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Ayurveda, the Indian system of medicine mainly 
uses plant-based drugs or formulations to treat various 
ailments including cancer. Plant derived compounds, 
in particular have a special place in anti-cancer the
rapy, and some of the new chemotherapeutic agents 
currently available for use in a clinical setting include 
paclitaxel, vincristine, podophyllotoxin and campto
thecin, a natural product precursor for water soluble 
derivatives [1–3]. Due to lack of effective drugs, cancer 
is a fatal disease rating the top three cause of death. 
Many of the chemotherapeutic agents sold for the 
treatment of cancer are highly expensive, mutagenic, 
carcinogenic and teratogenic and marrow inhibition 
limits their applications [4]. Therefore the quest for 
effective anti-cancer drug is an active research field. 
Efforts, therefore, are being made to identify naturally 
occurring anticarcinogens, which would prevent, slow/
reverse cancer development [5].

Ichnocarpus frutescens (Apocynaceae), is a large 
evergreen, climbing, much branched shrub and as-
cending up to an altitude of 4000 ft, is found almost 

throughout India. Leaves are boiled in oil and applied in 
headaches and fevers; they are also applied to wounds 
[6]. The plant contains wide range of iridoid glycosides, 
triterpenoids [7] and polyphenolic compounds [8] 
such as simple phenolic acids and flavonoids, whereas 
it contains no alkaloids. The utilization of decoction of 
leaves of I. frutescens in the treatment of jaundice and 
diabetes is noteworthy [9]. Some of the constituents 
of the plant, such as triterpenoids and flavonoids 
were shown to present antitumor, antioxidant and 
related biological activities [10, 11]. Plants belong-
ing to Apocynaceae are reported to have anticancer 
properties. Flavonoids have been shown to possess 
antimutagenic and anticarcinogenic activity [12-13]. 
Our earlier report reveals the antiinflammatory activity 
of hydroalcoholic extract of I. frutescens [14]. In spite 
of reported use, no systematic clinical experimental 
studies have been carried out to assess the antitumor 
activity of this species. Therefore I. frutescens leaves 
were investigated for their potential antitumor and 
free radical scavenging property in order to assess 
the ethnomedical uses. 

MATERIALS AMD METHODS
Chemicals. 5-Fluorouracil (5-FU) was obtained 

from Nicholas Piramal India Limited (Mumbai, India). 
Alpha tocopherol, quercetin, cytarabine arabinoside 
(Ara-C), fetal bovine serum (FBS), RPMI-1640 me-
dium, 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT), gentamycin (40 µg/mL), 
penicillin (100 units/mL) and streptomycin (10 µg/mL) 
were purchased from Sigma Chemical Co (MO, USA). 
Sodium nitroprusside, Griess reagent, nitroblue tet-
razolium (NBT), nicotinamide adenine dinucleotide 
(NADH), phenazine methosulfate (PMS). All other 
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chemicals were of high purity and obtained from com-
mercial sources.

Plant materials. The fresh leaves of Ichnocarpus 
frutescens were collected from Thiruchirappalli, India, 
in Febrary 2005, authenticated at Botanial Survey 
of India, Central National Herbarium, Howrah, India 
(Ref No: CNH/I-I/87/2005-TECH/1326). An authentic 
voucher specimen was deposited in the Herbarium of 
Division of Pharmacognosy, Department of Pharma-
ceutical Technology, Jadavpur University, Kolkata, 
India.

Preparation of polyphenolic extract (PPE). 
Dried leaves of Ichnocarpus frutescens (500 g) were 
finely powdered, mixed with 70% ethanol and kept at 
room temperature for 5 days. After 5 days solution was 
filtered and the solvent was evaporated. The residue 

was dissolved in water and the aqueous layer was 
washed with petroleum ether several times until a clear 
upper layer of petroleum ether was obtained. The lower 
layer was then treated with ethyl acetate containing 
glacial acetic acid (10 ml/l). Extraction of polyphenols 
was carried out for 36 h at room temperature and the 
combined ethyl acetate layer was concentrated [15]. 
The residue was lyophilized and stored at –70 °C. 

