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Abstract

Cancer represents a challenge for all nations in the world because of the high human and economic
cost it represents. The study of plants with active secondary metabolites for cancer would allow these
patients other therapeutic options that can contribute to the treatment. Within the traditional
Hidalguense medicine D. bicolor is a plant with anticancer activity that has been used for generations. It
is objective of this work to evaluate the antitumor effect of the ethanolic and aqueous extract of D.
bicolor, as well as performing the qualitative phytochemistry and acute toxicity of both extracts. To
achieve this objective, the L5178Y model was used, the positive control was vincristine, the tumour
growth and the days of life were valued, colorimetric tests were used for the phytochemistry, and
toxicity was carried out using Lorke's oral acute toxicity method. Within the results of the present
work, D. bicolor provided antitumor activity with both extracts, presenting a better effect with the
aqueous extract than with the ethanol extract, with the first one tumour growth was inhibited up to
84% in relation to the control, so this extract increased the days of life by 50% . When the qualitative
phytochemistry was made, the metabolites found in both extracts were alkaloids, coumarins,
flavonoids and triterpenes. When the toxicity tests were performed, the ethanolic extract was toxic,
while no toxicity was found for the aqueous extract. In the present work, the aqueous and ethanolic
extracts of D. bicolor showed antitumor activity in lymphoma L5178Y. The presence of flavonoids,
coumarins, triterpenes and alkaloids were observed, the aqueous extract is not considered toxic.

All components of the manuscript must appear within a single electronic file: references, figure
legends and tables must appear in the body of the manuscript.
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Introduction

Cancer is a group of diseases whose importance
lies in its high morbidity and mortality and continues
to increase in such a way that in the next 20 years it
could increase up to 70%, with highest mortality in
poor or middle-income countries' and this is related
to the lack of resources and infrastructure for
prevention, diagnosis and treatment. Many times
patients abandon treatments or do not receive
them due to economic circumstances’.

Although it is necessary to bet to prevent this
group of diseases, it is also convenient to seek more
affordable and safe treatments. In this sense, the
WHO proposes to promote the safe and effective
use of traditional medicine in order to improve the
state of health worldwide’.

A viable option is the study of plants with active
secondary metabolites for cancer, which would
allow offering adjuvant alternatives to treatment for
patients and at the same time favoring the safe and
effective rational use of natural resources
traditionally used in developing countries such as
Mexico. Among these species is Decatropis bicolor
Zucc. (Radlk) of the RUTACEAS family, whose
common names are aranthd, arandhé?, gold leaf,
among others. The importance of this plant is that
its leaflets are sold in markets and tianguis in the
state of Hidalgo, Mexico for different types of
cancer, skin infections and liver problems, other
registered uses are as a pesticide, for rituals® and
kidney pain®.

This is a little studied bush between 1.2 to 3
meters high, its leaves are composed with 5 to 10
leaflets, which in the dorsal part are green and in
the underside are brown-yellowish, with blooms
between February and April*. In Hidalgo, it is located
in the municipalities of Ixmiquilpan, San Salvador
and Tepetitlan®. Due to the popular use of this
species as an antitumor and the little information
about it, in the present work the antineoplastic
effect was observed in a murine lymphoma model,
as well as its secondary metabolites and acute
toxicity in aqueous and ethanolic extracts, since a
wider knowledge about this resource could lead to a
safer and more effective use by the population.

Methods

Biological material

The plant was collected in Tlacotlapilco
municipality of Chilcuautla Hidalgo coordinates 20 °
22726.8 ”N 99 ° 12"37.3” W altitude 1798 msnm, at
the beginning of its flowering. An example was
deposited in the herbarium of the center of
biological research at the Institute of Basic Sciences
and engineering of the UAEH with Manuel Gonzdlez
Ledesma with voucher number GAV7.

The leaflets were selected by discarding those
with other coloration and were dried in the shade.
Those were fragmented for the elaboration of the
ethanolic and aqueous extracts, first they were left
to macerate in 70% ethanol’ for 7 days at room
temperature and the extract was obtained by
filtration. This was concentrated to dryness at 70 ° C,
the aqueous one was done every day before the
administration in the form of decoction following an
ethnopharmacological criterion according to the
population of the Mezquital Valley, which uses
decoction of 1 and 3 leaves in a litter of water® 9,
which was boiled for 20 minutes™, subsequently
concentrated to dryness. The yield found was 1.1%.

