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Abstract: Uncaria tomentosa is a woody vine with a long history of use in traditional Peruvian medicine
and nowadays supplements containing this vine as ingredient are available. Immunomodulating,
anti-inflammatory and anticancer properties of Uncaria tomentosa have been suggested and attributed
mainly to the presence of tetracyclic or pentacyclic oxindole alkaloids. However, the synergic action
of different compounds occurring in extracts and modulation of redox processes may significantly
influence the anticancer activity of Uncaria tomentosa. The aim of the present study was to investigate
for the first time the cytotoxic effects of the tetracyclic alkaloids free aqueous extract (decoction)
of dried Uncaria tomentosa leaf blades in normal and cancer cells, and to assess the effect of the
tested extract on cisplatin (CDDP) cytotoxicity. Tested Uncaria tomentosa extract was not cytotoxic
for NHDF cells, but demonstrated cytotoxic effect against HepG2 cells. The extract increased ROS
production in HepG2 cells, which resulted in decreased GSH level, leading to apoptosis of these
cells through activation of caspase-3 and caspase-7. A reduction of NF-κB active form was observed
in cancer cells. In normal cells the extract did not affect ROS production, GSH level and NF-κB
activity, and maintained cell viability. HepG2 cells incubation with Uncaria tomentosa decoction and
simultaneously with CDDP resulted in an increase in CDPP cytotoxic activity against HepG2, while
under the same conditions Uncaria tomentosa prevents NHDF cell viability reduction due to CDDP.
The results indicate that Uncaria tomentosa leaves decoction modulates differently cancer and normal
cells oxidative metabolism and, enhanced cytotoxicity of CDDP against cancer cells and at the same
time increased normal healthy cells resistance to cisplatin. Further studies are needed to confirm
our observations and to describe underlying molecular mechanism, and the potential usefulness of
Uncaria tomentosa decoction in adjuvant therapy for cancer.
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1. Introduction

Previous studies have revealed that different organic and aqueous extracts of Uncaria tomentosa,
a Peruvian plant of the Rubiaceae family, contain biologically active substances, including
immunostimulating pentacyclic oxindole alkaloids [1], ursane type pentacyclic triterpenes and quinovic
acid glycosides, which were reported to possess anti-anti-inflammatory properties [2] and inhibit viral
replication [3]. These extracts contained also carboxyl alkyl esters, including quinic acid derivatives
that, according to the available data, reduced proliferation of neoplastic cells and stimulated DNA
repair [4], as well as antioxidants as catechin monomers and proanthocyanidins [5]. Nowadays dietary
supplements containing this vine as ingredient are available and used in anti-cancer therapy.

In vitro studies have demonstrated antiproliferative and proapoptotic effects of Uncaria tomentosa
bark extracts on various cell lines, including human leukemia cells K562 and HL60, EBV-transformed B
lymphoma cells [6] and breast cancer cells MCF7 [7]. Ethyl acetate extract of Uncaria tomentosa in HL60
cells caused changes in mitochondrial membrane potential, release of cytochrome c to the cytosol and
caspase-3 activation [8].

Although, in in vitro studies, organic extracts containing large amounts of oxindole alkaloids [9,10]
and pure alkaloids isolated from Uncaria tomentosa [11,12] inhibited proliferation of neoplastic cells,
in vivo in mice bearing Lewis lung carcinoma [10], a stronger inhibitory effect on cancer development
was caused by water extracts with low alkaloid content. Water extracts contain polar compounds,
which are more available to the body. It has been also suggested that the anti-inflammatory and
probably anticancer properties of Uncaria tomentosa may be related to a synergic action of different
compounds [13] and modulation of redox processes may play a pivotal role in the anticancer activity
of this plant [14].

The aim of the present study was to investigate for the first time the cytotoxic activity of tetracyclic
alkaloid free and tannins rich aqueous extract (decoction) of dried Uncaria tomentosa leaf blades,
and its effect on ROS production in human hepatoma, HepG2 cells and normal human dermal
fibroblast, NHDF. We assessed also the influence of this extract on cisplatin cytotoxicity against cancer
cells and in normal healthy cells to give an insight in potential usefulness of Uncaria tomentosa in
adjuvant treatment for cancer. Previous reports focused on the effects of bark and root extracts of
Uncaria tomentosa on cancer cells, while leaves contain similar active compounds and appropriate
material can be collected without significant plant damage [15]. The extract used in this study was
prepared according to commonly accepted procedure for decoction preparation of Uncaria tomentosa
by heating dried plant leaves in water.

