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Introduction 

Orthosiphon aristatus (Blume) Miq., better known as 
the cat whiskers, is a plant typical of the island of Java 
and popular in herbal medicine, especially in the Asian 
region. In some Southeast Asian countries, it is widely 
used in traditional medicine for treating urinary tract 
infections, urinary stones, and rheumatic gout (Awale 
et al., 2001). Based on the colour of their flower, cat 
whiskers plants are is divided into three varieties, 
namely white, white-purple, and purple (Faramayuda 
et al., 2020). The main active compounds in the cat 
whiskers plant are rosmarinic acid, sinensetin, and 
eupatorin (Guo et al., 2019). The levels and yields of the 

three principal secondary metabolites remain low (Cai 
et al., 2018). Several studies in silico, in vitro, and in vivo 
have demonstrated the potential antiviral activity of 
sinensetin compounds (Faramayuda et al., 2021b). 

Based on the potential pharmacological activity of cat 
whiskers and the active compounds in these plants, it is 
necessary to multiply cat whiskers, especially the 
white-purple and purple varieties, and the production 
of the active compounds (rosmarinic acid, sinensetin, 
and eupatorin). One approach that can help achieve 
this goal is plant tissue culture. Efforts to propagate 
plants were carried out by in vitro culture 
(micropropagation), and the production of active 
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Abstract 

Background: The cat whiskers plant (Orthosiphon aristatus Blume Miq) is widely used as a 
raw material in traditional medicine for one of its many properties, i.e. antiviral activity. 
Three varieties of cat whiskers grow in Indonesia, classified according to the colour of their 
flower: white, white-purple, and purple. The purple variety of cat whiskers is endangered, 
so it is necessary to propagate this plant.   Objectives: This research aimed to obtain 
appropriate protocols for plant propagation and production of active compounds of cat 
whiskers by in vitro culture.   Methods: Data were collected from various online journal sites 
such as PubMed, ResearchGate, and Scopus. This review discusses several aspects, including 
callus induction efforts, modification of cell suspension cultures, and efforts to propagate 
the cat whiskers plant by in vitro culture.   Results: Callus induction of white cat whiskers 
with purple and purple hues could take place on Murashige and Skoog (MS) media added 
with growth regulator 2,4-dichlorophenoxyacetic acid (2,4-D) 0.4 mg/L. Suspension culture 
medium (MS+ 2,4-D 1 mg/L + NAA 1 mg/L) can increase cell biomass and rosmarinic acid 
levels. Media MS + 6-benzyl amino purine (BAP) 3 mg/L + 1-naphthaleneacetic acid (NAA) 2 
mg/L can induce the growth of shoots of white cat whiskers with purple and purple patterns. 
Root induction of the two varieties of cat whiskers could take place on MS + Indole-3-butyric 
acid (IBA) 0.75 mg/L medium.  Conclusion: Efforts to produce secondary metabolites and 
plant propagation of cat whiskers by in vitro culture have been successful. It is necessary to 
enhance the production and propagation using bioreactors to yield more active compounds 
and raw materials of the cat whiskers plant. 
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compounds started from callus induction, then 
continued at the stage of cell suspension culture, which 
was modified by the addition of elicitors and 
precursors. 

Several studies have reported on media and growth 
regulators that can grow cat whiskers shoots. Nodal 
explants inoculated on MS + 2, 4-D 0.5 ppm medium 
were able to grow cat whiskers shoots 
(Elangomathavan et al., 2017). Young leaf explants 
inoculated on MS + BAP 2 ppm + 1-naphthaleneacetic 
acid (NAA) 3 ppm media were able to grow white-
purple varieties of cat whiskers with many leaves. Root 
induction on cat whiskers shoots went well on MS + IBA 
0.75 mg/L medium (Faramayuda et al., 2021c). In callus 
induction, it has also been reported that a suitable 
medium for growing white-purple and purple varieties 
of cat whiskers. Leaf explants inoculated on MS + 2,4-D 
0.4 mg/L media were able to grow purple and white-
purple varieties of cat whiskers callus and identified the 
presence of rosmarinic acid compounds (Faramayuda 
et al., 2020; Faramayuda et al., 2021a). The culture of 
cat whiskers cell suspension from MS + 2,4-D 1 ppm + 
NAA 1 ppm media can increase rosmarinic acid levels 
(Bordbar et al., 2015). 