This yielded about 10–15 g per 100 g of leaf powder. 

The total polyphenolic and flavonoid content of the 
extract was assayed using the method of Slinkard and 
Singleton [16, 17].

Animals. Healthy male Swiss albino mice and 
Wistar albino rats, weighing about 20–25 g and 
180–200 g, respectively were obtained from M/S 
Ghosh Enterprises, Kolkata, India and were used in the 
present study. Animals were collected from breeding 
colony and acclimatized to the laboratory condition for 
2 weeks. The animals were fed with commercial diet 
from Hindustan Lever Ltd (Bangalore, India) and had 
free access to water during the experiments. Experi-
ments were performed complied with the rulings of the 
Committee for the Purpose of Control and Supervision 
of Experiments on Animals (CPCSEA) New Delhi, India, 
and the study was permitted by the institutional ethical 
committee of the Jadavpur University, Kolkata, India.

Acute toxicity study. Swiss albino mice of either 
sex weighing 18–22 g were randomly distributed 
into six different groups (six animals per group). The 
animals were fasted overnight and the drug was 
administered orally at dose levels of 100, 200, 400, 
800, 1600 and 3200 mg/kg body weight. The animals 
were closely monitored for the first 1 h for behavioral, 
neurological and autonomic profiles and for 72 h for 
mortality/lethality rate [18].

In vivo anti-tumor activity
Tumor cells. Ehrlich ascites carcinoma (EAC) 

described in this paper was hyperdiploid subline (ob-
tained from Chitharanjan Cancer Research Institute 
(CCRI), Kolkata, India), which has been propagated in 
our laboratory by weekly intraperitoneal (IP) inocula-
tion of about 2.5 × 106 cells/mouse. The ascites tumor 
cells, obtained from donor mouse, were diluted with 

buffer solution saline (BSS) and counted with hemo-
cytometer.

Effect of PPE on EAC cell line. A total of 60 fe-
male mice were divided at random into 5 groups 
(12 animals per group). Group I (Normal) animals re-
ceived orally normal saline solution for 9 days. Group II 
(Control) animals received orally normal saline solution 
for 9 days, and each mouse was inoculated (IP) with 
2 × 106 EAC cells suspended in BSS on day 0. Group III 
(treated — 50 mg/kg) animals received orally 50 mg 
PPE/kg for 9 days, and each mouse was inoculated 
(IP) with 2 × 106 EAC cells suspended in BSS on day 0. 
Group IV (Treated — 100 mg/kg) animals received 
orally 100 mg PPE/kg for 9 days and each mouse was 
inoculated (IP) with 2 × 106 EAC cells suspended in 
BSS on day 0. Group V (5-FU treated — 20 mg/kg) 
animals received orally 20 mg/kg 5-FU for 9 days 
and were injected IP with 2 × 106 EAC-cells. After the 
administration of last dose of PPE followed by 18 h 
fasting 6 mice from each group were sacrificed for 
the study of antitumor activity, hematological and bio-
chemical parameters. The remaining animals in each 
group were kept to check the median survival time 
(MST) of the tumor bearing hosts. At the end of each 
treatment period, survival time of each mouse was 
recorded and MST of each group was then calculated. 
Antitumor effect of PPE was assessed by observation 
of changes with respect to body weight, ascetics tumor 
volume, packed cell volume, viable & nonviable tumor 
cell count, MST and percentage increase in life span 
(ILS, %). MST of each group containing 6 mice was 
monitored by recording the mortality daily for 6 weeks 
and % ILS was calculated [20, 21]. 

