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ABSTRACT - The purpose of this contribution is to evaluate the cytotoxicity and apoptosis inducing ability
of structurally diverse anthraquinones to establish a relationship between structure and toxicity. Besides the
wide spread use of anthraquinones in pharmacological drugs for constipation and non-prescription dietary
supplements for weight loss, extracts are still commercialized as crude extracts and long-term side effects are
still relevant. In this work we developed a method to quantify the cascarosides isolated from Rhamnus
purshiana (Cascara Sagrada) using LC-MS/MS and evaluated the effects of this extract and isolated
compounds on cellular viability using NOK-SI, HeLa, and T98G cell lineages. Apoptosis inducing ability was
also analyzed via evaluating key-proteins involved in apoptosis pathways. Using cascarosides isolated from
bark extracts, we found that the presence of glucose moieties in the chemical structure reduced the toxicity.
This communication reviewed the mechanisms of action, toxicity of anthraquinones and correlated the toxicity
with chemical structures of cascarosides. Results indicate that cascarosides-enriched cascara extract, as well
as glycosylated anthraquinones, may have some beneficial effects for laxative action of herbal medicines.
Considering our results, a cascarosides-enrichment in cascara extract is recommended.

INTRODUCTION laxatives had melanosis coli, showing a clear
association between anthraquinones and colon
Anthraquinones are extensively present in darkening (6). Histological studies have shown that
nature, found in plants, bacteria, fungi, and insects. a large number of apoptotic bodies are not caused by
They are widely used as pharmacological drugs for natural renewal, but by laxative action, suggesting
constipation and as non-prescription dietary that melanic substances are formed by the action of
supplements for weight loss. Currently, these anthraquinones (7). Chen et al. (8) proposed a
compounds are used to treat a variety of conditions melanosis-forming mechanism that correlated the
because of their wide ranging biological activities, accumulation of pigments to the long-term use of
including anti-inflammatory, antifungal, these natural compounds. When such compounds
antibacterial, antiviral, and antiarthritic actions (1). enter the colon, they produce a laxative effect and
Due to the cytotoxic action of some damage the epithelial cells. These cells release TNF-
anthraquinone  components, as doxorubicin a for the cell renewal induction mechanism via
(natural), daunorubicin (natural) and valrubicin triggering  apoptosis.  Furthermore, —damaged
(semisynthetic), several medicines have been epithelial cells are phagocytized by macrophages,
developed to treat cancer (1-3). One important which migrate to lamina propria of the epithelium.
mechanism of action for cytotoxic agents used in In the lamina propria, the apoptotic bodies become
cancer treatment is apoptosis induction. However, lipofuscin, giving rise to black patches that darken
apoptosis is also responsible for the long-term side the colon. With chronic use, such damage causes
effects — as mucosa darkening — of anthraquinone- immunotoxicity and results in inflammation.
rich plants. Although some studies have suggested that
The mucosa darkening, also known as pseudo- glycosides-anthraquinones are less toxic than the
melanosis coli, is a lipofuscin-like pigment found in corresponding aglycone, these studies did not

macrophages from colonic lamina propria. The
melanosis coli has been linked to the chronic use of
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characterize the toxicity of cascarosides present in
cascara sagrada. Furthermore, it remains unknown if
these compounds are responsible for melanosis coli
or trigger apoptotic pathways in the cells.
Understanding the level of toxicity and potency of
different classes of these (anthraquinone)
compounds could be an alternative to developing
more effective medicines with fewer side effects.

Thus, in this contribution, we evaluate the
cytotoxicity and apoptosis induction of these
compounds to establish a structure-activity

relationship. We also review the mechanisms of
action and toxicity of anthraquinones.

MATERIAL AND METHODS

General

HPLC-grade methanol (J.T. Baker), trifluoroacetic
acid (TFA, J.T. Baker), formic acid (J.T. Baker) and
ultrapure water (Millipore, MA, USA) were used in
HPLC and mass spectrometry analysis. We obtained
commercial powder of cascara sagrada (R
purshiana) bark from Santos Flora (lot number
CASCO01/1210) and extracted it through percolation
with ethanol (CrEx). The cascarosides A, B, C, D,
100H-A and 100H-B were isolated and the ethyl
acetate phase (EtAcPh) was obtained according to a
previous work (9).

