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Introduction

Rauvolfia verticillata (Lour.) Baill. is a traditional 
Chinese medicinal herb and a significant source of 
heterocyclic indole alkaloids (Gao et al., 2015). It is a shrub 
species in the family Apocynaceae and is found throughout 
the Indo-China peninsula, Indonesia, the Philippines, 
Thailand, Vietnam, India, and Sri Lanka. It is commonly 
known as common devil pepper. The flowers are white, 
with ovate lobes on the corolla and 1 cm long, glabrous, 
reddish pedicles. Inflorescences may yield at least 35 
flowers. The fruits are oblong, 10×7 mm and black. The 
species is used therapeutically in China to treat typhus, 
malaria, and snakebite (Chen et al., 2019). The extract was 
first used in China in the 1950s to effectively treat several 
skin conditions characterised by redness and itching, with 
minimal side effects (Hong et al., 2016). The species of 
the family Apocynaceae are used in traditional medicine 
to treat gastrointestinal problems (Rohela et al., 2016). 
The German physician and explorer Leonhard Rauwolf, 
who wrote a book detailing his extensive travels in 1582, 
is the source of the genus name Rauwolfia, which was later 
changed to Rauvolfia (Kumari et al., 2021; Saranya et al., 
2021; Ayyappan et al., 2025).

Members of the genus Rauvolfia are well known for 
their abundance of specialised heterocyclic alkaloids with a 
monoterpene-indole skeleton (Gao et al., 2011). Rauvolfia 
extract has been used as a medicine for hypertension (Hong 
et al., 2010). Reserpine was one of the first oral drugs for 
hypertension that worked well and made a significant 
contribution to early psychiatric therapy (Katzung, 2021). 
The most well-known alkaloid reserpine helps to treat 

mental problems, cardiovascular ailments and hypertension. 
It is also a tranquillizer that is highly valued by the current 
pharmaceutical sector (Sulaiman et al., 2020). Due to 
its sedative and antihypertensive properties, reserpine 
is a highly effective therapeutic drug (Dey & Pandey, 
2014). Yohimbine is known for its pharmacological 
activity on the central and peripheral nervous systems. 
It acts as a selective α2-adrenergic receptor antagonist, 
increasing sympathetic outflow and norepinephrine release 
(Katzung, 2021). It has also been studied for its efficacy 
in treating orthostatic hypotension and some types of 
sexual dysfunction (Tam et al., 2001; Saranya et al., 2021; 
Ayyappan et al., 2025). Coumarins are a significant group of 
plant-derived secondary metabolites known for their various 
pharmacological activity and therapeutic potential. Seselin 
has been evaluated for its cytotoxicity against certain cancer 
cell lines, demonstrating its potential as a lead compound 
in drug development (Venugopala et al., 2013). It also 
has significant biological activities, including antioxidant, 
antimicrobial, anti-inflammatory, and potential anticancer 
effects (Mousavi et al., 2015). In the present study, two 
bioactive indole alkaloids and one coumarin compound 
were successfully isolated and characterised from the 
methanolic stem extract of R. verticillata. The structures of 
the isolated compounds were confirmed by spectroscopic 
analysis (UV-Vis, FT-IR, LC-MS, and NMR).

Materials and methods

Plant materials collection and extraction

The stem of Rauvolfia verticillata was collected in 
the Megamalai Hills, Theni district, Tamil Nadu, India, 
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and identified and authenticated at the Gandhigram Rural 
Institute (Deemed to be University), Tamil Nadu, India. 
The voucher specimens of R. verticillata were stored in 
the herbarium (GUD) of the Department of Biology. The 
collected stems were shade-dried, pulverised into a fine 
powder, and stored in an airtight container. Methanol was 
chosen as the solvent for extraction due to its high polarity, 
strong penetration, and ability to extract a wide range of 
bioactive secondary metabolites. The finely powdered 
sample was extracted with methanol for further progress. 
The powdered material was immersed in methanol for 
72 hours, then filtered through a Whatman No. 1 filter paper 
over 3 days. The process was repeated 3 to 4 times, and the 
extracts were concentrated at 45 °C under reduced pressure 
using a vacuum rotary evaporator (Buchi RotavaporR-300). 
The concentrated extract was refrigerated at 4 °C for further 
analysis.

