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Abstract

Background: Medicinal plants are considered as a useful source of antioxidants against diseases due to reducing free radicals.
Caralluma tuberculata is one of such sources utilized by Iranian population as a traditional herbal medicine.
Objectives: The present study aimed at investigating antioxidant activity, total phenolic content (TPC), and total flavonoid content
(TFC) of C. tuberculata root hydroalcoholic extract (CRE) and aerial parts hydroalcoholic extract (CAE).
Methods: Antioxidant properties were assessed using DPPH (1,1-dipheny l,2-picryl hydrazyl), superoxide anion (O2 ˙¯), nitric ox-
ide (NO), ferric reducing antioxidant power, and anti-lipid peroxidation methods. TPC (mg pyrogallol/g extract) and TFC (mg
quercetin/g extract) were measured by colorimetric methods.
Results: The findings showed that both CAE and CRE were rich in phenolic and flavonoid compounds. TPC (40.12± 1.2) and TFC (20.22
± 0.62) were higher in CAE compared to CRE (TPC = 25.01 ± 0.85, TFC = 15.11 ± 0.71). Likewise, both CAE and CRE showed significant
scavenging effects on DPPH, O2 ˙¯, and NO radicals and the effects of CAE was more potent (P < 0.05) compared to that of CRE. Also,
plant extracts significantly inhibited lipid peroxidation in a dose-dependent manner (P < 0.05). Furthermore, CAE exhibited a more
potent ferric reducing activity compared to CRE (510.21 ± 8.2 vs. 450.2 ± 9.3µM Fe+2/g extract, respectively) (P < 0.05).
Conclusions: Based on the study findings, both CAE and CRE could be considered as potential sources of antioxidants and CAE was
more effective than CRE.
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1. Background

Although free radicals play important roles such as
intracellular signaling and physiological functions in hu-
man being lives, endogenous antioxidants scavenge them
when their production increases to provide an intracellu-
lar balance (1). In disease states, endogenous antioxidants
are inadequate. Therefore, exogenous antioxidants are re-
quired to avoid oxidative damage (2). In spite of the pres-
ence of some synthetic antioxidants, these drugs are not
fully safe and have some side effects such as liver dam-
age or carcinogenesis in laboratory animals (3). Instead,
herbal materials are considered as important sources of
antioxidants, which are more effective, safer, and cheaper
than synthetic drugs, and also have better compatibility
with the human body. The herb-derived antioxidants such
as phenolic and flavonoid compounds are useful sources

against disease risk by reducing free radicals (4).
Caralluma tuberculata (C. tuberculata), belonging to As-

clepiadaceae family, is a succulent plant with no leaves, and
in Iran only grows in some regions of Sistan and Baluchis-
tan province. C. tuberculata in the local Baluch language
is called Marmootk and as a traditional medicinal herb is
used to manage different human diseases such as diabetes
(5). Review of literature on C. tuberculata showed that com-
position and antioxidant activities of this plant are not yet
investigated in Iran.

2. Objectives

Therefore, the present in vitro study aimed at assess-
ing antioxidant and free radical scavenging activities of hy-
droalcoholic extracts of root and aerial parts of C. tubercu-
lata.
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3. Methods

3.1. Chemicals

DPPH (1,1-dipheny l,2-picryl hydrazyl), nitro blue tetra-
zolium, pyrogallol, quercetin, sodium nitroprusside, and
folin-ciocalteu reagent were purchased from Sigma (St.
Louis, MO). Butylated hydroxytoluene and thiobarbituric
acid were purchased from Merck (Darmstadt, Germany).
All other chemicals used were of analytical grade.