2. Results and Discussion

2.1. Composition of Studied Decoction from Uncaria tomentosa Leaves

Plant extracts are extensively tested for anticancer activity, which may be a result of their
antioxidant properties and apoptosis induction capacities, and in a future such extracts could be
useful as an adjuvant treatment for cancer [2,16]

The decoction (water extract) from Uncaria tomentosa leaves contains pentacyclic oxindole alkaloids
(13% of dry extract mass) and is free of teracyclic alkaloids (Figure 1). Pentacyclic oxindole alkaloids:
mitraphylline and pteropodine found in the extract were reported to inhibit the proliferation of cancer
cells and exhibit immunomodulating properties [17,18]. It was recognized that tetracyclic alkaloids can
significantly reduce activity of pentacyclic alkaloids [19], and according to the U.S. Pharmacopeia only
extracts free of tetracyclic oxindole alkaloids may be used in humans for research and/or therapeutic
purposes [20]. The tested extract contains also phenolic compounds (Table 1), including condensed
tannins which belong to proanthocyanidins and possess antioxidant activity [2,21].
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(a) HPLC profile of alkaloids: (RT-min). The following compounds were identified:  
1-caffeine (inner standard), 
2-uncarine F,  
3-speciophylline,  
4-mitraphylline,  
5-isomitraphylline/pteropodine,  
6-isopteropodine.  

 
(b) The content of alkaloids (mg/100 g dry extract) 

Alkaloids mg/100g of Leaves Extract (Dry Weight) % of Total Alkaloids
Uncarine F not detected - 

Speciophylline not detected - 
Mitraphylline 4.78 36.74 

Pteropodine/Isomytraphylline 8.22 63.26 
Isopteropodine not detected - 

Total 13.00 100.00 

Figure 1. HPLC analysis of alkaloids in aqueous extract from leaves of Uncaria tomentosa. 

Table 1. Total content of phenolic compounds (TPC), flavonoids (TFC), and condensed tannin (CT) in 
dry (water) extract from leaves of Uncaria tomentosa measured by colorimetric assays and expressed as 
mg gallic acid (GA/g of dry extract), mg quercetin (Q/g of dry extract), mg catechin (Cat/g of dry extract) 
and mg pyrogallol (PGA/g of dry extract), respectively. Data are means ± SD from three independent 
experiments. 

Sample 
Total Phenolic 

Componds TPC (mg 
GA/g of Dry Extract) 

Total Flavonoids 
TFC (mg Q/g of 

Dry Extract) 

Condensed Tannin CT 
Vanillin/HCl 

Method (mg Cat/g 
of Dry Extract) 

Protein Precipitation 
Method (mg PGA/g 

of Dry Extract) 
Dry water extract from 
Uncaria tomentosa leaves 

242.37 ± 0.36 2.26 ± 0.09 21.81 ± 0.41 110.0 ± 2.0 

2.2. Effect of Uncaria tomentosa Decoction on Cancer and Normal Cell Viability 

The extract from Uncaria tomentosa leaves was recognized to be not toxic for NHDF cells, while 
significantly decreased cell viability was observed only when high extract concentrations >1 g/mL 
were used. In the present study treatment of HepG2 cells with this extract caused a significant 
concentration dependent decrease in cell viability (Figure 2), and based on the results of MTT assay 
IC50 (50% viability inhibition concentration) of 580 µg/mL was determined. 

Figure 1. HPLC analysis of alkaloids in aqueous extract from leaves of Uncaria tomentosa.

Table 1. Total content of phenolic compounds (TPC), flavonoids (TFC), and condensed tannin (CT) in
dry (water) extract from leaves of Uncaria tomentosa measured by colorimetric assays and expressed as
mg gallic acid (GA/g of dry extract), mg quercetin (Q/g of dry extract), mg catechin (Cat/g of dry
extract) and mg pyrogallol (PGA/g of dry extract), respectively. Data are means ± SD from three
independent experiments.

Sample
Total Phenolic

Componds TPC
(mg GA/g of Dry Extract)

Total Flavonoids
TFC (mg Q/g of

Dry Extract)

Condensed Tannin CT

Vanillin/HCl
Method (mg Cat/g

of Dry Extract)

Protein Precipitation
Method (mg PGA/g of

Dry Extract)

Dry water extract from
Uncaria tomentosa leaves 242.37 ± 0.36 2.26 ± 0.09 21.81 ± 0.41 110.0 ± 2.0

2.2. Effect of Uncaria tomentosa Decoction on Cancer and Normal Cell Viability

The extract from Uncaria tomentosa leaves was recognized to be not toxic for NHDF cells, while
significantly decreased cell viability was observed only when high extract concentrations >1 g/mL
were used. In the present study treatment of HepG2 cells with this extract caused a significant
concentration dependent decrease in cell viability (Figure 2), and based on the results of MTT assay
IC50 (50% viability inhibition concentration) of 580 µg/mL was determined.
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Figure 2. Cell viability assessed by MTT mitochondrial conversion. NHDF and HepG2 cells were 
treated with Uncaria tomentosa leaves extract (30–1160 µg/mL) for 72 h at 37 °C. Then, the mitochondrial 
metabolic activity of cells was measured by MTT assay. Data are expressed as means ± SD from three 
independent experiments performed in triplicate. Statistically significant differences: * p < 0.05 and  
** p < 0.001 refer to the control (untreated cells). 