Isolation and purification of bioactive compounds

The methanolic stem extract was fractioned by silica 
gel column chromatography (150 g, 60-120 mesh) using 
gradient elution. The column was packed with hexane, and 
vigorous swirling was performed to create a silica gel slurry, 
which was then poured into the column. An equal amount 
of semisolid extract and silica gel was mixed and the extract 
with silica mixture (2 g) was gently put into the column. 
Fractions were eluted using solvent systems of increasing 
polarity (hexane, ethyl acetate, chloroform, acetone, and 
methanol) with gradient mixtures of hexane: ethyl acetate, 
ethyl acetate: chloroform, chloroform: acetone, and acetone: 
methanol (40:0-0:40). Forty fractions (40 mL each) were 
collected per system and analysed individually by Thin 
Layer Chromatography (TLC). The collected fractions 
were spotted on TLC sheets and run through several 
mobile-phase solvent systems. The fractions with similar 
Rf values were combined and treated as a single compound. 
The compounds (1 mg/mL in DMSO) were analyzed by 
UV–Vis spectroscopy (200-800  nm; GENESYS 180) 
using the solvent as blank. FT-IR spectra (450-5000 cm⁻¹) 
were recorded on a Jasco FT/IR-4700. NMR spectra were 
obtained in CDCl3 on a Bruker Avance 400 MHz instrument 
using TMS as internal standard (δ, ppm). LC-MS analysis 
(Agilent 6530 LC/Q-TOF) was performed with methanolic 
samples (10  mg) at a flow rate of 0.1-1  mL/min. All 
structural characterization studies were carried out at The 
Gandhigram Rural Institute (Deemed to be University), 
Dindigul, Tamil Nadu, India.

Reserpine: White to pale yellow powder; melting point: 
262-266 °C; UV(MeOH) λmax:230,228 nm; IR (KBr) νmax: 
3822,3430,2840,1710,1269,659 cm-1; ESIMS (pos.): m/z 
609.2[M+H] +;1H NMR: Table  1 and 13C NMR: Table  2 
(calculated for C33H40N2O9).

Yohimbine: White to off-white crystalline powder; 
melting point: 231-233 °C; UV(MeOH) λmax: 232,234 nm; 
IR (KBr) νmax: 3158,1715,1294,1199,1054,696 cm-1; ESIMS 
(pos.): m/z 355[M+H] +;1H NMR: Table 3 and 13C NMR: 
Table 4 (calculated for C21H26N2O3).

Seselin: White colour powder; melting point: 119-
124 °C; UV(MeOH) λmax: 292, 288 nm; IR (KBr) νmax: 3773, 
3423, 2452, 699, 649 cm-1; ESIMS (pos.):m/z 251 [M+H] +; 
1H NMR: Table 5 and 13C NMR: Table 6 (calculated for 
C14H12O3).

Results

Using column chromatography and thin-layer 
chromatography (TLC), three compounds were isolated 

Table 1: 1H‑NMR for Reserpine
Chemical 
Shift (ppm)

Integration Assignment

7.0‑7.5 4H (m) Aromatic protons from the 
indole‑fused benzoring system

7.263 1H (s) CDCl3 solvent peak
3.51‑3.92 6H (s) Six methoxy protons (‑OCH3) from 

different groups
1.5‑3.2 _ (m) Overlapping methylene and 

methine protons (yohimbane core)
7.32‑7.33 2H (s) Symmetric aromatic protons 

(3,4,5‑trimethoxybenzoate)

Table 2: 13C‑NMR for Reserpine
Chemical 
shift (ppm)

Assignment Significance

>165 ppm Carbonyl carbons 
(methyl ester & 
trimethoxybenzoate)

Key ester carbonyl 
resonances confirming the 
lactone structure

110‑155 ppm Aromatic/olefinic 
carbons

Defines the aromatic and 
olefinic framework of 
coumarin and pyran ring.

77.02 CDCl3 solvent triplet Standard solvent peak 
used as a reference

56.28 Methoxy carbons 
(‑OCH3)

Aliphatic methoxy groups 
integrated in the core 
structure

20‑60 Methylene/methine 
carbons (CH2/CH)

Complex framework of 
fused yohimbane ring 
system

Table 3: 1H‑NMR for Yohimbine
Chemical 
Shift (ppm)

Integration Assignment

7.0‑7.5 4H 
(Complex)

Aromatic protons of fused 
benzoring (indole core)