3.2. Plant Material and Preparation of Extracts

Aerial parts and root of the plant were collected in April
2012 from the elevation of Irandegan district, Iran. The
plant was identified and validated as C. tuberculata and
voucher specimen was also deposited at the Herbarium of
the Sistan and Baluchistan University. In order to prepare
C. tuberculata root hydroalcoholic extract (CRE) and aerial
parts hydroalcoholic extract (CAE), 100 g of each plant sam-
ple was extracted via macerating in 0.3 L of 70% ethanol
for four days. The macerated samples were filtered and
concentrated via rotary evaporator. Then, samples were
lyophilized via freeze drying and the products were used
for extraction yield (mass of extract/mass of dry matter).
Then the dried extracts were stored at -70ºC until use. For
experiments, 1 mg of each dried extract was dissolved in 1
mL of methanol/water (50:50 v/v) and the resulting solu-
tion was used in the experiments.

3.3. Estimation of Total Phenolic Content

According to Slinkard protocol, folin-ciocalteu reagent
(FCR) was used to determine total phenolic content (TPC)
for each dried extract (6). Pyrogallol was used as a standard
for phenolic compounds. Findings were expressed as pyro-
gallol equivalents (mg pyrogallol/g dried extract).

3.4. Estimation of Total Flavonoid Contents

Total flavonoid content (TFC) was determined for each
dried extract by colorimetric method (7). Quercetin was
used as a standard for flavonoid compounds. Findings
were expressed as quercetin equivalents (mg quercetin/g
dried extract).

3.5. In vitro Antioxidant Assays

3.5.1. DPPH Radical Scavenging Activity

DPPH radical scavenging activity was evaluated accord-
ing to procedure described by Blois (8). This experiment
is relied on proton donating ability of plant extracts to re-
move DPPH as a source of free radicals. L-ascorbic acid was
utilized as a standard for comparison. The DPPH radical
scavenging activity was computed using the following for-
mula:

% Scavenging activity =

[
Ablank −Asample

A blank

]
× 100

Where, A blank is the absorbance of the control, and A
sample is the absorbance of plant extracts or the standard
sample.

3.5.2. Superoxide Radical Scavenging Activity

Superoxide anion (O2 ˙¯) was generated by oxidation of
NADH in NADH-phenazine methosulphate (PMS) system
and determined by reduction of nitro blue tetrazolium
(NBT). L-ascorbic acid was utilized as a standard antioxi-
dant. The percentage inhibition of O2 ˙¯ generation, as an
index of superoxide radical scavenging activity, was calcu-
lated using the same formula given in DPPH assay (9).

3.5.3. Nitric Oxide Radical Scavenging Activity

Nitric oxide (NO) radical was generated from sodium
nitroprusside (SNP), and the ability of extracts to scavenge
it was determined according to Griess reaction with slight
modifications (10). The percentage inhibition of extracts
was calculated using the same formula given in DPPH as-
say.

3.5.4. Anti-Lipid Peroxidation Assay

Anti-lipid peroxidation activity was evaluated in the
liver of rat as a source of polyunsaturated fatty acid. This
experiment is relied on determining malondialdehyde
(MDA) levels, as an index of lipid peroxidation, by reac-
tion between thiobarbituric acid (TBA) and MDA (11). In or-
der to prepare liver homogenates, male Wistar rats weigh-
ing 200 - 230 g were anesthetized with diethyl ether and
then decapitated. Immediately, their livers were removed
and washed with normal saline. The study protocol for the
rats was in accordance with the Guide for the Care and Use
of Laboratory Animals (ethical code: 7182). The quantity
of thiobarbituric acid reaction substrate (TBARS) was com-
puted using absorption coefficient of 1.56 ×105 cm-1.M-1.
The results were exhibited as a percentage inhibition, com-
puted from a control measurement of the reaction combi-
nation without extracts.