Tumor volume, viable/non-viable tumor cell 
count. The mice were killed by cervical dislocation 
(acceptable method of euthanasia), dissected and the 
ascitic fluid was collected from the peritoneal cavity. 
The volume was measured by taking it in a graduated 
centrifuge tube and packed cell volume was deter-
mined by centrifuging at 1000 rpm for 5 min. The viable 
tumor cell counts (trypan blue test) were carried out 
with Neubauer hemocytometer. The cells were then 
stained with trypan blue (0.4% in normal saline) dye. 
These viable and nonviable cells were counted.

                           Number of cells × DilutionCell count ═ ————————————————
                        Area × Thickness of liquid film

Percentage increase of life span (% ILS). The 
effect of PPE on tumor growth was monitored by 
recording the mortality daily for a period of 5 weeks 
and % ILS was calculated. The animals that survived 
35 days were considered to be cured.

                 Mean survival of treated group% ILS ═ (————————————————— ─ 1) × 100
                       Mean survival of control

Median Survival Time = (Day of 1 death + Day of 
last death) / 2

Hematological Parameters. At the end of the 
experimental period, all mice were killed the next day 
after an overnight fasting by decapitation. Blood was 
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collected from freely flowing tail vein and used for the 
estimation of hemoglobin (Hb) content, red blood 
cell count (RBC) and white blood cell count (WBC). 
WBC differential count was carried out from Leishman 
stained blood smears.

In vitro anti-tumor activity
Cell culture. U-937 monocytoid leukemia and K-562 

erythroleukemia cell lines were obtained from National 
Facility for Animal Tissue & Cell culture, Pune (India). The 
growth of the cell lines was maintained in the Pharmacog-
nosy and Phytotherapy Research Laboratory in RPMI-
1640 medium supplemented with 10% heat inactivated 
fetal bovine serum and gentamycin (40 µg/mL), penicillin 
(100 units/ml) and streptomycin (10 µg/ml). Cells were 
grown at 37 °C in a humidified atmosphere of 5% CO2, 
95% air in a CO2 incubator.

Cell viability study. Log phase cell suspension of 
U937 and K562 at a concentration of 105/ml in RPMI 
1640 (with 10% FBS) was used for the experiment in 
96 well microtitre sterile plate. To each well 100 µl of cell 
suspension was placed. The test drug was added at 
different concentration (5, 10 and15 µg/ml) against the 
standard drug Ara-C (20 µg/mL) and the viable count 
was done by Trypan blue exclusion method [22] after 
24 h of treatment.

Cytotoxicity assay. Cell lines at exponential growth 
phase were washed, trypsinized and resuspended in 
RPMI 1640 medium. Cells were kept at a concentra-
tion of 105 cells/well in 96 well microtitre plate. The cells 
were treated with different concentration of test drug 
(5, 10 and 15 µg/ml) against the Ara-C (20 µg/mL), 
and the control which contained only the medium, and 
incubated for 24 h. MTT [3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyltetrazolium bromide] solution was added to 
each well to make the final concentration of 400 µg/ml 
and further incubated at 37 °C in a CO2 incubator for 3 h 
[23]. The reaction resulted in the reduction of MTT by 
the mitochondrial dehydrogenase of viable cells to a 
purple formazan product. The MTT-formazan product 
was dissolved in DMSO and estimated by measuring the 
absorbance at 570 nm in an ELISA plate reader.

Free radical scavenging activity. Scavenging 
activity of nitric oxide radical nitric oxide generated from 
sodium nitroprusside in aqueous solution at physiological 
pH interacts with oxygen to produce nitrite ions, which 
were measured by the Griess reaction [24]. The reaction 
mixture (3 ml) containing 10 mM sodium nitroprusside 
in phosphate-buffered saline and PPE and the reference 
compound at different concentrations (50, 100, 150, 
200 and 250 µg/ml) was incubated at 25 °C for 150 min. 
A 0.5 ml aliquot of the incubated sample was removed 
at 30 min intervals, and 0.5 ml Griess reagent (1% 
sulfanilamide, 0.1% naphthylethylene diamine dihydro-
chloride in 2% H3PO4) was added. The absorbance of 
the chromophore formed was measured at 546 nm. All 
tests were performed in triplicate. Percent inhibition of 
the nitric oxide generated was measured by comparing 
the absorbance values of control and test preparations. 
Alpha tocopherol was used as a positive control. 

