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ABSTRACT 
Pedilathus tithymaloides is a medicinal plant whose rapid wound healing and anti-inflammatory 
properties had been documented. In the present study, high-performance liquid chromatography with 
diode-array detection (HPLC-DAD) was used to quantify the flavonoids, phenolic acids and carotenoids 
present in the methanol leaf extract of P. tithymaloides. The phytochemical screening and in vitro 
antioxidant assays were carried out by standard protocols. The phytochemical screening revealed the 
presence of tannins, flavonoids, alkaloids, terpenoids and cardiac glycosides; while saponins, 
phlobatannins, steroids and anthraquinones were absent. The contents of phenols and flavonoids in 
the extract were 1.56 µg/mg tannic acid equivalents (TAE) and 17.89 µg/mg quercetin equivalents (QE) 
respectively, while total antioxidant capacity was 327.53 mM/mg ascorbic acid equivalents (AAE). The 
leaf extract demonstrated a very good potentials in scavenging free radicals as shown in the 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)(ABTS), hydroxyl 
(.OH), nitric oxide (.NO) radical scavenging activities, the lipid peroxidation, anti-hemolytic, and anti-
denaturation assays. The HPLC analysis revealed that flavonoids (quercetin, isoquercitrin, quercitrin, 
rutin and kaempferol), tannins (catechin and epicatechin), phenolic acids (gallic, chlorogenic, ellagic 
and caffeic acids) and carotenoids (Tocopherol, β-Carotene) are present in the extract of P. 
tithymaloides. The extract exhibited significant free radical scavenging and antioxidant potentials, 
these may be due to substantial amount of the constituent phytochemicals in the extract. The results 
of this work suggest that leaves of P. tithymaloides are promising sources of natural phytochemicals 
and antioxidants that can combat diseases related to oxidative stress caused by free radicals. 
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Introduction 
Pedilanthus tithymaloides is a perennial succulent 
spurge (Sajeva and Costanzo, 1994), an erect shrub 
(Vardhana, 2008), the plant is known by the 
scientific name Pedilanthus tithymaloides. However, 
the genus Pedilanthus has been submerged into the 
genus Euphorbia, and is more correctly known by its 
new name {Euphorbia tithymaloides} (Steinmann, 
2003). 
 
P. tithymaloides has a large number of household 
names used by gardeners and the public. Among 
them are buck-thorn, cimora misha, Christmas 
Candle, Devil's Backbone, Fiddle Flower, 
ipecacuahana, Jacob's Ladder, Japanese Poinsettia, 
Jew's Slipper, Jewbush, Milk-Hedge, Myrtle-Leaved 
Spurge, Padus-Leaved Clipper Plant, Red Slipper 
Spurge, Redbird Cactus, Redbird Flower, Slipper 
Flower, Slipper Plant, Slipper Spurge, timora misha, 
and Zig-Zag Plant (Balfour, 1988; Spoerke and 
Smolinske, 1990; Nellis, 1997). In other parts of the 
world, it is known as gin-ryu (Japan); pokok lipan 
and penawar lipan (Indonesia); airi, baire, and agia 
(India); aperejo (Yoruba); sapatinho do diabo 
(Brazil); itamo real (Puerto Rico); pantoufle 
(France); and zapatilla del diablo (Mexico) 
(Quattrocchi, 1990; Torkelson, 1996). 
 
P. tithymaloides is a medicinal plant applied to 
wounds for rapid healing (Waroonluk, 2010). The 
chemical analysis of its stems and leaves has 
identified kaempferol 3-O-β-D-glucopyranoside-6-(3-
hydroxy-3-methylglutarate), quercitrin, isoquercitrin 
and scopoletin, which are phenolic and flavonoid 
compounds (Abreu et al., 2008). Previous studies 
reported an anti-inflammatory effect of the stem 
and leaves of P. tithymaloides in rats that induced 
paw edema by carageenan. In addition, an in vitro 
study showed that the extract could efficiently 
inhibit ROS (reactive oxygen species) and RNS 
(reactive nitrogen species) (Abreu et al., 2006). The 
chemical constituents isolated from P. tithymaloides 
studied by the broth micro-dilution method using 
Mueller-Hinton and RPMI-1640 media showed 
strong inhibition against Staphylococcus aureus, 
Bacillus subtilis, Pseudomonas aeruginosa and 
Escherichia coli (Vidotti et al., 2006).  
 

Some other medicinal applications have been 
documented on the plant, the root is known to be a 
powerful emetic (Nellis, 1997). A proteolytic enzyme 
known as pedilanthain can be extracted from the 
plant's latex, and has been shown in experiments to 
be effective against intestinal worms and to reduce 
inflammation when ingested (Nellis, 1997). In 1995, a 
galactose-specific lectin was purified from the 
plant's latex, and indications are that it might be 
useful in combating diabetes mellitus (Van Damme, 
1998; Nagda and Deshmukh, 1998). In folk medicine, 
tea has been brewed from the leaves which has 
been used to treat asthma, persistent coughing, 
laryngitis, mouth ulcers, and venereal disease 
(Nellis, 1997). Tea brewed from the root has been 
used as an abortifacient (Nellis, 1997). The latex has 
been used topically to treat calluses, ear ache, insect 
stings, ringworm, skin cancer, toothache, umbilical 
hernias, and warts (Nellis, 1997).  None of these uses 
has been scientifically verified as effective (Nellis, 
1997). In the West Indies, a few drops of the latex is 
added to milk and used as an emetic (Spoerke and 
Smolinske, 1990) 

