Generacion 20078 - 2012A Caodigo 304182901

UNIVERSIDAD BDE GUADALAJARA

CENTRO UNIVERSITARIO DE CIENCIAS BIOLOGICAS Y AGROPECUARIAS

DIVISION DE CIENCIAS BIOLOGICAS Y AMBIENTALES

VIV HY A

L]

“CYTOQTOXIC EFFECT OF THE ETHANOQLIC EXTRACT OF LOPHOCEREUS
SCHOTTH: A MEXICAN MEDICINAL PLANT”

INVESTIGACION Y ESTUDIOS DE POSGRADO

OPCION SEMINARIQ DE INVESTIGACION

QUE PARA OBTENER EL TiTU!_O DE:
LICENCIADO EN BIOLOGIA
PRESENTA: _
PEDRO ALBERTQO BENITEZ SALDANA

LAS AGUJAS, ZAPOPAN, JALISCO, JULIO 2013



Universidad de (uadalajara

Centro Universitario de Ciencias Biolégicas y Agropecuarias

Coordinacion de Carrera de la Licenciatura en Biologia

F<]

COORD-BIO-003/2013.

C. PEDRO ALBERTO BENITEZ SALDANA
PRESENTE

Manifestamos a usted, que con esta fecha, ha sido aprobade su tema de titulacion en la
modalidad de INVESTIGACION Y ESTUDIOS DE POSGRADO opcién SEMINARIO DE
INVESTIGACION con el titulo: “CYTOTOXIC EFFECT ,OF THE ETHANOLIC EXTRACT OF
LOPHOCEREUS SCHOTTII: A MEXICAN MEDICINAL PLANT”, para obtsner la Licenciatura en
Biologia.

Al mismo tiempo le informamas, gue ha sido aceptado como director de dicho trabajo: Dr.
Arturc Orozco Barocio y como asesores al Dr. Edgardo Flores Torales
Sin mas por el momento, aprovechamces para enviarle un cordial saiudo.

ATENTAMENTE
"PIENSA Y TRABAJA™

COMITE DE

{as Agujas, Nextipac, Zapopan, Jal., 8 de julio de 2013

DRMNA QUIROZ ROCHA
OMITE DE TITULACION

t

(broniczi Flomera (o
M.C. VERONICA PALOMERA AVALOS
SECRETARIQO DEL COMITE DE TITULACION



FORMA F

Dra. Georgina Adriana Quiroz Rocha.
Presidente del Comité de Titulacion.
Licenciatura en Biologia.

CUCBA.

Presente

Nos permitimos informar a usted que habiendo revisado el trabajo de titulacidn,
modalidad INVESTIGACION Y ESTUDICS DE POSGRADO, opcién SEMINARIO
DE INVEST!GACION con el titulo: “CYTOTOXIC EFFECT OF THE ETHANOLIC
EXTRACT OF LOPHOCEREUS SCHOTTH: A MEXICAN MEDICINAL PLANT” que
realizé ella pasante Pedro Alberto Benitez Saldaiia, con nimeroc de codigo
304182901 consideramos gque ha quedado debidamente concluido, por lo que
ponemos a su consideracién el escrifo final para autorizar su impresion.

Sin ofro particular quedamos de usted con un cordial saludo.

Atentamente
Las Agujas, Nextipac, Zapopan, Jal., 9 de juiic de 2013

COMITE DE
TITULACION

Arturo O arocio
Director/a dgl trabajo

Dr. Alfonso Islas Rodriguez Wl / '3

e ~ 1
Dr. Jorge Peregrina Aﬁ LY 3:’};0/ 3
R USIT RN
Dr. Ramén Rodriguez Macias f? % o? S 7

2
Dr. Edgardo Flores Torales W . 049 /_Tu liofeorz

\v. 3




AGRADECIMIENTOS

Agradezco a Dios por darme la sabiduria que me llevé a concluir mi
carrera y el haberme acompafiado y guiado a io largo de ésta,
brindandome una vida llena de aprendizajes, experiencias y sobre
todo, de conocimiento.

