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KEYWORDS Abstract The purpose of this study was to explore the biocomponents of flowers from Caralluma
Desert plant; retrospiciens ( Ehrenb). The study investigated the FT-IR and GC-MS spectral analysis of flower
Caralluma retrospiciens from C. retrospiciens ( Ehrenb). A flower concentrate (FC) was prepared and the functional groups
(Ehrenb); were determined by FT-IR spectroscopy study. FT-IR analysis showed the presence of significant
Flowers; compounds at frequency 3287.45, 2850.32, 2595.91, 2524.69, 2041.07 cm~'. The GC-MS study
Phytochemicals; demonstrated the presence of unique pharmaceutically important compounds. The extract was
Spectral analysis; characterized by the presence of unique compounds such as “7,8-Epoxylanostan-11-ol, 3-
Antibacterial studies acetoxy”, “Pregnan-20-one, 5,6-epoxy-3-hydroxy-, (34,54,64)-”, ‘“Benzenepropanoic acid, 3,5-

bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester”, ‘“‘Hexadecanoic acid, methyl ester”,
“Dasycarpidan-1-methanol, acetate”, etc. The antibacterial effect of the FC showed a wide spec-
trum of activity against the screened human pathogenic bacteria. The activity was predominantly

against Gram-negative bacteria.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
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Natural products are unique sources of bioactive substances
possessing high molecular diversity and promising pharmaco-
logical activities (Moni et al., 2019). Traditional systems of
medicine are involved in natural remedies using various herbs.
It has been demonstrated by innumerable researchers that
herbs are established resources for numerous prospective novel
drug molecules (Hosseinkhani et al., 2017). Several studies
ELSEVIER Production and hosting by Elsevier have reported that the medicinal plants are used traditionally
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across the world as a treatment for many chronic diseases
(Vikrant et al., 2020; Anoma and Fereidoon, 2018;
Rukshana et al., 2017). In Saudi Arabia, desert occupies
30% of land and is the habitat of numerous unique plants
(Plant diversity of Saudi Arabia, 2019; Yaseen et al., 2015).
The diversity of plants has a major role in maintaining the
ecosystem across the world (Aati et al., 2019).

Many flowering plants identified indigenous to Saudi Ara-
bia, are widespread in Jazan, Asir, Hejaz, Al Baha, and the
northern regions (Jou, 2015). Flower based therapeutic formu-
lations currently in use are essential oils, flower infusions,
flower juice, flower petals, and aromatherapy to heal the mind
and body (Babar Ali et al., 2015; Christensen et al., 2010). Sev-
eral flowers were used in the past as a therapeutic agent for the
treatment of diseases by medical practitioners (Vikrant et al.,
2020; Mlcek et al., 2011). C. retrospiciens (Ehrenb) N.E.Br
belongs to Apocynaceae family and a widely distributed succu-
lent taxon found in dry regions of the world (Sharawy et al.,
2015). It is one of the unique plants of the southern region
of Saudi Arabia. In continuation of our earlier work
(Makeen, et al., 2020), the present study was aimed at investi-
gating the bioactive components of the flower of C. retro-
spiciens (Ehrenb) through phytochemical, FT-IR, GC-MS
spectral analysis, and antibacterial studies.

2. Materials and methods

2.1. Study area, plant collection, and identification

The study area was Rijal Almaa region located in Assir pro-
vince in the Southern region of Saudi Arabia. The region is
a natural corridor that links Yemen and the Levant to Makkah
and Madinah, a feature that makes it an important regional
commercial center. The plant materials were packed in perfo-
rated polyethylene bags and transported to the laboratory.
The plant was identified by an herbarium curator and a vou-
cher specimen (reference number = JAZUH 1623) was depos-
ited in the herbarium of Jazan University.

2.2. Processing of flowers

The flowers of C. retrospiciens (Ehrenb) were plucked out
from the plant and were thoroughly washed with tap water
and distilled water. The washed flowers were cut into small
pieces, crushed by adding few drops of Millipore water to
get a gel consistency and was designated as flower concentrate
(FO).