 

Materials and Methods 
Plant Material 
The plant used was Pedilanthus tithymaloides leaves 
were obtained from a farm settlement in Esa Oke, 
Osun state, Nigeria. These were authenticated in the 
herbarium of Botany Dept., University of Ibadan. 
They were washed thoroughly with distilled water 
and allowed to air dry. The air-dried leaves were 
pulverized and then subjected to solvent extraction 
 
Chemical, apparatus and general procedures for 
HPLC 
All chemical were of analytical grade. Acetonitrile, 
formic acid, gallic acid, chlorogenic acid, ellagic acid 
and caffeic acid purchased from Merck (Darmstadt, 
Germany). Quercetin, quercitrin, isoquercitrin, rutin, 
catechin, epicatechin and kaempferol were acquired 
from Sigma Chemical Co. (St. Louis, MO, USA). High 
performance liquid chromatography (HPLC-DAD) 
was performed with a Shimadzu Prominence Auto 
Sampler (SIL-20A) HPLC system (Shimadzu, Kyoto, 
Japan), equipped with Shimadzu LC-20AT 
reciprocating pumps connected to a DGU 20A5 
degasser with a CBM 20A integrator, SPD-M20A 
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diode array detector and LC solution 1.22 SP1 
software. 
 
Methods 
Extraction 
The ground leaves were put in a glass container and 
extracted with 80% methanol. The set up was left 
for about 72 hours and agitated about 24-hourly for 
the extraction of the bioactive components and 
then filtered. The filtrate was concentrated in a 
rotary evaporator, freeze-dried and stored in a 
refrigerator for further uses. 
 
Phytochemical Screening 
The extracts were screened for the presence of 
alkaloids, saponins, tannins, phlobatannins 
anthraquinones, steroids, terpenoids, isoprenoids, 
flavonoids and cardiac glycosides. (Sofowora, 2006; 
Edeoga, 2005; Harborne, 1992; Trease and Evans, 
1996). 
 
In-Vitro Antioxidant Assays 
DPPH (1, 1, diphenyl 2-picryl hydrazyl) Radical 
Scavenging Assay 
The antioxidant activity by DPPH assay was assessed 
using the stable free radical DPPH. 1 ml of various 
concentration of the extract and 1 ml of DPPH 
0.1mM were pipetted to the test tube, and 
incubated in the dark at room temperature for 30 
minutes. After incubation, absorbance was taken at 
517 nm. Ascorbic acid was used as the standard for 
comparison. The percent DPPH radical scavenging 
capacity of the extract was calculated thus:  
% DPPH radical scavenging = [(ctrl abs - sample 
abs)/ctrl abs] × 100.  
The experiment was carried out in triplicate 
(Molyneux, 2004). 
 
ABTS Radical Cation Decolorization Assay 
ABTS constitutes a relatively stable free radical, 
which decolorizes in its non-radical form. The 
spectrophotometric analysis of ABTS•+ scavenging 
activity was determined according to the method of 
(Gülçin, Elias et al., 2006). In this method, an 
antioxidant is added to a pre-formed ABTS radical 
solution and after a fixed time period, the remaining 
ABTS•+ is quantified spectrophotometrically at 734 
nm. ABTS•+ was produced by reacting 2 mM ABTS in 
H2O with 2.45 mM potassium persulfate (K2S2O8), 

and allowing the mixture to stand in the dark at 
room temperature for 6 hrs before use. Then, 1 mL 
of ABTS•+ solution was added to 3 mL of extract in 
ethanol at different concentrations (25–400 μg/mL). 
The absorbance was recorded 30 min after mixing 
and the percentage of radical scavenging was 
calculated for each concentration relative to a blank 
containing no scavenger. The extent of 
decolorization is calculated as percentage reduction 
of absorbance.  
The scavenging capability of test compounds was 
calculated using the following equation: 
ABTS•+ Scavenging Capacity (%) = [1- (As - Ac)] × 100 
where AC is absorbance of a control lacking any 
radical scavenger and AS is absorbance of the 
remaining ABTS•+ in the presence of a scavenger 
(Gülçin et al., 2006). 
 
FRAP Assay 
a) Acetate buffer 300 mM pH 3.6: Weigh 3.1g 
sodium acetate trihydrate and add 16 ml of glacial 
acetic acid and make the volume to 1L with distilled 
water. 
b) TPTZ (2, 4, 6-tripyridyl-s- triazine): (M.W. 312.34), 
10 mM in 40 mM HCl (M.W. 36.46). 
c) FeCl3. 6 H2O: (M.W. 270.30), 20 mM. 
The working FRAP reagent was prepared by mixing 
a, b and c in the ratio of 10:1:1 just before testing. 
Standard was FeSO4. 7 H2O: 0.1 - 1.5 mM in 
methanol.  
FRAP solution (3.6 mL) add to distilled water (0.4 
mL) and incubated at 37˚C for 5 min. Then this 
solution mixed with different concentrations of 
plant extract (80 mL) and incubated at 37˚C for 10 
min. The absorbance of the reaction mixture was 
measured at 593 nm. For construction of the 
calibration curve, five concentrations of FeSO4, 
7H2O (0.1, 0.4, 0.8, 1, 1.12, 1.5 mM) were used and 
the absorbance values were measured as for sample 
solutions (Benzie and Strain, 1996). 
 