Superoxide anion radical scavenging activity of 
PPE. The superoxide anion scavenging activity of PPE 
was determined by the method described by Nishimiki 
et al. [25], slightly modified. About 1 ml of NBT solution 
containing 156 µM NBT dissolved in 1.0 ml 100 mM 
phosphate buffer, pH 7.4, 1 ml NADH solution contain-
ing 468 µM NADH dissolved in 1 ml 100 mM phosphate 
buffer, pH 7.4, and 0.1 ml of various concentration of 
PPE and reference compounds (50, 100, 150, 200 and 
250 µg/ml) were mixed and the reaction was started by 
adding 100 µl phenazine methosulfate solution contain-
ing 60 µM phenazine methosulfate in 100 mM phosphate 
buffer, pH 7.4. The reaction mixture was incubated at 
25 °C for 5 min and absorbance at 560 nm was measured 
against control samples. All tests were performed in 
triplicate. Percent inhibition was calculated by comparing 
the results of control and test samples. Alpha tocopherol 
was used as reference compound.

Statistical analysis. Data were analyzed using 
Graphat Instat Software (San Diego, CA, USA). The 
experimental data were expressed as mean ± SEM. the 
significance of difference among the various treated 
groups and control group were analyzed by means of 
one-way ANOVA. The level of significance was set at 
p < 0.05. IC50 (inhibitory concentration which caused 
50% inhibition) were estimated using linear regression 
method of plots of the percent of antiradical activity 
against the concentration of the tested compounds using 
Microsoft Excel Software Programme.

RESULTS
Preliminary phytochemical studies. The results 

of our present study are presented in Tables 1–4 and 
Fig. 1–6. Preliminary phytochemical screening of PPE 
was carried out for the detection of phytoconstituents, 
using standard chemical tests. Triterpenoids, flavo-
noids, simple phenolic acids, steroids and tannins were 
detected in PPE. Chromatography on silica gel 60 with 
chloroform, methanol as mobile phase, in a saturated 
chamber, allows baseline separation of the target com-
pounds. The PPE profile can be visualized with Fast Blue 
Salt B reagent. 
Table 1. Effect of PPE and 5-FU treatment on the survival of EAC (2 × 106 

cells) treated mice
Group Median survival time (Days) Increase of life span (% )

1 – –
2 19.66 ± 0.88 –
3 30.16 ± 0.60* 53.41%
4 34.20 ± 0.87* 73.95%
5 36.76 ± 0.72* 86.97%

Notes: n = 30; results are presented as mean ± SEM. Days of drug treat-
ment: 9 days.*p < 0.01 compared to group 2. Data were analyzed by One-
way ANOVA followed by Dunnett’s test.

The polyphenolic extract of Ichnocarpus frutescens 
did not cause any mortality up to 2000 mg/kg and was 
considered as safe (OECD, 2002). Total phenolic content 
of PPE was expressed as mg of pyrocatechol equivalent 
per gram of dry weight of PPE extract. 1000 µg of PPE 
was used to determine the amount of total polyphenolic 
content. The level of total polyphenolic compounds was 
100.51 mg of pyrocatechol equivalent per gram of PPE. 
The present study showed the flavonoid content deter-
mined by two independent colorimetric methods, one 
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for the determination of flavones and flavonols and other 
for determination of flavanones, as reported earlier. The 
contents of total flavonoids in the PPE of I. frutescens were 
expressed as the sum of two complementary methods for 
the determination of flavones, flavonols and flavonones 
and the results found to be 17.8 mg of quercetin and narin-
genin equivalent per gram of PPE. Major types of phenolic 
constituents identified in the leaves of I. frutescens are 
simple phenolic acids, flavonol, flavones, flavonones and 
flavonoid glycosides.