2.3. Physical characterization of the FC

2.3.1. Organoleptic characteristics

The organoleptic characters were determined by physical
appearance, colour, texture, and homogeneity. The homogene-
ity was determined by visual inspection after the FC sample
was placed in a clean glass beaker and observed for the pres-
ence of any aggregates.

2.3.2. Determination of viscosity

The rheological properties of the FC samples were determined
by using Brookfield digital viscometer (Model LVDV-E,

USA). The viscosity of the samples was determined using spin-
dle S63. The sample (25 ml) was placed in the sample holder
and allowed to settle for 5 min, after which the viscosity was
measured at a rotating speed of 30 rpm at room temperature.

2.3.3. Determination of zeta potential

The zeta potential of FC was determined by diluting to 10%
(v/v) with Millipore water. The diluted samples were subjected
to zeta potential analysis using Zetasizer Nano ZS, Malvern
Instruments, UK (Moni et al., 2018).

2.4. Determination of bioactive constituents using spectral
analysis

2.4.1. Fourier transform infrared spectroscopy studies (FT-IR
Studies)

The functional groups of the samples were analyzed by using
Nicolet iS10 FT-IR spectrophotometer. The extract samples
(2 drops) were placed in silicon tube and the spectra were
recorded in transmission mode in the spectral region range
of 4000-400 cm ™.

2.4.2. Gas chromatography-mass spectrometry (GC-MS)
analysis

The GC-MS analysis was performed using Thermo Scientific
GC-MS equipped with AS 3000 autosampler, trace ultra
GC, and ISQ detector. Thermo Scientific TR 5SMS column
with dimensions of 30 m x 0.25 mm (internal diameter) x 0.
25 pm (film thickness) was used for separation of the compo-
nents. Helium, at a flow rate of 1.2 ml/min (constant flow
mode), was used as carrier gas. A volume of 2 puL of sample
extracts was injected in spitless mode. The injection port was
set at 320 °C and the temperature of the oven was initially
set at 70 °C for 5 min. The oven temperature was subsequently
ramped to 205 °C at the rate of 5 °C/min for 5 min, 280 °C at
the rate of 5 °C/min for 5 min, 290 °C at the rate of 5 °C/min
for 5 min, and finally to 300 °C at the rate of 5 °C/min for
5 min. The maximum oven temperature was set at 320 °C.
The mass spectrometer was operated in an electron ionization
(EI) mode within the mass range of 60-900 amu with 0.6 scan
times (min). The MS transfer line temperature and ion source
temperature were kept at 320 °C and 350 °C respectively with
an electron multiplier voltage of 1 Kv. The mass spectra were
interpreted using Xcalibur software and the fragmentation
patterns of mass spectra were compared with those stored in
the spectrometer database using NIST, MAINLIB, and
REPLIB built-in libraries. The percentages of constituents
were measured based on peak areas. The components were
identified through comparison with those available in the
inbuilt library (NIST and Willey) attached to the GC-MS
instrument.

2.5. Assessment of antibacterial potentiality of flower
concentrate (FC)

Briefly, 24 h culture of Staphylococcus aureus, Streptococcus
pyogenes, Bacillus subtilis, Klebsiella pneumoniae, Escherichia
coli, and Pseudomonas aeruginosa was prepared. The cultures
were standardized by gradient dilution from 10~ to 1077 with
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nutrient broth. The viability of bacterial culture was identified
by assessing the colony-forming unit in 1 ml (CFU/ml).

2.5.1. Determination of minimum inhibitory concentration

The minimum inhibitory concentration was performed by the
broth tube dilution method. The inhibitory concentration at
the minimum level was determined using the FC in a predeter-
mined concentration. The gradient concentrations of samples
were prepared by diluting 100% gel in Millipore water to get
the predetermined concentration 50, 10, 5, 2.5 & 1.25% v/v.
The minimum concentration of inhibiting the bacterial growth
was determined based on the visibility of bacterial growth in
the broth.