Nitric Oxide Radical Scavenging 
The nitric oxide radical scavenging capacity of the 
fractions was measured by Griess reaction 
(Sangameswaran et al., 2009). Various 
concentrations (25, 50, 100, 200, and 400µg/ml) of 
the 
extract and standard were prepared. Sodium 
nitroprusside (2.5 mL, 10 mM) in phosphate 
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buffered saline (PBS) was added to 0.5 mL different 
concentrations of extracts. The reaction mixture 
was incubated at 25°C for 150 min. After incubation, 
0.5 mL aliquot was removed and 0.5 mL of Griess 
reagent: (1% (w/v) sulfanilamide, 2% (v/v) H3PO4 and 
0.1% (w/v) naphthylethylene diamine hydrochloride) 
was added. The absorbance was taken at 546 nm. 
Ascorbic acid was used as reference standard and 
was treated the same way as that of the extract. 
Sodium nitroprusside in PBS (2 mL) was used as 
control. The nitric oxide radicals scavenging activity 
of the extract and ascorbic acid was calculated 
according to the following equation: Percentage of 
inhibition = [(A0 – A1) / A0] x 100, where A0 is the 
absorbance of sodium nitroprusside in PBS (without 
extracts and ascorbic) and A1 is the absorbance in 
the presence of extract and ascorbic acid. 
 
Reductive Potential 
Ferric Cyanide (Fe3+) Reducing Antioxidant Power 
Assay 
Reducing power of the extracts were measured by 
the direct reduction of Fe3+(CN−)6 to Fe2+(CN−)6 and 
was determined by absorbance measurement of the 
formation of the Perl's Prussian Blue complex 
following the addition of excess Fe3+ (Oyaizu, 1986), 
but modified by (Gülçin, 2006b). Different 
concentrations of extracts in 0.5mL of distilled 
water were mixed with 1.25 mL of 0.2 M, pH 6.6 
sodium phosphate buffer and 1.25 mL of potassium 
ferricyanide [K3Fe(CN)6] (1%) the mixture was 
incubated at 50 °C for 20 min. After the incubation, 
the reaction mixture was acidified with 1.25 mL of 
trichloroacetic acid (10%). Finally, 0.5 mL of FeCl3 
(0.1%) was added to this solution and the 
absorbance was taken at 700 nm in a 
spectrophotometer. Increased absorbance of the 
reaction mixture indicates greater reduction 
capacity (Gülçin, 2006 a, b). 
 
Assay of Hydroxyl Radical Scavenging Activity 
The hydroxyl radical (-OH) scavenging activity was 
measured by the method of Jin et al. (1996). The 
hydroxyl radical was generated in a mixture of 1.0 
mL of 0.75 mM 1,10-phenanthroline, 2.0 mL of 0.2 M 
sodium phosphate buffer (pH 7.4), 1.0 mL of 0.75 
mM FeSO4 and 1.0 mL of H2O2 (0.01%, v/v). After 
addition of 1.0 mL sample solution, the mixture was 
incubated at 37oC for 30 min. Then, the absorbance 

of the mixture at 536 nm was measured. Deionized 
water and Mannitol were used as the blank and 
positive control respectively. The scavenging activity 
on -OH was calculated by the following equation: 
Scavenging activity (%) = (Abs sample – Abs 
blank)/(Abs 0 – Abs blank) *100 
where Abs 0 is the absorbance of the deionized 
water instead of H2O2 and sample in the assay 
system. 
 
Fe2+ Chelating Ability Assay 
The principle of the assay is based on disruption of 
o-phenanthroline - Fe2+ complex in the presence of 
chelating agent. The in vitro Fe2+ chelating ability of 
plant extract was assayed according to the method 
of Minnoti and Aust (1958) with slight modification 
(Puntel et al., 2005). Briefly, 900 μl of aqueous 
FeSO4 (500 μM) and 150 μl of extract were 
incubated for 5min at room temperature. 78 μl of 
1,10- phenanthroline (0.25 % ,w/v , aqueous) was 
added. The absorbance of the orange coloured 
solution was read at 510nm with a 
spectrophotometer. The in vitro Fe2+ chelating 
ability of the sample was calculated by using the 
following formula: 
Chelating ability (%) = (Abs control - Abs sample) / 
Abs control x 100.  
 
