Vol. 14(8), pp. 331-338, September, 2020
DOI: 10.5897/AJPP2020.5183

Article Number: E35A12364841

ISSN: 1996-0816

Copyright ©2020

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJPP

Full Length Research Paper

ACADEMIC
JOURMALS
ra pewnd g bivdd pilae

African Journal of Pharmacy and
Pharmacology

Assessment of the antioxidant and antimicrobial
activities of Caralluma deflersiana growing in the South

of Saudi Arabia

Mona Nasser BinMowyna'" and Muneer Mohammed Alsayadi?

1College of Applied Medical Sciences, Shagra University, Shagra, 11961, P. O. Box 33, Saudi Arabia.
2Department of Food Science and Technology, College of Agriculture, IBB University, IBB, Yemen.

Received 30 July, 2020; Accepted 27 August, 2020

Reactive oxygen species and oxidative stress are related to a large number of human degenerative
diseases. Consequently, plants have been investigated across the world to exploit their potential
antioxidant and antimicrobial activities. In the current study, Caralluma deflersiana is native to Saudi
Arabia and was screened to assess its antioxidant and antimicrobial potential activities as well as the
phenolic content/phytochemicals. Subsequently, the collected aerial parts were extracted by
maceration with different solvents. The antioxidant activity was investigated using the total antioxidant
capacity, diphenylpicryl hydrazine (DPPH)- radical scavenging assay, ABTS radical scavenging assay,
and Ferric reducing antioxidant power assay (FRAP). Regarding the antimicrobial activity, the Minimum
Inhibitory Concentration (MIC) assays were used. The total phenolic content of C. deflersiana extracts
was quantified using standard methods. As a result, the water extract of C. deflersiana displayed a
strong antioxidant activity in all tested methods compared to other plant extracts. Moreover, it was also
noted that water and methanolic extracts exhibited approximately similar bacterial and fungal growth
inhibition. Additionally, the water extract of C. deflersiana also demonstrated the highest phenol
content among other plant extracts, consistent with the higher antioxidant activity found in C.
deflersiana. In conclusion, Caralluma species could be a promising source of antioxidant and
antimicrobial agents.
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INTRODUCTION

Reactive oxygen species and oxidative stress are related
to many human degenerative diseases, including
cardiovascular diseases, cancer, inflammation, and
diabetes (Waris and Ahsan, 2006, Liguori et al., 2018).
The use of synthetic antioxidants compounds such as
butylated hydroxyanisole (BHA) and butylated

*Corresponding author. E-mail: m.mwena@su.edu.sa.

hydroxytoluene (BHT) are restricted due to their toxicity,
instability, less efficacy and serious side effects (S6kmen
et al., 2004). Infections caused by microorganisms are
reported to possess drug resistance for the commonly
used antimicrobials (Levy and Marshall, 2004). The
improper use of antibiotics against pathogenic bacteria
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has resulted in antimicrobial resistance, which has
become a major health issue worldwide (Murti and
Radjasa, 2012). Therefore, to alleviate these problems,
the search for new antimicrobial and antioxidant natural
products continues to draw many researchers' attention.
Medicinal and aromatic plants constitutes are an
alternative and new potential reservoir of new bioactive
compounds (Hemaiswarya et al., 2008). Natural products
are considered rich sources of phytochemical compounds
with remarkable biological activities. Additionally, these
phytochemicals are an important source with a variety of
structural arrangements and properties (de Fatima et al.,
2006; Calixto, 2019).

Saudi Arabia has a diversity of plant species that grow
in harsh conditions, which makes it medicinally
promising, such as Caralluma species (Osman et al.,,
2014). Caralluma genus is widely distributed in Saudi
Arabia, which belongs to the Asclepiadaceae family,
which comprised of 200 genera and 2500 species (Qiu et
al., 1997; Sireesha et al., 2018). The Arabic and Indian
traditional medicine had widely used Caralluma species
for it is the treatment of fever, inflammation, snake and
scorpion bites, diabetes, cancer, tuberculosis, skin
rashes, scabies (De Leo et al., 2005; Oyama et al., 2007,
Abdel-Sattar et al., 2009; Aruna et al., 2009; Tounekti et
al., 2019). Several reports stated that the Caralluma
genus contains anti-inflammatory, antitumor (Zakaria et
al., 2001), cytoprotective antiulcer activities (Zakaria et
al., 2002). Other important pharmacological activities had
been reported such as the antinociceptive (Abdel-Sattar
et al., 2007), the antioxidant, hypolipidemic (Tatiya et al.,
2010), and the antidiabetic activities (Dra et al., 2019).
Sparingly, pregnane glycosides, saponin, and flavonoids
are the major phytochemical constituents isolated from
this plant (Bauer et al, 1966). The presence of several
important compounds, including pregnane glycosides
(Abdel-Sattar et al.,, 2007), stigmasterol, and other
constituents (Bader et al., 2003) in Caralluma species
explains the range of biological activities (Dra et al.,
2019).

