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ABSTRACT 
The herbal renaissance has been taking place throughout the world over the last few years. Over the period, herbal medicines have moved from an empirical 
basis to its present as an increasingly scientifically based system of healing, being referred as phytotherapy. Although the traditional medicinal systems adopt a 
holistic approach while using herbs or their combinations, knowledge of individual constituents facilitates in developing quality control methods, extraction 
procedures, understanding of pharmacological activity and pharmacokinetics. In tune with this effort, our current study focuses on the phytochemistry of the 
methanolic extract of the shoot part of Plectranthus hadiensis, a plant used in Ayurvedic preparations as well as other traditional systems of medicine. The 
preliminary phytochemical studies had revealed the presence of terpenes in the extract. TLC, HPTLC, GC-MS and NMR studies confirmed the presence of 
mono-, sesqui- and diterpenes in the extract. The terpene-rich methanolic extract when tested for its cytotoxicity using brine shrimp lethality assay showed an 
LC50 of 145µg/mL. The presence of terpenes thus supported the use of this plant in various medicinal preparations. 
Key words: Plectranthus hadiensis, GC-MS, NMR, Brine shrimp assay. 
 
INTRODUCTION 
Knowledge of medicinal plants used in traditional system of 
medicines has always guided the search for new therapeutic 
molecules. These herbs used in traditional medicinal systems 
are often cheap, locally available and easily consumable, 
either raw or as multi-herbal preparations1. Nowadays, 
traditional medicinal practices form an integral part of 
complementary or alternative medicine. Ayurveda, one of the 
major traditional forms of medical practice in India, has 
produced many useful leads in developing medications for 
chronic ailments. Plectranthus hadiensis (Hribera) is one 
such herb that is widely used in Ayurvedic preparations. This 
plant is used in various Ayurvedic formulations for treating 
inflammation and related ailments2. Our previous studies 
have shown potential anti-oxidant, anti-inflammatory and 
anti-proliferative activity of the extract3,4. Several studies 
have shown the presence of terpenes in solvent extracts and 
essential oil extracts obtained from the plant5,6. Our present 
study focuses on the chromatographic profiling of the 
terpenes present in the methanolic extract of this plant using 
TLC, HPTLC, GC-MS and NMR, and also checking the 
cytotoxicity of the extract using brine shrimp lethality assay. 
 
MATERIALS ANS METHODS 
The shoot part of the plant was collected from Kerala, India 
and authenticated by Dr. Kunhikannan, Scientist E, IFGTB, 
Coimbatore, India (Voucher specimen no: IFGTB-27/07/11-
001). The sample was shade dried, pulverized and extracted 
with methanol using soxhlet apparatus. The crude extract was 
concentrated using rotary flash evaporator (Buchi type). This 
extract was used for the chromatographic profiling and 
different concentrations of the extract were used for assessing 
the cytotoxicity. 
 
TLC 
Thin layer chromatography was performed to generate a 
chromatographic profile of the methanolic extract. 20µL of 
the extract was applied on the plate and developed to a 
distance of 8cm. The solvent systems, Ethyl acetate: 

Chloroform: Methanol (4:3:3) and Methanol: Chloroform 
(9:11) were selected after standardization. After 
development, the plate was allowed to dry in air and sprayed 
with Sulphuric acid to detect the terpene-rich compounds7. 
 
HPTLC 
A densitometric HPTLC analysis was performed for the 
development of characteristic fingerprinting profile. The 
Plectranthus hadiensis methanolic extract (PV) of shoot was 
dissolved with HPLC grade methanol (100mg/0.5mL). The 
solution was centrifuged at 3000rpm for 5minutes. Then, 2µL 
of the sample solution was loaded as 5mm bands on the 3 x 
10 Silica gel 60F254 TLC plate using Hamilton syringe and 
CAMAG LINOMAT 5 instrument. The sample loaded plates 
were kept in TLC twin trough developing chamber (after 
saturated with Solvent vapor) with respective mobile phase 
(for Terpenes) and the plate was developed in the respective 
mobile phase up to 90mm. The developed plates were dried 
by hot air to evaporate solvents from the plates.  The plates 
were kept in Photo-documentation chamber (CAMAG 
REPROSTAR 3) and captured the images at White light, UV 
254nm and UV366nm. The plates were then sprayed with LB 
reagent to detect the presence of steroids and terpenes7. 
 
GC-MS 
The extract was analyzed using a Thermo GC–Trace Ultra 
Ver: 5.0, Thermo MS DSQ II (Column: 30mts, ID: 0.25mm, 
Film: 0.25µm) with He as carrier gas. Flow rate was fixed at 
1mL/min. The oven temperature was programmed from 
1400C-2600C with a total run time of 47mins7. 
 