2.5.2. Determination of antibacterial susceptibility

The antibacterial susceptibility test was performed as estab-
lished by Moni et al., 2018. Briefly, Muller Hinton (MH) agar
plates were prepared for performing the antibacterial study.
The bacterial cultures were subcultured from the stock culture
and after 24 h incubation, the culture was subjected to antibac-
terial studies. The spread plate technique was followed for
growing the organisms. Agar well diffusion technique was
employed for the samples and standard ciprofloxacin at the
concentration of 50 mcg/ml (Cappuccino and Sherman,
2014). The inoculation was done by dipping a sterile cotton
swab into the standardized (CFU/ml) culture individually with
various organisms and streaked on the MH agar plate by
rotating the petri dish to distribute the culture evenly. The
inoculating procedure was repeated twice for the better growth
of the culture. The plates were allowed to dry for about 10 min
before the administration of sample analytes. The agar well
diffusion technique was performed by punching holes on the
inoculated MH agar plates using standard sterile stainless-
steel borer. The diameter of the well was 10 mm, the sample
analytes were placed in the respective wells. The plates were
incubated at 37 °C for 24 h and the antibacterial spectrum
was assessed by the development of inhibitory zones after
24 h of incubation. The spectrum of activity is directly propor-
tional to the diameter of the zones of inhibition.

3. Results and discussion

The present study revealed that the FC contained various phy-
toconstituents such as carbohydrates, alkaloids, flavonoids,
tannins, steroids, and saponins. The organoleptic properties
such as physical appearance, colour, homogeneity, and viscos-
ity of FC were determined. The gel prepared from the crushed
flower was black in appearance, non-homogeneous, non-

uniform texture and viscous (Table 1). The viscosity of the
gel 649 mpos immediately after the collection. It was found
to be highly viscous as it cannot diffuse easily through the
MH agar media in antibacterial spectral studies. Therefore,
in this study, the viscosity was reduced by gradient concentra-
tion from 100 to 1.25% v/v, and the evaluation of their mini-
mum inhibitory concentration was performed. The zeta
potential analysis was showing the physical characterization
of FC. The dilution factor also influenced the zeta potential
of FC. Zeta potential also changed and found to be in reducing
patterns from higher viscosity to the lower viscosity (Table 1).
However, in this study, we could not determine the zeta poten-
tial for 100% and 50% gel of FC since the viscosity was high.
The viscosity of FC was influenced by the dilution factor, the
linear trend was observed (Fig. 1) and had a pseudoplastic
behavior as expected. Therefore, the FC samples were comply-
ing with the non-Newtonian system.

The FT-IR spectroscopy showed the presence of many
peaks at various fingerprint regions (Fig. 2A) indicating the
presence of various functional groups such as glycosides, flavo-
noids, steroids, tannins, and saponins. Steroids and saponins
were the most abundant compounds (Table 2). The large
parabola-shaped peak observed at 3287.45 cm™' having
stretching vibrations indicated the presence of phenolic O-H
group which corresponds to the presence of tannins, glyco-
sides, steroids, flavonoids, and saponins. Other strong intensity
peaks observed at 2524.69, 2041.07 cm ™' indicated the pres-
ence of glycosides and flavonoids. Weak peaks at
2850.32 cm™' with CH, stretching and 2595.91 cm™' with
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Fig. 1  Viscosity curve for the flower concentrate (FC) from the

flower of Caralluma retrospiciens (Ehrenb)

Table 1 Physical properties of the flower concentrate (FC) from the flower of Caralluma retrospiciens (Ehrenb)

Concentration (% v/v) Physical appearance Texture Homogeneity Viscosity (mpos) Zeta potential (mV)
100 Opaque Rough No 16.5 -