In vitro Inhibition of Lipid Peroxidation Assay 
In vitro inhibition of lipid peroxidation was 
estimated according to the method of Ruberto and 
Baratta, 2000). In this assay, egg yolk homogenate 
served as lipid rich medium, and FeS04 acts as 
initiator of lipid peroxidation. Briefly, 50μl of plant 
extract was mixed with 0.25ml 10% egg yolk. This 
was followed by the addition of 10 µl FeS04 (0.07M, 
aqueous). The mixture was incubated at room 
temperature for 30min.This was followed by the 
addition of 0.75 ml glacial acetic acid (5%,v/v 
aqueous) and 0.75ml thiobarbituric acid 0.8% in 
Sodium dodecyl siphate (SDS) 1.1%. The mixture was 
incubated in a boiling water bath (900C) for 60 min, 
cooled and centrifuged at 3000 rpm. 1 ml of the pink 
colour supernant was read at 532 nm on a 
spectrophotometer. 
In vitro inhibition of lipid peroxidation = (Abs contol 
– Abs sample) /Abs control X 100 
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Determination of Total Phenolic Content 
The total phenolic content of the extract was 
determined according to the method described 
elsewhere (Hung et al., 2001). In this assay, the 
phenolic group present in plant extract interacts 
with Folin – Ciocalteau in alkaline medium using 
Na2CO3 solution giving a blue colour, which has 
maximum absorption at 685nm and correlates with 
total phenolic content. 0.1 ml of aqueous extract of 
the plant of different concentrations (2 – 10%) was 
rapidly mixed with 0.1 ml of Folin Ciocalteu reagent , 
followed by the addition of 0.3 ml sodium carbonate 
(15%,w/v) solution. The mixture was incubated in the 
dark for 30mins.The absorbance of the blue colour 
was read at 760 nm after 30mins on a 
spectrophotometer. The total phenolic content was 
extrapolated from a standard curve using tannic 
acid (graded doses, 50 – 250ug/ml) as a standard 
phenol. 
 
Determination of Total Flavonoids Content 
Total Flavonoids Content of the leaf extract was 
determined using the method described by 
Kumaran and Karunakaran (2007) with slight 
modification. Briefly, 0.5 ml of extract solution (1 
mg/ml) and standard (quercetin) at different 
concentrations were taken in test tubes. 3.0 ml of 
methanol followed by 0.1 ml of 10% aluminum 
chloride solution was added into the test tubes. 200 
ml of 1M potassium acetate solution was added to 
the mixtures in the test tubes. Furthermore, each 
reaction test tube was then immediately diluted 
with 2.8 ml of distilled water and mixed to incubate 
for 30 min at room temperature to complete 
reaction. The absorbance of pink colored solution 
was noted at 415 nm using a spectrophotometer 
against blank methanol. TFC of the extract was 
expressed as quercetin equivalents (QE) after 
calculation using the following equation: C=(c · V)/m, 
where, C =total flavonoid contents, mg/g plant 
extract in QE, c = concentration of quercetin 
obtained from calibration curve (mg/ml), V =the 
volume of the sample solution (ml), m= weight of 
the sample (g). 
 
Total Antioxidant Activity 
The total antioxidant capacity of the extract was 
determined with phosphomolybdenum using 

ascorbic acid as the standard. The assay was based 
on the reduction of Mo (vi) to Mo (v) by the extracts 
and the subsequent formation of a green 
phosphomolybdate (v) complex at acidic pH.0.1ml 
of the extract (100ug/ml) solution was combined 
with 3ml of reagent (0.6M sulphuric acid, 28mM 
sodium phosphate, and 4mM ammonium 
molybdate). The tubes were capped and incubated 
in a boiling water bath at 950C for 90min. After the 
samples had cooled to room temperature, 
absorbance of the aqueous solution of each was 
read at 695nm against blank in a 
spectrophotometer. The blank solution contained 
3ml of reagent solution and the appropriate volume 
of the same solvent used for the sample and it was 
incubated under the same conditions as the rest of 
the sample. The antioxidant capacity was expressed 
as the equivalent of ascorbic acid (Baydar et al., 
2007).  
 
Anti-Hemolytic Assay 
Anti-hemolytic activity was assessed by following 
the spectrophotometric method (Yang et al., 2005, 
Verma et al., 2007, Ebrahimzadeh et al., 2010). From 
a normal healthy individual 5 ml of blood was taken 
and centrifuged at 1500 rpm for 3 min. Pellet of 
blood was washed three times in sterile phosphate 
buffer saline solution (pH 7.2). Obtained RBC pellets 
were washed twice and then Diluted to 20% cell 
suspension with PBS. 
500µl of RBC + 500 µl of extract (different 
concentrations) + 250 µl of HgCl2 (5 µM). Incubate at 
37oC for 3hrs in a water bath. Thereafter, add 2ml of 
PBS, centrifuge at 2000g for 10mins. Read 
absorbance of the supernatant at 540nm. For 
control, replace extract with PBS. 
Calculation,    AControl  –  ATest 
     AControl 
  
Use Ascorbic acid, quercetin or tannic acid as 
standard. 
 
Anti-Denaturation Activity 
The method of Williams et al (Williams et al., 2008), 
was employed for the anti-denaturation assay. A 
solution of 0.2% w/v of BSA was prepared in Tris 
buffer saline and pH was adjusted to 6.8 using 
glacial acetic acid. Different concentrations of 
various fractions of the extract were prepared. 50 μl 
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of these different concentrations was transferred to 
Eppendorf tubes using 1ml micro pipette. 5ml of 0.2 
% W/V BSA was added to all the above Eppendorf 
tubes. The standard consist 10μg/ml of Diclofenac 
Sodium in methanol with 5ml 0.2% W/A BSA solution, 
Quercetin, Tannic acid. The test tubes were heated 
at 720C for 5 minutes and then cooled for 10 minutes 
.The absorbance of these solutions was determined 
by using UV/Vis Double beam spectrophotometer 
(Elico SL -196) at a wave length of 660 nm. The % 
inhibition of precipitation (denaturation of the 
protein) was determined on a % basis relative to the 
control using the following formula. 
% inhibition of denaturation =   