Le doy gracias a mis padres Pedro y Maria Elena por apoyarme en todo
momento, por los valores que me han inculcado, y por haberme dado
la oportunidad de tener una excelente educacion en el transcurso de
mi vida.

A mis hermanos y familiares por ser parte importante de mi vida y a
mis queridos amigos y companeros de carrera, que me apoyaron y me
permitieron entrar en su vida durante cinco afios de convivir dentro y
fuera del salon de clase,

Quiero agradecer de manera especial y sincera al Profesor Arturo
Orozco Barocio, por aceptarme para realizar este trabajo bajo su
direccion. Su apoye y confianza en mi trabajo y su capacidad para
guiar mis ideas han sido un aporte invaluable, no solamente en el
desarrollo de este trabajo, sino también en mi formacion como
investigador. Le agradezco también por haber confiado en mi persona,
por la paciencia, por los consejos y el animo que me brindo. Muchas
gracias Profesor.

Quiero expresar también mi mas sincero agradecimiento a mis sinodales por
su participacién, destacando, por encima de todo, su disponibilidad y
paciencia hacia mi. A todos mis profesores que conoci durante mis cinco anos
de estudio, en especial al Profesor Sergio Alvarez Bajaras por haber compartido
su conocimiento conmigo, no cabe duda que sus palabras enriquecieron mi
formacion comoe Bidlogo.

GRACIAS



Orozco-Barocio et al., Afr J Tradit Complement Altern Med. (2013) 10(3):397-404 397
http://dx.doi.org/10.43 14/ajtcam.v1(i3.2

CYTOTOXIC EFFECT OF THE ETHANOLIC EXTRACT OF LOF‘HD'CEREUS SCHOTTIE A
MEXICAN MEDICINAL PLANT.

Arturo Orozco-Barocio”, Brenda Lizbeth Paniagua-Dominguez’, Pedro Alberto
Benitez-Saldafa’, Edgardo Flores-Torales’, Salvador Velazquez-Magafia® and Hilda
Julieta Arreola Nava®

! Laboratory of Immunobiotogy, Department of Cellular and Molecular Biology. University
Center of Biological and Agricultural Sciences. University of Guadalajara. Km 15.5 carretera
Guadalajara — Nogales, Las Agujas, Nextipac, Zapopan, Jalisco, Meéxico. CP: 44100.

2 Institute of Botany, Department of Botany and Zoology. University Center of Biological and
Agricultural Sciences. University of Guadalajara. Km 15.5 carretera Guadalajara — Nogales,
Las Agujas, Nextipac, Zapopan, Jalisco, México. CP: 44100,

* Correspondence to: A. Qrozco-Barocio, Laboratory of Immunobiology. University Center of
Biological and Agricultural Sciences, Phone: (52) 33 3777-1150 ext. 33230. Fax (52) 33
3777-1158. University of Guadalajara. Carretera Guadalajara - Nogales Km 15.5. Las
Agujas, Nextipac, Zapopan, Jalisco, México, CP; 44100,
*Email: arorozcob@prodigy.net.mx, arorozco@cucha udg. mx