Quantification of cascarosides in CrEx and
EtAcPh

The quantification of the isolated compounds in the
extracts were done using a HPLC Shimadzu (LC-
20AD) coupled with an ESI triple quadrupole mass
spectrometer (ABSciex API13200). Epigallocatechin
was used as an internal standard. For
chromatographic separation, a column Supelco
Ascentis Express Cis (5 cm x 2.1 mm, 2 um of
particle size) was used, coupled with a pre-column
with the same material. The mobile phases were
optimized to obtain the best signal/noise ratio and
water and methanol (both with 0.1% of formic acid)
were adopted. The elution method was initiated with
5% of B, kept isocratic for 0.7 min, which was then
increased to 35% for 1 min and to 45% for 5 min.
After this period, a new gradient until 100% was
adopted for 7.5min. 3.5 min were added to the
method to wash and stabilize the column. The
injection volume was 15 pl, the column
temperature was 45°C, and the autosampler
temperature was 5°C. The negative ionization mode
was employed and the ionization source parameters
were CUR 12 (Curtain Gas), source temperature
450 °C, ionization voltage (IS) -4500 V, CAD gas
(Collisionally-activated dissociation gas) 8, Gasl
(nebulization gas) 50 and Gas2 (turbo heaters gas)

50. The parameters DP (declustering potential), EP
(entrance potential), CEP (collision cell entrance
potential), CE (collision energy), CXP (collision
cell exit potential) and DT (Dwell time, monitoring
time for each transition keeping around 18
scans/peak) were optimized for each monitored
transition and are shown in Table 1.

The quantification methodology was validated
for precision (curve with 9 points and 6 replicates
each), inter-run accuracy (6 replicates in 9 points),
selectivity, —and  linearity. = The  assumed
concentrations were 10, 20, 50, 100, 125, 250, 375,
500, 1000 ng/ml. The extracts and phases were
diluted in the 25 mg/ml concentration and then
diluted in the same curve conditions.

Viability assay
For viability assay, NOK-SI (normal oral

keratinocyte spontaneously immortalized) (10),
HeLa (human cervix adenocarcinoma) and T98G
(human glioblastoma multiforme) cell lineages were
cultured in DMEM (Sigma-Aldrich), K-562 (human
chronic myelogenous leukemia) and HL-60 cells
(human acute promyelocytic leukemia) in RPMI
(Sigma-Aldrich). Both were supplemented with
10% fetal bovine serum (FBS-GIBCO) and
antibiotics (Sigma-Aldrich) at 37°C, and 5% COx.
Cells were seeded in 96-well plates (1x10*
cells/well) and, after 24 hours, they were exposed to
different concentrations of the compounds and the
crude extract, as indicated in the Figure 1 legend.
HeLa, T98G, K-562 and HL-60 cells were incubated
for 24 h, while NOK-SI cells incubated for 48 h with
the compounds, before determination of cytotoxicity
by the alamarBlue® cell viability assay. The oxidized
alamarBlue reagent was added at a final
concentration of 0.01 mg/mL, and cells were
maintained for 3 h in the standard culture conditions.
The fluorescence from reduced alamarBlue reagent
was measured using a microplate reader at 530/25
nm emission and 590/35 nm excitation wavelengths.
The results are presented as the percentage of viable
cells in relation to the control of each compound
(vehicle). A negative control, containing the medium
with no cells to determine baseline signal, as well as
a positive control of cell death induction (3%
DMSO), were included in all assays. A one-way
Anova was used, and results with p <0.05 were
considered statistically significant.

Apoptosis analysis

For apoptosis analysis, NOK-SI cells were cultured
in 100 mm?® culture plates (9x10° cells). After 24 h,
the isolated compounds or extracts were added (300
pg/mL) and maintained for 48 h. Cellular protein
extracts were obtained with CelLytic reagent
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Table 1. MS parameters optimized for cascarosides quantification (QT — quantification; Conf — confirmation).