(Abs of control – Abs of extract)    X 100 
Abs of control 

 
Quantification of compounds by HPLC-DAD 
Reverse phase chromatographic analyses were 
carried out under gradient conditions using C18 

column (4.6 mm x 250 mm) packed with 5μm 
diameter particles. The mobile phase was water 
containing 1% formic acid (A) and acetonitrile (B), 
and the composition gradient was: 13% of B until 10 
min and changed to obtain 20%, 30%, 50%, 60%, 70%, 
20% and 10% B at 20, 30, 40, 50, 60, 70 and 80 min, 
respectively (Boligon et al., 2012) with slight 
modifications. Pedilanthus tithymaloides methanolic 
extract was analyzed dissolved in ethanol at a 
concentration of 20 mg/mL. The presence of eleven 
antioxidants compounds was investigated, namely, 
gallic acid, chlorogenic acid, caffeic acid, ellagic acid, 
catechin, epicatechin, quercetin, quercitrin, 
isoquercitrin, rutin and kaempferol. Identification of 
these compounds was performed by comparing 
their retention time and UV absorption spectrum 
with those of the commercial standards. The flow 
rate was 0.7 ml/min, injection volume 50 μl and the 
wavelength were 254 nm for gallic acid, 280 nm for 
catechin and epicatechin, 327 nm for caffeic, ellagic 
and chlorogenic acids, and 366 nm for quercetin, 
isoquercitrin, quercitrin, rutin and kaempferol. All 
the samples and mobile phase were filtered through 
0.45 μm membrane filter (Millipore) and then 
degassed by ultrasonic bath prior to use. Stock 
solutions of standards references were prepared in 
the HPLC mobile phase at a concentration range of 
0.030 – 0.250 mg/ml for kaempferol, quercetin, 
isoquercitrin, quercitrin, catechin, epicatechin and 

rutin; and 0.030 – 0.250 mg/ml for gallic, caffeic, 
ellagic and chlorogenic acids. The chromatography 
peaks were confirmed by comparing its retention 
time with those of reference standards and by DAD 
spectra (200 to 400 nm). Calibration curve for gallic 
acid: Y = 12740x + 1305.1 (r = 0.9997); catechin: Y = 
12407x + 1359.6 (r = 0.9999); epicatechin: Y =  12547x 
+ 1193.4 (r = 0.9996); caffeic acid: Y = 13058x + 1359.3 
(r = 0.9990); chlorogenic acid: Y = 13261x + 1275.3 (r = 
0.9995); ellagic acid: Y = 11985x + 1265.9 (r = 
0.9998); rutin: Y = 12845 + 1065.7 (r = 0.9999); 
quercetin: Y = 13560x + 1192.6 (r = 0.9991), 
isoquercitrin: Y = 14273x + 1275.4 (r = 0.9998), 
quercitrin: Y = 13719x + 1256.7 (r = 0.9993) and 
kaempferol: Y = 14253x + 1238.9 (r = 0.9997). All 
chromatography operations were carried out at 
ambient temperature and in triplicate. The limit of 
detection (LOD) and limit of quantification (LOQ) 
were calculated based on the standard deviation of 
the responses and the slope using three 
independent analytical curves. LOD and LOQ were 
calculated as 3.3 and 10 σ/S, respectively, where σ is 
the standard deviation of the response and S is the 
slope of the calibration curve (Boligon et al., 2013). 
 
Quantification of carotenoids HPLC-DAD 
Carotenoids analysis was carried at reverse phase 
chromatographic analyses were carried out under 
gradient conditions using C18 column (4.6 mm x 150 
mm) packed with 5 μm diameter particles. The 
mobile phase consisted of mixtures of ACN: H2O 
(9:1, v/v) with 0.25% triethylamine (A) and EtAc with 
0.25% triethylamine (B). The gradient started with 
90% A at 0 min to 50% A at 10 min. The percentage of 
A decreased from 50% at 10 min to 10% A at 20 min. 
The flow-rate was 0.8 ml/min and the injection 
volume was 40μl. Signals were detected at 450 nm, 
following the method described by Janovik et al. 
(2012) with slight modifications. Solutions of 
standards references (tocopherol, β-carotene and 
lycopene) were prepared in HPLC mobile phase at a 
concentration range of 0.035 - 0.350 mg/ml. The 
samples were analyzed at a concentration of 20 
mg/mL, carotenoids were identified and quantified 
in the extracts by comparison of retention times and 
UV spectra with the standard solution. All 
chromatography operations were carried out at 
ambient temperature and in triplicate. 
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Limit of detection (LOD) and limit of quantification 
(LOQ)  

LOD and LOQ were calculated based on the 
standard deviation of the responses and the slope 
using three independent analytical curves. LOD and 
LOQ were calculated as 3.3 and 10 r/S, respectively, 
where r is the standard deviation of the response 
and S is the slope of the calibration curve (Boligon 
et al., 2012). 

