytochemicals identified in leaves of C. caudatus Kunth 

Plant part Compounds Class References 
Leaves Catechin Flavonoids (8) 

 Quercetin 3-O-glucoside Flavonoids (8) 
 Quercetin pentose Flavonoids (8) 
 Quercetin deoxyl-hexose Flavonoids (8) 
 Chlorogenic Acid Phenolic Acids (8,12) 
 Neochlorogenic Acids Phenolic Acids (8) 
 Crytochlorogenic Acid Phenolic Acids (8) 
 Caffeic Acid Phenolic Acids (12) 
 Ferulic Acid Phenolic Acids (12) 

 

 
Table 2: Some important constituents present in aerial part of  O. stamineus Benth 

Plant part Compounds            References 
Aerial α-humulene             (28) 

 Eupatorin                (22) 
 Eugenol                   (28) 
 Luteolin                   (29) 
 Oleanolic acid         (24) 
 Quercetin                 (29) 
 Rosmarinic acid      (26) 
 Sinensetin                (26) 
 Salvigenin               (24) 
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3.0 Orthosiphon stamineus species  

O. stamineus is widely grown in 
tropical areas. Tropical climate with high 
temperature and rainfall all year in 
Malaysian and Indonesia enabled the plant 
to flourish extensively (14). O. stamineus 
was introduced into Europe in the early 20th 
century, where it became a popular herbal 
health tea (15). Other names of this species 
are as O. aristatus, O. spicatus, O. 
blaetter, Indischer Nierentee, Feuilles de 
Barbiflore, and de Java. It is also 
commonly referred to as "Misai Kucing" in 
Malaysian or "Kumis Kucing" in 
Indonesian which means cat whiskers and 
it belongs to the Lamiaceae family (16). 
The purple and white varieties of O. 
stamineus exist in Malaysia and this could 
be differentiated merely based on the 
colour of corolla and calyx. It is graded 
according to the colour of the white and 
purple flowers (17). The purple type has 
yellowish spots that are scattered unevenly 
on the leaf surface and grow light purple 
flowers. This type contains more bioactive 
compounds compared to the white type 
(18). The white variety has green leaves on 
the surface of the leaves with white flowers, 
without yellowish spots. The herb is 
commonly called Java tea and is widely 
used in Asian herbal tea. Previous research 
stated that the leaves of the plant are 
commonly used as herbal tea for diuresis, 
to treat rheumatism, diabetes, urinary 
lithiasis, oedema, eruptive fever, influenza, 
hepatitis, jaundice, biliary lithiasis, and 
hypertension (14). 

Phytochemical properties  

Chemical screening from this plant has 
revealed three types of phytochemicals in 
various extracts. The three phytochemicals are 
polymethoxylated flavonoids (19), 