Efforts to develop the principal secondary metabolites 
in cat whiskers are directed at cell suspension cultures 
modified with the addition of elicitors and precursors. 
Further development to a larger scale (bioreactor) for 
the cat whiskers propagation, especially the purple and 
white-purple varieties, shoot propagation, and 
acclimatisation, were carried out until the in vitro 
cultured plants grew and were ready to be harvested. 
This review is expected to provide guidelines or 
protocols for producing secondary metabolites and the 
propagation of the cat whiskers plant by in vitro 
culture. 

 

Distribution and diversity of Cat Whiskers   

The cat whiskers plant originated from tropical Africa 
and then spread to Asia and Australia. It is called cat 
whiskers because the collection of long stamens 
protrudes from two different sides, similar to cat 
whiskers. Based on the colour of the flower, there are 
three varieties, namely purple flower with purple stems 
and crowns, purplish-white flower with purplish-green 
stems and purplish-white crowns, and white flower 
with green stems and white crowns (Faramayuda et al., 
2020; Faramayuda, et al., 2021f; Faramayuda, et al., 
2022) (Figure 1).

 

 
Figure 1: Cat Whiskers Plant 

 
Cat whiskers plant tissue culture 

Cat whisker plant callus induction 

Several studies have reported the success of cat 
whiskers callus induction, including leaf, petiole, and 
stem explants of cat whiskers inoculated on MS media 
with a combination of growth regulators 2,4-D and 

                          (a) White-purple variety                                                                                      (b) purple variety 
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NAA. The highest callus weight came from leaf 
explants. Root explants cultured on MS + 2,4-D + NAA 
media were not observed for callus formation. MS 
media added with the growth regulators 6-benzyl 
amino purine (BAP), kinetin, and picloram could not 
form callus properly. The choice of the type of explant 
used affected the callus induction of cat whiskers. 
Media MS + NAA 1 ppm + 2,4-D 1 ppm could induce cat 
whiskers callus well (2.86 g). Leaf explants grown on MS 
medium without NAA produced less friable callus 
(Bordbar et al., 2015; Wai-leng and Lai-keng, 2016). 

Leaf stalk explants inoculated on MS+ NAA 1 ppm + 2,4-
D 1.5 ppm could induce cat whiskers callus well. When 
inoculated on MS + NAA 3 ppm media, cat whiskers 
stem explants could produce callus with friable texture. 
In stem explants inoculated on media with 2,4-D added 
to culture media, the callus induced was not maximal, 
so the stems were not suitable for use as explants (Wai-
leng & Lai-keng, 2016). 

Leaf explants inoculated on MS media + kinetin 1 ppm 
could induce callus formation with a fresh weight of 
0.12 g. The addition of the growth regulator Indole-3-
Acetic Acid (IAA) to media containing kinetin could 
increase callus formation. Examples of the combination 
of kinetin and auxin that can increase the growth of cat 
whiskers callus are 0.5 ppm kinetin and 1 ppm IAA or 1 
ppm kinetin and IAA 2 ppm. At the age of two months, 
the colour of the callus is green, and after four months, 
it becomes brown. Media MS + kinetin 2 ppm + IAA 1 
ppm resulted in a green callus colour. MS medium + 
kinetin 0.5 ppm + IAA 2 ppm produced a cream colour 
callus, while MS + kinetin 0.5 ppm + IAA 1.5 ppm media 
produced a brown callus (Ali et al., 2017). 