3.5.5. Ferric Reducing Antioxidant Power

The method described by Benzie and Strain was fol-
lowed to perform FRAP assay (12). This test is relied on the
ability of the antioxidants to reduce non-colored form of
a ferric-tripyridyltriazine complex to the colored form of
ferrous-tripyridyltriazine. Findings were expressed as µM
Fe+2 /g of dry mass and compared with that of butylated hy-
droxytoluene (BHT) as a standard antioxidant.
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3.6. Statistical Analyses

The data were expressed as mean ± standard devia-
tion (SD) for at least three independent tests performed on
different days. One-way analysis of variance was used for
statistical analysis followed by Tukey’s post-hoc test using
SPSS version 21. A P value of less than 0.05 was considered
the level of significance.

4. Results

As shown in Table 1, extraction yield of the CRE and CAE
was 9.82 and 10.01, respectively.

4.1. Total Phenolic and Flavonoid Contents of Extracts

TPC (mg pyrogallol/g dried of extract) and TFC (mg
quercetin/g dried of extract) of the CRE and CAE are repre-
sented in Table 1. As shown, in the studied samples (plants
were collected during spring), TPC (40.12 ± 1.2) was higher
in CAEs compared to CREs (25.01 ± 0.85). Similarly, CAEs
were richer in TFC (20.22±0.62) compared to CREs (15.11±
0.71).

4.2. DPPH Radical Scavenging Activity

As shown in Figure 1, both CAE and CRE samples at all
tested concentrations had significantly higher DPPH radi-
cal quenching activities than the control (P < 0.01). Con-
cerning DPPH scavenging effects (Table 2), ascorbic acid
had the lowest IC50 value (147.319 µg/mL), followed by CAE
(180.797 µg/mL) and CRE (222.14 µg/mL).

4.3. Superoxide Radical Scavenging Activity

In Figure 2, O2 ˙¯ scavenging activity of different doses
(10 - 500 µg/mL) of CAE, CRE, and ascorbic acid were com-
pared. CAE, in all tested concentrations, exhibited greater
O2 ˙¯ quenching activity (P < 0.05) compared to both CRE
and ascorbic acid as the reference control. The IC50 values
concerning O2 ˙¯ scavenging effects are shown in Table 2. Ac-
cording to data shown on this table, IC50 value had the fol-
lowing order: CAE (218.58) < CRE (307.62) < ascorbic acid
(327.69).

4.4. Nitric Oxide Radical Scavenging Activity

As shown in Figure 3, different concentrations of ex-
tracts as well as ascorbic acid removed nitric oxide radi-
cals in a dose-dependent manner. Both CAE (IC50 = 196.57
µg/mL) and CRE (IC50 = 281.78µg/mL) exhibited nitric oxide
radical scavenging effects, but the effect of ascorbic acid
(IC50 = 130.82 µg/mL) as a standard antioxidant was more
potent (Table 2).

4.5. Anti-Lipid Peroxidation Activity

As shown in Figure 4 and Table 2, CRE (IC50 = 729.92
µg/mL) exhibited less anti-lipid peroxidation activity as
compared to CAE (IC50 = 592.69 µg/mL). Anti-lipid peroxi-
dation activity of BHT (IC50 = 408.25 µg/mL), as a standard
antioxidant, was significantly higher than those of CRE and
CAE.

4.6. FRAP Assay

Ferric reducing antioxidant power of CAE, CRE, and
BHT are shown on Table 1. The ferric reducing potential of
the extracts (µM Fe+2/g dried extract) had the following or-
der: BHT (650.14 ± 7.84) > CAE (510.21 ± 8.2) > CRE (450.2
± 9.3).

5. Discussion

In the authors’ previous study, C. tuberculata was
shown as a good source of antioxidants against diabetes-
induced oxidative stress in animal model, which could re-
instate the activity of antioxidant enzymes and oxidative
markers to near-normal levels (13). The present in-vitro
study focused on anti-oxidant activity of hydroalcoholic
extracts of C. tuberculata.