7.26 1H (s) CDCl3 solvent peak
5.71‑7.61 _ (m) Coumarin lactone double bond 

and fused benzene/pyran ring
6.23 _ (d) Cis‑coupled protons of the pyrone 

ring (H‑3)
7.60 _ (d) Cis‑coupled protons of the pyrone 

ring (H‑4)
5.73 _ (d) Olefinic protons of the fused 

dimethylpyran ring
6.89 _ (d) Olefinic protons of the fused 

dimethylpyran ring
3.7‑3.8 _ (s) Carbomethoxy methyl group 

(‑COOCH3)
4.2 _ (s) Oxygenated methine proton 

(H‑17) near hydroxyl
1.48 6H (s) Gem‑dimethyl groups (unique to 

the pyran ring)
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from the methanolic stem extract of R. verticillata. The 
compounds were confirmed by spectroscopic analysis, 
namely UV-Vis, FT-IR, LC-MS and 1H and 13C NMR.

Compound 1: Reserpine

The dark brown fraction was obtained from the 
liquid-liquid fraction using a mixture of methanol and 
chloroform. TLC analysis of 40 fractions yielded 15-20 
bands. Fractions with similar Rf values were pooled and 
purified by repeated column chromatography, yielding 5 
fractions by TLC. Fraction F1, showing fewer bands, was 
subjected to confirmatory analyses and identified as an 
indole alkaloid, reserpine.

The UV–Vis spectroscopy showed a λmax at 230 nm, 
indicating π–π* transitions and the presence of aromatic 
or conjugated systems (Figure 1a). The FTIR spectrum 
of reserpine exhibited peaks at 3822.22 and 3430.74, 
ascribed to the stretching vibration of the N-H amine 
group. The peaks at 2937.05 and 2840.63 showed C-H 
stretching. The stretching vibration of the C=O group was 
observed at 1710.55 cm-1. The peak at 1621.84 showed 
a stretching of the C=C group. The C-H bending was 
observed at the peaks of 1453.1 and 1411.64 cm-1. The 
peaks at 1269.9 and 1221.68 correspond to C-N stretching 
vibrations. The peaks at 1062.58 and 1029.8 corresponded 
to C-O stretching. The peaks at 760.78, 659.53, and 617 
correspond to C-H bending vibrations (Figure 2a). LC-MS 
spectroscopy was performed in positive ionisation mode. 
The peak observed at 609.2 corresponds to the molecular 
ion peak (M+). The peaks were recorded at 116.10, 242.2, 
355.20 and 1253.53, corresponding to fragmentation peaks 
(Figure 3a).

Based on the provided Bruker 400 MHz 1H-NMR 
spectrum recorded in CDCl3, the plot reveals the highly 
complex structural framework of Reserpine, a prominent 
indole alkaloid. The spectrum exhibits downfield aromatic 
proton signals between δ 6.5 ppm and 7.5 ppm, including 
a distinct pair of symmetric aromatic protons from the 
3,4,5-trimethoxybenzoate ring appearing as a singlet 
near δ 7.32-7.33  ppm, alongside the standard residual 
solvent peak of CDCl3 at δ 7.263 ppm. A highly diagnostic 
feature of this spectrum is the intense cluster of methoxy 
singlets clustered between δ3.51  ppm and 3.92  ppm, 
representing the six separate methoxy groups (-OCH3) 
integral to reserpine’s architecture: four belonging to the 
trimethoxybenzoate moiety, one attached to the indole 
ring, and one from the methyl ester functional group. 
Upfield of these peaks, the highly complex, overlapping 
multiplets spanning the aliphatic region from δ 1.5 ppm to 
3.2 ppm map out the dense arrangement of methylene and 
methine protons that constitute the rigid, fused yohimbane 
core system (Figure 4).

13C-NMR spectra recorded using a power-gated 
proton-decoupling sequence (zgpg30) provide definitive 
evidence for the highly oxygenated carbon architecture of 
reserpine. The spectrum exhibits key downfield carbonyl 
resonances above δ165 ppm (typically mapping to the two 
distinct ester carbonyl carbons: the methyl ester and the 
3,4,5-trimethoxybenzoate linkage), while the complex array 
of peaks spanning the δ 110-155 ppm region maps out the 

Table 4: 13C‑NMR for Yohimbine
Chemical 
shift (ppm)

Assignment Significance

175.8 Ester carbonyl 
carbon (‑COOCH3)

Confirms the carbomethoxy 
group at the lactone position

110‑140 Aromatic/olefinic 
carbons

Defines the indole core and 
fused pyran ring

77.02 CDCl3 solvent 
triplet

Standard reference peak for 
solvent signal

21‑67 Aliphatic carbons 
(CH2/CH)