Cells incubated with the extract and control cells were also observed in fluorescence (Figure 3). 
With increasing concentration of the tested extract there was a progressive decrease in the number of 
viable HepG2 cells stained green with calcein, and an increase in the number of dead cells stained 
red with propidium iodide (PI) [22]. At the extract concentration of 145 µg/mL (Figure 3j–l) 22% of 
HepG2 cells were found stained red and this number was significantly higher than in control cells  
(* p < 0.05). In fluorescence images in NHDF cells incubated under similar conditions as HepG2 cells 
no significant changes in cell morphology and in quantity of red stained cells were noted (Figure 3a–f). 

 

Figure 2. Cell viability assessed by MTT mitochondrial conversion. NHDF and HepG2 cells were
treated with Uncaria tomentosa leaves extract (30–1160 µg/mL) for 72 h at 37 ◦C. Then, the mitochondrial
metabolic activity of cells was measured by MTT assay. Data are expressed as means ± SD from three
independent experiments performed in triplicate. Statistically significant differences: * p < 0.05 and
** p < 0.001 refer to the control (untreated cells).

Cells incubated with the extract and control cells were also observed in fluorescence (Figure 3).
With increasing concentration of the tested extract there was a progressive decrease in the number of
viable HepG2 cells stained green with calcein, and an increase in the number of dead cells stained red
with propidium iodide (PI) [22]. At the extract concentration of 145 µg/mL (Figure 3j–l) 22% of HepG2
cells were found stained red and this number was significantly higher than in control cells (* p < 0.05).
In fluorescence images in NHDF cells incubated under similar conditions as HepG2 cells no significant
changes in cell morphology and in quantity of red stained cells were noted (Figure 3a–f).
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Figure 3. Morphologic changes of NHDF (a–f) and HepG2 (g–l) cells after treatment with Uncaria 
tomentosa extract. Untreated cells (a,g) observed in the light microscope (100×); (b,h) in fluorescence 
(200×) after calcein-AM staining, (c,i) in fluorescence (200×) after PI staining. Cells treated with 145 µg/mL 
of the extract observed in fluorescence after calcein-AM (e,k) and  PI staining (f,l), respectively. The 
calcein in viable cells emits green fluorescence, while PI emits red fluorescence only in dead cells. 

2.3. Effect of Uncaria tomentosa Decoction on Cell Apoptosis 

Incubation of HepG2 cells with the Uncaria tomentosa leaves decoction at the concentrations of 
72.5 µg/mL and −145 µg/mL resulted in an increase in the number of Annexin positive cells 
corresponding to apoptotic cells, while not significant differences in the number of Annexin positive 
and PI positive cells were observed. Uncaria tomentosa decoction concentrations higher than 145 µg/mL 
caused a significant increase (* p < 0.05) in the number of late apoptotic (Annexin positive and PI 
positive) or also necrotic cells (Figure 4). 

 

Figure 3. Morphologic changes of NHDF (a–f) and HepG2 (g–l) cells after treatment with Uncaria tomentosa
extract. Untreated cells (a,g) observed in the light microscope (100×); (b,h) in fluorescence (200×) after
calcein-AM staining, (c,i) in fluorescence (200×) after PI staining. Cells treated with 145 µg/mL of the
extract observed in fluorescence after calcein-AM (e,k) and PI staining (f,l), respectively. The calcein in
viable cells emits green fluorescence, while PI emits red fluorescence only in dead cells.

2.3. Effect of Uncaria tomentosa Decoction on Cell Apoptosis

Incubation of HepG2 cells with the Uncaria tomentosa leaves decoction at the concentrations
of 72.5 µg/mL and −145 µg/mL resulted in an increase in the number of Annexin positive cells
corresponding to apoptotic cells, while not significant differences in the number of Annexin positive
and PI positive cells were observed. Uncaria tomentosa decoction concentrations higher than 145 µg/mL
caused a significant increase (* p < 0.05) in the number of late apoptotic (Annexin positive and PI
positive) or also necrotic cells (Figure 4).
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Figure 4. The number of HepG2 cells in early (An+/PI−) and late (An+/PI+) apoptosis evaluated using 
annexin V-FITC/PI staining followed by flow cytometric analysis. Cells were treated with Uncaria 
tomentosa leaves extract for 72 h. Data are expressed as means ± SD from two independent experiments 
performed in triplicate. Statistically significant difference * p < 0.05 refers to the control (untreated) 
cells. Representative histograms of control cells and cells treated with the extract (72.5–580 µg/mL) 
are shown. 