Phenolic and flavonoid compounds are the major an-
tioxidants in medicinal herbs. The antioxidant properties
of phenolic compounds may be related to their capacity to
act as reducing factors, hydrogen atom donors, unstable
radical scavengers, and metal chelator (14-16). Therefore,
the consumption of these natural compounds is useful for
the prevention of some diseases, such as diabetes mellitus,
tissue inflammation, hemolysis, nervous anxiety and hy-
pertension, which are associated with oxidative stress (14,
17, 18). The current study results revealed that both CAE and
CRE are rich in phenolic and flavonoid compounds and
CAE with a higher TPC and TFC showed better antioxidant
activities than CRE. In the study by Rehman et al., on differ-
ent solvents of C. tuberculata, polar solvents with the high-
est degree of purity were found to extract phenolic and
flavonoid compounds. The current study also used a polar
solvent (ethanol 70%) for extraction (19).

DPPH is a stable free radical that produces a violet solu-
tion in ethanol. The antioxidant compounds reduce these
radicals and produce a neutral complex. Formation of a
colorless complex depends on the hydrogen donating po-
tential of antioxidant compounds (20). Based on the re-
sults of the current study, both CAE and CRE showed no-
table DPPH radical quenching effects at all tested concen-
trations. The present study findings were in line with those
of the previous studies reporting significant antioxidant
activity of C. flava and C. arabica using the DPPH test (21, 22).
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Table 1. Total Phenolic Content, Total Flavonoid Content, Ferric Reducing Antioxidant Power, and Extraction Yield of CRE, CAE, and BHTa , b

CRE CAE BHT

Total phenolic contentc , mg/g 25.01 ± 0.85 40.12 ± 1.2A -

Total flavonoid contentd , mg/g 15.11 ± 0.71 20.22 ± 0.62A -

FRAP, µM Fe+2 /g dried extract 450.2 ± 9.3 510.21 ± 8.2A 650.14 ± 7.84A,B

Extraction yield, % 9.82 10.01 -

Abbreviations: BHT, butylated hydroxytoluene; CAE, hydroalcoholic extract of Caralluma tuberculata aerial parts; CRE, hydroalcoholic extract of Caralluma tuberculata
root; FRAP, ferric reducing antioxidant power
aValues are expressed as mean ± SD for independent experiments repeated in triplicate.
b AP <0.05 versus CRE; BP <0.05 versus CAE
cTotal phenolic content was expressed as mg pyrogallol equivalents/g dried extract.
dTotal flavonoid content was expressed as mg quercetin equivalents/g dried extract.
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Figure 1. Inhibitory effects of different concentrations (10 - 500 µg/mL) of Caralluma tuberculata root extract (CRE); C. tuberculata aerial parts extract (CAE), and ascorbic acid
against DPPH (1,1-dipheny l,2-picryl hydrazyl) radicals. Values are expressed as mean ± SD of independent experiments repeated in triplicate (n = 9). aP < 0.01 versus CRE; bP
< 0.01 versus CAE and CER

Table 2. IC50 Values of CAE, CRE, BHT, and Ascorbic Acid

Antioxidant Activity
IC50 Valuea , µg/mL

CRE CAE Ascorbic Acid BHT

DPPH radical scavenging activity 222.14 180.79 147.31 -

Superoxide radical scavenging activity 307.62 218.58 327.69 -

Nitric oxide radical scavenging activity 281.78 196.57 130.82 -

Anti-lipid peroxidation activity 729.92 592.69 - 408.25

aThe IC50 values for CRE, CAE, and standard antioxidants (ascorbic acid and BHT) were calculated from data presented in Figures 1-4.

Also, Rehman et al., reported that the polar fractions of the
callus of C. tuberculata had more DPPH scavenging effects
compared to non-polar fractions (19). Furthermore, Saeed
et al., reported that extracts with high flavonoid and phe-
nol compounds showed potent DPPH scavenging activities
(23). The present study results also showed that CAE with

higher TPC and TFC had greater inhibitory effects against
DPPH radicals compared to CRE.