phenylpropanoids (caffeic acid derivatives) 
(20)  and terpenoids (diterpenes and triterpenes) 
(21). Isolation from the hydroalcoholic 
extract of O. stamineus leaves showed the 
most prominent flavonoids which are 
sinensetin, eupatorin, 3’-hydroxy-5,6,7,4’-
tetramethoxyflavones (22), tetramethyl-
scutellarein (23), salvegenin, ladanein, 
vomifoliol, 7,3’,4’-tri-O-methylluteolin, and 
scutellarein tetramethylether (24). Caffeic 
acid and its derivatives such as rosmarinic 
acid, cichoric acid, and 2,3-dicaffeoyl-
tartaricacid are usually present in the 
aqueous extract of O. stamineus (25). In 
addition, terpenoids like orthosiphols A–
Z, staminols A–D, orthosiphonones A–D, 
staminolactones A and B, secoorthosiphols 
A–C, norstaminols A–C siphonols A–E, 
and many other diterpenes were also 
detected (18). Studies have shown that 
seven triterpenes have been isolated from 
this plant ursolic acid, oleanolic acid, 
betulinic acid, hydroxybetulinic acid, 
maslinic acid, a-amyrin, and b-amyrin. 
Not only that, some essential oils were 
also detected, and they are mainly 
oxygenated monoterpene and sesquiterpene 
hydrocarbons. Over hundreds of chemical 
compounds have been documented as 
monoterpenes, diterpenes, triterpenes, 
saponins, flavonoids, organic acids. O. 
stamineus product contains poly-
methoxylated flavonoids (sinensetin and 
eupatorin) and caffiec derivatives such as 
rosmarinic acid and many others (26). The 
enrichment of sinensetin in the leaves of 
O. stamineus were also quantified. Thin-
layer chromatography, GC coupled with 
mass spectrometry (MS), UV, IR and 1H-
NMR spectroscopy were used (27). 
Previous research showed that O. stamineus 
contains many flavonoids when purified 
by TLC using methanolic extract (14).The 
main chemical constituents of O. 
stamineus are given in Table2. Some 
important phytochemicals reported in both 
plants are given in Figure 1. 
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Figure 1: Important phytochemicals reported in O. stamineus and C. caudatus 
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4.0 Bioautography method analysis 
of extracts 

Bioautography is the term used for 
planar chromatographic analysis hyphenated 
with biological detection method (30). It is 
a simple and cost-effective method to 
identify bioactive lead in plant extracts. It 
can be carried out in both highly 
established and simple laboratories (2). 
Despite the presence of sophisticated 
online high-performance liquid 
chromatography in combination with 
bioassays, bioautography provides a 
quick, easy and inexpensive approach for 
chemical and biological screening of 
complex plant extracts with subsequent 
bioassay-guided isolation (31). Bioauto-
graphy's main applications are the rapid 
screening of a wide number of bioactivity 
samples including antibacterial, antifungal, 
antioxidant, enzyme inhibition and target-
oriented isolation of active compounds 
(32–35). For detection of antimicrobial 
properties in a mixture of compounds, 
there are three methods of bioautography 
called immersion or agar overlay 
bioautography (TLC-IB), direct TLC 
bioautography (TLC-DB) and agar 
diffusion or contact bioautography (TLC-
CB) (36,37)  are used.  

4.1 Antimicrobial Bioautography 

Immersion bioautography is a 
combination of direct and contact 
bioautography. In this process, a molten is 
used to cover the chromatogram. The 
inhibition or growth ranges are visualized 
after solidification, incubation and 
staining (38). An agar solution containing 
the red coloured bacterium Serracia 
marcescens may be used for Gram-
negative bacteria. At room temperature, 
the red-coloured gel is incubated overnight 
and zones of inhibition appear on a red 
background as white or light yellow areas 
(39). Some colourless microorganism 

zones of microbial growth inhibition can 
be visualized with the assistance of a 
dehydrogenase activity-detecting reagent 
called tetrazolium salt. Metabolically 
active microorganisms transform tetra-
zolium salt (MTT) into the resulting, 
brightly coloured formazan. Bacteria such 
as B. subtilis, E. coli, Pseudomonas 
aeruginosa and S. aureus can also be used 
in agar overlay assay (40,41). 

In addition, the developed TLC plate is 
sprayed or dipped into a fungal or bacterial 
suspension in direct TLC bioautography. 
For spraying or dipping purposes, a 
suspension of test bacteria or fungi is 
applied. For bacteria such as 
Staphylococcus aureus, an absorbance 
inoculum of 0.84 at 560 nm is 
recommended (42), while a suspension of 
106 CFU / mL can be used for both 
bacteria and fungi (43). In humid 
conditions, the chromatogram is then 
incubated at 25°C for 48 hours. 
Tetrazolium salts are used for the 
visualisation of microbial growth. These 
salts are transformed into brightly 
coloured formazan by the dehydrogenases 
of living microorganisms (44). 
Tetrazolium salts are sprayed onto the 
chromatogram and then let it to re-
incubated for 24 hours at 25 °C (44) or 37 
°C for 3–4 hours (45,46). Clear white areas on 
the TLC plate shows antimicrobial activity 
of the sample against a purple background 
(47).        