Under similar conditions in NHDF cells no effect of Uncaria tomentosa decoction at the concentrations of 
72.5 µg/mL and 145 µg/mL on the number of Annexin-positive as well as Annexin-positive and PI positive cells 
was found (data not shown). 

2.4. Effect of Uncaria tomentosa Decoction on ROS Production and GSH Level 

The changes in HepG2cell viability might be associated with functional changes in the mitochondrial 
electron transport chain and development of oxidative stress, therefore, the production of ROS in 
HepG2 and NHDF cells was determined. 

In HepG2 cells the control plot (for cells without the extract) as shown in (Figure 5b) lies below 
the plots of DCF intensity in cells incubated with different Uncaria tomentosa concentrations. This 
indicates an increase in cellular ROS production caused by the Uncaria tomentosa extract. The highest 
rate of ROS release was observed during the initial 0.5 h of incubation, while after 1 h, ROS levels 
became stabilized. Uncaria tomentosa extract, increased ROS formation, and a statistically significant 
increase (* p < 0.05) was seen. Under similar experimental conditions in NHDF (Figure 5a) cells was 
observed opposite effect of our Uncaria tomentosa extract on ROS production. All tested doses resulted 
in significantly (* p < 0.05) lower levels of fluorescence intensity as compared to controls indicating 
lower ROS production by Uncaria tomentosa treated NHDF cells than by control (untreated) NHDF cells. 

  

Figure 4. The number of HepG2 cells in early (An+/PI−) and late (An+/PI+) apoptosis evaluated
using annexin V-FITC/PI staining followed by flow cytometric analysis. Cells were treated with
Uncaria tomentosa leaves extract for 72 h. Data are expressed as means ± SD from two independent
experiments performed in triplicate. Statistically significant difference * p < 0.05 refers to the
control (untreated) cells. Representative histograms of control cells and cells treated with the extract
(72.5–580 µg/mL) are shown.

Under similar conditions in NHDF cells no effect of Uncaria tomentosa decoction at the concentrations
of 72.5 µg/mL and 145 µg/mL on the number of Annexin-positive as well as Annexin-positive and PI
positive cells was found (data not shown).

2.4. Effect of Uncaria tomentosa Decoction on ROS Production and GSH Level

The changes in HepG2 cells viability might be associated with functional changes in the
mitochondrial electron transport chain and development of oxidative stress, therefore, the production
of ROS in HepG2 and NHDF cells was determined.

In HepG2 cells the control plot (for cells without the extract) as shown in (Figure 5b) lies below the
plots of DCF intensity in cells incubated with different Uncaria tomentosa concentrations. This indicates
an increase in cellular ROS production caused by the Uncaria tomentosa extract. The highest rate of
ROS release was observed during the initial 0.5 h of incubation, while after 1 h, ROS levels became
stabilized. Uncaria tomentosa extract, increased ROS formation, and a statistically significant increase
(* p < 0.05) was seen. Under similar experimental conditions in NHDF (Figure 5a) cells was observed
opposite effect of our Uncaria tomentosa extract on ROS production. All tested doses resulted in
significantly (* p < 0.05) lower levels of fluorescence intensity as compared to controls indicating lower
ROS production by Uncaria tomentosa treated NHDF cells than by control (untreated) NHDF cells.
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Figure 5. ROS formation in (a) NHDF and (b) HepG2 cells treated with Uncaria tomentosa leaves 
extract. Cells were exposed to extract (30–145 µg/mL) for 1 h at 37 °C and then were treated with 250 µM 
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experiments performed in triplicate. Level of significance was * p < 0.05 as compared to the control 
(untreated cells). 

Our data indicate that tested Uncaria tomentosa extract may induce cytotoxic effect in cancer cells 
by stimulation of ROS overproduction. Glutathione (GSH) plays a significant role in maintaining 
oxidative-reductive balance in cells, and its level is an indicator of response to oxidative stress. We 
have shown that in HepG2 cells the Uncaria tomentosa extract caused a reduction of GSH levels and 
significant (** p < 0.001) GSH decrease was observed when Uncaria tomentosa concentration of 145 µg/mL 
was used (Figure 6). 

Uncaria tomentosa extract in NHDF cells (Figure 6) did not cause significant changes in GSH 
levels as compared to control cells. Decrease in GSH levels predisposes cells to enter the pathway of 
death, while the persistently increased GSH levels in cancer cells can be responsible for their 
resistance to chemotherapeutic agents [23]. 

(a) NHDF 
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Figure 5. ROS formation in (a) NHDF and (b) HepG2 cells treated with Uncaria tomentosa leaves extract.
Cells were exposed to extract (30–145 µg/mL) for 1 h at 37 ◦C and then were treated with 250 µM
DCFH-DA. Control represents untreated cells. Results are presented as means of three independent
experiments performed in triplicate. Level of significance was * p < 0.05 as compared to the control
(untreated cells).