The superoxide radical is an important reactive
oxygen species, produced through the normal aerobic
metabolism (24). In disease states, overproduction of O2 ˙¯
may give rise to more potent and dangerous free radicals
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Figure 2. Inhibitory effects of different concentrations (10 - 500 µg/mL) of Caralluma tuberculata root extract (CRE); C. tuberculata aerial parts extract (CAE), and ascorbic acid
against superoxide radicals. Values are expressed as mean ± SD of independent experiments repeated in triplicate (n = 9). aP < 0.05 versus CRE and ascorbic acid; bP < 0.05
versus ascorbic acid
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Figure 3. Inhibitory effects of different concentrations (10 - 500 µg/mL) of Caralluma tuberculata root extract (CRE); C. tuberculata aerial parts extract (CAE), and ascorbic acid
against nitric oxide radicals. Values are expressed as mean± SD for independent experiments repeated in triplicate (n = 9). aP < 0.01 versus CRE; bP < 0.01 versus CAE and CER;
cP < 0.05 versus CAE

such as OH, which later leads to lipid peroxidation (25).
The finding showed that CAE in all tested concentration
exhibited greater O2 ˙¯ quenching activity compared to CRE
and ascorbic acid as a reference control. Flavonoids are
shown to have good superoxide anion quenching activi-
ties (9). As showed on Table 1, both CAE and CRE are rich in
flavonoids. Thus, superoxide anion quenching activities
observed in the present study could be attributable to
flavonoid contents.

It is postulated that reactive nitrogen species such as
NO or peroxynitrite (ONOO-) contribute to the develop-
ment of a number of diseases (26). In the present study,
both plant extracts exhibited nitric oxide scavenging activ-
ity. The present study results regarding nitric oxide radical
scavenging effects were consistent with those of the study
by Karthishwaran et al., which reported radical scavenging
activity of Caralluma flava extract (21).

Oxidative stress can damage cell membrane via oxidiz-
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Figure 4. Inhibitory effects of different concentrations (50 - 1000 µg/mL) of Caralluma tuberculata root extract (CRE); C. tuberculata aerial parts extract (CAE), and butylated
hydroxytoluene (BHT) against lipid peroxidation induced by Fe2+ ascorbate system. Values are expressed as mean± SD for independent experiments repeated in triplicate (n
= 9). aP < 0.01 versus CRE; bP < 0.01 versus CAE and CRE

ing polyunsaturated fatty acids and inducing lipid perox-
idation (27). In biological systems, lipid peroxidation gen-
erates several products, among which MDA is believed to
be the most considerable end product. MDA and other
lipid peroxidation products can oxidize thiols in proteins
and cause proteins dysfunction. As a result of protein dys-
function, several disorders including inflammation, hep-
atic and heart diseases may develop (28, 29). In the present
study, plant extracts significantly inhibited lipid peroxida-
tion in a dose-dependent manner. Similar results were ob-
tained in a study by Tatiya et al., which evaluated anti-lipid
peroxidation activities of C. adscendens (30).

It is reported that plant extracts with greater total phe-
nolic and flavonoid contents exhibited the highest antiox-
idant activities (31). The current study findings showed
that both extracts have reducing potentials, and CAE with
higher TPC and TFC, exhibited better antioxidant activities
than CRE. Tatiya et al., indicated that the reducing potential
of C. adscendens had a dose-dependent manner (30). Also,
Maheshu et al., showed that methanolic extract of C. ad-
scendens had a strong ferric reducing potential (32).

5.1. Conclusions

In sum, the current study findings revealed that
ethanolic extracts of root and aerial parts of C. tuberculata
acted as anti-free radical and antioxidant agents against
oxidative stress, which is probably considering at least
partly to the phenolic and flavonoid contents present in
the plant. In addition, aerial parts, in most experiments,

were more effective than the root. According to the current
study findings, C. tuberculata could be considered as a good
source of antioxidant and bioactive substances.
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