In contact bioautography, anti-
microbial agents diffuse from a developed 
TLC plate or paper to an inoculated agar 
plate (41,48,49). For a specific period, the 
chromatogram is placed face down onto 
the inoculated agar layer to allow for 
diffusion. After that, the chromatogram is 
removed, and the layer of agar is incubated. 
The antimicrobial compounds are 
indicative of inhibition zones on the agar 
surface, comparable to the spots in 
chromatographic plates. Figure 2 showed 
different antimicrobial bioautographic 
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methods. An experiment was carried out 
to analyse crude n-hexane, diethyl ether 
(Et2O), ethanol (EtOh) and phosphate 
buffered saline (PBS) extracts of C. 
caudatus leaves for their antimicrobial 
action against five microbial strains using 
disc diffusion method. There were two 
Gram-positive bacteria (Staphylococcus 
aureus and Bacillus subtilis), two Gram- 
negative bacteria (Escerichia coli and 
Pseudomonas aeruginosa) and one fungal 
(Candida albicans). The inhibitions of n-
hexane, Et2O and EtOh extracts were 
observed against all the microbes tested in 
this experiment, except for PBS extract 
(50). C. caudatus ethanolic extract was 
also investigated against ten strains of 
food-pathogenic bacteria by disc diffusion 
method. Results showed that ethanolic 
extract was  found to be active against 
several strains of pathogenic human 
bacteria such as Salmonella sp, Proteus 
mirabilis, Salmonella typhimurium Listeria 
monocytogenes, Staphylococcus aureus 
and Vibrio cholera (51). Moreover, 
methanolic extract of C. caudatus was also 
tested against numerous foodborne for 
antibacterial pathogens, including 
Bacillus cereus, Bacillus subtilus, Proteus 
mirabilis, Pseudomonas aeruginosa, and 
Candida albicans. bacterial species had a 

shown broader inhibitory zone than fungal 
species across all pathogens studied. This 
demonstrates that fungi were more resistant 
to C. caudatus extract. Pseudomonas 
aeruginosa and Proteus mirabilis showed 
smaller inhibitory zones than Bacillus 
cereus and Bacillus subtilis (52). 

 An experiment explored the 
antimicrobial effects of O. stamineus 
extract and has been tested against 
selected foodborne bacteria in vitro using 
a disc diffusion assay (53). The 50% 
methanol extract of O. stamineus 
demonstrated variable antibacterial activity 
against various microbes with the 
strongest growth inhibitory action against 
V. parahaemolyticus. This is a bacterium 
that causes moderate human 
gastroenteritis following consumption of 
contaminated seafood. Analysis for 
minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration 
(MBC) verified the successful inhibition 
of V. parahaemolyticus development by 
O. stamineus methanol extract. This is 
possibly attributable to the high 
concentration of rosmarinic acid 
contained in the extract of O. stamineus 
that appeared to have significant 
antibacterial and free radical scavenging 
activities (53).  
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Figure 2. Flow chart shows different antimicrobial and antioxidant bioautographic methods 

Antimicrobial Antioxidant 

(A) Contact Bioautography 

Microbial strains diffuse 
from a developed TLC 
plate to an inoculated 
agar plate 

 

The chromatogram is placed 
face down onto the inoculated 
agar plate for allowing 
diffusion into agar media 

 
The chromatogram is 
removed, and the agar 
media is incubated 

 

Zone of inhibition on the 
agar surface identify 
antimicrobial substances 

 
(B) Immersion / overlay Bioautography 

The chromatogram is 
covered with a seeded 
agar medium 

 

The chromatogram undergoes 
solidification, incubation and 
staining with tetrazolium salts 