Our data indicate that tested Uncaria tomentosa extract may induce cytotoxic effect in cancer cells
by stimulation of ROS overproduction. Glutathione (GSH) plays a significant role in maintaining
oxidative-reductive balance in cells, and its level is an indicator of response to oxidative stress. We have
shown that in HepG2 cells the Uncaria tomentosa extract caused a reduction of GSH levels and significant
(** p < 0.001) GSH decrease was observed when Uncaria tomentosa concentration of 145 µg/mL was
used (Figure 6).

Uncaria tomentosa extract in NHDF cells (Figure 6) did not cause significant changes in GSH levels
as compared to control cells. Decrease in GSH levels predisposes cells to enter the pathway of death,
while the persistently increased GSH levels in cancer cells can be responsible for their resistance to
chemotherapeutic agents [23].
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HepG2 cells was confirmed by the activation of effector caspase-3 and caspase-7. In HepG2 cells the 
tested extract at the concentrations ≤145 µg/mL increased effector caspase-3 and caspase-7 activity 
by 250% (** p < 0.001, Figure 7) as compared to the basal activity (untreated cells). In NHDF cells the 
effect of the extract on these caspases was not significant as compared to untreated cells-control 
(Figure 7). These results are in agreement with the recent findings that Uncaria tomentosa induced 
cancer cell death through caspase-3 dependent apoptosis [14]. 
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triplicate. Statistically significant differences: ** p < 0.001 refer to the control (untreated cells). 

  

Figure 6. Influence of our Uncaria tomentosa leaves extract on GSH levels in HepG2 and NHDF cells.
Cells were treated with tested extract (30–145 µg/mL) for 4 h at 37 ◦C and intracellular concentration
of GSH were measured as described in the Materials and Methods section. Data are expressed
as means ± SD from two independent experiments performed in triplicate. Statistically significant
difference ** p < 0.001 refers to the control (untreated cells).

2.5. Effect of Uncaria tomentosa Decoction on Caspase-3 and Caspase-7 Activity

Modulation of the redox processes by tested extract may play a pivotal role in the loss of cell
viability. ROS overproduction and decreased GSH levels may lead to destruction of intracellular
structures and the cells may enter the pathway of death as indicated by observed changes in cell
morphology and in the number of Annexin positive cells. Apoptotic effect of Uncaria tomentosa in
HepG2 cells was confirmed by the activation of effector caspase-3 and caspase-7. In HepG2 cells the
tested extract at the concentrations ≤145 µg/mL increased effector caspase-3 and caspase-7 activity by
250% (** p < 0.001, Figure 7) as compared to the basal activity (untreated cells). In NHDF cells the effect
of the extract on these caspases was not significant as compared to untreated cells-control (Figure 7).
These results are in agreement with the recent findings that Uncaria tomentosa induced cancer cell death
through caspase-3 dependent apoptosis [14].
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Figure 7. Changes in caspase-3 and caspase-7 activity in HepG2 and NHDF cells after 4 h at 37 ◦C
incubation with Uncaria tomentosa leaves extract (30–145 µg/mL) according to the manufacturer’s
protocol. Data are presented as means± SD from two independent experiments performed in triplicate.
Statistically significant differences: ** p < 0.001 refer to the control (untreated cells).
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2.6. Effect of Uncaria tomentosa Decoction on NF-κB Activity

Oxidation-reduction potential of a cell has a direct impact on NF-κB regulation, which is involved
in various processes, including cell proliferation and death [24]. Inconsistent data on effects of the
individual components of Uncaria tomentosa as well as different extracts on modulation of the activity
of NF-κB were reported [12,24]. The present study showed that incubation of HepG2 cells with the
water Uncaria tomentosa extract resulted in about 25%–30% reduction (* p < 0.05) of NF-κB activity
(Figure 8), while in NHDF cells incubated with this extract about 16%–26% increase (* p < 0.05) in
NF-κB activity was noted.
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The importance of the lack of enhanced NF-κB modulation for effectiveness of cancer therapy
was indicated before [24] and recently supported by the study on the influence of C-Med100®

a standardized Uncaria tomentosa bark formulation on NF-κB and apoptosis induction in neoplastic
cells [25]. Anticancer drugs used in clinical practice, including these used for hepatoma, i.e., cisplatin,
inter alia through NF-κB activation may stimulate resistance of cancer cells to chemotherapy [23].
Inhibition of NF-κB activation should enhance effectiveness of cancer treatment. Reports concerning
the effect of Uncaria tomentosa extracts on human leukemia cells (THP-1) indicated inhibition of the
classical NF-κB activation pathway [26]. Both oxindole alkaloids [27] and procyanidins [28] have been
found to possess the ability to inhibit NF-κB activation.