Callus from purple and white-purple varieties of cat 
whiskers leaf explants grew well on MS + 2,4-D 0.4, 1 
and 2 ppm media in 14 days. The best medium for 
growing callus of the two varieties of cat whiskers was 
MS + 2,4-D 0.4 ppm, which produced white and friable 
callus. In identifying secondary metabolite content in 
the callus of the two varieties of cat whiskers using thin-
layer chromatography, the presence of rosmarinic acid 
and sinensetin compounds was detected (Faramayuda 
et al., 2020). Quantitative analysis was carried out on 
the callus of the two varieties of cat whiskers derived 
from MS+2,4-D 0.4 ppm media using high-performance 
liquid chromatography (HPLC). Furthermore, white 
with purple hue by 1.28 and 2.22 % w/w rosmarinic acid 
levels in the callus of the white-purple variety was 
higher than that of the purple variety. Contrary to 
previous reports, the purple variety (wild type) had a 
higher secondary metabolite content than other 
varieties. One of the advantages of plant tissue culture 
is that it can produce and increase secondary 
metabolite contents (Faramayuda et al., 2021a). 

Another report explained that purple and white-purple 
varieties of cat whiskers callus could grow on MS, 
Gamborg, N6, and SH media added with growth 
regulator 2,4-D 0.4 ppm. Based on the analysis of 
secondary metabolite content using TLC, the presence 
of sinensetin and rosmarinic acid compounds in the 
callus of two varieties of cat whiskers derived from the 
four primary media was identified. Sinensetin spot 
fluorescence was brighter in callus from N6 media. 
Rosmarinic acid in the callus of the purple variety looks 
lighter than the callus of the white-purple variety. 
Sinensetin fluorescence in the callus of white-purple 
cat whiskers was fainter than the wild type, but in 
rosmarinic acid, the fluorescence was brighter than 
that of the wild type (Faramayuda et al., 2021d). 

 

Cat’s whisker plant cell suspension culture 

Cat whiskers cell suspension culture derived from liquid 
media MS + NAA 1 ppm + 2,4-D 1 ppm had a good 
growth profile. Callus weighing 0.75 g was inoculated in 
a 20 mL liquid medium to produce the best dry and wet 
weights. Cat whiskers cell suspension culture from MS 
+ 2,4-D 1 ppm + NAA 1 ppm + sucrose 30 g/L media 
resulted in high wet cell weight. The addition of the 
higher amount of sucrose up to 45 g/L reduced the wet 
weight of the suspension culture. The production of 
rosmarinic acid compounds was also higher in the 
media with 30 g/L sucrose added. Media conditioned at 
pH 5.65 produced the highest levels of rosmarinic acid, 
while at an alkaline pH, the levels of rosmarinic acid 
compounds were low. The irradiation conditions in the 
incubation room of the cat whiskers suspension culture 
must be considered. The dim lighting conditions can 
increase the levels of rosmarinic acid in the cell 
suspension culture of cat whiskers. Incubation of cell 
suspension culture at 26oC affected increasing levels of 
rosmarinic acid and was not significantly different 
when cells were placed at 29oC (Lim et al., 2013; 
Bordbar et al., 2015; Wai-leng and Lai-keng, 2016). 

 

Cat whiskers plant micropropagation 

The purple variety cat whiskers leaf explant inoculated 
on MS + BAP 2 ppm + NAA 1 ppm media; MS + BAP 2 
ppm + NAA 2 ppm; MS + BAP 2 ppm + NAA 3 ppm could 
grow cat whiskers shoots well within one month. Media 
MS + BAP 2 ppm + NAA 3 ppm produced more leaves, 
but the shoots formed were not too high. Root 
induction took place well on MS + IBA 0.75 ppm media, 
and an increase in shoot height and number of leaves 
was also observed (Faramayuda et al., 2021b). 