50 Opaque Rough No 10.6 -

10 Less Opaque Rough No 2.5 —36.4

5 Less Opaque Smooth Yes 1.9 -32.9

2.5 Transparent Smooth Yes 1.1 —30.8

1.25 Transparent Smooth Yes 0.87 —-29.3
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Spectral Characterization of the flower concentrate (FC) from the flower of Caralluma retrospiciens (Ehrenb) (A) FT-IR

Fingerprint region of the FC at 4004000 cm™'; (B) GC-MS Chromatogram of the FC showing various peaks

OH stretching indicated the presence of glycosides and flavo-
noids. Therefore, the FT-IR spectral study revealed that the
presence of the phenolic group, glycosides, steroids, flavo-
noids, and saponins (Asha et al., 2014; Kumar et al., 2015;
Showkat and Surender, 2015; Kavipriya and Chandran,
2018). Besides, the GC-MS chromatogram revealed the pres-
ence of many active constituents (Fig. 2B), as well as their

structures and their molecular weights. The analysis showed
the presence of various pharmaceutically important com-
pounds (Table 3 & Fig. 3). Similar kinds of results were
reported in Caralluma geniculata plant (Asha et al., 2014).
Kalimuthu et al. (2013) reported the presence of various phar-
maceutically important compounds in Caralluma diffusa. 7,8-
Epoxylanostan-11-ol, 3-acetoxy, an alcoholic compound
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Table 2 FT-IR fingerprint studies and functional groups of the flower concentrate (FC) from the flower of Caralluma retrospiciens

(Ehrenb)
Wavenumber (cm ™) Intensity Functional groups Probable Compounds
3287.45 Strong O—H str. hydroxyl) Glycosides, Tannins, Flavonoids, Saponins
2850.32 Weak CH, str. (Symmetrical) Aliphatic compounds, Steroids, Saponins, flavonoids
259591 Weak O—H str (Carboxylic acid) Glycosides, Flavonoids
2524.69 Strong O—H str (Carboxylic acid) Glycosides, Flavonoids
2216.53 Weak C=—N (N.itriles) Flavonoids
2041.07 strong C=C (Alkynes) Glycosides
1651.70 Medium C=0 str Steroidal glycosides, Flavonoids

C=C str (Olefinic)
1450.28 Medium CH, bend (Alkane, Asymmetrical) Aliphatic compounds

Steroids, Saponins, flavonoids

1309.57 Weak CH, bend (Alkane, Symmetrical) Steroidal glycosides, Flavonoids, Saponins, hexose sugars
1111.25 Medium C—C—C bend Flavonoids
534.93 Weak S—S (disulfides) Glycosides

identified in FC that exhibited maximum retention time
58.19 min, was suggested in earlier reports to exhibit antimi-
crobial and anti-inflammatory effects (Wafaa Hassan et al.,
2014).

Diisooctyl phthalate is chemically 1,2-benzenedicarboxylic
acid, diisooctyl ester which is a phthalate ester that was
detected with unique retention time. Generally used as plasti-
cizers that cause human health and environmental hazards
(Azadeh et al., 2014). Madepalli and Thiyagaraj (2018)
reported that di-butyl phthalate isolated from Begonia mal-
abarica showed antibacterial effect against screened Gram-
positive and Gram-negative bacteria. Pregnan-20-one, 5,6-
epoxy-3-hydroxy-, (3a,54,64)-, a steroidal derivative showed
a unique retention time. Earlier reports demonstrated that
3alpha-hydroxy-5beta-pregnan-20-one exhibited antineopho-
bic effect and thus termed as a neuroactive steroid (Higgs
and Cooper, 1998). Mahmoud Fahmi & Ietidal EL-Tahir
(2015) reported a new pregnane glycoside derivative from the
aerial part of C. retrospiciens ( Ehrenb).

Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydro
xy-, methyl ester a unique compound was detected at
31.61 min retention time and not reported earlier in C. retro-
spiciens (Ehrenb). Another novel compound hexadecanoic

acid, methyl ester otherwise called palmitic acid a saturated
fatty acid was detected at 31.48 min retention time but not
reported in any Caralluma species. However, earlier studies
suggested that hexadecanoic acid, methyl ester was observed
in Aloe vera (Mansoor and Taiebeh, 2013). It has been
reported that hexadecanoic acid, methyl ester as an antioxi-
dant, anticholesteremic, and anti-inflammatory properties
(Maghdu and Palaniyappan 2015). Hexadecanoic acid, methyl
ester was reported to have antitumor, immunostimulant prop-
erties (Eman and Shiboob, 2017; Al-Rubaye et al., 2017). Hep-
tadecane, 9-hexyl- is a unique hydrocarbon compound that
was identified in the FC but not yet reported early for their
presence in C. retrospiciens ( Ehrenb). However, heptadecane,
9-hexyl- have been identified in Lepidagathis cristata and
reported for its antifungal property (Maghdu and
Palaniyappan 2015). Dasycarpidan-1-methanol, acetate is an
alkaloidal compound that was identified in the FC but not
yet reported as a constituent in C. retrospiciens (Ehrenb).
However, the compound was reported in the recent study on
Artemisia judaica a desert plant widespread in Saudi Arabia
(Eman Ramadan and Shiboob, 2017). The compound was
reported to have anti-inflammatory, anti-bacterial, anti-
fungal, and anti-cancer (Al-Rubaye et al., 2017). Phenol, 2,4-

Table 3 GC-MS detection of bioactive compounds of the flower concentrate (FC) from the flower of Caralluma retrospiciens

(Ehrenb)

S. no Bioactive compound Molecular formula Retention time (min) Molecular weight
1 7,8-Epoxylanostan-11-ol, 3-acetoxy C3,Hs5404 58.19 502
2 Diisooctyl phthalate Co4H3304 46.24 390
3 Pregnan-20-one, 5,6-epoxy-3-hydroxy-, (3a,54,6a)- C,1H3,05 42.69 332
4 Benzene propanoic acid, 3,5-bis(1,1-dimethylethyl)- CigH2303 31.61 292

4-hydroxy-, methyl ester

5 Hexadecanoic acid, methyl ester C7H340, 31.48 270
6 Heptadecane, 9-hexyl- Cy3Hyg 27.39 324
7 Dasycarpidan-1-methanol, acetate (ester) CyoH»6N»05 27.07 326
8 Eicosane, 2-cyclohexyl CysHsy 25.76 364
9 Phenol, 2,4-bis(1,1-dimethylethyl) C4H»,0 22.37 206
10 Octadecane, 3-ethyl-5-(2-ethylbutyl) CysHsy 21.90 324
11 Tetra tetracontane Cy44Hog 21.47 618
12 Nonadecane Ci9Hyg 19.36 268




Documentation of bioactive principles of the flower from Caralluma retrospiciens ( Ehrenb) 7375

Fig. 3 GC-MS detection of bioactive compounds of the flower concentrate (FC) from the flower of Caralluma retrospiciens (Ehrenb)

Table 4 The minimum inhibitory concentration of the flower concentrate (FC) from the flower of Caralluma retrospiciens (Ehrenb)

Bacterial organisms Concentration of 24 h  Minimum inhibitory concentration of FC (% v/v) (Presence of visible growth)
culture CFU /mL 100 50 10 5 25 1.25
Bacillus subtilis 2% 107° - = = — 4 n
Staphylococcus aureus 3x107° = = = — 4 +
Streptococcus pyogenes 2x10°° - — — — e +
Escherichia coli 4x107° - — = — 4+ 4
Pseudomonas aeruginosa 2 x 107° — — — — _ +
Klebsiella pneumoniae 2% 107° = — — — _ +

FC - Flower concentrate from the flower of Caralluma retrospiciens ( Ehrenb); (+) Presence of bacterial growth; (—) No bacterial growth