2.7. Effect of Uncaria tomentosa on CDDP Cytotoxicity against Cancer Cells

The water Uncaria tomentosa extract decreased cancer cells viability (measured by MTT assay).
Therefore, it can be hypothesized that it may enhance cytotoxic effect of anticancer drugs such as
CDDP commonly used in clinical practice in cancer treatment. To test this hypothesis HepG2 and
NHDF cells were 72 h incubated with tested extract and the last 48 h simultaneously with CDDP
(at concentration corresponding to IC50 of 11.25 µM in HepG2 cells as recognized in our laboratory).
Results of MTT assay (Figure 9) show that the water Uncaria tomentosa extract increased CDPP cytotoxic
activity against HepG2 cells as indicated by 10%–15% decrease in cell viability.

However, when normal NHDF cells were treated with this extract (at concentrations of 72.5 and
145 µg/mL) and CDDP a significant (* p < 0.05) increase in cell viability by 30% as compared to NHDF
cells treated only with CDDP was observed. This data suggests that tested Uncaria tomentosa decoction
may enhance cytotoxic activity of CDDP against cancer cells and at the same time may protect normal
cells against the harmful effects of cisplatin. Recently, it was reported that the use of Uncaria tomentosa
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capsules (300 mg/day) in patients with colorectal cancer. Uncaria tomentosa showed positive effects in
reduced neutropenia and thrombocytopenia as well as in the repair of immune response [20]. Further
studies are needed to confirm these observations.Molecules 2017, 22, 620 10 of 15 
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3. Materials and Methods

3.1. Plant Material and Decoction Preparation

Dried leaf blades of Uncaria tomentosa were acquired from controlled plantations of
Laborations Induquinica (Lima, Peru), through Phytotherapy Center of Wilcaccora (Łomianki near,
Warsaw, Poland). Comminuted dried leaf blades of Uncaria tomentosa (4 g) were extracted with warm
water (200 mL, temperature below the boiling point) for 20 min. The decoction was subsequently
centrifuged at 4000 rpm for 20 min. For cell culture experiments samples were separated by filtration.
To analyze alkaloids and phenolic content the aqueous extract was lyophilized and as a result of
extraction an average 1.16 g of dry powder was obtained.

3.2. HPLC—Analysis of Alkaloids

Determination of alkaloids in decoction of Uncaria tomentosa leaves was carried out according
to Pilarski et al. [9]. To 100 mg of the dry powder (lyophilized decoction) 2% sulfuric acid solution
(15 mL) was added and the mixture was sonicated for 15 min in an ultrasonic bath (Sonorex RK
103H, Bandelin, Berlin, Germany). The mixture was then centrifuged at 3000 rpm for 10 min
and extracted tree times with 10 mL of ethyl acetate. The aqueous phase was separated and
adjusted to pH 10 with 10% ammonium hydroxide, then extracted three times with 10 mL of
ethyl acetate each. The organic extracts were combined, evaporated to dryness and the residue
was dissolved in 10 mL of methanol. The qualitative and quantitative analysis of alkaloids was
performed by HPLC using a LiChrospher 100 RP-18 (250 mm × 4 mm, Merck, Darmstadt, Germany)
column and a LiChrospher 100 RP-18 (4 mm × 4 mm, Merck) precolumn; solvents: A—phosphate
buffer solution (10 mM, pH 6.6), B—methanol:acetonitrile (1:1); gradient from (60% A and 40% B) to
(30% A and 70% B); time: 30 min, flow rate 1 mL/min; detection at 245 nm with L-7450 Diode Array
Detector (Merck-Hitachi, Darmstadt, Germany). The calibration curves were obtained from standard
solutions of the alkaloids (isopteropodine, pteropodine, isomitraphylline, uncarine F, mitrophylline,
speciophylline) in concentrations between 0.01 and 1.0 mg/mL. The standards of oxindole alkaloids
were purchased from ChromaDex (Santa Ana, CA, USA). All standards came with NMR, MS and
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HPLC data. As an internal standard caffeine was used. Linear relationships between peak area and
alkaloid concentration was observed. The results of the quantitative determination of alkaloids in the
extract were presented in mg/100 g of extract dry weight.

3.3. Total Phenolic Content

The total phenolic content (TPC) was conducted on 96-well transparent microplates (Nunclon,
Nunc, Roskilde, Denmark) according to the method previously described [29], using the Folin-Ciocalteu
phenol reagent. Absorbance was measured at 680 nm after 20 min incubation with the Elisa Infinite Pro
200F reader (Tecan Group Ltd., Männedorf, Switzerland). TPC was determined using a standard curve
prepared for gallic acid. Results were expressed as mg of gallic acid (GA) per 1 g of dry extract.