Internode explants were inoculated on MS media + 
zeatin 2 ppm + 2,4-D 2 ppm; MS + zeatin 3 ppm + 2,4-D 
2 ppm; MS + zeatin 4 ppm + 2,4-D 2 ppm could grow 
shoots of white cat whiskers with purple pattern well. 
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The best medium for growing shoots was MS + zeatin 3 
ppm + 2,4-D 2 ppm. Root induction on shoots of a 
white-purple variety of cat whiskers occurred well on 
MS + IBA 0.5 ppm medium; MS + IBA 0.75 ppm; MS + 
IBA 1 ppm. However, the best medium for growing 
roots was MS + IBA 0.75 ppm because it succeeded in 
making higher shoots and more leaves. Acclimatisation 
of shoots that have grown roots takes place well on 
sand and husk media. Previously, the plantlets were 
incubated at 25oC for two weeks for the hardening 
process and then placed in the planting area. The 
white-purple variety cat whiskers plantlets could grow 
up to 10 months of age. Comparative analysis of 
secondary metabolites levels of the white-purple 
variety of the plant cultured in vitro with the wild type 
was performed using HPLC. The results showed that the 

secondary metabolites rosmarinic acid, sinensetin, and 
eupatorin in the cat whiskers plant in vitro culture were 
higher than the wild type. These results can be used as 
a protocol for the propagation of cat whiskers, 
especially the white-purple variety, which has better 
quality than the wild type. The plant tissue culture 
method allows an increase in secondary metabolite 
levels after modifying growth regulators, which will 
affect the enzymes that play a role in the biosynthesis 
of secondary metabolites (Faramayuda et al., 2021e; 
Faramayuda, et al., 2021g). 

Tables I and II summarise media and growth regulators 
that are good for callus induction, cell suspension 
culture, and shoots of cat whiskers.

 

Table I: Media and plant growth regulators (PGR) in callus induction and cat whiskers shoots 

Explant Target Medium and PGR  Reference 

Leaf  Callus  MS + 2,4-D 1 ppm + NAA 1 ppm  (Wai-leng and Lai-keng, 2004)  

Leaf  Callus  MS + 2,4-D 1 ppm + NAA 1 ppm   (Bordbar et al., 2015)  

Nodal  Shoots  MS + 2, 4-D 0.5 ppm (Elangomathavan et al., 2017)  

Nodal  Shoots  MS + NAA 1.0 ppm  (Elangomathavan et al., 2017)  

Nodal  Shoots  IBA MS 2.0 ppm  (Elangomathavan et al., 2017)  

Shoots  Root  ¼ MS + 2, 4-D (0.5 ppm, 1.0 ppm, and 2.0 ppm)  (Elangomathavan et al., 2017)  

Shoots  Root  ¼ MS + IBA ( 0.5 ppm, 1.0 ppm, and 2.0 ppm)  (Elangomathavan et al., 2017)  

Shoots  Root  ¼ MS + NAA (0.5 ppm, 1.0 ppm, and 2.0 ppm)  (Elangomathavan et al., 2017)  

Leaf  Green callus  MS + kinetin 1 ppm + IAA 1 ppm  ( Ali et al., 2017)  

Leaf  Cream colored callus  MS + kinetin 1.5 ppm +  IAA 1.5 ppm  (Ali et al., 2017)  

Leaf  Callus brown  MS + Kinetin 2 ppm (Ali et al., 2017)  

Nodal  Planlet  MS + BA 2 ppm  (Lim et al., 2013)  

Seed  Adventist shoots  Gamborg (B5)   +  sucrose 3 % w/v + BAP 20 ηM  (Zarnadze et al., 2018) 

Seed  Adventist shoots  Gamborg (B5) + sucrose 3% w/wv + BAP 15 ηM + NAA 3 ηM  (Zarnadze et al., 2018)  

Shoots  Root  MS + IBA 1.5 ppm + 1GA3 1.5 ppm (Elangovan et al., 2016) 

Nodal  Shoots  MS + IBA 1 ppm  (Sheena and Jothi, 2015)  

Shoots  Root  MS + IBA 4 ppm (Sheena and Jothi, 2015)  

Leaf  Callus  MS + 2, 4-D 2 ppm  (Sheena and Jothi, 2015)  

Leaf  Root  MS + IAA 3 ppm + Sucrose 3%  (Ling et al., 2009) 