Q1 Q3 DT DP EP CEP CE CXP
Casc A/B QT 579.0 297.0 15 -61 -10 -54 -51 -8
Conf 579.0 459.0 15 -61 -10 -54 -39 -7
Casc 10-H A/B QT 595.0 269.0 15 -60 -10 -54.5 -64 -6
Conf 595.0 432.0 15 -60 -10 -54.5 -34 -15
Casc C/D QT 563.0 281.0 15 -53 -10 -53.5 -52 -52
Conf 563.0 443.5 15 -53 -10 -53.5 -41 -13
Epi QT 457.0 169.0 20 -40 -4 -50.6 -28 0
Conf 457.0 125.0 20 -40 -4 -50.6 -52 0
(Sigma-Aldrich)  containing  protease  and person. The levels of CasCrEx found in this study

phosphatase inhibitors (Sigma-Aldrich). Protein
concentration was determined by the Bradford
protein assay (Bio-Rad). Cellular protein extracts
(30 pg) were electrophoretically separated in 10%
sodium-dodecyl sulfate polyacrylamide gels (SDS-
PAGE) and transferred to PVDF membrane (Ge
HealthCare). Membranes were blocked with a 5%
nonfat dry milk (Bio-Rad) in Tris buffer containing
10% Tween-20 (TBST). Primary antibodies used
were against PARP (PARP (46D11) Rabbit mAb #
9532), RIP1 (RIP (D94C12) XP® Rabbit mAb #
3493), caspase-8 (caspase-8 (1C12) Mouse mADb #
9746), caspase-3 (caspase-3 (8G10) Rabbit mAb #
9665) and calnexin (calnexin (C5C9) Rabbit mAb #
2679). Immunocomplexes were visualized using the
Enhanced chemiluminescence Western blotting
detection reagents (GE HealthCare).

RESULTS

Quantification of cascarosides

The analytical method was validated for
cascarosides quantification. In Table 2, the
cascarosides content of CasEtAcPh and CasCrEx
are reported. The cascarosides levels in CasEtAcPh
are lower than in CasCrEx.

Table 2. Cascarosides content (percentage) in
CasEtAcPh and CasCrEx.
CasEtAcPh (%) CasCrEx (%)
Casc A 0.32 3.31
Casc B 0.37 5.78
Casc C 0.32 1.15
Casc D 0.23 2.79
10H-A 0.42 4.54
10H-B 0.52 1.63
Total 2.17 19.21
The world health organization (WHO)

recommends a daily dosage varying from 0.3 to 1g
of crude extract, standardized to contain 20 to 30 mg
of cascaroside A. Therefore, the extract should have
between 2% to 10 % of cascaroside A for a 70 kg

are consistent with the international

recommendations.

Viability assay

In order to understand the contribution of each
compound class to the extract toxicity, we
performed in vitro studies with human cell lineages.
The first compounds tested were the cascarosides,
which did not show any toxicity in NOK-SI cells in
the tested concentrations (Figure 1A). The
CasEtAcPh and CasCrEx did show toxicity. We
expanded the structures tested, considering studies
that have shown toxicity for some isolated
compounds present in cascara extract. So, emodin,
anthralin and aloin were tested and showed toxicity
in NOK-SI cells (Figure 1A). The initial results
suggested that the more polar the compounds were,
the less toxic they would be.

Apoptosis analysis

To demonstrate the apoptosis inducing ability of
toxic compounds and extracts found in the previous
assay, we analyzed pro-caspase-3, pro-caspase-8
and PARP proteins (11) through Western blotting
(Figure 1B). In addition, we analyzed the levels of
receptor-interacting protein 1 (RIP) because RIP1
full length has been appointed as an anti-apoptotic
protein (12). Our results showed decreased pro-
caspase-8 and pro-caspase-3 (intact protein)
accompanied by cleavage of poly(ADP-ribose)
polymerase (PARP) and decreased RIP1 (full
length), suggesting apoptosis activation by
CasCruEx (Figure 1B). Additionally, the high
intensity of cleaved PARP (89 kDa) compared to
PARP (full length; 116 kDa), accompanied by the
loss of pro-caspase-3 and pro-caspase-8 and the
decrease of RIP1 in cells incubated with Aloin,
Anthralin, and Emodin suggest apoptosis and
corroborate with the higher cytotoxic profile
presented in Figure 1A.

