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ABSRTACT

In Nigeria, Kalanchoe pinnata (Lam) is a widely used medicinal plant in traditional medicine. The leaves are a popular therapeutic herb for a variety
of ailments, but the root has gotten relatively little attention and limited scientific exploration, suggesting a potential untapped resource. Given the
variety of biological activities linked to Kalanchoe species, it is conceivable that the root may contain special phytochemicals with beneficial
medicinal qualities. The root extract of K. pinnata was obtained through cold maceration and triturated with n-hexane, ethyl acetate, and methanol
according to polarity, where fractions TF1, TF2, and TF3 were obtained. TF3, based on its antimicrobial and phytochemical screening, was
subjected to isolation and purification by column and thin layer chromatography and characterization by spectroscopic methods (*H-NMR, 3C-
NMR, Infra-red spectroscopies, and Mass spectrometry). This led to the isolation of three compounds, which were identified as B-sitosterol, a known
plant sterol; palmitic acid, a fatty acid; and rutin, a flavonol. This discovery may open up new avenues for the development of these compounds as
medications for the treatment of ailments such as ulcers and inflammation.
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Introduction

Kalanchoe pinnata, a plant with a rich history of
ethnomedical use, has garnered increasing scientific interest due to its
diverse array of phytochemicals and their associated medicinal
properties. 2 Several isolated compounds, such as quercetin
glycosides, have demonstrated promising therapeutic potential,
exhibiting anti-nociceptive, anti-edematogenic, and anti-inflammatory
effects. 345 Notably, K. pinnata also contains phytosterols, including
B-sitosterol, a compound known for its anticancer activity against
various cancer types. &7 Beyond its anticancer properties, B-sitosterol
has been reported to possess a range of biological activities, including
anti-cholesterolemic, anti-inflammatory, antioxidant, anti-diabetic, and
wound-healing effects, as well as the induction of apoptosis. 8°1° This
study aims to investigate the phytochemical composition of the root of
K. pinnata sourced from Nigeria, seeking to identify bioactive
compounds with potential therapeutic applications. By characterizing
these constituents, it provides scientific validation for the plant's
traditional ethno-medicinal uses and explores its potential as a source
of novel drug leads.
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Materials and Methods

Kalanchoe pinnata plants were collected in the month of November,
year 2022 from Yandev, Gboko Local Government Area (L.G.A.),
Benue State, Nigeria (geographic coordinates: 9°02'34.84" E,
7°21'40.71" N) and identified at the Federal College of Forestry, Jos,
Nigeria. A voucher specimen (FHJ 263) was deposited in the
herbarium. Fresh roots were harvested, cleaned, and air-dried at room
temperature on a bench, with regular turning to prevent moisture
accumulation. The dried plant material was subsequently stored in
sterile, desiccated containers.

Extraction

The dried K. pinnata root sample was crushed using a mortar and
pestle; 1.50 kg of the root sample was macerated using 2.50 L of 70 %
ethanol for 3 days with frequent agitation. This was then filtered and
concentrated using rotary evaporator at 40 °C to obtain solvent-free
extract. The extraction was repeated twice and the extractives pooled
together to obtain brownish crude extract. The percentage yield of the
extract was calculated.

Isolation and characterization

The crude extract (40 g) was dissolved in 150 mL of hexane, warmed
in a water bath, and filtered through Whatman filter paper. This
process was repeated twice to obtain the n-hexane (n-Hex) fraction.
The ethyl acetate (EtOAc) and methanol (MeOH) fractions were also
obtained using the same hexane method. The MeOH fraction was then
subjected to column chromatography using silica gel (60 — 120 mesh)
as the stationary phase. Elution was performed using a gradient
solvent system: 100 % n-Hex, mixtures of n-Hex/EtOAc, 100 %
EtOAc, and mixtures of EtOAc/MeOH, with the proportion of the
more polar solvent increasing in 5 % increments. Fractions of
approximately 10 mL were collected, and the solvent volume was
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reduced to approximately one-third by evaporation. These Glasgow, Scotland, United Kingdom and Universite Grenoble Alpes.
concentrated fractions were analyzed by thin layer chromatography FTIR analysis was carried out at the Department of Chemistry,
(TLC). Fractions 51 — 55 (n-Hex/EtOAc, 60:40 v/v) exhibited similar Ahmedu Bello University (ABU) Zaria, Nigeria.