 

Results 
The phytochemical screening revealed the presence 
of alkaloids, tannins, isoprenoids, flavonoids and 
glycosides in the extract (Table 1). Table 2 showed 
the relative quantities of phenols, flavonoids, and 
antioxidant capacity; Total Phenols (µg TAE/mg) are 
1.56, while Total Flavonoids (µg QE/mg) and Total 
Antioxidant Capacity (mM AAE /mg) are 17.89 and 
327.53 respectively. The DPPH radical scavenging 
capacity was shown in Figure 1, it’s relatively 
compared to the standard, even at the highest 
concentration used, and the radical scavenging 
capacity was not up to 40%. The extract’s ABTS 
radical scavenging capacity in Figure 2 
demonstrated concentration dependent manner, 
although not up to the trolox standard. NO radical 
scavenging capacity in Figure 3 showed that the 
scavenging in the lowest concentration was not 
significant from the highest, this was also the trend 
observed in the reductive potential, Figure 4; this 
might suggest that the extract a very high capacity 
to scavenge NO radical and to reduce oxidants. The 
metal chelating capacity was observed to be very 
low but followed a concentration dependent 
manner (Fig 5). Figure 6 showed the extract’s 
capacity to scavenge OH radical, the extract 
compared favourably with the standard at each 
concentration, it also had concentration 
dependence. Figure 7 also described the extract’s 
capacity to inhibit lipid peroxidation, though the 
trend seems non-significantly different from each 
other, but it had high capacity to inhibit lipid 
peroxidation. The high performance liquid 
chromatography (HPLC) profile of Pedilanthus 
tithymaloides was presented in Figure 8 and Table 3; 
gallic acid (peak 1), catechin (peak 2), chlorogenic 
acid (peak 3), caffeic acid (peak 4), ellagic acid (peak 
5), epicatechin (peak 6), rutin (peak 7), isoquercitrin 

(peak 8), quercitrin (peak 9), quercetin (peak 10) 
and kaempferol (peak 11). The result showed that 
phenolics were abundant in the extract especially 
flavonoids; and kaempferol was the most abundant 
(34.27 ± 0.01 mg/g), followed by quercetin and 
others. The high performance liquid 
chromatography (HPLC) profile of carotenoids in 
Pedilanthus tithymaloides was also represented in 
Figure 9 and Table 4; tocopherol (peak 1) and β-
Carotene (peak 2) were the only carotenoids 
present, and β-Carotene was the most abundant 
(2.82 ± 0.01 mg/g). Assays to substantiate the anti-
inflammatory properties of the extract were 
reported in Figures 8 and 9. These are the 
antihemolytic and antidenaturation assays. The 
extract’s potential in antihemolytic assay showed a 
concentration dependent relationship but the 
power is not as much pronounced as that of the 
standard quercetin, while in antidenaturation assay, 
the extract competed with the standard to a large 
extent. The result showed a significant difference in 
all the concentrations employed for the assays. 
 
HPLC analysis 
HPLC fingerprinting of Pedilanthus tithymaloides 
methanolic extract revealed the presence of the 
gallic acid (tR = 10.24 min; peak 1), catechin (tR = 15.92 
min; peak 2); chlorogenic acid (tR = 22.18 min; peak 
3), caffeic acid (tR = 26.07 min; peak 4), ellagic acid 
(tR = 29.83 min; peak 5), epicatechin (tR = 34.21 min; 
peak 6),  rutin (tR = 39.87 min; peak 7), isoquercitrin 
(tR = 44.81 min; peak 8), quercitrin (tR = 47.03 min; 
peak 9), quercetin (tR = 52.11 min; peak 10) and 
kaempferol (tR = 57.29 min; peak 11) (Fig. 1 and Table 
3). The HPLC analysis revealed that flavonoids 
(quercetin, isoquercitrin, quercitrin, rutin and 
kaempferol), tannins (catechin and epicatechin) and 
phenolics acids (gallic, chlorogenic, ellagic and 
caffeic acids) are present in the extract of 
Pedilanthus tithymaloides. 
 
HPLC analysis 
Calibration curve:  
Tocopherol was: Y = 34721x + 1046.9 (r = 0.9999); tR 

13.81 min. LOD = 0.023 g/mL and LOQ = 0.075 

g/mL. 
β-carotene: Y = 27732x + 1156.8 (r = 0.9988); tR 23.59 

min. LOD = 0.031 g/mL and LOQ = 0.099 g/mL.
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Lycopene: Y = 31058x + 1527.1 (r = 0.9999); tR 29.14 

min. LOD = 0.028 g/mL and LOQ = 0.091 g/mL. 
(Figure 11, table 4). 
 
Discussion 
Phytochemicals are known to support bioactive 
activities in medicinal plants and may therefore be 
responsible for the antioxidant activities of the leaf 
of Pedillanthus tithymaloides. The phytochemical 
screening revealed the presence of alkaloids, 
tannins, isoprenoids/terpenoids, flavonoids and 
glycosides in the extract (Table 1). Alkaloids have 
been associated with medicinal uses for centuries 
and one of their common biological properties is 
their cytotoxicity, they have also been documented 
to possess analgesic, antispasmodic and bactericidal 
effects (Falode et al., 2016). Tannins hasten the 
healing of wounds and inflamed mucous membrane 
(Okwu and Okwu, 2004), they are generally known 
to be useful in the treatment of inflamed or 
ulcerated tissues and have remarkable activity in 
cancer prevention. Flavonoids are potent water-
soluble antioxidants and free radical scavengers 
which prevent oxidative cell damage and have 
strong anticancer activity (Falode et al., 2016). 
Flavonoids also lower the risk of heart diseases. 
Terpenoids are capable of promoting the activities 
of some enzymes in the intestine, building the 
immune system and promoting wound healing. 
Cardiac steroids are widely used in the treatment of 
congestive heart failure. They help in increasing the 
force of contraction of the heart (positive ionotropic 
activity) in heart failure patients. Thus, the presence 
of these constituents in P. tithymaloides supports 
the common traditional use of the plant in the 
treatment of various diseases (Falode et al., 2016, 
2018). Table 2 showed the relative quantities of 
phenols, flavonoids, and antioxidant capacity; Total 
Phenols (µg TAE/mg) are 1.56, while Total 
Flavonoids (µg QE/mg) and Total Antioxidant 
Capacity (mM AAE /mg) are 17.89 and 327.53 
respectively. The DPPH radical scavenging capacity 
was shown in Figure 1, it’s relatively compared to 
the standard, even at the highest concentration 
used, and the radical scavenging capacity was not 
up to 40%. The extract’s ABTS radical scavenging 
capacity in Figure 2 demonstrated concentration 
dependent manner, although not up to the trolox 