Caralluma deflersiana is one of 14 species distributed
in Saudi Arabia (Al-Massarani, 2011; Aati et al., 2019),
which has no literature reports concerning the biological
activities and phytochemical composition. Thus, the
current work was undertaken to investigate the
antioxidant and antimicrobial properties of C. deflersiana
extract and fractions against a panel of pathogenic
microorganisms. The study will be of value in highlighting
that Caralluma species in Saudi Arabia are considered as
a promising source for several compounds that can be
used as antioxidants and antimicrobial agents.

MATERIALS AND METHODS
Plant material

The aerial part (stem) of C. deflersiana was collected from the south
of KSA in March 2019. Four samples of the stems (100 g each)

were dried at a constant temperature of 60°C for 24 h and filtered
using a sterile filter paper. The extract obtained was stored at -20°C
until use.

Extraction of C. deflersiana

The four samples of C. deflersiana were extracted by soaking in
500 ml of water, methanol, ethanol, and ethyl acetate with 24 h of
agitation. Extracts were filtered with Whatman filter paper No.1,
while solvents were evaporated by rotary evaporator at 40°C. Dry
matter was collected, and yields were calculated. Dry materials
were stored in Eppendorf tubes in no light condition with a
temperature of 4°C for further analysis. Dry extracts were dissolved
in the same solvents at the time of analysis.

Estimation of total phenol content

The total phenolic content of C. deflersiana was estimated by a
modified Folin—Ciocalteu reagent (Al jawfi et al., 2013). Briefly, 1 ml
of sample extract (0.1%, w/v), 0.5 ml Folin—Ciocalteu reagent (1:2,
vIv), 2 ml of 5% sodium carbonate were mixed and allowed to stand
at 30°C for 1 h. Absorbance was measured with a UV-VIS
spectrophotometer at a wavelength of 765 nm. The total phenolic
content of C. deflersiana extracts was expressed as Gallic acid
equivalents per g dry weight (mg GAE/Q).

Determination of antioxidant activity
Total antioxidant capacity

Antioxidant capacity of extracts (0.2-1 mg/ml) was estimated
utilizing a slightly modified phosphomolybdenum method (Prieto et
al., 1999). This method is based on the reduction of Mo (VI) to
green Mo (V) in an acidic medium. Concisely, 0.1 ml of each plant
extract (100 pg/ml) solution was mixed with 1 ml of reagent (0.6 M
H,SO., 28 mM NazPO4, and 4 mM ammonium molybdate). The
tubes were placed in a water bath at 95°C for 1.5 h after that, the
mixture was cooled, and the absorbance was measured at 695 nm
in contrast to a blank that contained 1 ml of reagent and an
appropriate volume of solvent. Antioxidant capacity was calculated
using an a-tocopherol standard curve and expressed as a-
tocopherol equivalents (ug/g of extract).

2,2-diphenyl-1-picrylhydrazyl radical

assay

(DPPH)- scavenging

DPPH scavenging ability was evaluated as follows; a 1 ml of the
DPPH, which as previously prepared in methanol (0.135 mM)
combined with 1 ml of different concentrations of C. deflersiana
extracts and standards (0.2-1 mg/ml). Mixtures were vortexed
thoroughly and left in the dark at 28°C for 30 min (Wintola and
Afolayan, 2011). Absorbance was then measured at 517 nm. DPPH
scavenging ability was calculated by the following equation:

b ontrol ™ b ample
DPPH scavenging activity (%) = (A S Control ~ADS sampl ) x 100%

Abs ontrol

ABTS radical scavenging assay

A stock solution was prepared by mixing 1 ml of 7 mM ABTS
solutions and 2.45 mM K;S,0g then left in the dark at 28°C for 12
min. A bluish-green solution was produced. The blend was then
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Table 1. Total phenolic contents of C. deflersiana extracts.