Rt values and were combined and designated CF1. Similarly, fractions
255 — 286 (EtOAc/MeOH, 90:10 v/v) and 321 — 359 (EtOAc/MeOH,

80:20 v/v) were pooled and designated CF10 and CF20, respectively. Results and Discussions

These combined fractions (CF1, CF10, and CF20) were further The percentage yield of the K. pinnata root methanolic fraction was
analyzed using spectroscopic techniques (*H, *C-NMR, IR and MS) found to be 47.98 %, and that of the isolated compounds, CF1, CF10
for structural elucidation. and CF20 were 0.01, 0.03 and 0.03 % respectively. The compound
Instrument CF1 was obtained as a whitish crystalline substance with a melting
The 'H and *C-NMR spectra were obtained on Bruker AVIII (400 point of 138 — 140 °C, CF10 as a whitish powder with a melting point
MHz) spectrophotometer using CDCls and tetramethylsilane (TMS) as of 62 — 64 °C, and CF20 as a yellowish powder with a melting point of
internal standard. The Infra-red spectra were recorded on FTIR 180 — 182 °C. These values were comparable with the findings of
Agilent Cary 630 (Agilent Technologies) and Mass spectra on JEOL literature.11.12131415 The structures (Figures 1) of CF1, CF10 and CF20
Mstation JMS-700  spectrophotometer  using high  resolution were established based on NMR spectroscopic data as well as
Atmospheric Pressure Chemical lonization method (APCIMS) with comparison with other existing data.

corona discharge electrode detector to ionize the sample at normal
pressure. The NMR and APCIMS were carried out at the University of
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Figure 1: Structure of CF1 Structure of CF10 Structure of CF20
The NMR spectrum (Figure 2) for compound CF1 presented as 'H characteristic steroid. The infrared (IR) spectrum showed a broad peak
NMR (500 MHz, CDCls): § 5.34 (dd, J = 4.48, 2.63 Hz, 1H), 3.51 (m, at 3414 cm™! characteristic of O-H stretching; this is assigned to the
1H), 2.29 (m, 2H), 1.83 (m, 2H), 0.67 (s, 3H), 0.91 (m, 3H), 0.82 (m, hydroxyl group at C-3 of the *H NMR spectrum. The spectral peaks at
3H) suggests the compound to be a phytosterol, which corresponds 1632 and 697 cm™ are due to C=C vibrations, indicative of an olefinic
with literature values. "*21® The *C NMR spectrum (Figure 3) also proton (H-6). This distinguishes it from a stigmasterol with reported
presented as *C NMR (125 MHz, CDCls): & 140.92, 121.86, 72.49, peaks of two olefinic protons. 17 Also, the peak at 2926 cm™ indicates
56.96, 55.52, 50.30, 46.79, 42.47, 42.47, 39.94, 37.42, 37.16, 37.12, an aliphatic bond due to C-H vibration. Its molecular formula was
34.12, 32.08, 31.84, 29.85, 29.85, 28.40, 24.46, 24.46, 23.24, 21.85, determined to be CazoHsoO from the APCIMS spectrum (Figure 3),
19.97, 19.20, 19.20, 18.97, 12.72 and 12.02 is indicative of a which showed an ion peak of mass/charge (m/z) [M+H]* of 415.39.
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Figure 3: 15C-NMR spectrum for compound CF1
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Figure 4: IR spectrum for compound CF1
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Figure 5: Mass Spectrum for Compound CF1

The *H NMR (Figure 6) spectral data of compound CF10 presented as
14 NMR (400 MHz, MeOD): & 2.29 (t, J = 7.49, 2H), 1.62 (q, ] =
7.61, 2H), 1.32-1.34 (m, J = 5.82, 24H) 0.92 (t, J = 11.68,9.03, Hz,
3H). The *C NMR spectrum (Figure 7) showed the data as follows:
13C NMR (100 MHz, MeOD) § 176.35, 33.59, 24.71, 29.95, 13.06.
The IR spectrum (Figure 8) showed a broad hydroxyl group peak at
3410 cm™. The peaks at 2922 cm™ and 2855 cm™ correspond to the
C-H bond stretching for CHz and CH2 respectively. The peak at 1725

cm™! indicates the presence of C=0 group, while 1461 cm™ and 1379
cm™ represent the presence of C-H bending for CHs and CH2 bonds.
The peaks at 1267, 1181, 1121, 1073 cm™ is for C-O stretching of
carboxylic acid group. The results correspond to that of literature.*®
From Figure 9, the m/z showed a [M—H] to be 255.22 corresponding
to the molecular formula Ci1sH3202. Based on the spectral data and that
of literature, compound CF10 was identified as palmitic acid. 8419
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Figure 7: **C-NMR Spectrum for Compound CF10