Acute toxicity study. In the acute toxicity study, PPE 
upto dose level of 3200 mg/kg of body weight did not 
exhibit any lethality or toxic symptoms. According to or-
ganization for Economic Co-operation and Development 
(OECD) guidelines for acute oral toxicity, an LD50 dose of 
2000 mg/kg and above is characterized as unclassified 
and hence the drug is found safe. Acute toxicity study 
revealed that the extract was safe up to a dose level of 
3200 mg/kg of body weight.

Effect on body weight changes. Tumor-bear-
ing mice (group 2- positive control) showed a sig-
nificant (p < 0.01) increase in body weight as compared 
with group 1 (negative control). Treatment with PPE 
(100 mg/kg) significantly reduced the increase in body 
weight of EAC bearing mice at 10, 15 and 20 days, whereas 
at the dose of 50 mg PPE/kg the retardation of increase in 
body weight was statistically significant (p < 0.01) at 15 and 
20 days after tumor implantation. 5-Flurouracil treatment 
also significantly reduced the increase in body weight of 
tumor-bearing mice at 15 and 20 days after implantation. 
The effect of PPE treatment was comparable with that of 
5-FU (Fig. 1). 

Effect on survival time. In group 2, no animals 
survived after 22 days after EAC transplantation. The 
mean survival time in this group was 19.66 days. PPE 
treatment (100 mg/kg/day) increased the mean survival 
period to 32.40 days, with no animals survived after day 
45. The increase in life span (ILS) of PPE treated (50 
and 100 mg/kg) groups was 73.95%. 5-Fluorouracil 

treatment (Group 3) increased the mean survival period 
to 36.76 days. No animals survived after 40 days. ILS 
in groups treated with PPE (50 mg/kg/day) and 5-FU 
(20 mg/kg) was 53.41 % and 86.97% respectively. The 
percentage increase of lifespan and mean survival time 
of mice treated with PPE at higher dose was comparable 
that observed in the 5-FU treatment group (Fig. 2).

Fig. 1. Effect of polyphenolic extract (PPE) of I.frutescens and 
5-FU treatment on body weight changes in mice treated with EAC 
cells. Each valuse represents the mean ± SEM of six animals.

Fig. 2. Effect of polyphenolic extract (PPE) of I.frutescens and 
5-FU on the percentage  survival days of mice treated with EAC 
cells. Each values represents the mean ± SEM of six animals.

Effect of PPE on in vivo cytotoxicity and tu-
mor cell viability. Table 2 shows the effect of PPE 
treatment on EAC growth in mice. The tumor volume 

Table 2. Effect of polyphenolic extract (PPE) of I. frutescens and 5-FU treatment on tumor growth in vivo.
Parameters Group 2 Group 3 Group 4 Group 5

Tumor volume (cm3) 4.1 ± 0.159 2.73 ± 0.120 2.3 ± 0.15* 1.71 ± 0.213*
Change over control (%) – 66.58 56.09 41.70
Viable tumor cell count × 106 8.78 ± 0.228 4.83 ± 0.270 3.41 ± 0.20* 2.86 ± 0.252*
Change over control (%) – 55.01 38.83 32.57
Non-viable tumor cell count × 106 0.508 ± 0.030 0.653 ± 0.022 0.856 ± 0.02* 0.893 ± 0.02*
Change over control (%) – 128.54 168.58 175.78
Notes: n = 30; results are presented as mean ± SEM. Days of drug treatment: 9 days; *p < 0.01 compared to group 2. Data were analyzed by One-way 
ANOVA followed by Dunnett’s test.
Table 3. Effect of polyphenolic extract (PPE) of I. frutescens and 5-FU treatment on hematological indexes of experimental animals.