Extract Total phenols (mg GAE/ g)
Water 35.4+ 1.05°
Ethanol 28.8+0.77°
Methanol 33.1+0.93°
Ethyl acetate 27.1+0.71°

Values are means + standard deviations (n = 3). Different letters in the same column are significantly different at p <

0.05.

diluted by adding 1 ml of the ABTS solution with methanol until an
absorbance of 0.700 + 0.01 at 734 nm was reached. 1 ml of
extracts, standard (BHT, rutin), and blank (methanol) of different
concentrations (0.2-1 mg/ml) were allowed to react with 1 ml of
diluted ABTS solution. Absorbance was obtained at 734 nm after 7
min (Asghar et al., 2008). Inhibition percentage was then calculated
by the following equation:

Ab —Ab
ABTS radical scavenging activity (%) = (M) X 100%

ADbS control

Ferric reducing antioxidant power assay (FRAP)

A 1 ml of extract was dissolved in water, 2.5 ml of phosphate buffer
(0.2 M, pH 6.6), and 2.5 ml of 1% potassium ferricyanide mixed,
then it was placed at 50°C for 30 min. 2.5 ml of trichloroacetic acid
(10%) was added, and the mixture was centrifuged for 10 min at
3000 rpm. 2.5 ml from the upper part of the supernatant was diluted
with 2.5 ml of water and vortexed with 0.5 ml of 0.1% ferric chloride
before measuring absorbance at 700 nm (Vijayalakshmi and
Ruckmani, 2016). A reference solution was prepared as above but
contained water instead of extract sample. Increased absorbance
indicates increased reducing power.

Determination of the antimicrobial activity
Test microorganisms

Two gram-positive bacteria Staphylococcus aureus (ATCC 25923)
and Enterococcus. faecalis (ATCC 29212) and two gram-negative
bacteria Escherichia coli (ATCC 25922) and Proteus vulgaris
(ATCC 8427) and one fungal strain Candida albicans (ATCC
60193) were used in this investigation.

Minimum inhibitory concentrations

The MICs of C. deflersiana extracts were assessed using an
improved micro-well dilution method (Mann and Markham, 1998;
Sulaiman, 2013). To 96- sterile well plates, duplicate two-fold serial
dilutions of each sample (100 pl/well) were made in the required
broth media containing 5% (v/v) DMSO to achieve (2000 to 31.2
mg/ml) concentrations. The bacterial or fungal suspension (100 pl,
1106 CFU/ml) was then added. After that, the plates were
incubated at 37°C for 24 h and 25°C and 72 h for bacterial and
fungal strain, respectively. The MIC of A. Judaica and A. Sieberi
methanolic extracts were defined as the lowest concentration
displaying no detectable bacterial or fungal growth. Gentamycin
and nystatin were used as a positive control. For minimal
bactericidal concentration (MBC) and minimal fungicidal
concentration (MFC) estimation, 5 pl from the wells that exhibited

no growth was transferred agar plates and further incubated for 24
or 72 h. MBC and MFC are the lowest concentrations that show
evidenced of no visible bacterial or fungal growth.

Statistical analysis

All the data were obtained from independent tests in triplicate (n =
3) and presented as means * standard deviations. All data were
analyzed with a one-way analysis of variance, followed by Tukey's
test. A p-value of <0.05 was considered to be statistically
significant. The analyses were performed using SPSS software (V.
21).

RESULTS
Total phenolic content

The water extract of C. deflersiana exhibited the highest
total phenolic content 35 mg of GAE/100 g powder weight
followed by the methanolic extract with 33.1 mg/g of the
total phenolic content of GAE/ g powder weight. On the
other hand, the ethyl acetate extract exhibited the lowest
total phenolic content (27.1 mg/g); results are shown in
Table 1.

The total phenolic content of C. deflersiana extracts
varied by solvent (Table 1). Phenolic content among
extracts was mostly significantly different (p< 0.05). The
methanol extract had significantly higher phenol content
than ethanol and ethyl acetate extracts (p < 0.05). The
difference between ethanol and ethyl acetate extracts
was not significant.

Antioxidant activity
Total antioxidant capacity

Total antioxidant capacity again showed the highest
activity for the water extract, 1906 a-tocopherol
equivalents pg/g dry weight)) (p < 0.05). Methanol,
ethanol, and ethyl acetate extracts showed a decrease in
the activity, 1865, 1497, and 1412 a-tocopherol
equivalents pg/g dry weight, respectively (Figure 1). TAC
of the methanol extract was significantly higher than
ethanol and ethyl acetate extracts (p < 0.05).
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Figure 1. Total antioxidant capacity of C. deflersiana extracts. Data are means + standard deviations from
triplicate experiments. Different letters indicate significant differences at p < 0.05.
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Figure 2. DPPH scavenging activity of C. deflersiana extracts. Data are means * standard deviations from
triplicate experiments. Different letters indicate significant differences at p<0.05.

DPPH scavenging activity

The DPPH free radical scavenging activity of C.
deflersiana extracts and BHT showed a dose-dependent
manner increment (Figure 2). The water extract showed
the highest scavenging activity (91.73%), followed by
BHT, methanol, ethanol, and ethyl acetate, with 88.18,
87.33, 75.74, and 75.10%, respectively, at extract
concentrations of 1 mg/ml. The scavenging activity of
water extract was significantly higher than that of BHT
and other extracts (p < 0.05). DPPH radical scavenging
activity of BHT and the methanol extract was not
significantly different, but they differed significantly from
activities of ethanol and ethyl acetate extracts (p < 0.05).