2.2 Antitumor

Were used BALB/c male mice, with an average
weight of 22 g. They underwent a 7-day adaptation
period, subsequently they were weighed and
inoculated intraperitoneally (IP) with approximately
6 x10° viable tumour cells of murine lymphoma
L5178Y and three days later to assess the effect of D.
bicolor 6 random batches were formed with at least
5 animals each. The groups were: 1) negative control
(vehicle 1 ml/oral gavage OG); 2) positive control
(vincristine sulphate 2 mg/m?® IP)"; 3) Ethanolic
extract 0.2 mg/kg/every 24hrs OG; 4) Ethanolic
extract 0.5 mg mglevery 24hrs/kg; 5) aqueous
extract 1 mg/kg/every 24hrs OG; 6) Aqueous extract
2 mg/kg/every 24hrs OG.

For the evaluation of the antitumor effect in this
model, the weight (g) gained by the animals 13 days
after the inoculation of the tumour cells was
considered, taking this as an indicator of tumour
growth. Was also evaluated post-inoculation
lifetime. Statistical analysis of the data was carried
out by the Variance Analysis test (ANOVA) followed
by the Tukey multiple comparison test. A value of p
<0.05 was considered statistically significant.
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Another indicator was the probability of survival
by comparing survival curves through the Log-rank
test.

Qualitative phytochemical analysis of ethanolic
and aqueous extracts

Was performed the preliminary phytochemical
screening of D.bicolor leaflets from ethanolic and
aqueous extracts through qualitative chemical
reactions. Were identified secondary metabolites
after evaporating the extracts. The tests used for
the determination were alkaloids (Dragendorff,
Mayer, Wagner), triterpenes and steroids
(Liebermann-Burchard, Solkowski, Rosemheim),
coumarins  (Baljet, Legal, Erlich), Flavonoids
(concentrated sulfuric acid, Shinoda), Resins, oils
essentials (white paper, sweat V), reducing sugars
(Fehling, Benedic), phenols and tannins (ferric
chloride), free amino acids and amines in general
(ninhydrin). The results were interpreted as
negative (-) or positive (+ little; ++ moderate; +++
abundant)™ .

Toxicity

Because one of the objectives of this work is to
promote the safe use of this plant, was performed
the evaluation of acute toxicity with the modified
Lorke methodology™.

This study was carried out in 12 male BALB/c mice
for each extract, the animals were divided into
batches of three individuals and fasted 12 hrs before
intragastric vehicle administration, 10, 100, 1000
mg/Kg of live weight (LW) of the ethanolic and
aqueous extract of the plant. For this last extract
was also administered an additional dosage of 2000
mg/kg. They were kept under observation for 24
hours after the administration of the extracts.

The animals that did not die after 15 days were
euthanized with sodium pentobarbital (150 mg/kg
IP) for subsequent necropsy.

As for the interpretation of the results this was

carried out using the formula LD50= V[(D0*D100)]
Where:

Do = higher dose that does not give mortality

D100= lower dose that produced mortality™.

The statistical analysis of the data was carried out
by the t test. A value of p <0.05 was considered
statistically significant.

The zootechnical management and the slaughter
of the animals used in this research was carried out
in accordance with Mexican NOM-062-Z00-199916
and according to the guide for the care and use of
laboratory animals, of the committee of the national
investigation council of EEUU".

Results
D. bicolor has antitumor activity

The antitumor effect in murine lymphoma L5178Y
produced by the ethanol and aqueous extracts of
the leaflets of D. bicolor was quantified as the post-
transplant weight gain, which is interpreted as
ascites tumour growth, so the survival obtained was
also quantified.

The results regarding tumour growth showed
that while the vehicle reached an average of 18.6 g,
the treatment with the positive vincristine control
obtained a tumour growth of 4.06 g, which
represented 79% less than the tumour size of the
vehicle (p = 0.001).