 After it undergoes all the three 
process, zones of inhibition are 
visualized which indicates present 
of microbial activity 

 (C) Direct Bioautography 

The developed TLC plate 
is sprayed or dipped into 
microbial suspension   

 

The chromatogram is 
incubated at 25 °C for 48 
hours under humid condition 

 
Tetrazolium salts are sprayed 
onto the chromatogram for 
visualization of microbial 
growth 

 

Re-incubated at 25 °C 
for 24 hours or at 37 
°C for 3-4 hours 

 
Antimicrobial activity is present when clear 
white zones of inhibition against purple 
background is visualized on the TLC plate 

 

TLC-DPPH Bioautography 

TLC plate is developed 

 

Let the TLC plate to be completely dry 

 

The developed TLC plate is sprayed 
with 0.2% of methanolic DPPH 
solution after complete drying 

 

Development of yellow spots 
against purple background 
demonstrated that antioxidant 
compounds were present 

TLC plate  A B C 
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4.2 TLC- DPPH Bioautography  

TLC-DPPH bioautography is used for 
the identification of antioxidant 
properties. The stable 2, 2-diphenyl-1-
picrylhydrazylradical (DPPH) has a 
maximum absorption at 517nm which 
decreases after reduction by reaction with 
a radical scavenger and the resulting 
change of colour can be detected in a TLC 
bioassay. Thus, DPPH assay is commonly 
used to determine the properties of plant 
constituents for free radical scavenging. 
DPPH is a free radical that produces a 
violet solution in methanol. Antioxidants 
in the sample react to DPPH-free radicals 
and break the chain reaction and further 
free radicals formation. This causes a 
change of colour from purple to yellow. In 
this process, well-separated bands on 
purple background that exhibit yellow 
spots formation are considered to have 
antioxidant potential. The intensity of the 
yellow colour can be measured with a 
chromameter. Therefore, in pharma-
ceutical research, TLC has a broad 
application since it is less time consuming, 
low cost, and can be done with less 
complicated technique (54). Figure 2 
showed DPPH bioautographic method.  

A study reported the antioxidant 
potential and phenolic content using 
leaves extract of five plants including C. 
caudatus. Decolouration of the stable free 
DPPH radical by antioxidants in samples 
were measured by spectrophotometer. C. 
caudatus extract showed maximum free 
radical scavenging potential (86.85%) 
(55). In another study, the free radical 
scavenging activity of methanolic extracts 
of twenty one tropical plants via DPPH 
assay of C. caudatus extract showed IC50  
value 21.3 µg/ml (56). A study also 
evaluated the antioxidant of C. caudatus 
leaves at different maturity stages (young, 
mature, and old leaves). The IC50 values of 
DPPH scavenging activity are increased as 
the age of C. caudatus leaves grew, 

demonstrating that young leaves exhibited 
more antioxidant activity than mature and 
old leaves.  

Che Mansor et al., have found that the 
antioxidant capacity in O. stamineus is 
influenced by the extraction method (57). 
Reflux, Soxhlet and maceration methods 
were employed in this experiment. Results 
showed that highest total extraction yield 
was obtained from reflux (72.73%) 
followed by Soxhlet (62.51%) and 
maceration (37.78%). In addition, an in 
vitro model of DPPH scavenging was used 
to explore the antioxidative potency of 
different fractions of O. stamineus extract. 
All the extracts, including sinensetin 
(SEN), eupatorin (EUP), 3′-hydroxy-
5,6,7,4′-tetramethoxyflavone (TMF), and 
rosmarinic acid (RA), were shown to have 
antioxidant potencies equivalent to other 
common antioxidants, such as quercetin 
and butylated hydroxyanisole (BHA)(58). 