ABTS radical scavenging activity
The ABTS scavenging activity of extracts and standards

were increased with increasing the concentrations,
ranging between 93.8 and 65.79% at the highest

concentration (1 mg/ml) (Figure 3). The highest
percentage of inhibition was achieved by the water
extract, and the lowest was the ethyl acetate extract.
Scavenging activity of water and methanol extracts was
significantly higher than BHT (p < 0.05), while the BHT
showed a significantly higher scavenging activity than
ethanol and ethyl acetate extracts.

Ferric reducing antioxidant power (FRAP) assay

FRAP activity results showed a reduced power measured
at 700 nm, which ranged from 1.38 to 1.94 at the highest
concentration (1 mg/Ml) (Figure 4). BHT had the highest
reducing power, followed by water, methanol, ethanol,
and ethyl acetate extracts. No significant differences in
reducing power were found among the extracts.

Antimicrobial activity

MICs, MBCs, and MFCs of C. deflersiana extracts are
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Figure 3. ABTS scavenging activity of C. deflersiana extracts. Data are means + standard deviations from triplicate
experiments. Different letters indicate significant differences at p < 0.05.
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Figure 4. FRAP activity results for C. deflersiana extracts. Data are means + standard deviations from
triplicate experiments. Ferric reducing antioxidant power. Different letters indicate significant differences at

p <0.05.

displayed in Table 2. The C. deflersiana extracts
expressed variable degrees of growth inhibition of the
bacterial and the fungal strains with MIC-values ranging
between (156.25 to 1250). The most active extracts were
water and methanol extracts, and the most sensitive
strain against C. deflersiana extract was the Gram-
positive Staphylococcus aureus and Enterococcus
faecalis (MIC: 156.25 mg/ml). MFC or MBC values were
maintained about twofold higher than MIC’s (Table 2).

DISCUSSION

The medicinal and pharmacological actions of medicinal
plants are often dependent on the presence of bioactive
compounds (the secondary metabolites) (Heinrich et al.,
2004; Calixto, 2019). The chemical composition can vary
within the same species depending on the geographical
location (Jaafari et al., 2007). As reported, many factors

such as the climate, the soil, the plant material and the
season in which the plants were collected, the method of
preservation and extraction, and the genetic factors,
could be responsible for the variation of the chemical
compositions (Sivropoulou et al., 1997; Bakkali et al.,
2008). Phenolic compounds are omnipresent plant
metabolites and the largest group of compounds that
contribute to the antioxidant properties; they may play a
significant role in initiating harmful free radical actions
(Wang et al., 2010).

Caralluma genus species are known for their
abundance of phenolic compounds (Priya et al., 2012;
Maheshu et al.,, 2014a; Devi and Dhamotharan, 2016).
Total phenolic content of C. adscendens var. Fimbriata
aerial parts were reported to be 21.0 £ 0.59, 18.8 + 0.98,
14.9 + 0.40 and 8.7 + 0.63 mg GAE/g dry weight in
methanol, water, ethyl acetate, and chloroform extracts,
respectively (Maheshu et al.,, 2014a). Another study
suggested that strong antioxidant activity of Caralluma
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Table 2. Minimal inhibitory concentrations, minimal bactericidal concentration (MBC), and minimal fungicidal concentration (MFC)

of C. deflersiana extracts.

Activity S. aureus E. faecalis E. coli P. vulgaris Candida albicans
MIC 156.25 156.25 625 312.5 78.12
Water extract MBC 312.5 3125 1250 625 NT
MFC NT NT NT NT 156.25
MIC 156.25 156.25 625 3125 78.12
Methanolic extract MBC 3125 3125 1250 625 NT
MFC NT NT NT NT 156.25
MIC 625 3125 NT NT 156.25
Ethylacetate extract MBC 1250 625 NT NT NT
MFC NT NT NT NT 3125
MIC 625 3125 NT NT 156.25
Ethanolic extract MBC 1250 625 NT NT NT
MFC NT NT NT NT 3125
Gentamvcin MIC 7.8 7.8 3.9 3.9 NT
4 MBC 15.6 15.6 7.8 7.8 NT
Nvstatin MIC NT NT NT NT 3.5
y MFC NT NT NT NT 7.0

S. aureus (ATCC 25923) and E. faecalis (ATCC 29212) and two gram-negative bacteria E. coli (ATCC 25922) and P. vulgaris (ATCC
8427) and one fungal strain Candida albicans (ATCC 60193). NT: not tested.