23

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Phytochem Pharm Sci, January 2025; 4(1): 21 — 26

ISSN 2955-1226 (Print)
ISSN 2955-123(Electronic)

Transmittance
0,

1

T T T T T T T
2500 3000 2500

T T T
1500

Wavenumber (crm-1)

Figure 8: IR Spectrum

for Compound CF10

ntens. 255.2300
x104 ¢
4]

323.2164
5173517

391.2032

MG10_P1-A-5_1_23240.d: -MS, 9.9min #1090

7235867

641.5676 780.5120

848.4950

200 300 400 500

600 700 800 900 1000 miz

Figure 9: Mass Spectrum for Compound CF10

The compound CF20 *H NMR (400 MHz, MeOD) spectral data
(Figure 10) showed characteristic signal peaks at & 7.69 (dd, J = 8.5
Hz, 1H), 7.65 (dg, J = 2.2 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 6.41(d,J
=2.1Hz, 1H), 6.22 (d, J=2.1 Hz, 1H), 5.13 (d, J = 7.8 Hz, 1H), 4.54
(d, J=1.6 Hz, 1H), 1.14 (d, J = 6.2 Hz, 3H). These resonates with the
aromatic protons which are visible between 6 to 8 ppm in the
characteristic quercetin skeleton.?’ The anomeric proton chemical shift
of rutinose which are visible between 3 to 4 ppm, can be seen in
compound CF20; while, the peak at 1.14 (3H, d, J = 6.2 Hz)
corresponds to the methyl group attached to the sugar moiety
suggestive of rhamnose sugar.?+?? The 13C spectrum (Figure 11) is as
follows: *C NMR (125 MHz, MeOD): § 177.99, 164.59, 161.53,
157.94, 157.93, 148.40, 144.42, 134.23, 121.71, 122.17, 116.32,
114.67, 104.22, 103.33, 101.01, 98.56, 93.49, 76.76, 75.79, 74.32,
72.54, 70.84, 70.70, 69.98, 68.31, 67.16, 16.49. This data agrees with
those obtained in literature. ?22% The analysis of the 'H and *C NMR
spectra of CF20 and comparison with the values found in literatures
led to the assignment of compound CF20 as rutin (quercetin-3-O-
rutinoside). The IR spectrum (Figure 12) showed broad peak at 3348
cm, representing the O-H bond stretching. The peak at 2920 cm™
represents alkanes C—H bond stretching, and the peak at 1694 cm™

indicates the presence of C=0 bond vibration for aromatic rings. The
strong peak at 1470 cm™ represent C-H bond stretching which
indicates the presence of aromatics and 1285 cm™ represent C-O
stretching (in-ring) attributed to benzene ring and sugars present. From
Figure 13, the m/z showed a [M+Na]* to be 634.10 corresponding to
the molecular formula C27H3001s.

The three compounds: B-sitosterol (C29Hs00), a phytosterol; palmitic
acid (CisH3202), a fatty acid; and rutin (C27H30016), a flavonoid
isolated from the roots of the Nigerian K. pinnata plant, clearly
confirm the presence of active components in the crude extracts of the
plant.2® These phytochemicals (secondary metabolites), which occur
naturally in plants, work in synergy and are also responsible for the
curative properties of medicinal plants, as well as “lead compounds
for the development of novel drugs”. 2?* B-sitosterol with a chemical
structure similar to cholesterol competes with it for absorption in the
gut, leading to reduced cholesterol levels. It exhibits anti-
inflammatory, anti-oxidant and anti-cancer properties. 8 Palmitic acid
is a major component of triglycerides, which are the primary energy
storage molecules in the body. Rutin is a potent antioxidant,
scavenging free radicals and protecting cells from oxidative stress,
also possessing anti-inflammatory properties.t,
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Figure 11: **C-NMR Spectrum for Compound CF20
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Conclusion

The compounds B-sitosterol, palmitic acid and rutin were isolated and
characterized from the methanol fraction of Nigeria K. pinnata root.
Although there has been reports from the leaves, this is the first time
that B-sitosterol, palmitic acid and rutin has been reported to have been
isolated from the Nigerian K. pinnata root. The presence of these
compounds in the root of K. pinnata suggests potential medicinal uses
for this plant; and may be responsible for its anti-oxidant, anti-
microbial, anti-inflammatory, and anti-ulcer activities previously
reported from the crude extracts. Based on the demonstrated potential
in treating various ailments, this knowledge can inform the
development of new therapeutic agents.
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