standard. NO radical scavenging capacity in Figure 3 
showed that the scavenging in the lowest 
concentration was not significant from the highest, 
this was also the trend observed in the reductive 
potential, Figure 4; this might suggest that the 
extract a very high capacity to scavenge NO radical 
and to reduce oxidants. The metal chelating 
capacity was observed to be very low but followed a 
concentration dependent manner (Fig 5). Figure 6 
showed the extract’s capacity to scavenge OH 
radical, the extract compared favourably with the 
standard at each concentration, it also had 
concentration dependence. Figure 7 also described 
the extract’s capacity to inhibit lipid peroxidation, 
though the trend seems non-significantly different 
from each other, but it had high capacity to inhibit 
lipid peroxidation. The extract as shown in Table 2 
demonstrated remarkable contents of phenols and 
flavonoids; and total antioxidant activities. The 
reducing power of a compound is related to its 
electron transfer ability and may serve as a 
significant indicator of its potential antioxidant 
activity (Falode et al., 2018). The hydroxyl radical is 
the most reactive of the reactive oxygen species, 
and it induces severe damage in adjacent 
biomolecules (Gutteridge, 1984; Falode et al., 2018), 
the hydroxyl radical can cause oxidative damage to 
DNA, lipids and proteins, Figure 6 showed the 
extract’s capacity to scavenge OH radical. Metal ion 
chelating capacity plays a significant role in 
antioxidant mechanisms, since it reduces the 
concentration of the catalyzing transition metal in 
LPO (Duh et al., 1999; Falode et al., 2018) 
 
P. tithymaloides is a medicinal plant applied to 
wounds for rapid healing (Waroonluk, 2010). The 
chemical analysis of its stems and leaves has 
identified kaempferol 3-O-β-D-glucopyranoside-6-(3-
hydroxy-3-methylglutarate), quercitrin, isoquercitrin 
and scopoletin, which are phenolic and flavonoid 
compounds (Abreu et al., 2008). Previous studies 
reported an anti-inflammatory effect of the stem 
and leaves of P. tithymaloides in rats that induced 
paw edema by carageenan. In addition, an in vitro 
study showed that the extract could efficiently 
inhibit ROS (reactive oxygen species) and RNS 
(reactive nitrogen species) (Abreu et al., 2006). The 
chemical constituents isolated from P. tithymaloides 
studied by the broth micro-dilution method using 
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Mueller-Hinton and RPMI-1640 media showed 
strong inhibition against Staphylococcus aureus, 
Bacillus subtilis, Pseudomonas aeruginosa and 
Escherichia coli (Vidotti et al., 2006).  
 
HPLC is a chromatographic procedure which is used 
to separate, identify, quantify and purify individual 
components of a mixture. HPLC fingerprinting has 
become imperative and vital quality control tool for 
herbal samples. It provides quantitative and 
qualitative information to researchers as well as 
enables the screening of samples for the presence 
of new compounds (Jagmohan and Pramod, 2011). 
The high performance liquid chromatography 
(HPLC) profile of Pedilanthus tithymaloides was 
presented in Figure 10 and Table 3; gallic acid (peak 
1), catechin (peak 2), chlorogenic acid (peak 3), 
caffeic acid (peak 4), ellagic acid (peak 5), 
epicatechin (peak 6), rutin (peak 7), isoquercitrin 
(peak 8), quercitrin (peak 9), quercetin (peak 10) 
and kaempferol (peak 11). The result showed that 
phenolics were abundant in the extract especially 
flavonoids; and kaempferol was the most abundant 
(34.27 ± 0.01 mg/g), followed by quercetin and 
others. The high performance liquid 
chromatography (HPLC) profile of carotenoids in 
Pedilanthus tithymaloides was also represented in 
Figure 11 and Table 4; tocopherol (peak 1) and β-
Carotene (peak 2) were the only carotenoids 
present, and β-Carotene was the most abundant 
(2.82 ± 0.01 mg/g). 
 
P. tithymaloides is a low tropical shrub, locally 
known as Rang-chita. Different parts of the plant are 
used in traditional Indian medicine as abortive, 
anticancer, anti-inflammatory and antimicrobial 
(Ghosh et al., 2012; Ghosh et al., 2013; 
Bunyapraphatsara and Chokchaichareonporn, 
2000), it had been reported to possess therapeutic 
activity against skin disorders (Kumar and 
Chaturvedi, 2010). The flavonoid luteolin along with 
the new compound tetradecanediol sodium salt 
were isolated from the methanolic extract (ME) of 
PT leaves (Ghosh et al., 2013); luteolin has been 
reported to suppress NF-κB activation and COX-2 
expression activated by the MyD88-independent 
pathway via Toll-like receptor-4 (Lee et al., 2009); 
luteolin also inhibits the post-attachment stage of 
Enterovirus 71 and Coxsackie virus A16 (Xu et al., 

2014), replication of Poliovirus (Vrijsen et al., 1988), 
Influenza virus A (Liu et al., 2008), and HIV-1 (Mehla 
et al., 2011). 
 