arabica correlated with phenolic content in different plant
parts (Al-Attabi et al., 2015). Our data demonstrated that
C. deflersiana is in agreement with the data mentioned
above, it contains polyphenolic compounds that can play
a significant role in the initiation of harmful free radical
actions (Wang et al., 2010). On the other hand, regarding
the antioxidant activity, it was stated that antioxidants had
gained more popularity as health boosters in the
treatment of many diseases, due to their beneficial
effects (Unuofin and Lebelo, 2020). Several antioxidant
phytochemicals that occur naturally in plant sources have
been identified as free radical scavengers (Bauer et al.,
1966). The antioxidant capacities of plant extracts cannot
be measured using a single approach because of the
dynamic existence of the various phytochemical groups
present in plants. The FRAP, ABTS, DPPH, and total
antioxidant capacity methods were used in the present
work to determine antioxidant activities of C. deflersiana
extracts.

The findings of the DPPH and FRAP assays for the
four C. deflersiana extracts were demonstrated that water
extract had conducted the strongest free radical
scavenging behavior, possessing the highest amount of
total phenolic moiety. On the other hand, the ethyl
acetate extract had exhibited the lowest radical
scavenging activity in both methods. Our results were in
agreement with the data reported by Karthishwaran et al.

(2018) who demonstrated that Caralluma flava
extracts exhibited antioxidant activity as measured by
DPPH assay. Another study also supported our results
confirmed that Caralluma edulis extract showed strong
scavenging activity (Ansari et al., 2005). Moreover,
Maheshu et al. (2014a) indicated that C. adscendens
var. Fimbriata methanol extracts have significantly higher
FRAP activity than the other plant extracts. Likewise, the
results of the ABTS radical scavenging method, as well
as the total antioxidant capacity method, assured the
earlier results, which showed that the water extract
exhibited the strongest antioxidant activity amongst other
plant fractions.

The total antioxidant capacity of all C. deflersiana
extracts in the present study was higher than previous
reports for C.adscendens var. fimbriata extracts
(Maheshu et al., 2014a). Concomitantely, Marwah et al.
(2007) reported that TAC in ethanol extracts from C.
flava and C. quadrangula were 335 + 0.5 and 899 + 29.2
mg GAE/g, respectively, which considered lower than
the current findings for C. deflersiana extracts.

Consistent with our results, various concentrations
of C. flava extract and gallic acid were observed to
scavenge ABTS radicals in a dose-dependent manner.
The percentage of inhibition was reported to be 86 and
59% for the extract and gallic acid, respectively, at a
concentration of 80 mg/ml (Pisoschi et al., 2016;



Karthishwaran et al.,, 2018). The ABTS free radical
scavenging activity of C. deflersiana extracts was
assumed to be higher thanthat of C. fimbriata crude
extract, as stated by Devi and Dhamotharan (2016).

Concerning the antimicrobial activity of biosynthetically
generated chemical compounds that could kill or usefully
inhibit the metabolism of pathogenic microbes. These are
referred to as antibiotics, which have been extensively
studied in recent times in various higher plants.
Nonetheless, we learn a bit about the antimicrobial
activity of the genus Caralluma (Vajha et al., 2010). In the
present study, antimicrobial activity was investigated
against four bacterial strains (two grams +ve and two
grams -ve). Our findings showed differences in C.
deflersian antimicrobial activity. Various solvents were
documented to be capable of extracting different
phytoconstituents depending on their solubility or polarity
in the solvent (Altemimi et al., 2017), which explains the
dissimilarities in the antimicrobial activity of the extracts
using different solvents (Yusha'u et al., 2008; Kawo et al.,
2009; Altemimi et al., 2017).

Conclusion

The present study findings showed that stem extracts of
C. deflersiana prepared by different solvents displayed
various bioactive phytochemical constituents with high
antioxidant activity. Antioxidant activity of extracts
correlates with their phenolic content. Interestingly, the
water extract contained the highest total polyphenol
content and showed the highest overall antioxidant
capacity. The high phytochemical constituent’'s level,
antioxidant and antimicrobial activities of C. deflersiana
reflects its potential to be helpful in health maintenance
and treatment of various diseases. C. deflersiana may
possess a significant ability to counter oxidative stress
and infections in humans and other animal systems.
Thus, expanding its ethnomedicinal application is highly
recommended. Further investigation should be conducted
to isolate and identify specific antioxidant and
antimicrobial components of C. deflersiana, both
gualitatively and quantitatively, and assess the
mechanisms of action underlying these activities.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Aati H, EI-Gamal A, Shaheen H, Kayser O (2019). Traditional use of
ethnomedicinal native plants in the Kingdom of Saudi Arabia. Journal
of Ethnobiology and Ethnomedicine 15(1):2.
https://doi.org/10.1186/s13002-018-0263-2

Abdel-Sattar E, Ahmed AA, Hegazy ME, Farag MA, Al-Yahya MA
(2007). Acylated pregnane glycosides from Caralluma russeliana.