NMR 
The 1H and 13C NMR spectrum of the methanolic extract was 
recorded on a Bruker type AV300 at 300MHZ and the 
chemical shifts were recorded as δ values. The solvent used 
was CDCl3

8,9. The result graph was compared with the 
reference chart and possible functional groups present were 
determined. 
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Figure 1: TLC chromatogram of methanolic extract (Sol sys- EA: 
Chlrfm: Meth, 4: 3: 3) 

 
 

 
 

Figure 2: TLC chromatogram of methanolic extract (Sol sys- Chlrfm: 
Meth, 9: 11) 

 

 
 

Figure 3: HPTLC chromatogram of the methanolic extract 
 

 
 

Figure 4: Gas chromatography chromatogram of the methanolic extract 

 

 
 

Figure 5: Peak fragmentation of GC-MS spectrum (RT – 15.44) 
 

 
 

Figure 6: Peak fragmentation of GC-MS spectrum (RT – 24.49) 

 

 
 

Figure 7: Peak fragmentation of GC-MS spectrum (RT – 36.46) 
 

 
 

Figure 8: Peak fragmentation of GC-MS spectrum (RT – 41.87) 
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Figure 9: 1H-NMR spectrum of the methanolic extract 
 

 
 

Figure 10: 13C-NMR spectrum of the methanolic extract 

 

 
 

Figure 11: Brine shrimp lethality assay of methanolic extract of Plectranthus hadiensis against A. salina 
 
Brine shrimp lethality assay 
Dried Artemia cysts (1gm = 1.5-2 lakh cysts per liter) were 
taken and incubated in a hatcher in artificial sea water at 28-
30ºC with continuous aeration under light regime. 
Approximately 12 h after hatching, the live nauplii were 
collected with a pipette and transferred into small vials. Each 
test consisted of exposing groups of 10 Artemia nauplii aged 
12 h to various concentrations of the extract (50, 100, 250, 
500 and 1000µg/mL) which was dried and redissolved in 
artificial sea water. Artificial sea water was taken as control. 
The lethality was determined after 24 h (nauplii in instar 
(II/III) of exposure10. The numbers of survivors were counted 
and percentage of death was calculated. Larvae were 
considered dead if they did not exhibit any internal or 
external movement towards light (phototropic movement) 30 
seconds. The larvae did not receive food, to ensure that the 
mortality observed in the bioassay could be attributed to 
bioactive compounds and not to starvation; we compared the 
dead larvae in each treatment to the dead larvae in the 
control. In any case hatched brine shrimp nauplii can survive 
for up to 48 h without food because they still feed on their 
yolk-sac11,12. 

 
The percentage of mortality (% M) was calculated using the formula: 

% M = (Total number of larvae used in each concentration – total number of 
larvae alive in each concentration) / 100 

 
 
 

RESULTS 
TLC 
Ethyl acetate: Chloroform: Methanol (4: 3: 3) and Methanol: 
Chloroform (9: 11) were used as solvent systems which 
showed good resolution. Five bands were visualized. The 
bands became more prominently visible after the plate was 
sprayed with sulphuric acid. Bluish-green colored bands were 
observed in both the solvent systems indicating the presence 
of terpene-rich compounds. This TLC chromatogram can be 
used as a reference standard for further separation and 
isolation of compounds from the plant (Figures 1 and 2).  
 
HPTLC 
The HPTLC chromatogram of the methanolic extract 
confirmed the presence of terpenoids after they were sprayed 
with LB reagent after plate development. The various bands 
with shades of blue reveal the presence of terpenes in the 
extract (Figure 3). The selection of the mobile phase was 
based on the adsorbent material used as stationary phase and 
physical and chemical properties of the analyte used. 
 
GC-MS 
The GC-MS analysis of the shoot extract of Plectranthus 
hadiensis was carried out to identify the nature of the 
components present. The GC-MS chromatogram showed the 
presence of four major components at retention times 15.44, 
24.49, 36.46 and 41.87 minutes (Figure 4). The respective 
fragmentation patterns are shown in the figures 5, 6, 7 and 8 
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respectively. The mass spectrum of the compound with 
retention time 15.44 gave two major peaks (m/Z) at 105.0 
and 132.9. The element combinations for these peaks show 
probability for C9H10O. The above molecular formula 
indicates the possibility of an aromatic ring containing 
compound that could be a terpene. The compound with 
retention time 24.49 gave three major peaks (m/Z) at 76.9, 
103.0 and 163.9. The combinations show probability for 
C10H12O2, indicating the possibility of styrene or phenolic –
OH group attached compound. The compound with retention 
time 36.46 gave two major peaks (m/Z) at 130.7 and 163.9 
again corresponding to a compound with formula C10H1202, 
which corresponds to either an aromatic phenol group or 
eugenol or styrene. The last compound with retention time 
41.87 gave single major peak (m/Z) at 148.8. The 
combinations for the major and minor peaks show probability 
for C12H1404, indicative of the possibility of a diethyl ester 
compound. Therefore, it may be concluded that the 
compound with these characteristic retention times and 
fragmentation patterns could be categorized into the class of 
terpenes. 
 