On the other hand, between both extracts:
ethanolic and aqueous, the one with the best effect
was the latter. Regarding the ethanolic extract, with
the dose of 0.5 mg/kg/every 24 hours, the tumour
growth was inhibited 57% in relation to the control
(p = 0.01). Effect surpassed by the aqueous extract
since in an interesting way caused a lower
development of the tumour in relation to the
vehicle, presenting better effect the dose of 1 mg/kg
with an inhibition of 83% (p = 0.0001). See fig. 1

The figure shows the effect on tumour growth (g)
of BALB/c mice obtained after intraperitoneal
administration of 6x10° L5178Y lymphoma cells in
the vehicle groups, vincristine (2 mg/m?®), of ethanol
and aqueous extracts of D. bicolor in mouse BALB/c.
The vincristine positive control showed lower
tumour development than the control group (p =
0.01), the ethanol extract had an antitumor effect at
a dose of 0.5 mg/kg/every 24hrs. While the aqueous
extract was the one that exhibited the best result
considering the dose of 1.0 mg /kg/every 24 hrs as
the one that obtained greater significance in
relation to the control (p = 0.0001). Each bar
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represents the mean + ES with n 25. The data
were analysed by the statistical test of variance
analysis (ANOVA) followed by the Tukey multiple
comparison test. p values <0.05 were considered
statistically significant.

Importantly in this work the commercial
chemotherapeutic vincristine was statistically similar
to the different treatments with D. bicolor shown
here.

Regarding the average number of days after the
transplant, the treatments administered had an
increase in survival compared to the vehicle (p =
0.01), which showed 13 days on average. While with
vincristine 25 days were reached, the groups of D.
bicolor also increased the lifetime reaching and
interestingly the dose of 1 mg/kg the aqueous
extract was statistically similar to the antineoplastic
vincristine. See fig. 2

The figure shows the effect of the vehicle,
vincristine (2 mg/m?) and the ethanol and aqueous
extracts of D. bicolor in BALB/c mice with L5178Y
lymphoma in the lifetime. While the control reached
13 days of survival, with vincristine 25 were
obtained, all the groups with D. bicolor shown here
presented a greater number of days lived than the
control and interestingly with the dose of 1 mg/kg of
the aqueous survival is statistically similar to that
obtained with vincristine. Each bar represents the
mean * ES with n = 5. The data were analysed by the
statistical test of variance analysis (ANOVA)
followed by the Tukey multiple comparison test. P
values <0.05 were considered statistically
significant.

After the calculation of days lived, the
comparison of logrank survival curves was
performed in the treatments with the best-observed
effect. See fig 3.

The comparison of survival curves of mice
inoculated with 6x10° lymphoma cells L5178Y via
subcutaneous route in BALB/c mice with vehicle and
with extracts of D. bicolor is shown. When
comparing the curves of the negative control
against the ethanol extract (etho) (0.2 mg/kg), it is
observed that the vehicle has a median of 16 days,
while with etho it is 21 (Radius is 0.76; 95% Cl: 0.29 to
1.94), which can be interpreted as that the ethanolic
extract is related to a significant increase in survival

of 23.80% compared to the vehicle. (P = 0.0001 log
rank). Meanwhile the comparison of vehicle curves
against the 1 mg/kg aqueous extract shows a
significant increase in survival (P = 0.0001 log rank)
since this extract has a median of 22 days (/R of 0.72;
95% Cl radius : 0.26 to 2), which in turn is associated
with a 28% increase in survival compared to the
negative control (P = 0.0001). Kaplan-Meier curve.
(longrank). n > 5.

That is 0.2 mg/kg of ethanolic extract and 1 mg/kg
of aqueous extract against the vehicle, observing a
significant increase with both treatments against
control (p = 0.0001). This analysis of the curves
showed the probability of life over time, for the
ethanolic extract a radius (R) of 0.76 (95% Cl: 0.29 to
1.94) and for the aqueous R of 0.72 (95% Cl radius:
0.26 to 2). Which can be associated with an increase
in survival prognosis of 23.8% and 28% respectively
compared to the control™ ®.

Quialitative phytochemistry

To know the main secondary metabolites present
in D. bicolor, qualitative phytochemical was
performed with both extracts and it was observed
that both showed the presence of alkaloids,
triterpenes, abundant coumarins, and flavonoids.
However in the aqueous one, a lower presence of
these were found, only positive result was observed
for alkaloids with Mayer, for triterpenes in
Liebermann-Buchard, in coumarins for Baljet and
Erlich and for flavonoids with Shinoda. See Table 1.