Table 5 Anti-bacterial effect of the flower concentrate (FC) from the flower of Caralluma retrospiciens (Ehrenb)against selected
human pathogenic bacteria

Organisms Zone of inhibition (mm) of sample analytes
Concentration CEU*/mL FC (100%) FC (50%) Ciprofloxacin (50 pg/ml)

Bacillus subtilis 2% 1077 19 + 1.2" 22.1 + 0.3* 24.6 £ 1.2
Staphylococcus aureus 3% 107° 17.5 + 0.8 ™" 235+ 1.6™ 243 + 1.3
Streptococcus pyogenes 2% 107° 20.6 + 1.2 2416 £ 1.1 ™ 25.6 + 0.8

Escherichia coli 4x107° 22.3 + 0.5% " 25 £ 1™ 26 £ 2.1

Pseudomonas aeruginosa 2% 1077 21.6 + 1.4 70" 22050 EN ek 27.6 + 0.7

Klebsiella pneumoniae 2% 107° 225 £ 0.5 23.3 £+ 0.3%** 278 + 1.3

# CFU- Colony Forming unit. Each value is the mean of 6 batches with standard deviation, * P < 0.05 significant (lesser) when compared to
standard ciprofloxacin. *** P < 0.001 extremely significant (lesser) when compared to standard ciprofloxacin. ns- non significant at P < 0.01
when compared to standard ciprofloxacin; *ns - non significant at P < 0.05 when compared to FC 50%; FC - Flower concentrate from the
flower of Caralluma retrospiciens (Ehrenb)
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bis(1,1-dimethylethyl) was identified in the FC which was
reported for anti-biofilm formation in the uropathogen Serra-
tia marcescens (Padmavathi et al., 2014). Furthermore, phenol
is a well known antibacterial agent. Octadecane, 3-ethyl-5-(2-
ethylbutyl) was detected in FC at 21.90 min of retention time.
An earlier study suggested that the presence of octadecane, 3-
ethyl-5-(2-ethylbutyl)- in Aloe vera (Mansoor and Taiebeh,
2013). Tetratetracontane and nonadecane are long-chain
hydrocarbons that were detected in FC with 21.47 and
19.36 min of retention time. Tetratetracontane has been
reported in the composition of wax compounds of Ziziphus
nummularia(Alfarhan et al., 2020). Nonadecane has been iden-
tified in the essential oil obtained from Tunisian Allium nigrum
L and exhibited antibacterial property (Rouis-Soussi et al.,
2014).

The potential antibacterial effect of FC was determined
by accessing minimum inhibitory concentration (MIC) for
FC. The MIC was varying with the screened organisms
(Table 4). The results indicating that the inhibitory concen-
tration is highly influenced by the viscosity grade of FC
because of diffusion property into the bacterial cell (Kai
et al., 2019; Maja et al., 2012). The MIC of FC was 2.5%
v/v. The results were showing a good antibacterial spectrum
of activity (Table 5). From the results, it is obvious that the
viscosity of the FC was influenced by the antibacterial effect
since 50% v/v of FC determining better antibacterial activ-
ity. In general, the spectrum of activity against Gram-
negative bacteria was found to more significant when com-
pared to Gram-positive bacteria.

4. Conclusion

The study demonstrated the presence of various bioactive
molecules present in the flower of Caralluma retrospiciens.
The GC-MS studies revealed the presence of unique molecules
7,8-Epoxylanostan-11-o0l, 3-acetoxy, Benzenepropanoic acid,
3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester, Hexade-
canoic acid, methyl ester, Dasycarpidan-1-methanol, acetate,
Heptadecane, 9-hexyl-, Phenol, 2,4-bis(1,1-dimethylethyl) and
steroidal derivatives. These molecules are significant in the
development of new drugs and pharmaceutical prospects.
Further studies are under process for the identification of
various pharmaceutical activity to develop a better novel
pharmaceutical.
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