Assays to substantiate the anti-inflammatory 
properties of the extract were reported in Figures 8 
and 9. These are the antihemolytic and 
antidenaturation assays. Quite a number of extracts 
have been demonstrated to protect and stabilize 
red blood cells that were exposed to a combined 
hypotonic and hemolytic induced stress. The degree 
of inhibition of BSA denaturation increased with the 
decrease in the concentration of the extracts 
(Williams et al., 2008). The anti-denaturation of the 
drug will be more at lower concentration. The 
extract showed a concentration dependent increase 
in both antihemolytic and antidenaturation 
activities. 
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Table 1: Phytochemical constituents of Pedilanthus tithymaloides leaf extracts. 

 

Constituents Results  

Saponin - 

+ = positive 
-  = negative 

Tannins + 
Flavonoids + 
Alkaloids + 
Phlobatannins - 
Steroids - 
Isoprenoids/Terpenoids + 
Anthraquinones - 
Cardiac glycosides + 

 
 

Table 2: Total phenols, flavonoid contents and total antioxidant capacity of Pedilanthus tithymaloides 

 

In vitro Antioxidant Parameter (Quantitative) Values in Pedilanthus tithymaloides 

Total Phenols (µg TAE/mg)A 1.564  

Total Flavonoids (µg QE/mg)B  17.889 

Total Antioxidant Capacity (mM AAE /mg)C 327.526 

Values are expressed as mean ± SD (n =3); ATAE ‐ Tannic acid equivalents;  BQE‐Quercertin equivalents; 
CAAE – Ascorbic acid equivalents 
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Table 3: Phenolics composition of Pedilanthus tithymaloides methanolic extract 

 

Compounds 
P. tithymaloides LOD LOQ 

mg/g % g/mL g/mL 

Gallic acid 4.57 ± 0.02 a  0.45 0.024 0.079 

Catechin 16.50 ± 0.02 b 1.65 0.015 0.049 

Chlorogenic acid 4.18 ± 0.01 a 0.41 0.007 0.023 

Caffeic acid 22.73 ± 0.03 c 2.27 0.035 0.115 

Ellagic acid 14.32 ± 0.01 d 1.43 0.028 0.091 

Epicatechin 13.97 ± 0.01 d 1.39 0.021 0.070 

Rutin 11.56 ± 0.03 e 1.15 0.042 0.138 

Isoquercitrin 9.13 ± 0.02 f 0.91 0.010 0.032 

Quercitrin 24.85 ± 0.01 c 2.48 0.019 0.063 

Quercetin 21.93 ± 0.02 c 2.19 0.026 0.084 

Kaempferol 34.27 ± 0.01 g 3.42 0.013 0.042 

 
Results are expressed as mean ± standard deviations (SD) of three determinations. 

Averages followed by different letters differ by Tukey test at p < 0.05. 
 
 
 
 
 

Table 4: Carotenoids composition of Pedilanthus tithymaloides methanolic extract 
 

Carotenoids  
P. tithymaloides 

(mg/g) 

Tocopherol 0.69 ± 0.02 a 

β-Carotene 2.82 ± 0.01 b 

Lycopene - 

 
Results are expressed as mean ± standard deviations (SD) of three determinations. 

Averages followed by different letters differ by Tukey test at p < 0.05 
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Figure 1: DPPH radical scavenging Capacity of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other. 
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Figure 2: ABTS radical scavenging Capacity of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other. 

 
Figure 3: NO radical scavenging capacity of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ##P<0.05 concentrations of extract are 
not significantly different from each other. 
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Figure 4: Reductive Potential of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ##P<0.05 concentrations of extract are 
not significantly different from each other. 
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Figure 5: Metal Chelating Capacity of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other.  
 

 
 
Figure 6: OH radical scavenging Capacity of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other. 
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Figure 7: Inhibition of Lipid Peroxidation of Pedilanthus tithymaloides extracts.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other. 
 

 
 
Figure 8: Percentage Anti-hemolytic capacity of Pedilanthus tithymaloides extract.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other. 
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Figure 9: Percentage Anti-denaturation capacity of Pedilanthus tithymaloides extract.  
Results are expressed as mean ± standard deviations (SD) (n=3), ***P<0.05 concentrations are 
significantly different from each other. 
 
 

 
 
Figure 10: Representative high performance liquid chromatography profile of Pedilanthus tithymaloides, 
detection UV was at 327nm. Gallic acid (peak 1), catechin (peak 2), chlorogenic acid (peak 3), caffeic acid 
(peak 4), ellagic acid (peak 5), epicatechin (peak 6), rutin (peak 7), isoquercitrin (peak 8), quercitrin 
(peak 9), quercetin (peak 10) and kaempferol (peak 11).  
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Figure 11: Representative high performance liquid chromatography profile of Pedilanthus tithymaloides, 
detection UV was at 327nm. Tocopherol (peak 1), β-Carotene (peak 2) 

 
 
 
 
 
 
 
 
 
 
 

 