  
5.0 Conclusion  

The bioautography technique provides 
a time-efficient, adaptable, and cost-
effective approach for chemical and 
biological screening of complex plant 
extracts with subsequent bioassay-guided 
isolation. Bioautography is particularly 
important to avoid the time-consuming 
isolation of inactive compounds. TLC 
bioautographic approaches incorporate 
chromatographic separation and determination 
of in situ activity to enable the localization 
and target-directed isolation of active 
constituents. With many advantages of 
these techniques, there are also some 
limitations of this study; the separation 
process is not simple for natural 
substances, quantity isolated if too small, 
will be difficult to detect biological 
activity. Considering these limitations, it 
is necessary to create a technique that can 
detect lead in tiny quantities while 
simultaneously measuring biological 
activity successively. In addition to that, 
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although it is a very fast and economic 
technique to analyze antimicrobial and 
antioxidant constituents, very limited data 
is available on C. caudatus and O. 
stamineus. Finally, it is recommended that 
these methods might be helpful in 
screening the phytoconstituents of these 
plants as a future study for the researcher. 
 
Conflict of interest: Declared none 

 References  

1. Jesionek W, Majer-Dziedzic B, Choma IM. 
Separation, Identification, and Investigation 
of Antioxidant Ability of Plant Extract 
Components Using TLC, LC–MS, and TLC–
DPPH•. J Liq Chromatogr Relat Technol. 
2015; 38(11): 1147–1153.  

2. Dewanjee S, Gangopadhyay M, Bhattacharya 
N, Khanra R, Dua TK. Bioautography and its 
scope in the field of natural product chemistry. 
Jour of Pharma Anal. 2015; 5(2): 75–84.  

3. Cheng Z, Wu T. TLC Bioautography: High 
Throughput Technique for Screening of 
Bioactive Natural Products. Comb Chem High 
Throughput Screen. 2013; 16(7): 531–549.  

4. Yrjonen T, Peiwu L. Summanen J, Hopia A, 
Vuorela H. Free radical-scavenging activity of 
phenolics by reversed-phase TLC. J Am Oil 
Chem Soc 2003;80:9-14. 

5. Bunawan SN, Bunawan H, Baharum N, Amin 
NM, Noor NM. Cosmos Caudatus Kunth: A 
Traditional Medicinal Herb. Glob J 
Pharmacol. 2014; 8 (3): 420-426 

6. Cheng SH, Barakatun-Nisak MY, Anthony J, 
Ismail A. Potential medicinal benefits of 
Cosmos caudatus (Ulam Raja): A scoping 
review. Jour of Res in Med Sci. 2015; 20(10): 
1000.  

7. Neumann C. Health & Beauty from the 
Rainforest: Malaysian Traditions of Ramuan. 
The Journal of Altern. and Compl. Med. 2010; 
16(4): 519–520. 

8. Shui G, Leong LP, Shih PW. Rapid screening 
and characterisation of antioxidants of Cosmos 
caudatus using liquid chromatography coupled with 
mass spectrometry. J Chromatogr B Anal Technol 
Biomed Life Sci. 2005; 827(1): 127–138. 

9. Mediani A, Abas F, Khatib A,  Tan CP. 
Cosmos Caudatus as a Potential Source of 
Polyphenolic Compounds: Optimisation of 
Oven Drying Conditions and Characterisation 
of Its Functional Properties. Molecules. 2013; 
18(9): 10452–10464.  

10. Abas F, Shaari K, Lajis NH, Israf DA, Kalsom 
YU. Antioxidative and Radical Scavenging 
Properties of the Constituents Isolated from 
Cosmos caudatus Kunth. Nat Prod Sci. 2003; 
9(4): 245-248. 

11. Andarwulan N, Batari R, Sandrasari DA, 
Bolling B, Wijaya H. Flavonoid content and 
antioxidant activity of vegetables from 
Indonesia. Food Chem. 2010; 121(4): 1231–
1235.  

12. Andarwulan N, Kurniasih D, Apriady RA, 
Rahmat H, Roto AV, Bolling BW.  
Polyphenols, carotenoids, and ascorbic acid in 
underutilized medicinal vegetables. Jour 
Funct Foods. 2012; 4(1): 339–347.  