349



J Pharm Pharm Sci (www.cspsCanada.org) 21, 347 - 353, 2018

A. Viability assay

% Cell Viability

% Cell Viability

% Cell Viability

150, 150
2 P
1004 = 100 = =
] 0
z >
] ]
504 O 504 Q
= =
Bl L
R A
CasCruEx (ug/mL) CasEtAcPh (pg/mL)
150, 150,
£ =
1004 =100 =
2 i 8
2 - 7
i} & 3
504 O 501 o
a2 ) £l
Q0 =
$ P L &P
Emedin (ug/mL)
150, 150,
oy >
1004 Z 1004 =
e B =
3 T
= >
- ] )
504 O 504 ]
: ES ES
ol

Cascaroside B (uM) Cascaroside 100H-A (uM)

B. Caspase assay

CasCruEx CasEtAcPh Alom Emodln Anthralm
Hellub. .o . 8
- — -

- ."!
e L T T T s

—

.‘A—-—--—-—--

150,

=&
=)
S

5,
=]

150,

150,

=]
=]

4]
=l

Aloin (ug/mL)

O S g

0. e
NN
Cascaroside 100H-B (uM)

PARP (116 kDa)

Cleaved PARP (89 kDa)

RIP I (78 kDa)

Casp-8 (57 kDa)

Casp-3 (35 kDa)

Calnexin (90 kDa)

Figure 1: (A) Cell viability of NOK-SI cells at different concentrations of extracts and isolated compounds from cascara
sagrada by alamarBlue viability assay. (B) NOK-SI cells were incubated with 300 uM of each compound (Aloin, Emodin
and Anthralin) or extracts (CasCruEx and CasEtAcPh) for 48 h. Caspase-8, caspase-3, PARP and RIP1 proteins were
analyzed through Western blotting. Calnexin protein was used as a loading control. (-) indicates absence of compound; (+)
indicates presence of compound. PARP: poly(ADP-ribose) polymerase; RIP: Receptor-interacting protein (RIP); Casp:
caspase. (0.1, 1, 10, 20, 50, 100 and 200 puM for the cascarosides A and B; 0, 10, 50, 100, 200, 300, 500 pg/mL for the crude
extract, aqueous phase, Aloin, Emodin and Anthralin). NOK-SI cell assays were tested at the following concentrations 1, 10,
50, 100, 500 and 1000 puM for the cascarosides A and B, and 1, 10, 50, 100, 500 and 1000 pg/mL for CasCruEx and
CasEtAcPh).
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Tumoral cytotoxicity assay

To evaluate the potential antitumor effect of the
compounds, we performed in vitro cell viability
assays in four different human tumor cell lines. The
CasCrEx showed high cytotoxicity in human
leukemia cell lines compared to HelLa and T98G
cells. The cascarosides A and B did not show
significant cytotoxicity in HeLa and T98G cells,
however, we observed moderate cytotoxicity in K-
562 and high cytotoxicity in HL-60, especially for
cascaroside B (ICsp 20.81 pM). The results are
described in Table 3.

DISCUSSION

In fact, it has been proven that some anthraquinones
can activate apoptosis in cells. Apoptosis is
programmed cell death, which is believed to trigger
cell renewal. The goal of apoptosis is to get rid of
infected or damaged cells (13). Apoptosis can be
triggered by extrinsic (via death receptor) and
intrinsic (via mitochondrial) pathways. The extrinsic
pathways are triggered by external stimulation (such
as TNF), which activate death receptors and caspase
cascades, causing cell death. The intrinsic apoptotic
pathways, which are often deregulated in cancer, are
related to cytokine deprivation, DNA damage, and
endoplasmic reticular stress. Both pathways
converge to a common pathway, resulting in
cleavage of pro-caspase-3 (decreasing this intact
form), poly(ADP-ribose) polymerase (PARP)
cleavage, and cell death (14). Our results in Figure 1
indicate that the anthraquinone core is responsible
for the toxic activity of cascara sagrada extract.