Hematological parameters Group 1 Group 2 Group 3 Group 4 Group 5
Hemoglobin (%) 13.2 ± 1.18** 8.66 ± 0.198 10.10 ± 1.03** 11.58 ± 0.312** 12.16 ± 0.260**
Total RBC(cells/ml × 109) 6.31 ± 0.142** 4.36 ± 0.168 5.46 ± 0.229** 5.60 ± 0.169* 6.30 ± 0.152**
Total WBC(cells/ml × 109) 6.63 ± 0.180** 19.35 ± 0.366 12.50 ± 0.201** 9.48 ± 0.164** 6.75 ± 0.224**
Notes: n = 30; results are presented as mean ± SEM. Days of drug treatment: 9 days; *p < 0.001; **p < 0.01 compared to group 2. Data were analyzed 
by One-way ANOVA followed by Dunnett’s test.
Table 4. Effect of PPE and 5-FU treatment on differential counts of Whit blood cells (WBC) of mice treated with Ehrlich Ascites Carcinoma (2 × 106 cells/
mouse) cells.

Experimental groups Neutrophil (%) Eosinophil (%) Lymphocytes (%) Monocytes (%)
Vehicle 18.68 ± 1.07* 0.66 ± 0.019* 82.63 ± 1.38* 1.75 ± 0.048*
EAC control 62.66 ± 1.23 1.75 ± 0.041 32.23 ± 1.69 1.048 ± 0.050
PPE (50 mg/kg) 47.53 ± 2.38* 1.22 ± 0.048* 51.93 ± 2.16* 1.076 ± 0.043NS
PPE (100 mg/kg) 39.16 ± 1.34* 0.77 ± 0.026* 59.85 ± 1.89* 1.366 ± 0.059*
5-FU (20 mg/kg) 43.46 ± 1.15* 0.78 ± 0.038* 62.28 ± 1.86* 1.47 ± 0.363*
N = 30; Results are presented as mean ± SEM. Days of drug treatment 9 days. NS-Non significant, *p < 0.01 compared to EAC treated group. Data were 
analyzed by One-way ANOVA followed by Dunnett’s test.
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of the control group showed progressive elevation, 
whereas tumor volume of both PPE treated groups 
demonstrated significant decrease of tumor volume 
compared to control groups. The PPE extract at a dose 
of 100 mg/kg inhibited the tumor growth as effectively 
as the standard reference drug 5-FU. PPE treatment 
significantly reduced the total number of cells obtained 
from the positive control (Group 2). This treatment 
also, reduced the viability of EAC cells. The reduction 
in viability was statistically significant at the higher dose 
(100 mg/kg/day) and that it was comparable to that 
of 5-FU (Table 2). On the other hand, 5-FU treatment 
(group 3) caused significant diminution (p < 0.01) in 
the viability of cells.

Effect on hematological status. Hematological in-
dexes of PPE treated EAC bearing mice are presented in 
Table 3. The total WBC count and proteins were found to 
increase along with a reduction in the Hb content of RBC 
in tumor-bearing mice. A fall in Hb has been observed in 
control group with respect to normal (untreated) mice, 
but in group 3 treated with PPE (100 mg/kg/day) Hb 
content has found to be close to normal. RBC content 
has shown a modest decrease in both PPE treated 
groups, but the WBC count is significantly enhanced. 
Treatment with PPE (100 mg/kg) caused differential 
effect on WBC count and those altered parameters 
returned to normal ones. However no beneficial effect 
has been observed in this aspect.

Effect of PPE on in vitro cytotoxicity and cell 
viability. The inhibition of viability and growth of cells 
treated with PPE and Ara-C is shown in Fig. 2 and 3. 
The proliferation of U-937 and K-562 cell lines was 
strongly inhibited by PPE and Ara-C. 

Fig. 3. Effect of in vitro inhibition of cell growth by polyphenolic 
extract (PPE) of and Cytarabine arabinoside (Ara-C) on two dif-
ferent leukemia cell lines. Values are expressed as mean ± SEM. 
*p < 0.01significant vs control.