BinMowyna and Alsayadi 337

Phytochemistry
https://doi.org/10.1016/j.phytochem.2007.03.009

Abdel-Sattar E, Harraz FM, Al-Ansari SM, El-Mekkawy, S, Ichino C,
Kiyohara H, Otoguro K, Omura S, Yamada H (2009). Antiplasmodial
and antitrypanosomal activity of plants from the Kingdom of Saudi
Arabia. Journal of Natural Medicines 63(2):232-239.
https://doi.org/10.1007/s11418-008-0305-5

Al jawfi Y, Alsayadi M, Benmansour A, Chabane SD, Hammadi L
(2013). Chemical and phytochemical analysis of some anti diabetic
plants in yemen. International Research Journal of Pharmacy
4(9):72-76.

Al-Attabi Z, AIMamri R, Aslam K (2015). Antioxidant potential properties
of three wild Omani plants against hydrogen peroxide-induced
oxidative stress. The Canadian Journal of Clinical Nutrition 3(2):16-
22. http://dx.doi.org/10.14206/canad.j.clin.nutr.2015.02.03

Al-Massarani S (2011). Pharmacognostical and Biological Study of
Caralluma sinaica Growing in Saudi Arabia. Fac. Pharm. King Saud
Univ., Riyadh pp. 184-103.

Altemimi A, Lakhssassi N, Baharlouei A, Watson DG, Lightfoot DA
(2017). Phytochemicals: Extraction, Isolation, and Identification of
Bioactive Compounds from Plant Extracts. Plants (Basel,
Switzerland) 6(4):42. https://doi.org/10.3390/plants6040042

Ansari NM, Houlihan L, Hussain B, Pieroni A (2005). Antioxidant activity
of five vegetables traditionally consumed by South-Asian migrants in
Bradford, Yorkshire, UK. Phytotherapy research: PTR 19(10):907-
911. https://doi.org/10.1002/ptr.1756

Aruna V, Kiranmai C, Karuppusamy S, Pullaiah T (2009).
Micropropagation of three varieties of Caralluma adscendens via
nodal explants. Journal of plant Biochemistry and Biotechnology
18(1):121-123. https://doi.org/10.1007/BF03263309

Asghar MN, Khan IU (2008). Measurement of antioxidant activity with
trifluoperazine dihydrochloride radical cation. Brazilian journal of
medical and biological research = Revista brasileira de pesquisas
medicas e biologicas, 41(6):455-461. https://doi.org/10.1590/s0100-
879x2008000600003

Bader A, Braca A, De Tommasi N, Morelli | (2003). Further constituents
from Caralluma negevensis. Phytochemistry 62(8):1277-1281.
https://doi.org/10.1016/s0031-9422(02)00678-7

Bakkali F, Averbeck S, Averbeck D, Idaomar M (2008). Biological
effects of essential oils--a review. Food and chemical toxicology : an
international journal published for the British Industrial Biological
Research Association 46(2):446-475.
https://doi.org/10.1016/j.fct.2007.09.106

Bauer AW, Kirby WM, Sherris JC, Turck M (1966). Antibiotic
susceptibility testing by a standardized single disk method. Technical
bulletin of the Registry of Medical Technologists. American Society of
Clinical Pathologists. Registry of Medical Technologists, 36(3):49-52.

Calixto JB (2019). The role of natural products in modern drug
discovery. Anais da Academia Brasileira de Ciencias, 91 Suppl 3,
€20190105. https://doi.org/10.1590/0001-3765201920190105

de Fatima A, Modolo LV, Conegero LS, Pilli RA, Ferreira CV, Kohn LK,
de Carvalho JE (2006). Styryl lactones and their derivatives:
biological activities, mechanisms of action and potential leads for
drug design. Current Medicinal Chemistry 13(28):3371-3384.
https://doi.org/10.2174/092986706779010298

De Leo M, De Tommasi N, Sanogo R, Autore G, Marzocco S, Pizza C,
Morelli I, Braca A (2005). New pregnane glycosides from Caralluma
dalzielii. Steroids 70(9):573-585.
https://doi.org/10.1016/j.steroids.2005.03.013

Devi SG, Dhamotharan R (2016). Preliminary studies on phytochemical
screening and in vitro antioxidant activities of Caralluma fimbriata.
World Journal of Pharmaceutical Research 5(4):1097-1107.