The structure-activity relationship shows that the
presence of glucose units in the molecule reduces the
toxicity, while anthrones and anthraquinones with
any glucose units show a similar toxic profile (Figure
2). The aglycones are the active compounds in
anthranoid extracts. Although (ox)anthranoids are
the active compounds, it is recommended to avoid
them in cascara extract. Cascara bark should be

stored for at least one year prior to use, to reduce
anthranoid levels (which oxidize to corresponding
anthraquinones). The use of fresh plants causes
“griping” (spasmodic pains in the bowels) and
emetic side effects. Despite this recommendation,
aglycone anthrones and anthraquinones seem to have
similar toxicity according to our results.

Although aglycones are responsible for laxative
activity, they are also responsible for the toxic effects
found in anthraquinone-rich extracts (15, 16). In fact,
glycosylated anthrones — such as cascarosides and
barbaloin — act as prodrugs and the intestinal flora
has the crucial role of releasing the active aglycones
(17, 18). Akao et al. (19) investigated the laxative
action of glycosylated anthranoid Barbaloin, and
found that it did not cause diarrhea in rats. However,
after association with Eubacterium sp. — a human
intestinal bacteria capable of transforming barbaloin
(glycosylated) to aloe-emodin (aglycone) — diarrhea
was clearly induced. This also occurs with other
glycosylated anthranoids as cascarosides (20) and
sennosides (18). Furthermore, both C- and O- bonds
can be broken by intestinal bacteria, even though
there is a restricted number of strains that can break
C- bonds.

The comparison between anthraquinones and
their glycosylated form as laxatives indicates that
glycosylated ones are more potent. This assumption
is supported by the polarity concept: glycosylated
compounds are more polar and tend to stay in
intestinal lumen. Pharmacokinetic studies support
that glucuronides remain unaffected during transit in
the gastrointestinal tract, which can lead to
microflora releasing the active aglycone in the colon.
Assuming that glucosyl anthraquinones are less
likely to enter the systemic circulation and, to
consequently be metabolized, their presence in
intestinal lumen allows them to exert a higher effect
than anthraquinones. Additionally, the FDA
recommends using 15 to 20 times more concentrated
anthraquinones than glycosides anthraquinones (15).

Table 3. ICso values of CasCrEx (ug/mL) and cascarosides A and B (uM) after 24h treatment against different

human tumoral cell lines.

I1Cso (uM)

Cell line Classification Organism CasCrEx" Casc A Casc B
HeLa cervix adenocarcinoma Human 124.6 >1000 >1000
TI8G glioblastoma multiforme Human 129.1 >1000 >1000
K-562 chronic myelogenous leukemia Human 7.78 641.1 536.8
HL-60 acute promyelocytic leukemia Human 2.93 103.3 20.81

* CasCrEx ICso values are expressed in pg/mL
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Figure 2: Structure-activity relationships for anthraquinones compounds.

Besides the lack of laxative activity of glucosyl
(ox)anthrones, the intestinal metabolism can release
the active aglycone. Additionally (ox)anthrones
cannot be directly in the extract due to strong side
effects, thus the use of glycosylated forms as
cascarosides is recommend. Furthermore, the present
study shows the safety of their use.

CONCLUSIONS

In this contribution we establish a relationship
between structures of anthraquinones compounds
and cytotoxicity. Although aglycones are the most
active form, they are responsible for the toxic effects
found in anthraquinone-rich extracts. Furthermore,
we state that using the glycosylated forms — as the
cascarosides — is worthwhile compared to crude
extracts, as they prevent direct contact of cells with
active  forms  during intestinal  transport.
Additionally, absorption is avoided, leading to the
need for fewer doses. Besides being inactive,
glycosylated anthraquinones can release active
aglycones through intestinal bacteria. In the present
contribution, we  recommend  cascarosides-
enrichment in cascara extract, although clinical

experiments should be conducted to support these
findings.
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