Effect of PPE on free radical scavenging ac-
tivities. The free radical scavenging activity of PPE 
and alpha tocopherol was studied in the presence 
of superoxide anion radicals and nitric oxide radicals 
(Fig. 5 and 6). The superoxide and nitric oxide free 
radical scavenging capacity of PPE was found to have 
IC50 of 159.90 µg/ml and 168.67 µg/ml respectively, 
with respect to reference compound alpha tocophe
rol 150.07 µg/ml and 143.03 µg/ml, used as positive 
control. The superoxide and nitric oxide free radicals 
scavenging activity of PPE extract was shown to be 
concentration dependent.

Fig. 4. Effect of in vitro inhibition of cell viability by polyphenolic 
extract (PPE) of I. frutescens on two different leukemia cell lines. 
values are expressed as mean ± SEM. *p < 0.01 significant vs 
control.

Fig. 5. Super oxide radical  scavenging activity of polyphenolic 
extract (PPE) of I. frutescens and alpha tocopherol.
Each value represent the mean ± SEM of three experiments

Fig 6. Nitric oxideradical scavenging activity of polyphenolic 
extract (PPE) of and alpha tocopherol.
Each value represent the mean ± SEM of three experiments

DISCUSSION
Cancer prevention using chemical compounds or 

natural products that revert or inhibit cell transforma-
tion and prevent invasion and metastasis would be less 
painful, more economical and rational approach for 
the cancer control. Use of natural and dietary agents 
is being increasingly utilized as an effective way for 
the treatment of many cancer treatments [26, 27]. 
Obviously natural products are extremely important 
as sources of medicinal plants.

In the present study, we have shown that polyphe-
nolic extract of I. frutescens has significant antitumor 
effect in vivo. Various plant components and extracts 
from plants such as Taxol, curcumin, phenolic acids 
and flavonoids are reported to inhibit tumor growth in 
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many types of cancer [28, 29]. The administration of 
various doses of PPE caused a dose dependent retar-
dation in the tumor development, as it is evident by the 
inhibition in body weight and ILS. A similar effect has 
been reported earlier in mice treated with the extract 
of Phyllanthus amarus, Bahunia variegate, Coriander 
sativum and Tinosporia cordifolia [30-32].

The results on in vivo cytotoxic potential of PPE 
that showed a significant reduction in the number of 
EAC cells and their viability support these data. How-
ever, our results on EAC cell count and viability after 
treatment with PPE were comparable to the effects 
of 5-FU.

Tumor growth is generally associated with marked 
changes in hematopoiesis and immune response, 
myelosuppression and anemia. Hematological studies 
have revealed that PPE at the dose of 100 m/kg has 
restored WBC differential count, Hb and RBC content 
close to normal levels.

I. frutescens is known to contain many kind of poly-
phenolic compounds and flavonoids of which several 
are reported to have antitumor activity [33, 34]. In this 
study, we have examined the cytotoxicity activity of 
PPE of I. frutescens on two different leukemia cell lines. 
Flavonoids are generally regarded to have antitumor 
activity, and many polyphenolic extracts containing 
flavonoids inhibited the growth leukemia cells to some 
extent [35–39]. Flavonoids included in almost all the 
plants we usually are consumpting may therefore be 
considered as tumor preventing compounds, but 
the present results suggest that the mechanism of 
PPE action on tumor cells should to be elucidated in 
detailed manner.

Superoxide radical is known to be very harmful to 
cellular components as precursor of more reactive 
oxygen species. Polyphenolic extract was found to act 
as scavenger of superoxide radical generated in vitro. 
Superoxide anion radicals (O2

–) formed by activated 
phagocytes such as monocytes, macrophages, eosi
nophils and neutrophils, and the production of O2

– is 
an important factor in killing of bacteria by phagocytes. 
In the PMS-NADH-NBT system, superoxide anion 
derived from dissolved oxygen from the coupling of 
PMS-NADH, reduces NBT.