Abstract
¥

Lophocereus schotlii is a Mexican cactus known as garambullc whose bark is used for the treatment of
cancer, diabetes, ulcers, sores, stomach disorders and tuberculosis, The aim of this study was to evaluate the
cylotoxic effect of the ethanolic extract of bark of L. Schoffii. To assess these effects we established a flow of
experiments in a model of BALB/c mice murine lymphoma, We valug first survival of mice inoculated with 2 x 10*
L5178Y murine lymphoma celis, crally treated with 10 mg/Kg of the extract for 10 consecutive days; the second
assessment was to determine the influence of the immune system, we carry vut studies of lymphoproliferation in
mice with the same conditions of the previous study, only that the treatment was for 22 days before the
completion cell cultures; the third study was to establish the cytotoxic effect of extract of L. schottif using different
concentrations, by murine lymphoma cell cultures and splenccytes from healthy mice and finally we assessed the
effect in vive of extract of L. Schotfi in a model of solid murine lymphoma incculating 1 x 107 lymphoma cells in
the gastrocnemius muscle abserving the development of the tumer. We observed that oral treatment of 10 mg/kg
of extract of L. schotfii increased survival rate in freated mice; additionally, an intratumoral injection of 50 and 100
mg/kg in a solid murine lymphoma located in the gastrocnemius muscle, allowed a significantly slower tumor
evolution. n vitro studies determined that extract inhibited 63% of lymphoma cell growth. With these evidences it
is feasible fo scientifically validate that ethanalic extract of L. scholti had an effect on L5178Y murine cells
tymphoma and couid have the same effect in human tumors.

Keywords: Cytotoxicity, murine lymphoma, Lephocereus schoftii, medicinal plants, antitumer.

Introduction

The medicinal plants are a common alternative for cancer treatment in many countries, approximately
B0% of drugs currentty used for cancer treatment have been isolated from natural preducts (Gordaliza, 2007) | in
Mexico, 30 to 70% of diagnosed patients with cancer use herbal extracts as an alternative therapy for several
types of cancer {Gerson-Cwilich et al, 2006; Gomez-Martinez et al., 2007). Rlant extracts have been an
important source of anticancerogenous agents used in medicine (Saklani, 2008; Jacobo-Salcedo et al, 2011),
and Mexican medicinal plants play an imporiant role in new treatment reskarch (Alonso-Castro et al,, 2011).

Lophocersus schottii (Engelm) Britton & Rose is & cactus which grows to 2 - 4 m fall, has 5 to 10 ribs, is
an endemic species of Mexico, warm weather, associated with coastat dunes and xerophyl shrublands, found in
Northwestern from Mexico and Arizona desert in United States of America; It's common names include cardona,
muswo, s$ina, sinita, caclus star and garambullo. L. schotlii is traditicnally used for treatment of cancer, diabetes,
ulcers, sures, stomach disorders and tuberculosis (Argueta-Villamar et al., 1984; Encamaci¢n-Dimayuga et al,
1987; Bravo-Hollis, 1889). However, there are no scientific studies demonstrating its anticancer activity. Alonso-
Castro f al. {2011}, in their study on 300 Mexican medicinal plants, recorded L. schoflii in the group of plants that
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refer ethnopharmacoclogical uses against cancer, without scientifically based research (Alonso-Castro et al.,
2011).

Considering that the cytotoxic and immunomodulation effects of L, schotfii are unexplored, the objective of this
study is to evaluate in vivo and in vitro the ethanolic extract ¢ffect of the stem of L. schottii on a murine lymphoma
model. We value first survival of mice inoculated with 2 » 10° L5178Y murine tymphoma cells, orally treated with
10 mgfKg of the extract for 10 consecutive days; the second assessment was to determine the influence of the
immune system, we camy out studies of lymphoproliferation in mice with the same conditions of the previous
study, only that the treatment was for 22 days before of completion cell cultures; the third study was to establish
the cytotoxic effect of ethanolic extract of L. scholff using different concentrations (125, 62.5, 31.25, 1565, 7.89 y
0.97 pg/ml) by L5178Y murine lymphoma cell cultures and splenocytes from healthy mice and finally we assessed
the effect in vivo of extract of L. Schofti in a model of solid murine lymphoma inoculating 1 x 107 lymphoma cells
in the gastrocnemius muscle chserving the development of the tumor.