NMR 
The 1H–NMR spectrum of the extract exhibits signals 
between 2 and 3 indicative of a methyl group and presence of 
an aromatic ring. The signals between 3 and 4 indicate the 
presence of a CH2 group. The quartet signals between 6 and 7 
indicate the presence of CH group as well. Consistent with 
the 1H-NMR spectrum, the 13C-NMR spectra exhibited 
signals at δ 76-77 (indicating presence of C-O), 121-125 
(indicating presence of C=C), 132-137 (indicating presence 
of aromatic rings) and 149-156 (again indicating presence of 
aromatic rings) (Figures 9 and 10). These signals confirmed 
the presence of compounds with aromatic ring, indicating 
towards the occurrence of terpene-rich compounds in the 
extract. 
 
Brine shrimp assay 
In the Brine Shrimp lethality assay with varying 
concentration of the extract ranging from 50-1000 µg/mL, the 
LC50 was found to be 145µg/mL (Figure 11). The brine 
shrimp lethality assay represents a rapid, inexpensive and 
simple bioassay for testing plant extracts bioactivity (10). For 
the past 30 years, the Artemia nauplii have been used to 
detect general toxicity, in teratology screens and in 
ecotoxicology13. 
 
DISCUSSION 
Various chromatographic techniques are used nowadays for 
separation and isolation of compounds from crude plant 
extracts. Thin layer chromatography and Gas 
chromatography are very effective and have been used for 
getting consistent separation of compounds from crude 
extracts. Thin layer chromatography was used to separate the 
individual chemical constituents of the methanolic extract of 
the shoot of the plant. Analysis of phytochemicals present in 
this plant has been reported by us and was found to be rich in 
terpenes. Essential oil extracted from the leaves and root of 
this plant have been reported to be rich in mono-, sesqui- and 
diterpenes5,6. Thus the TLC specific for separating terpene-
rich compounds were used and good separation of the 
compounds were observed. HPTLC is an enhanced form of 
TLC with relative independence in sample application, 
chromatogram development and detection. In the present 
study, the chromatogram after development and spraying 

with the LB reagent showed the presence of steroids and 
terpenes in the methanolic extract, thus confirming their 
presence similar to the result obtained in TLC. GC separates 
volatile and semivolatile compounds with great resolution 
and MS provides structural information on most compounds 
such that they can be exactly identified. The methanolic 
extract of the plant, which was found to be rich in terpenes 
when injected, was separated into its various components. 
These components were identified using the mass spectrum 
generated and concluded to be aromatic terpenoid 
compounds. NMR is one of the most powerful tools available 
for determining the structure of organic compounds. This 
technique relies on the ability of atomic nuclei to behave like 
a small magnet and align themselves with an external field. 
The NMR spectrum of the methanolic extract revealed the 
presence of carbon atoms having double bonds with other 
carbon atom and also single bond with oxygen. The 
presences of methyl and methylene groups were also 
confirmed along with aromatic rings which showed that the 
extract was rich in terpenes14. 
From a pharmacological point of view, a good relationship 
has been found with the brine shrimp assay to detect 
cytotoxic and anti-tumoral compounds in terrestrial plant 
extracts. The brine shrimp assay is very useful for the 
isolation of biogenic compounds from plant extracts13. The 
present study thus employed brine shrimp bioassay as a 
reliable method for the assessment of bioactivity of plant 
extract and lends support for their use in pharmacology. The 
activity at lower concentration suggests the presence of 
compounds which can be used as potential source for 
cytotoxic or anti-proliferative drugs. 
 
CONCLUSION 
Earlier studies performed using the methanolic extract of 
shoot of Plectranthus hadiensis had revealed its bioactive 
potential viz., antioxidant, anti-inflammatory and anti-
proliferative activity. The present study aimed at identifying 
the components responsible for its activities. The methanolic 
extract showed the presence of terpene-rich compounds 
which was confirmed using TLC, HPTLC, GC-MS and NMR 
studies. The brine shrimp assay showed the cytotoxic 
potential of the extract which substantiates our earlier studies 
of anti-proliferative activity of the extract. Further isolation 
and characterization of the individual components are 
necessary to corroborate the use of this plant in the traditional 
systems of medicine. 
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