Leaf  Callus  MS + 2, 4-D 0.4 ppm (Faramayuda et al., 2020) 

Leaf  Shoots MS + BAP 2 ppm + NAA 3 ppm (Faramayuda et al., 2021c) 

Internodes Shoots MS + zeatin 3 ppm + 2,4-D 2 ppm (Faramayuda et al., 2021e) 

 

Table II: Culture media of cat whiskers cell suspension with the addition of elicitor 

Sample  Medium  Elisitor  Results  Library  

Callus  Liquid proliferation cell 

medium (MS + 2,4-D 1 ppm 

and NAA 1 ppm)  

30 g / L sucrose  Increase cell biomass and rosmarinic 

acid levels  

(Bordbar et al., 2015)  

Callus  Liquid medium (MS + 2,4-D 1 

ppm and NAA 1 ppm)  

NaCl (1-3 g / L)  Not Increase right levels of total 

phenolic  

(Lim et al., 2013)  

Callus  Liquid medium  45 g / L sucrose  Increase levels of total phenolic  (Lim et al., 2013)  

Callus  Liquid medium  Casein hydrolysate 

(0.3–3.0 g / L )  

Not Increase levels of total phenolic  (Lim et al., 2013)  

Callus  Liquid medium  yeast extract (0.25–

0.75 g / L )  

Not Increase levels of total phenolic  (Lim et al., 2013)  

Callus  Liquid medium  1.5 g / L Chitosan  Increase levels of total phenolic  (Lim et al., 2013)  
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Internode  4.4 g MS + sucrose 3% b / v + 

gel 2.2% b / v + 0.1 myo-

inositol  

Yeast extract 5.0 

mg/L  

Shoot induction and increase 

phenolic levels  

(Razali et al., 2017) 

Conclusion 

The cat whiskers plant has an excellent potential to be 
used as raw material in traditional medicine. The 
compounds thought to play a role in the 
pharmacological activity of the cat whiskers plant are 
sinensetin, eupatorin, and rosmarinic acid. Plant tissue 
culture of the cat whiskers plant is beneficial for the 
propagation process, especially the endangered purple 
and white-purple varieties. Callus induction and 
suspension culture can increase the principal secondary 
metabolites of the cat whiskers plant. MS media added 
with growth regulators zeatin 3 ppm and 2,4-D 2 ppm 
could induce the growth of cat whiskers shoots well. 
Shoots that grew on 0.75 ppm IBA media could induce 
root growth on shoots, and when acclimatised, 
plantlets could grow up to 10 months of age. Media MS 
+ 2,4-D 0.4 ppm can induce the growth of cat whiskers 
callus well. This review can be the basis for developing 
micropropagation protocols to produce active 
compounds of the cat whiskers plant in vitro. 

 

Acknowledgements 

This research was funded by the Ministry of Research and 
Technology/National Agency for Research and Innovation 
with contract number 2/E1/KP.PTNBH/2020. This article 
was presented at the 2021 Annual Scientific Conference of 
the Indonesian Pharmacist Association”. 

 

Conflict of interests 

The authors declare no conflict of interest. 

 

References 
Ali, H., Karsani, S.A., Othman, R., & Yaacob, J.S. (2017). 
Production of coloured callus in Orthosiphon stamineus 
Benth and antioxidant properties of the extracted 
pigments. Pigment & Resin Technology, 47(3), pp. 196-
207. https://doi.org/10.1108/PRT-01-2017-0009  
 
Awale, S., Tezuka, Y., Banskota, A.H., Kouda, K., Tun, 
K.M., & Kadota, S. (2001). Five novel highly oxygenated 
diterpenes of Orthosiphon stamineus from Myanmar. 
Journal of Natural Products, 64(5), 592–596. 
https://doi.org/10.1021/np000607t  
 
Bordbar, L., Subramaniam, S., Jelodar, N.B., & Chan, L. K. 
(2015). Effects of abiotic factors on cell biomass and 
rosmarinic acid production in cell suspension cultures of 