Material and Methods
Plant materials and extraction and preparation of ethanol extract
3

Lophocereus schoflii (Engelm) Brition & Rose was collected in July 2008 from Desert of Sonora, Mexice
and identified by Dra. Hilda Julieta Arreola Nava (Institute of Botany University of Guadalajara). A voucher sample
has been deposited in the Herbarium of Botany Department of University of Guadalajara under the number IBUG-
189957. Stem from L. schofti {400g) was cut and dried into small pieces and extracted with ethanol absolute
piacing 10 g of powder in 100 ml absolute ethanal (1:10, w/v) under shaking for 48 h at room temperature in
darkness. The extract was filtered and concentrated under reduced pressure in & rotary evaporator (MOD. RE47,
Yamato Scientific CO LTD. Tokyo, Japan), and lyophilized (Freezone 4.5, Labconce, Kansas City, MO}, finally the
dry powder was resuspended in injectable water or culture medium AIM-V (GIBCO BRL, Grand 1sland, NY, USA)
according to the in vivo or in vitro treatment respectively and sterilized by filtering threcugh a 0.22 pm membrane
{Acrodisc Siringe Fitters Pall Corporation, Ann Arbar, M),

Animals

Matle BALB/c mice aged 6—8 weeks were maintained and bred under conventional laboratory conditions
at the University of Guadalajara, Guadalajara, Mexico, according to the guidelines for the use and care of
taboratory animals and Werld Medical Association Declaration of Helsinki (amended by the 52nd WMA, General
Assembly, Edinburgh, Scotfand, October 2000). Arimal protocols were approved by the Biomedicine Sciences
Committee.

Lymphoema cell line

The murine lymphoma cell line L5178Y was derived from murine thymic lymphoma of DBA/2 mice (H-
2d/g), and was maintained in ascetic form by weekly intraperitoneal (i.p.) passages of 1 x 10° cells in syngenic
BALB/c mice (H-2d/d) (Perez-Puebla, 1998}

Lethal dose (LDso}

»

Oral single doses from ethanolic extract from L. Schotfii {50, 500 and 5000 mg/Kg body weight) were
administered in mice from three independent groups (n = 10 each) for the LDsq determination. The mice were kept
in observation for 90 days to record clinical signs of acute toxicity such as, postration change behavior, respiratory
and mator disturbances, piloerection and death {Loomis, 1982; Kent, 1998).

Studies on survival rate of mice with L5178Y lymphoma

The antitumor activity of ethanclic extract of L. schotti was evaluated in vivo using survival time (survival
%) of mice inoculated with 2 x 10° cells of LS178Y murine lymphoma by intraperiteneat route and treated orally
with 10 mg/kg daily, at the following day of tumor implantation for 10 days; mice were daily kept under observation
to assess their general conditions and record the day of death, The survival {ime was valuated and represented
with Kaplan- Meier curves of survival,

Lymphoproliferation with ex vive MTT

In order to determine whether cell type immune response, in this murine lymphoma model, was maodified
by action of ethanolic extract of L. schotti, four experimental groups of 5 mice each were used. Two groups were
inoculated intraperitoneally with 2 x 10* L5178Y murine lymphoma cells; one of them was treated with 16 mgrkg
of ethanolic extract diluted in injectable water, and the other group anly received injectable water (100 pl). The
other 2 groups were also inoculated with enly irjectable water into the peritoneal cavity (100 pl), one of them also
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was treated with 10 mgikg of ethanolic extract L. schotti. The four groups were treated for 22 consecutive days by
cral route and after they were euthanized to obtain spleen cells, and lymphoproliferation assay was performed by
using MTT method, according to the Hansen technique (Hamsen, 1989), briefly: Concanavalin A (Sigma
Chemical, St. Louis, MO} was used as mitegenic stimulus, the spleens were removed aseptically; cell profiferation
was measured using 3,{4,5-dimethylthiazol-2-yl}-2,5-diphenyl-tetrazolium bromide (MTT). The methed involves
conversion of MTT to coloured formazan by the living cells. Then, 40 pi of MTT (5 mg/ml} was added to each well.
After 2 h incubation at 37° C, 160 yl of extraction buffer pH 4.7 containing 20% w/v of SD$ (Bio-Rad, Richmond,
CAY in a solution of 50% N,N-dimethyl formamide (Sigma Chemical, St Louis, MO) in demingralized water were
added. After overnight incubation at 37 ° C, optical densities at 570 nm were measured with an ELISA plate reader
using the extraction buffer as blank, Gellular profiferation was determinated by Stimulation Index (8i) according to
the following formula:

S1 = {Optical Density with mitogen/ Optical Density without mitogen).

The profiferation index was statistically evaluated using the KruscaFWallis test.

Citotoxicity assay

In order to detemmine the direct in vitro effect of extract ethanolic on tumor cells growth and healthy
spleen cells growth; L5178Y cells were collected from peritoneal liquid of mice bearing lymphoma and the celiular
suspension obtained were washed three times with PBS solution and adjusted to 5 x 10° celliwell with AIM-V
medium; in addition, spleen cells were obtained from healthy mice and seeded to flat bottom 96 well plates {4 x
10° eellsiwell) (Corning Incorparated, NY, USA), cultures were performed in triplicate, spleen cells were or act
stimulated with 5 pg of Concanavalin A. All cultures {lymphoma cells, spleen ceffs with or without Concanavalin A)
were incubated in the presence or absence of various concentrations of the extract ethanolic of L. schottii (125,
62.5, 31.25, 15.65, 7.81, 0.97 and 0.0 pg/ml). The culture assay was performed with colorimetric technique of
MTT (Hansen, 1989, described above) and the optical density (OD) was measured at 570 nm in a microplate
reader (OPSYS MR, Dynex Technologies, Inc. Chantilly, VA, USA). The viability of the culture cells was estimated
from the relative growth as follows: % Citctoxicity = 100 — [{OD treated celis/OD not freated cells) x 100].

Inhibition of tumor development in solid phase

L5178Y cells were collected from peritoneal liquid of mice bearing Iquhoma and the celiular suspension
obtained were washed three times with PBS solution and adjusted to 1 x 16" celiml with AIM-V medium; four
experimental groups of 10 mice each were used, all mice were inoculated with 100 ul of cellular suspension
(1x10° lymphoma cells) in the left gastrocnemius muscle; two groups were treated with 50 (group 1) and 100
mg/Kg (group 2) of ethanolic extract of L. schoftii diluted in injectable water by intratumoral route, other group
(group 3) was treated with 100 mg/Kg of ethanolic extract by intramusculardy route and the last group (control
group) was not treated. The four groups were treated for 30 consecutive days, 48 hours after tumor administration
of lymphoma. Tumor volume was measured once every day using a calipes (Digimatic Caliper Mituloyo
Corporation, Japan), one day before the inoculated lymphoma cells and during 30 days. Tumer volumen was
eslimated according to the following formula: turmor velurmen (mm®) = (length x width®)/2.

Statistical analysis

Experimental values are expressed for jn vivo antitumor activity was evaluated by survival time with
Kaplan-Meier curves; for lymphocyle proliferation ex vivo assay was evaluated by Kruscal-Wallis test for
cylotoxicity assay and inhibition of tumor development in solid phase were evaluated by Honestly Significant
Difference Test of Tukey. The level of p < 0.05 was used to determine statistical significance. All calculations were
performed using the Excel Statistical Microsoft Corporation Software.

Results
Lethal-dose 50 {LDso}

The ethanolic extract from L. schoftii showed not lethal effetts at doses (50-5000 mg/Kg body weight).
Animals were observed untif 90 days after administration. However, these animals did nct die or behavioral and
physialogical alterations established by the toxicology standards, for more than 90 days of observation {Loomis,
1982; Kent, 1988).