The tests were negative for resins, essential oils,
phenols and tannins, free amino acids and amines in
general.

Toxicity

When carrying out the toxicity of the ethanolic
extract, it was observed that from 100 mg/kg the
mice presented anxiety, open mouth, ataxia,
dyspnea, abdominal breathing, cyanosis,
piloerection, abdominal contractions and shrieks
during the first 60 minutes. The animals did not die
and were kept 15 days under observation, then
autopsy and macroscopic observation of the liver
and kidney was performed, the kidneys were
congested, splenomegaly and weight loss were
observed.
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When administering the dose of 1000 mg/kg, the
mice showed incoordination, tachycardia, apnoea
and two mice died at four hours, the third died 24
hours later, and the latter one presented dark
stools, dehydration, cyanosis, weight loss. At
necropsy were observed renal congestion,
hemorrhagic gastric mucosa, dark intestine and
concentrated urine.

The LDy, for the ethanol extract was 316 mg/kg PV
that according to the Globally Harmonized System
of Classification and Labeling of Chemicals of the
United Nations presents toxicity *°.

With different doses of the aqueous extract a
habitual behavior was observed, without weight
loss during the following 15 days, at the end of
these, the necropsy was performed and there were
no apparent changes in heart, liver, spleen and
kidneys.

Discussion

Cancer is a global public health problem
according to GLOBOCAN. The number of deaths in
2018 was 9, 555, 02721. Developing countries have
the greatest impact on mortality, which is why it is
important to find more affordable and cheaper
alternative therapies, in relation to this it is
convenient to mention that the search for antitumor
activity in plants is not random, since 60% of the
active principles for chemotherapy comes from
plants®. D. Bicolor is used by the Hidalguense
population for different types of cancer, in order to
collaborate with the knowledge of this species and
to favor its effective and safe use by the population.
In this work, antitumor activity, qualitative
phytochemical and toxicity of two extracts ethanol
and aqueous obtained from this plant were studied.

The results indicated that D. bicolor had an
antitumor effect on lymphoma L5178Y, decreasing
the size of the tumour and increasing the lifetime.
As far as we know this is the first report of the
antitumor effect in vivo.

Phytochemistry showed the presence of
coumarins, alkaloids, flavonoids and triterpenes. The
ethanol extract is considered toxic, however the
aqueous extract showed no toxicity up to 2000

mg/kg.

There is a toxicity study of the ethanolic extract in
saline artemia obtaining a Lethal Concentrations,
(LCso) of 565 mg/ml, this same team mentions not
having found cytotoxic activity with this same
ethanol extract in Hela cells®. On the other hand,
was not observed this activity with essential oil (EO)
in the MCF-10 breast cancer line. However, in MDA-
MB-231 cells Estanislao and team report an
Inhibitory concentration 1C;, of 128Bg/ml for
ethanolic extract, observing the best effect with
essential oil with an IC,, of 53.81 Bg/ml, they
themselves mention not having found cytotoxicity
with the aqueous extract®. Finding effect or not in
extracts similar to those studied in the present work
with different models may be a consequence of the
variation in the presence or quantity of secondary
metabolites in the plant due to pharmacoergastic
factors®® or by the cell line used™.

In the present work, the positive vincristine
control had the expected effect achieving a tumour
inhibition of 79% in relation to the vehicle. On the
other hand, when using the highest dose of ethanol
extract, the tumour produced was 57% smaller than
the vehicle group, the group that presented the
best effect was 1.0 mg/kg of the aqueous extract
with a tumour inhibition of 83% followed by 65% for
double this dose. This last extract was obtained by
decoction. This cytotoxic effect found in an aqueous
extract obtained with heat has also been found in
other species such as Trichilia hirta® and Plumbago
pulchella Bois, studied by this investigation team, a
plant also used by the Hidalguense population
which significantly reduced the tumour size, without
increasing life time". Contrary to P. pulchella the
different extracts of D. bicolor in the present work
showed an increase in the life time different from
the control and in the case of the low dose of the
aqueous extract this presents 20.8 days (50%)
against 13.8 of the vehicle, resulting Statistically
similar to vincristine. Which was 25.75 days.