13. Lee TK, Vairappan CS. Antioxidant, 
antibacterial and cytotoxic activities of 
essential oils and ethanol extracts of selected 
South East Asian herbs. J Med Plant Res. 
2011; 5(21): 5284-5290.  

14. Hossain MA, Mizanur Rahman SM. Isolation 
and characterisation of flavonoids from the 
leaves of medicinal plant Orthosiphon 
stamineus. Arab J Chem. 2015; 8(2): 218–221.  

15. Mazni NA. Study of Molecular and Genetic 
Diversity of Java Tea (Orthosiphon stamineus 
Benth) as A Basis for Plant Improvement. 
2015. 

16. Ahamed Basheer M, Abdul Majid A. 
Medicinal Potentials Of Orthosiphon 
Stamineus Benth. WebmedCentral CANCER 
2010;1(12):WMC001361. 

17. Lai Keng C, Loo PS. Morphological 
Similarities and Differences between the Two 
Varieties of Cat`s Whiskers (Orthosiphon 
stamineus Benth.) grown in Malaysia. Int J 
Bot. 2005; 2(1): 1–6.  

18. Ameer OZ, Salman IM, Asmawi MZ, 
Ibraheem ZO, Yam MF. Orthosiphon 
stamineus: Traditional Uses, Phytochemistry, 
Pharmacology, and Toxicology. J Med Food. 
2012; 15(8): 678–690.  

19. Lyckander IM, Malterud KE. Lipophilic 
flavonoids from Orthosiphon spicatus prevent 
oxidative inactivation of 15-lipoxygenase. 



Anuar et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2022) Vol 5(1) 1-12 
 

11 
 

Prostaglandins Leukot Essent Fat Acids. 
1996; 54(4): 239–246.  

20. Loon YH, Wong JW, Yap SP, Yuen KH. 
Determination of flavonoids from 
Orthosiphon stamineus in plasma using a 
simple HPLC method with ultraviolet 
detection. J Chromatogr B Anal Technol 
Biomed Life Sci. 2005; 816(1–2): 161–166.  

21. Awale S, Tezuka Y, Shimoji S, Taira K, 
Kadota S. Secoorthosiphols A-C: Three 
highly oxygenated secoisopimarane-type 
diterpenes from Orthosiphon stamineus. 
Tetrahedron Lett. 2002; 43(8): 1473–1475. 

22. Mohamed EAH, Lim CP, Ebrika OS, Asmawi 
MZ, Sadikun A, Yam MF. Toxicity evaluation 
of a standardised 50% ethanol extract of 
Orthosiphon stamineus. J Ethnopharmacol. 
2011; 133(2): 358–363.  

23. Pietta PG, Mauri PL, Gardana C, Bruno A. 
High-performance liquid chroma-tography 
with diode-array ultraviolet detection of 
methoxylated flavones in Orthosiphon leaves. 
J Chromatogr A. 1991; 547: 439–442.  

24. Tezuka Y, Stampoulis P, Banskota AH, Awale 
S, Tran KQ, Saiki I, & Kadota S. Constituents 
of the Vietnamese Medicinal Plant 
Orthosiphon stamineus. Chem Pharm Bull. 
2001; 32(16). 

25. Yam MF, Ang LF, Basir R, Salman IM, 
Ameer OZ, Asmawi MZ. Evaluation of the 
anti-pyretic potential of Orthosiphon 
stamineus Benth standardized extract. 
Inflammopharmacology.  2008; 17(1): 50–54.  

26. Olah NK, Hanganu D, Bodoki E, Oprean R, 
Toma C, Morgovan C, Chișe E, Brașovan A, 
Cobzac SCA, & Gocan S. Characterization of 
Orthosiphon Stamineus Benth extracts by 
reversed-phase thin layer Chromatographic 
methods. Stud Univ Babes-Bolyai Chem. 
2017; 62(3): 9–18.  