Studies on survival rate of mice with L5178Y lymphoma

In order to determine the antitumor effect of ethanolic exiract ,of L. schottii, 2 * 10* cells of L5178Y
iymphoma were administered to two groups of mice (n = 10 for each one} in the peritoneal cavity, and one of the
groups was treated with 40 mg/kg of ethanoilc extract dissolved in injectable water by oral route, for the first 10
days after tumor administration; the other group only received the same sterile injectable water volume {100 i),
they were kept under observation until they died and the survival rate of each group was determined. Kaplan-
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Meier statistical test revealed that the survival rate increased significantly (33 days) in mice treated with L. schottii
compared with the non-treated group (26 days) (Figure 1). )

-

GROUPS
~ M TUMOR without treatment

= TUMOR + g3} 10 m, L
" scholti 97%a

&5

% Survival

a4

ap

Time (days)

Figure 1: Antitumor effect of ethanolic extract of L. schotlii evaluated by survival of mice with L5178Y murine
lymphoma. Comparison of groups with or without the fallowing treatment 10 mg/kgiday/10 days (n = 10).
The estimation of survival was significantly different P < 0.05 evaluated by the Kaplan-Meier test.

Lymphoproliferation with ex vive MTT

It is known that L5178Y murine lymphoma model produces immunosuppression in treated mice with 1 x
107 cells (intraperitoneal route) at the sixth day of development (Oronze-Barocio et al, 1999; Daneri-Navarro et
al., 1995). In order to explain the survival increase due to L. schotfi immunomadulator effect, i \nmo tests of
splenocyte lymphoproliferation were conducted in mice inoculated in the peritoneal cavity with 2 x 10° calis of
L5178Y murine lymphoma for 22 days (2 groups n = 5). One of the groups was treated with 10 mgrkg of ethanclic
extract of L schottii diluted in sterile injectable water administered by oral route for 22 days; the cther groups only
received the vehicle (sterile injectable water) for the same period of time; lymphoproliferation tests were also
conducted in two other groups of mice (n = 5 for each one) that did not received lymphema ceffs and anly
ethanolic extract of L. schottii and vehicle were administered as previously deseribed. MTT coferimetric assay was
used to evaluate lymphoproliferation (Hansen, 1983}, No significant difference {Kruskal-Wallis test) was observed
between the 4 groups in regard to lymphoproliferation rate (Figure 2), which reveals that ethanolic extract of L.
schottii has no effect on splengcyte proliferation of mice treated or not with the extract and survival increase can
be explaingd by a direct cytotexic action against murine lymphoma celis.

Lo e

Praliferation indax

-

Lytiphoma with L
chori

schot

Figure 2: Effect of ethanclic extract of L. schottii on lymphoproliferation of mige with L5178Y murine lymphoma
with or without the fallowing treatment: 10 mg/kg/day/22 days (n = §). There was ne significant difference
in profiferation indexes evaluated by the Kruskal-Wallis test.
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Cytotoxicity assay

Based on the previous results, the cytotoxic effect of ethanolic extract of L. schoftii was determined using
different concentrations (125, 62.5, 31.25, 15.65, 7.81 and 0.97 pg/ml}, by L5178Y murine lymphoma cell cultures
and splenocyles from healthy mice stimulated or not with Cencanavalin-A (5 pg/ml). Plant extracts with
cytotoxicity values of EDsy {Effective Dose 50) < 30 pg/ml are considered active according fo the parameters
established by The National Cancer Institute (NCI) {Suffiness, 1980). According to these criteria, the ethanalic
extract of L. schottii has toxic effects on L5178Y lymphoma cells (EDsp = 7.8 pg/ml with 63% of cytotoxicity):
whereas, in splenocytes not stimulated with concanavalin-A from healthy mice, there was lower cyltotoxic effect
using the same concentration {38% of cell cytotoxicity, EDsp > 125 ug); however, the splenocytes stimulated with
concanavalin-A experenced 80% of cylotoxicity (Table 1 and Figure 3).