H2O2 is rather inert at low concentrations. Biologi-
cally H2O2 is converted to oxygen and water by cata-
lase. In the presence of antioxidants the oxidation is 
inhibited. The nature of the inhibition is an ambiguous 
because there are several potential inhibition path-
ways. Therefore, it is difficult to explain the actual 
chemical meaning of cell death. The hydrogen per-
oxide scavenging activity of PPE is not documented. 
Nevertheless, Duh et al. [40] reported similar results 
for Chrysanthemum morifolium with high relationship 
between their phenolic content and scavenging activity 
of the PPE. This ability to scavenge H2O2 could be an 
efficient assessment method to evaluate antioxidant 
property of I. frutescens. The gain of superoxide and 
hydrogen peroxide radical scavenging activities was 

also associated to the increased total phenolic and 
flavonoid content of the extracts. 

Preliminary phytochemical investigation of the 
polyphenolic extract of I. frutescens revealed the pres-
ence of flavonoids and novel pentacyclic triterpenoids. 
Four phenolic acids were isolated from the leaves and 
identified. Those natural antioxidative substances 
have a phenolic moiety in their molecular structure. 
Polyphenols were reported to have an important role in 
stabilizing lipid peroxidation and are associated with a 
wide range of biological activities including antioxidant 
properties [41–42]. This high potential of phenolic 
compounds to scavenge radicals may be explained by 
their phenolic hydroxyl groups. The anticancer and free 
radical scavenging activity of PPE can be attributed to 
the presence of phenolic acids and flavonoids. 
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ПРОТИВООПУХОЛЕВАЯ АКТИВНОСТЬ ЭКСТРАКТА 
ПОЛИФЕНОЛОВ ИЗ ICHNOCARPUS�����������  ����������FRUTESCENS

Цель: исследовать противоопухолевую активность экстракта полифенолов (РРЕ) из листьев Ichnocarpus�����������  ����������frutescens на мо-
дели in�����  ����vivo. Материалы и методы: для анализа противопухолевой активности РРЕ in�����  ����vivo использовали модель асцитной 
карциномы Эрлиха мыши. Цитотоксичность ����PPE� in������  �����vitro изучали на клетках моноцитоидной лейкемии линии �������� U������� -937 и 
эритроидной лейкемии линии ������K�����-562. Также была проанализирована способность ����������������������������������    PPE�������������������������������     к элиминации свободных радика-
лов. Острую токсичность препарата проверяли классическим методом. Общее содержание фенолов определяли методом 
Фолина — Чикалто. Результаты: результаты исследования in�����  ����vivo продемонстрировали значительное уменьшение объема 
опухоли, количества живых опухолевых клеток и значительное увеличение продолжительности жизни у животных, по-
лучавших лечение �������������������������������    �������������������������������������      ��������������������������    PPE����������������������������    �������������������������������������      ��������������������������    : продолжительность жизни в группах, получавших 50 и 100 мг РРЕ/кг, повысилась на 53,41% и 
73,95% соответственно. ��������������������������������       ������� ����������PPE�����������������������������       ������� ���������� в концентрациях 5, 10 и 20 µг/мл ингибировал in������  �����vitro пролиферацию клеток линий �������� U������� -937 и 
K������������������������������������������������������������������������������������           -562. ������������������������������������������������������������������������������          PPE���������������������������������������������������������������������������           проявил высокую активность к элиминации свободных радикалов с величиной ��IC50 167,46 µг/мл и 158,52 µг/мл 
по отношению к супероксид-аниону и оксиду азота. Выводы: ������� PPE����  из Ichnocarpus�����������  ����������frutescens обладает высокой противоопу-
холевой активностью in������  �����vitro и in�����  ����vivo. 
Ключевые слова: Ichnocarpus�����������  ����������frutescens, экстракт полифенолов, противоопухолевая активность, асцитная карцинома 
Эрлиха, клетки лейкемии, элиминация свободных радикалов. 