27. Amzad Hossain M, Ismail Z. Quantification 
and enrichment of sinensetin in the leaves of 
Orthosiphon stamineus. Arab J Chem. 2016; 
9: S1338–S1341.  

28. Hossain MA, Ismail Z, Rahman A, Kang SC. 
Chemical composition and anti-fungal 
properties of the essential oils and crude 
extracts of Orthosiphon stamineus Benth. Ind 
Crops Prod. 2008; 27(3): 328–334.  

29. Yuliana, ND, Khatib A, Link-Struensee AMR, 
Ijzerman AP, Rungkat-Zakaria F, Choi Y, 

Verpoorte R. Adenosine A1Receptor Binding 
Activity of Methoxy Flavonoids from 
Orthosiphon stamineus. Planta Med. 2009; 
75(2): 132–136.  

30. Dausend C, Weins C, Frimmel FH, 
Wasserchemie B. A New Bioautographic 
Screening Method for the Detection of 
Estrogenic Compounds. Chromatographia. 
2004; 60(3–4). 

31. Hostettmann K, Terreaux C, Marston A, 
Potterat O. The role of planar chromatography 
in the rapid screening and isolation of 
bioactive compounds from medicinal plants. 
In: Journal of Planar Chromatography - 
Modern TLC. 1997; 10: 251-257. 

32. Heinemann B, Howard AJ, Hollister ZJ. 
Application of Paper Chromatograms to the 
Study of Inducers of λ Bacteriophage in 
Escherichia coli. Appl Microbiol. 1967; 15(4): 
723–725.  

33. Choma IM, Grzelak EM. Bioautography 
detection in thin-layer chromatography. J 
Chromatogr A. 2011; 1218(19): 2684–
2691.34.   

34. Houghton PJ. Use of small scale bioassays in 
the discovery of novel drugs from natural 
sources. Phytotherapy Research. 2000; 14(6): 
419–423. 

35. Bohlin L, Bruhn JG. Bioassay Methods in 
Natural Product Research and Drug 
Development. Proceedings of the 
Phytochemical Society of Europe. 1999.  

36. Wagman GH, Bailey JV. Use of silicic acid-
glass fiber sheets for bioautography of 
antimicrobial substances. J Chromatogr A. 
1969; 41: 263–264.  

37. Rios JL, Recio MC, Villar A. Screening 
methods for natural products with 
antimicrobial activity: A review of the 
literature. Journal J Ethnopharmacol. 1988; 
23(2–3): 127–149.  

38. Marston A. Thin-layer chromatography with 
biological detection in phytochemistry. J 
Chromatogr A. 2011; 1218(19): 2676–2683.  

39. Williams L, Bergensen O. Towards an 
integrated platform for combinatorial library 
sysnthesis and screening. J Planar Chromatogr 
- Mod TLC. 2001; 14(5): 318-321. 

40. Saxena G, Farmer S, Towers GHN, Hancock 
REW. Use of specific dyes in the detection of 



Anuar et al./Int. J. Pharm. Nutraceut. Cosmet. Sci. (2022) Vol 5(1) 1-12 
 

12 
 

antimicrobial compounds from crude plant 
extracts using a thin layer chromatography 
agar overlay technique. Phytochem Anal. 
1995; 6(3): 125–129.  

41. Rahalison L, Hamburger M, Hostettmann K, 
Monod M, Frenk E. A bioautographic agar 
overlay method for the detection of antifungal 
compounds from higher plants. Phytochem 
Anal. 1991; 2(5): 199–203.  

42. Meyer JJM, Dilika F. Antibacterial activity of 
Helichrysum pedunculatum used in 
circumcision rites. J Ethnopharmacol. 1996; 
53(1): 51–54.  