Dra LA, Sellami S, Rais H, Aziz F, Aghraz A, Bekkouche K, Markouk M,
Larhsini M (2019). Antidiabetic potential of Caralluma europaea
against alloxan-induced diabetes in mice. Saudi Journal of Biological
Sciences 26(6):1171-1178. https://doi.org/10.1016/j.sjbs.2018.05.028

Heinrich M, Barnes J, Gibbons S, Williamson E (2004). Fundamentals
of Pharmacognosy and Phytotherapy, 2004. Cyrchill Livingstone,
Edinburgh.

Hemaiswarya S, Kruthiventi AK, Doble M (2008). Synergism between
natural products and antibiotics against infectious diseases.
Phytomedicine: International Journal of Phytotherapy and

68(10):1459-1463.



338 Afr. J. Pharm. Pharmacol.

Phytopharmacology
https://doi.org/10.1016/j.phymed.2008.06.008

Jaafari A, Mouse HA, Rakib EM, Tilaoui M, Benbakhta C, Boulli A,
Abbad A, Zyad A (2007). Chemical composition and antitumor activity
of different wild varieties of Moroccan thyme. Revista Brasileira de
Farmacognosia 17(4):477-491. https://doi.org/10.1590/S0102-
695X2007000400002.

Karthishwaran K, Shamisi SOSOA, Kurup SS, Sakkir S, Cheruth AJ
(2018). Free-radical-scavenging and antioxidant capacities with
special emphasis on enzyme activities and in vitro studies in
Caralluma flava NE Br. Biotechnology and Biotechnological
Equipment, 32(1):156-162.
https://doi.org/10.1080/13102818.2017.1379362

Kawo A, Mustapha A, Abdullahi B, Rogo L, Gaiya Z, Kumurya A (2009).
Phytochemical properties and antibacterial activities of the leaf and
latex extracts of calotropis procera (ait. f.) Ait. f. Bayero Journal of
Pure and Applied Sciences 2(1):34-40. DOI:
10.4314/bajopas.v2i1.58453

Levy SB, Marshall B (2004). Antibacterial resistance worldwide: causes,
challenges and responses. Nature Medicine 10(12 Suppl):S122-
S129. https://doi.org/10.1038/nm1145

Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, Gargiulo G,
Testa G, Cacciatore F, Bonaduce D, Abete P (2018). Oxidative
stress, aging, and diseases. Clinical interventions in Aging 13:757-
772. https://doi.org/10.2147/CIA.S158513

Maheshu V, Priyadarsini DT, Sasikumar JM (2014a). Antioxidant
capacity and amino acid analysis of Caralluma adscendens (Roxb.)
Haw var. fimbriata (wall.) Grav. & Mayur. aerial parts. Journal of Food
Science and Technology 51(10):2415-2424. doi: 10.1007/s13197-
012-0761-5

Mann CM, Markham JL (1998). A new method for determining the
minimum inhibitory concentration of essential oils. Journal of Applied
Microbiology 84(4):538-544. https://doi.org/10.1046/j.1365-
2672.1998.00379.x

Marwah RG, Fatope MO, Al Mahroogi R, Varma GB, Al Abadi H, Al-
Burtamani SKS (2007). Antioxidant capacity of some edible and
wound healing plants in Oman. Food chemistry 101(2):465-470.
https://doi.org/10.1016/j.foodchem.2006.02.001

Murti PDB, Radjasa OK (2012). Antibacterial Activity of Bacterial
Symbiont of Soft Coral Lobophytum sp. Against MDR Bacteria
Escherichia coli and Staphyllococcus aureus. Journal of Coastal
Zone Management 15(3):297-302.

Osman AK, Al-Ghamdi F, Bawadekji A (2014). Floristic diversity and
vegetation analysis of Wadi Arar: A typical desert Wadi of the
Northern Border region of Saudi Arabia. Saudi Journal of Biological
Sciences 21(6):554-565.
doi:https://doi.org/10.1016/j.sjbs.2014.02.001

Oyama M, lliya I, Tanaka T, linuma M (2007). Five new steroidal
glycosides from Caralluma dalzielii. Helvetica Chimica Acta 90(1):63-
71. https://doi.org/10.1002/hica.200790022

Pisoschi AM, Pop A, Cimpeanu C, Predoi G (2016). Antioxidant
Capacity Determination in Plants and Plant-Derived Products: A
Review. Oxidative Medicine and Cellular Longevity, 2016, 9130976.
https://doi.org/10.1155/2016/9130976

Prieto P, Pineda M, Aguilar M (1999). Spectrophotometric quantitation
of antioxidant capacity through the formation of a
phosphomolybdenum complex: specific application to the
determination of vitamin E. Analytical Biochemistry 269(2):337-341.
https://doi.org/10.1006/abio.1999.4019

Priya D, Rajaram K, Suresh-kumar P (2012). In vitro antioxidant and
preliminary phytochemical studies of Caralluma fimbriata wall.
International Journal of Pharmaceutical Research 4:44-48.