3.4. Total Flavonoid Content

Determination of total flavonoids was performed according to the method described by Lamaison
and Carret [30] with some modifications [31]. Briefly, 20 µL of prepared sample was mixed on the
microplate with 80 µL of methanol, 20 µL of 2% (v/v) AlCl3 methanol solution and filled with methanol
to the volume of 200 µL. Absorbance was read at 430 nm after 30 min incubation with the solution
containing methanol instead of the sample as a blank. Measurements were made using the Infinite
Pro 200F microplate reader (Tecan Group Ltd.). Results are expressed as mg quercetin (Q) per 1 g of
dry extract.

3.5. Tannin Content

To determine the content of tannins in our water extract (decoction), two methods were used:
the vanillin assay and the protein precipitation method (precipitation of tannins with hide-powder).

3.6. Tannin Content Determined by Protein Precipitation Method

Analysis of tannin content was determined according to the hide-powder method described in
the Polish Pharmacopoeia 6th edition [32]. Tannins were estimated indirectly after adsorption on and
precipitation with insoluble hide powder. Result was expressed in milligram of pyrogallol (PGA) per
gram of dry extract.

3.7. Tannin Content Determined by Vanillin/HCl Method

The amount of condensed tannins was determined using vanillin assay [33]. Absorbance was measured
at 500 nm after 20 min incubation. The results were expressed as mg catechin (Cat) per 1 g of dry extract.

3.8. Cell Cultures

Human hepatoma (HepG2) were bought from American Type Culture Collection (Rockville,
MD, USA) and cultured according to previously described procedures [22,34,35]. Experiments were
conducted in DMEM with 10% FBS. Every 24 h the medium was changed for a fresh one with or without
investigated concentrations of the extract. Human skin fibroblast cells (NHDFs) were purchased from
Lonza (Walkersville, MD USA). NHDFs, cells (from the third to sixth passage) were seeded on 24-well
plates (1.5–2.0 × 104 cells per well) in FGM-2 with supplements and 2% FBS.

3.8.1. Cell Viability Assessment (MTT Assay)

The cell viability was assessed by determination of MTT salt (3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide, Sigma-Aldrich Chemie, Darmstadt, Germany) conversion by
mitochondrial dehydrogenase according to earlier described procedure [22]. Briefly, the cells were
incubated for 72 h in 24-well plates with various concentrations of the extract, and subsequently
for another 2 h with 0.5 mg/mL of MTT solution which is converted in live cells under the
effect of mitochondrial dehydrogenase into insoluble formazan. The converted dye was then
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solubilized in 0.04 M HCl in absolute isopropanol. Absorbance of solubilized formazan was measured
spectrophotometrically at 570 nm (BioTek Epoch microplate reader, BioTek Instruments Inc., Winooski,
VT, USA). Cell viability was calculated as a percent versus the control (cells incubated in serum-free
DMEM without extracts). The relative cell viability (%) was calculated as [A]/[B]× 100, where [A] is the
absorbance of the test sample and [B] is the absorbance of control sample containing the untreated cells.

3.8.2. Microscopic Examination

Microscopic examination of changes in cell morphology was assessed in visible light as described
previously [22,35,36]. The assessment of viable and dead cells in fluorescence was performed after
staining with calcein-AM and propidium iodide (PI), according to the protocol by MoBiTec (Gottingen,
Germany). The digital images of viable cells were visualized using the phase-contrast inverted
microscopy Eclipse TS 100F (Nikon, Melville, NY, USA) equipped with the Nikon Digital Sight
DS-U2 camera using NIS-Elements Nikon BR 2.30 software (Nikon).

3.8.3. Annexin V-FITC/PI Apoptosis Assay

Apoptosis was assessed by the AnnexinV-FITC Kit (Becton Dickinson, San Diego, CA, USA).
The cells were incubated with Uncaria tomentosa extract for 72 h in 12-well plates. After the exposure,
the culture medium was removed and the cells were harvested by trypsinization with 0.05%
Trypsin-EDTA, and centrifuged at 2000 rpm for 10 min. The analysis by flow cytometery was performed
within 1 h by counting 5000 gated events per each sample. The data were further analyzed using
CELL-Quest software on FACS Calibur flow cytometer and the Cell Quest software (BD Biosciences,
San Jose, CA, USA). The results were presented as rates of early apoptotic (Annexin V-positive) and
late apoptotic (Annexin V and PI-positive) cells.