43. Schmourlo G, Mendonça-Filho RR, Alviano 
CS, Costa SS. Screening of antifungal agents 
using ethanol precipitation and bioautography 
of medicinal and food plants. J 
Ethnopharmacol. 2005; 96(3): 563–568.  

44. Silva MTG, Simas SM, Batista TG, Cardarelli 
P, Tomassini TCB. Studies on antimicrobial 
activity, in vitro, of Physalis angulata L. 
(Solanaceae) fraction and physalin B bringing 
out the importance of assay determination. 
Mem Inst Oswaldo Cruz. 2005; 100(7): 779–
782.  

45. Runyoro DKB, Matee MIN, Ngassapa OD, 
Joseph CC, Mbwambo ZH. Screening of 
Tanzanian medicinal plants for anti-Candida 
activity. BMC Complement Altern Med. 
2006; 6(1).  

46. Dilika F, Afolayan A, Meyer J. Comparative 
antibacterial activity of two Helichrysum 
species used in male circumcision in South 
Africa. South African J Bot. 1997; 63(3): 158–
159.  

47. Das K, Tiwari RKS, Shrivastava DK. 
Techniques for evaluation of medicinal plant 
products as antimicrobial agent: Current 
methods and future trends. J Med Plants Res. 
2010; 4(2): 104-111. 

48. Sherma J. Planar Chromatography. Anal 
Chem. 2010; 82(12): 4895–4910.  

49. Meyers E, Smith DA. Bioautography of 
antibiotic spread-layer chromatograms. J 
Chromatogr A. 1964; 14: 129–132.  

50. Rasdi NHM, Samah OA, Sule A, Ahmed QU. 
Antimicrobial studies of Cosmos caudatus 
Kunth. (Compositae). J Med Plants Res. 2010; 
4(8): 669-673. 

51. Lee TK, Vairappan CS. Antioxidant, 
antibacterial and cytotoxic activities of 
essential oils and ethanol extracts of selected 
South East Asian herbs. J Med Plants Res. 
2011; 5(21): 5284-5290.52.  

52. Yusoff NAH, Bustamam MS, Abas F, Khatib 
A, Rukayadi Y. Antimicrobial activity of 
Cosmos caudatus extract against foodborne 
pathogens. J Pure Appl Microbiol. 2014; 8(5): 
3681–8.  

53. Ho CH, Noryati I, Sulaiman SF, Rosma A. In 
vitro antibacterial and antioxidant activities of 
Orthosiphon stamineus Benth. extracts against 
food-borne bacteria. Food Chem. 2010; 
122(4): 1168–1172. 

54. Kumar S, Jyotirmayee K, Sarangi M. Thin 
layer chromatography: A tool of 
biotechnology for isolation of bioactive 
compounds from medicinal plants. 
International Journal of Pharmaceutical 
Sciences Review and Research. 2013; 18(1): 
126-132. 

55. Rafat A, Philip K, Muniandy S. Antioxidant 
potential and phenolic content of ethanplic 
extract of selected malaysian plants. Res J 
Biotechnol. 2010;5(1):16–9.  

56. Mustafa RA, Hamid AA, Mohamed S, Bakar 
FA. Total phenolic compounds, flavonoids, 
and radical scavenging activity of 21 selected 
tropical plants. J Food Sci. 2010;75(1): C28–
C35. 

57. Che Mansor CNAN, Latip J, Markom M. 
Preparation of Orthosiphon stamineus 
enriched-extracts and evaluation of their free 
radical scavenging activity. In: AIP 
Conference Proceedings. 2016.  

58. Akowuah GA, Zhari I, Norhayati I, Sadikun 
A, Khamsah SM. Sinensetin, eupatorin, 3′-
hydroxy-5, 6, 7, 4 ′-tetramethoxyflavone and 
rosmarinic acid contents and antioxidative 
effect of Orthosiphon stamineus from 
Malaysia. Food Chem. 2004; 87(4): 559–566. 

 