Qiu SX, Lin LZ, Cordell GA, Ramesh M, Kumar BR, Radhakrishna M,
Mohan GK, Reddy BM, Rao YN, Srinivas B, Thomas NS, Rao AV
(1997). Acylated C-21 steroidal bisdesmosidic glycosides from
Caraluma umbellata. Phytochemistry 46(2):333-340.
https://doi.org/10.1016/s0031-9422(97)00237-9

Sireesha M,Venkata N, Suresh B, Sreenivasulu M (2018).
Phytochemical library of Caralluma genus. International Journal
of Research in Pharmaceutical Sciences 9(4):1201-1213.
https://doi.org/10.26452/ijrps.v9i4.1655DOI:

15(8):639-652.

Sivropoulou A, Nikolaou C, Papanikolaou E, Kokkini S, Lanaras T,
Arsenakis M (1997). Antimicrobial, cytotoxic, and antiviral activities of
Salvia fructicosa essential oil. Journal of Agricultural and Food
Chemistry 45(8):3197-3201. https://doi.org/10.1021/jf970031m

Sokmen A, S6kmen M, Daferera D, Polissiou M, Candan F, Unli M,
Akpulat HA (2004). The in vitro antioxidant and antimicrobial activities
of the essential oil and methanol extracts of Achillea biebersteini
Afan. (Asteraceae). Phytotherapy research: PTR 18(6):451-456.
https://doi.org/10.1002/ptr.1438

Sulaiman GM (2013). Antimicrobial and cytotoxic activities of methanol
extract of Alhagi maurorum. African Journal of Microbiology Research
7(16):1548-1557. DOI: 10.5897/AIJMR12.1795

Tatiya A, Kulkarni A, Surana S, Bari N (2010). Antioxidant and
hypolipidemic effect of Caralluma adscendens Roxb. in alloxanized
diabetic rats. 1JP-International Journal of Pharmacology 6(4):400-
406. DOI: 10.3923/ijp.2010.400.406

Tounekti T, Mahdhi M, Khemira H (2019). Ethnobotanical Study of
Indigenous Medicinal Plants of Jazan Region, Saudi Arabia.
Evidence-based complementary and alternative medicine: eCAM,
2019, 3190670. https://doi.org/10.1155/2019/3190670

Unuofin JO, Lebelo SL (2020). Antioxidant Effects and Mechanisms of
Medicinal Plants and Their Bioactive Compounds for the Prevention
and Treatment of Type 2 Diabetes: An Updated Review. Oxidative
medicine and cellular longevity, 2020, 1356893.
https://doi.org/10.1155/2020/1356893

Vajha M, Amrutha V, Audipudi M (2010). Evaluation of
immunostimulating activities of Caralluma spp. International Journal
of Pharmacognosy and Phytochemical Research 2:1-4. DOI:
10.13140/2.1.4134.4641

Vijayalakshmi M, Ruckmani K (2016). Ferric reducing anti-oxidant
power assay in plant extract. Bangladesh Journal of Pharmacology.
11:570-572. https://doi.org/10.3329/bjp.v11i3.27663

Wang H, Gan D, Zhang X, Pan Y (2010). Antioxidant capacity of the
extracts from pulp of Osmanthus fragrans and its components. LWT-
Food science and Technology 43(2):319-325. DOI:
10.1016/j.Iwt.2009.08.003

Waris G, Ahsan H (2006). Reactive oxygen species: role in the
development of cancer and various chronic conditions. Journal of
carcinogenesis, 5:14. https://doi.org/10.1186/1477-3163-5-14

Wintola OA, Afolayan AJ (2011). Phytochemical constituents and
antioxidant activities of the whole leaf extract of Aloe ferox Mill.
Pharmacognosy Magazine 7(28):325-333.
https://doi.org/10.4103/0973-1296.90414

Yusha'u M, Bukar A, Balarabe A (2008). Prevalence and sensitivity of
enterobacterial isolates from patients with urinary tracts infections to
Acalypha wilkisenia extracts. Biological and Environmental Sciences
Journal for the Tropics 5(3):72-76.

Zakaria MN, Islam MW, Radhakrishnan R, Chen HB, Kamil M, Al-Gifri
AN. Chan K, Al-Attas A (2001). Anti-nociceptive and anti-
inflammatory properties of Caralluma arabica. Journal of
ethnopharmacology 76(2):155-158. https://doi.org/10.1016/s0378-
8741(01)00208-2

Zakaria M, Islam M, Radhakrishnan R, Liu X, Ismail A, Kamil M, Al-
Attas A (2002). Anti-gastric ulcer and cytoprotective properties of
Caralluma arabica. Pharmaceutical biology  40(3):225-230.
https://doi.org/10.1076/phbi.40.3.225.5830.