When analysing the probability of survival of this
plant by means of the logrank test, a prognosis
higher than the vehicle of 24% was observed for the
ethanolic with 95.5 Confidence Interval (ClI 0.28-
1.94) and 29% (95% Cl 0.26-2.0) for the aqueous.

The mechanism of action attributed by the
Estanislao team to the essential oil of this plant in
MD-MB-231 cells was through apoptosis with the
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expression of proteins such as Bax and caspases 3
and 9*.

The inhibition or stimulation of molecular
pathways involved in cancer has been observed
with coumarins, flavonoids, triterpenes and
alkaloids, secondary metabolites found when
performing the phytochemical of both extracts in
this work, which coincides with Cortez®. The
coumarins that have been reported from the aerial
part of D. bicolor are heracline, seseline, psoralene,
imperatorine, and the skimmianine and dictamnine
alkaloids®. Of these coumarins the soraleno has
been involved in breast cancer as a cyclin inhibitor
with p21 and regulating p53 and intervening in the
PI3 pathway/Akt’® and the dictaminine alkaloid has
been linked to cytotoxicity through mTOR, and
MAPK, regulating HIF-12"

Within the RUTACEAS family is Pilocarpus
alvaradoii from which triterpene lupeol® has been
isolated. Which has been obtained from a
hydroalcoholic solution®, and showed cytotoxic
activity in PCNA-1 pancreatic cell carcinoma, causing
cell cycle arrest by regulating p21 and p27 and
inhibited tumour growth in vivo by decreasing
phosphorylated Akt and phosphorylated ERK **.

As in the present work, Cortez reports abundant
flavonoids® and due to the polarity of the extracts
these could be within the group of glycosylates such
as flavanones among which is the hesperidine
present in the citrus genus of the RUTACEAS
family®. To which cytotoxicity has been attributed in
breast and gastric cancer cell lines involving proteins
such as Fas, caspases 3 and 9, reducing BAX and
decreasing mitochondrial membrane potential’*. It
is interesting that coumarin, flavonoid, triterpene
and alkaloid are involved in cancer molecular
pathways found in D. bicolor, especially those that
have been previously reported as is the case of the
coumarin solareno and the alkaloid dictamnine,
which ~ when intervening directly on the
IP3/Akt/mTOR  pathway. They become very
important because AKT/PKB is a serine/threonine
kinase protein that can be hyperactivated in
different types of cancer. This can modulate
different targets promoting proliferation, growth
and survival through regulating the cell cycle
directly with p21 and p27 or modulating levels of
cyclin D1 and p53, as well as inhibiting proapoptotic

signals such as BAD or FOXO and favoring resistance
to treatment®. Which turn this route into a striking
anti-tumor pharmacological mechanism that has
taken great relevance in the creation of such
therapies. Such is the case of derivatives of
wortamine and others that are still in clinical studies,
as well as some that are already in use: everolimus
and temsirolimus. However, due to the presence of
adverse reactions observed®® ¥ the search continues
and turns D. bicolor into a striking alternative.

In the ethnopharmacological investigations
carried out by Martinez Pérez and team, they
mention that the plant is of delicate use®® and on
the other hand, Estanislao mentions that in normal
epithelial cells the viability in normal epithelial cells
was reduced by 25% by increasing the effective dose
2.84 times by 72 hrs*.

In this sense, it should be considered that
medicinal plants are not exempt from adverse
reactions, so it is necessary to seek the safe use of
these. One of the objectives of this work was to
evaluate the acute toxicity of D. bicolor in mice. The
results in the toxicity with the ethanolic extract
showed it is considered toxic according to the
Harmonized Global system20. No toxic signs were
observed in the aqueous extract. On the other
hand, D. bicolor is a plant that does not exist in
abundance, so it is recommended to seek its
sustainability before its widespread use.
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Table 1. Phytochemical of ethanolic and aqueous extract of D. bicolor

S
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Figure 1. D. bicolor inhibits tumour growth
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Figure 2. D. bicolor increased lifetime
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Figure 3. D. bicolor increases the probability of survival

in lymphoma L5178Y
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