Orthosiphon Stamineus benth. Emirates Journal of Food 
and Agriculture, 27(10), 756–762. 
https://doi.org/10.9755/ejfa.2015.04.018  
 
Cai, X., Xiao, C., Xue, H., Xiong, H., Hang, Y., Xu, J., & Lu, Y. 
(2018). A comparative study of the antioxidant and 
intestinal protective effects of extracts from different 
parts of Java tea (Orthosiphon stamineus). Food Science 
& Nutrition, 6(3), 579–584. 
https://doi.org/10.1002/fsn3.584  
 
Elangomathavan, R., Kalaivanan, P., Hariharan, S., & 
Beaulah, S.N. (2017). Caulogenic response of in vitro 
raised nodal explants of Orthosiphon stamineus to 
selected auxins. International Journal of Advanced 
Multidisciplinary Research, 4, 27–32. 
https://doi.org/10.22192/ijamr  
 
Elangovan, K., Vignesh, A., & Murugesan, K. (2016).  In 
vitro miicropropagation, antioxidant and antibacterial 
activity of Orthosiphon stamineus Benth Kannan 
Elangovan, Anandan Vignesh, Kandasamy Murugesan. 
Indo American Journal of Pharmaceutical Research, 6(04) 
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2020). Short communication: callus induction in purple 
and white-purple varieties of Orthosiphon aristatus 
(Blume) miq. Biodiversitas, 21(10), 4967–4972. 
https://doi.org/10.13057/biodiv/d211063  
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2021a). Phytochemical analysis of callus two varieties 
Orthosiphon aristatus (Blume) miq on murashige and 
skoog media: a strategic step of secondary metabolite 
production. International Journal of Applied 
Pharmaceutics. 13(2), 71–77. 
https://doi.org/10.22159/ijap.2021.v13s2.14  
 
Faramayuda, F., Mariani, T.S., Elfahmi, E., & Sukrasno, S. 
(2021b). Potential of Orthosiphon aristatus blume miq as 
antiviral: A review. Tropical Journal of Natural Product 
Research, 5(3), 410–419. 
http://www.doi.org/10.26538/tjnpr/v5i3.1  
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2021c). Effects of 6-benzyl amino purine and 
naphthalene acetic acid on shoot and root induction in 
purple variety Orthosiphon aristatus. Plant Cell 
Biotechnology and Molecular Biology, 22(May), 362–371. 
https://www.ikprress.org/index.php/PCBMB/article/view/6
405  
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2021d). Identification of secondary metabolites from 
callus Orthosiphon aristatus (Blume) miq by thin layer 
chromatography. Sarhad Journal of Agriculture, 37(3), 
1081–1088. 
https://doi.org/https://dx.doi.org/10.17582/journal.sja/202
1/37.3.1081.1088  
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2021e). Micropropagation and secondary metabolites 
content of white-purple varieties of Orthosiphon 
aristatus Blume miq. Pakistan Journal of Biological 

https://doi.org/10.1108/PRT-01-2017-0009
https://doi.org/10.1021/np000607t
https://doi.org/10.9755/ejfa.2015.04.018
https://doi.org/10.1002/fsn3.584
https://doi.org/10.22192/ijamr
https://doi.org/10.13057/biodiv/d211063
https://doi.org/10.22159/ijap.2021.v13s2.14
http://www.doi.org/10.26538/tjnpr/v5i3.1
https://www.ikprress.org/index.php/PCBMB/article/view/6405
https://www.ikprress.org/index.php/PCBMB/article/view/6405
https://doi.org/https:/dx.doi.org/10.17582/journal.sja/2021/37.3.1081.1088
https://doi.org/https:/dx.doi.org/10.17582/journal.sja/2021/37.3.1081.1088


Faramayuda et al                            Plant tissue culture of Cat’s whiskers    

Pharmacy Education 22(2) 92 - 97  97 

 

 