Represents the complex 
methylene/methine framework

52 Methoxy methyl 
carbon (‑OCH3)

Confirms ester‑bound 
methoxy group at C‑17

Table 5: 1H‑NMR for Seselin
Chemical 
Shift (ppm)

Integration Assignment

5.71‑7.61 _ (m) Aromatic and olefinic protons 
(coumarin lactone and fused ring)

7.26 1H (s) CDCl3 solvent peak
6.23 _ (d) Cis‑coupled protons of the pyrone 

ring (H‑3)
7.60 _ (d) Cis‑coupled protons of the pyrone 

ring (H‑4)
5.73 _(d) Olefinic protons of the 

dimethylpyran ring
6.89 _(d) Olefinic protons of the 

dimethylpyran ring
1.48 6H (s) Gem‑dimethyl groups 

(two‑equivalent) in the pyran ring

Table 6: 13C‑NMR for Seselin
Chemical 
shift (ppm)

Assignment Significance

171.88 Lactone 
carbonyl 
carbon (C‑2)

Confirms the central pyrone 
ring lactone carbon

100‑160 Aromatic/
olefinic carbons

Defines the coumarin skeleton 
and fused dimethylpyran ring

109.80 Aromatic 
methine carbon

Electron‑rich aromatic carbon 
in the ring

77.02 CDCl3 solvent 
triplet

Standard reference peak for 
solvent signal

20‑30 Gem‑dimethyl 
carbons (C‑2’)

Confirms gem‑dimethyl groups 
attached to pyran carbon (C‑2’)
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aromatic and olefinic carbons belonging to both the indole 
system and the tri-substituted trimethoxybenzoate phenyl 
ring. The characteristic triplet centred at δ 77.02  ppm 
confirms the presence of the CDCl3 NMR solvent. Most 
diagnostically, a sharp, highly intense signal cluster resolves 
prominently near δ 56.28 ppm, which matches the multiple 
equivalent aliphatic methoxy carbons (-OCH3) distributed 
across reserpine’s core, appearing alongside the broader 
upfield multiplex (δ 20-60 ppm) that represents the intricate 
system of methylene (CH2) and methine (CH) carbons 
making up its fused yohimbane ring skeleton (Figure 4).

Compound 2: Yohimbine

A dark brown fraction was obtained by column 
chromatography using acetone and chloroform to separate 
the liquid-liquid fraction from R. verticillata. The F3 
fraction, with fewer bands on the TLC sheet after successive 
column chromatography, was confirmed as the indole 
alkaloid Yohimbine. The π-π* transition corresponding 
absorption peak at λmax 234  nm in the UV-Vis spectra 
indicates the presence of conjugated double bonds or 
aromatic rings in the molecule (Figure 1b). The FTIR 

Figure 2: FTIR spectrum of a) Reserpine, b) Yohimbine and c) Seselin
c

b

a

Figure 1: UV-Visible spectrum of a) Reserpine, b) Yohimbine and c) Seselin
cba
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spectrum showed a peak at 3509.81 cm-1 corresponding to 
the N-H stretching vibration. The peaks at 3158.83, 2938.98, 
and 2887.88 correspond to C-H stretching vibrations. The 
peak at 1715.37 cm-1 is attributed to a stretching vibration 
of the C=O group. The peak at 1435.74 showed a bending 
attribution to the C-H bond. The peaks at 1294, 1199.51, 

1164.79, 1143.58, 1054.87, and 1023.05 are due to C-O 
stretching. The peaks at 696.17 and 650.85 cm-1 show C=C 
bending (Figure 2b). In the LC-MS positive-ion mode, the 
observed peaks at 123.06, 217, and 745.38 are identified as 
fragmentation peaks. The peak at 355.20 was assigned to 
the molecular ion peak (M+). The LC-MS shows a dominant 

Figure 3: LC-MS spectra of a) Reserpine, b) Yohimbine and c) Seselin
c

b

a
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ion at m/z 355.2096, corresponding to the protonated 
molecular ion [M+H] +. This gives a neutral molecular mass 
of approximately 354.20 (Figure 3b).