3.8.4. ROS Production Measurement

ROS production was measured by the assessment of DCFH2-DA conversion and oxidation to
DCF as was described previously [35]. DCFH2-DA, easily penetrates cells, undergoing conversion
by esterase to DCFH2, which in the presence of ROS becomes oxidized to highly fluorescent DCF.
Cells cultured in 12-well plates in serum-free DMEM were rinsed with PBS and incubated for 1 h
in DMEM with investigated concentrations of the extract, and subsequently for 2 h with 250 µM
of DCFH2-DA (2′,7′-dichlorodihydrofluorescein diacetate) in HBSS (Hank’s balanced salt solution).
Fluorescence measurement was started immediately after DCFH2-DA was added, using a microplate
reader (Synergy 4, BioTek Inc.) equipped with Gen5 software (BioTech Instruments Inc., Winooski, VT, USA)
at an excitation wavelength of 485 nm and emission wavelength of 530 nm, with readings every 15 min.

3.8.5. GSH Level Measurement

Cells were incubated on 24-well plates in serum free DMEM with the tested extract at various
concentrations) for 4 h. The GSH level was assessed using the protocol for the glutathione assay kit
(Sigma-Aldrich Chemie, Darmstadt, Germany). Absorbance measurement was performed at 412 nm
using a microplate reader (Synergy 4, BioTek Inc.). The results were expressed in relation to the
quantity of protein in the sample using the manufacturer’s protocol Pierce BCA Protein Assay Kit
(Pierce Biotechnology, Rockford, IL, USA).

3.8.6. Caspase-3 and -7 Activity Detection

The determination of caspase activity was performed with the use of the luciferase enzyme
according to the protocol for the Caspase-Glo 3/7 Assay Kit provided by the manufacturer (Promega
GmbH, Mannheim, Germany). Luminescence measurement was performed in cell lysates prepared
using cells incubating in 96-well plates for 4 h with the tested extract. Luminescence intensity is
proportional to caspase activity.
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3.8.7. NF-κB Active form Measurement

Chemiluminescent measurement of NF-κB active form was performed according to the protocol
for NF-κB p65 ELISA Kit (Enzo Life Sciences, Farmigdale, NY, USA) in cell lysates prepared using cells
incubating for 4 h with the tested extract. The results are presented in relation to the protein levels in
the samples, measured by the Bradford’s method.

3.8.8. Statistical Analysis

The results are presented as experimental means and SD. Statistical significance of observed
differences was assessed by one-way analysis of variance (ANOVA) with the Tukey’s post-hoc test
(Statistica ver. 8, StatSoft, Kraków, Poland) and as significant p < 0.05 was accepted.

4. Conclusions

Plant extracts and plant derived substances, and their usefulness in patients under anticancer
therapies are now attracting great attention. They have shown promising effects when combined with
chemotherapy and may benefit patients with hepatocellular carcinoma [36].

Uncaria tomentosa, also known as “cat’s claw” and “uña de gato”, is a Peruvian plant of the Rubiaceae
family, whose bark, roots and leaves are commonly used by the local population in South America due
to their immunomodulating, anticancer and anti-inflammatory action. Previous reports of the effects of
Uncaria tomentosa on cancer cells focus on studies of bark and root extracts (with a high content of alkaloids),
while its leaves contain similar active compounds and appropriate material could be collected without
significant damages of the plant. However, differences in the content of polyphenols between bark and
leaves as well as between aqueous and alcoholic extracts have been reported [5]. The extract used in the
present study was prepared according to commonly accepted procedure for decoction preparation. It is
free of the tetracyclic alkaloids, while contains pentacyclic oxindole alkaloids and condensed tannins.

This extract has been found to be cytotoxic against cancer cells and to induce oxidative stress in
cancer cells but not in normal cells. In cancer cells the extract activates effector caspase-3 and caspase-7,
which execute apoptosis through cleavage of protein substrates that include mediators and regulators
of apoptosis, structural proteins, as well as DNA repair and cell-cycle related proteins. In addition in
cancer but not in normal cells a reduction in NF-κB active form has been observed. Inhibition of NF-κB
activity may prevent a development of cancer cell resistance to chemotherapy. Studied Uncaria tomentosa
decoction enhances CDDP cytotoxicity against HepG2 cells, while incubation of NHDF cells with this
extract prevents their viability reduction due to CDDP. These results indicate that Uncaria tomentosa leaves
decoction modulates differently cancer and normal cells oxidative metabolism and enhances CDDP
cytotoxicity against cancer cells. Every compound or combination of different compounds which is able
to be more effective against cancer cells than against non-hyperplastic cells, may provide new therapeutic
opportunities. Further studies are needed to describe molecular mechanisms underlying the observed
effects and demonstrate the potential usefulness of the studied extract in increasing the sensitivity of
cancer cells for treatment and/or in the prevention of drug resistance development. In general, the active
ingredients of phytopharmaceuticals as used in ethnomedicine are mostly unknown and the plant extract
is considered as active ingredient. The plant extract is a mixture of active compounds and their joint
action can mediate pharmaceutical activity. Nevertheless, the isolation of active compounds should be the
next step in order to elucidate the phytochemical basis of the effects observed in the current study.
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