Sciences, 24(8), 858–867. 
https://doi.org/10.3923/pjbs.2021.858.867  
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2021f). A comparative pharmacognostic study of the 
two Orthoshipon aristatus (blume) miq. varieties. Journal 
of Experimental Biology and Agricultural Sciences, 9(2): 
228-223 
 
Faramayuda, F., Mariani, T.S., Elfahmi, & Sukrasno 
(2021g). Chemical compound identification of two 
varieties cat whiskers (Orthosiphon aristatus Blume Miq) 
from in vitro culture. Sarhad Journal of Agriculture, 37(4): 
1355-1363 
 
Faramayuda, F., Mariani, T.S., Elfahmi & Sukrasno (2022). 
Sinensetin Contents of Purple and White Purple Variety 
of Orthosiphon aristatus (Blume) Miq. Jordan Journal of 
Biological Sciences,15(1): 127-132 
 
Guo, Z., Liang, X., & Xie, Y. (2019). Qualitative and 
quantitative analysis on the chemical constituents in 
Orthosiphon stamineus Benth. using ultra high-
performance liquid chromatography coupled with 
electrospray ionisation tandem mass spectrometry. 
Journal of Pharmaceutical and Biomedical Analysis, 164, 
135–147. https://doi.org/10.1016/j.jpba.2018.10.023  
 
Lim, L.F., Fei, M., Zaini, M., & Chan, L. (2013). Elicitation 
of Orthosiphon stamineus cell suspension culture for 
enhancement of phenolic compounds biosynthesis and 
antioxidant activity. Industrial Crops & Products, 50, 436–
442. https://doi.org/10.1016/j.indcrop.2013.07.046  
 
Ling, A.P.K., Kok, K.M., & Sobri, H. (2009). Adventitious 
rooting of Orthosiphon stamineus in response to sucrose 

concentrations and medium pH. American-Eurasian 
Journal of Sustainable Agriculture, 3(1):93-100 
 
Razali, Z., Anis, N., Hamid, A., Rahim, N.S., & Kawi, R. 
(2017). Yeast Extract Stimulate Growth and Production of 
Phenol, 2, 4-Bis (1,1-Dimethylethyl) of Tissue Culture 
Orthosiphon Stamineus. Journal of Applied 
Environmental and Biological Sciences, 7(6), 17–22 
 
Sheena, E.V., & Jothi, G.J. (2015). In vitro propagation of 
Orthosiphon stamineus Benth ( Lamiaceae ) an important 
medicinal plant using nodal and leaf explants. The 
Pharma Innovation Journal, 4(7), 6–10 
 
Wai-Leng, L. dan Lai-Keng, C. (2004): Plant regeneration 
from stem nodal segments of Orthosiphon stamineus 
Benth, a medicinal plant with diuretic activity. In Vitro 
Cellular & Developmental Biology – Plant, 40(2), 115–
118. https://doi.org/10.1079/IVP2003500  
  
Wai-leng, L., & Lai-keng, C. (2016). Establishment of 
Orthosiphon stamineus cell suspension culture for cell 
growth establishment of Orthosiphon stamineus cell 
suspension culture for cell growth. Plant Cell, Tissue and 
Organ Culture, 78, 101–106 (2004). 
https://doi.org/10.1023/B:TICU.0000022533.83592.37  
 
Zarnadze, N., Diasamidze, I., Varshanidze, N., Dolidze, K., 
& Bolkvadze, T. (2018). In vitro reproduction of Kidney 
Tea (Orthosiphon stamineus Bents). Journal of Pharmacy 
and Pharmacology, 6, 695–699. 
https://doi.org/10.17265/2328-2150/2018.07.009  
 
 

 

https://doi.org/10.3923/pjbs.2021.858.867
https://doi.org/10.1016/j.jpba.2018.10.023
https://doi.org/10.1016/j.indcrop.2013.07.046
https://doi.org/10.1079/IVP2003500
https://doi.org/10.1023/B:TICU.0000022533.83592.37
https://doi.org/10.17265/2328-2150/2018.07.009