13C-NMR spectra provide structural evidence 
confirming the carbon framework of Yohimbine. The 
spectrum is characterized by a high-field carbonyl peak 
downfield at δ 175.8  ppm (noted in the threshold range 
near 189.22 ppm), which corresponds specifically to the 
ester carbonyl carbon (-COOCH3) of the carbomethoxy 
group. The aromatic and olefinic carbons of the indole core 
system resonate further upfield in the δ 110-140 ppm region, 
while the triplet splitting pattern around δ 77.02 ppm clearly 
marks the standard carbon signal of the CDCl3 solvent. 
Additionally, the dense cluster of aliphatic signals spanning 
from δ 21 ppm to 67 ppm resolves the complex skeleton 
of methylene (CH2) and methine (CH) carbons inherent to 
the fused yohimbane ring system, including the distinctive 
oxygen-bearing C-17 carbon and the ester-bound methoxy 
methyl carbon (-OCH3) shifting around δ 52 ppm (Figure 5).

The 1H-NMR spectrum provides structural profiling of 
yohimbine, a classic indole alkaloid. The spectrum features 
a distinct downfield aromatic region, typically spanning 
δ 7.0-7.5  ppm, corresponding to the four proton signals 
of the fused benzoring system within the indole core. 
A prominent residual solvent peak for CDCl3 is explicitly 

recorded at δ 7.263 ppm. Moving upfield, the multiplex of 
signals distributed through the aliphatic region (δ1.5 ppm to 
4.0 ppm) reflects the complex, interconnected stereocenters 
and methylene/methine protons of the fused yohimbane 
ring skeleton. This includes highly diagnostic shifts for 
the carbomethoxy methyl group (-COOCH3) appearing 
as a sharp singlet typically around δ 3.7-3.8 ppm, and the 
oxygenated methine proton (H-17) adjacent to the hydroxyl 
group located near δ 4.2 ppm, confirming the functional 
architecture of yohimbine (Figure 5).

Compound 3: Seselin

The acetone fraction of R. verticillata methanolic stem 
extract confirmed the presence of coumarin compound, 
seselin. The presence of conjugated double bonds or 
aromatic rings in the molecule was indicated by the 
absorption peak at λmax 292 nm in the UV-Vis spectrum of 
seselin, corresponding to the π-π* transition (Figure 1c). The 
FTIR spectrum showed peaks at 3773.04 and 3423.99 cm-

1, corresponding to O-H stretching vibrations. The C-H 
bond stretching vibrations observed in the peaks are 
2976.59 and 2932.23. The peaks at 1630.52 and 1590.98 
correspond to C=C bond stretching vibrations. The peaks 
observed at 1437.67 and 1403.92 were attributed to C-O 
bond stretching. The C-H bending vibration was observed 
at 731.85 (Figure 2c). The LC-MS spectroscopy detected 

Figure 4: 1H NMR and 13C NMR of Reserpine Figure 5: 1H NMR and 13C NMR of Yohimbine
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peaks at 267.04, 274.27, 283.09, 229.085, 302.30, 323.12, 
353.26, 376.21 and 381.29, which were symbolised as 
fragmentation peaks and the peak at 229.08 as molecular ion 
peaks (M+), and this was conducted in positive ionisation 
mode (Figure 3c).

13C-NMR spectrum recorded using a power-gated 
proton-decoupling sequence (zgpg30) in CDCl3 provides 
definitive structural confirmation of the carbon skeleton of 
seselin (an angular pyranocoumarin matching Sample-D’s 
1H profile). The spectrum features a characteristic downfield 
carbonyl resonance at δ 171.88 ppm, corresponding to the 
lactone carbonyl carbon (C-2) of the central pyrone ring. 
The aromatic and olefinic carbons of the core coumarin 
skeleton and the fused dimethylpyran ring resolve cleanly 
across the δ100-160 ppm region, anchored by a prominent 
peak at δ 109.80 ppm, which represents one of the electron-
rich aromatic methine carbons. The standard triplet pattern 
of the CDCl3 solvent is clearly present at δ 77.02 ppm. 
Finally, the upfield region (δ 20-30  ppm) captures the 
sharp carbon signal for the equivalent gem-dimethyl groups 
attached to the quaternary pyran carbon (C-2’), completing 
the spectroscopic layout of the compound (Figure 6).

1H-NMR spectral data strongly align with the structural 
profile of seselin, a linear angular pyranocoumarin. The 
spectrum displays characteristic downfield aromatic and 
olefinic proton signals between δ 5.71 ppm and 7.61 ppm, 

corresponding to the coumarin lactone double bond and the 
fused benzene/pyran ring system. Specifically, the distinct 
doublets near δ 6.23 ppm and 7.60 ppm correspond to the 
cis-coupled protons of the pyrone ring (H-3 and H-4), while 
the doublets near δ 5.73 ppm and 6.89 ppm represent the 
olefinic protons of the fused dimethylpyran ring. A residual 
CDCl3 solvent peak is visible at δ 7.26 ppm, and a highly 
intense singlet with an integration of ~6H, appearing upfield 
at δ 1.48 ppm, cleanly confirms the presence of the two 
equivalent gem-dimethyl groups unique to the pyran ring 
structure (Figure 6).

Discussion

R. verticillata is an indigenous medicinal plant in China 
and is notable for its ability to produce a wide range of indole-
based heterocyclic alkaloids of pharmacological relevance 
(Gao et al., 2015). The identification of two indole alkaloids 
and a coumarin compound in R. verticillata was confirmed 
through detailed spectroscopic analysis. Yohimbine and 
reserpine are pharmacologically important indole alkaloids, 
known for their central nervous system activity, including 
reported antipsychotic and antihypertensive properties 
(Hong et al., 2012; Kumar et al., 2016). Reserpine acts by 
completely disrupting the vesicular monoamine transporter, 
resulting in the depletion of neurotransmitters, including 
norepinephrine, serotonin, and dopamine, which accounts 
for its antihypertensive and sedative effects. Seselin is a 
naturally occurring coumarin compound isolated from 
plant extracts and has diverse pharmacological properties. 
Seselin and its derivatives exhibit biological activities 
including antioxidant, antimicrobial, anticancer and anti-
inflammatory effects. It has also been examined as a lead 
compound in drug development due to its cytotoxic activity 
against specific cancer cell lines.

The LC–MS analysis of reserpine showed a molecular 
ion peak at m/z 609 [M+H] ⁺, which correlates well with 
reported data (Hong et al., 2010). The structural identity of 
reserpine was further confirmed by 1H and 13C NMR spectra, 
consistent with earlier studies (Arambewela & Madawela, 
2001; Hong et al., 2012). The FTIR spectrum exhibited 
characteristic absorption bands at approximately 3500, 
2950, and 1610 cm⁻¹, aligning with previously reported 
spectral features (Timmins & Court, 1974). The presence 
of yohimbine was established by LC–MS, which showed 
a protonated molecular ion peak at m/z 355 [M+H]⁺+, 
consistent with earlier reports (Hong et al., 2010; Maurya 
et al., 2013). The UV and FTIR spectral data showed 
characteristic absorption at around 230 nm and functional 
group peaks near 2950 and 1715 cm⁻¹, respectively, which 
are in accordance with previously reported values (Timmins 
& Court, 1974). Other classes of compounds, including 
coumarins and acridone alkaloids, have also been reported. 
The presence of seselin was confirmed by 1H and 13C NMR 
analyses, consistent with previous findings (Cazal et al., 
2009; Hong et al., 2012). Previous studies have also reported 
the isolation of yohimbine and reserpine from different parts 
of Rauvolfia species, including the stem (Akinloye & Court, 
1981; Mahalakshmi et al., 2019), supporting its widespread 
occurrence within the genus.

Figure 6: 1H NMR and 13C NMR of Seselin



Journal of Phytology, 18: 91-99

98	

Conclusion

In conclusion, this study successfully established an 
efficient extraction and purification workflow to isolate 
high-value bioactive secondary metabolites from the 
rare medicinal shrub R. verticillata. Utilizing column 
chromatography guided by Thin-Layer Chromatography 
(TLC), three major phytochemicals were successfully 
isolated from the methanolic stem extract in their 
homogenous forms. The structural identity and integrity 
of the isolated compounds were examined by extraction 
and extensive spectroscopic analysis; the resulting spectral 
data showed strong agreement with previous reports. These 
findings support the potential of R. verticillata as a useful 
source of bioactive compounds and confirm the presence of 
pharmacologically active metabolites. This study provides 
a strong basis for further research to fully determine the 
therapeutic effectiveness of these compounds, including 
pharmacological evaluation, toxicity assessment, and in 
vivo validation. In conclusion, this study successfully 
established an efficient extraction and purification workflow 
to isolate high-value bioactive secondary metabolites from 
the rare medicinal shrub R. verticillata. To transition these 
laboratory findings into viable therapeutic applications, 
immediate future efforts will focus on profiling the safety 
and toxicity of these isolated compounds and conducting 
rigorous in vivo pharmacological assays to fully evaluate 
their mechanisms of action and therapeutic efficacy.
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