Table 1.Effect of ethanolic extract of L. schottii on the cytotoxicity percentage of L5178Y murine lymphoma cells,
healthy splenocytes and healthy splenocytes stimulated with Con-A.

Cencentration of L5178Y Lymphoma Ceils Healthy Cells without Healthy Cells with Con-A
ethanolic extract pg/mi Con-A

125 57 43 ki

62.5 58 44 78

31.25 58 42 80

15.63 62 40 80

7.8 83 38 80

3.9 43 9 71

1.95 18 -3 . 61

0.97 2 17 57

Cytotoxicity {%)

&lymphomadells ®m épieé;celis without Con-A [ S$peen collswith Con-A

Figure 3: Effect of ethanolic extract of L. schotli on the cylotoxicity percentage of L5178Y murine lymphoma
cells, healthy splenocytes and healthy splenocytes stimulated with Con-A. The cytotoxicity percentage,
evaluated by Tukey's multiple comparison test, was significently different P < 0.05.
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Inhibition of tumor development in solid phase

With these results, the in viva cytntoxlc effect of ethanolic extract of L. schottii was stugdied on a solid
L5178Y murine lymphoma medel, implanted in the left gastrocnemius of mice (1 x 10° cells), treated with
ethanolic extract of £, schofti with daily doses of 50 and 100 mg/kg by intratumeral route and 100 mgkg
intramuscularly, starting 48 hours after first lymphoma inoculation. The development of the tumor volume, valued
in mm®, was slower in groups treated with ethanolic extract of L. schotlii than in non-treated group, mostiy in the
group that received 50 mg/kg by intratumeral route. Likewise, there was no difference in the extract administration
route (Tukey's multiple comparison test) (Figures 4 and 5).

18000 +—

Tumorvelume {mm?)

1 4 5 6 7 8 11 12 13 14 15 18 19 20 21 22 2% 26 27 28
Lymphoma development (days)

=4-Lymiphoma ¢ells -G-L. schotlii IT 50 mg/Kg &L schottii T 100 mg/Kg -O-L schottis iM 100 mg/Kg

Figure 4; Effect of ethanolic extract of L. scholtii on tumor growth (mm®) in mice with L5178Y murine lymphoma
implanted in gastrocnemius muscle, with or without treatment by intratumeral {IT) and intramuscular (M)
route, n=10. Tumor growth, evaluated by Tukey's multiple comparison test, was significantly differert P <
0.05.

Figure 5: Hind leg of a healthy mouse {left), another inoculated with L5178Y murine fymphoma in the
gastrocnemius muscle at 30 days of evolution, without treatment (right), and with 50 mgfkg of ethanolic
extract of L. schottii {center) by intratumoral route.
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Discussion

The results demonstrate unequivocally, the cytotoxic effect of ethanolic extract of L. schotti on cells
undergeing mitesis (L5178Y murine lymphoma cells and splenocytes stimulated with Concanavalin-A), this
cytotoxic effect being significantly different with regard to healthy splenocyles in resting stage of mitosis or not
stimulated, as shown in Figure 3 and Tabie 1. Likewise, it can be observed that the tumor volume in solid state, is
smaller when ethanclic extract freatment is administered (Figure 5), demonstrating that the dose of 100 mg/kg
beth infratumorally and inframuscularly injected, show the same effect with regard to tumor volume reduction;
however, between 50 and 100 mgfkg treatments using the same route of administration, it, indeed, showed
differences with respect to the tumor velume {(Figure 4).

In summary, these results provide important biclegical data that ethanolic extract of Lophocereus schotti
effect, has important implications in the ethnomedicinal use against tumer cells, since it has significantly greater
cytotoxic effect on L5178Y muring lymphoma cells than in healthy splenocytes, allowing survival increase in
trezted mice, decrease in solid lymphoma growth and mitosis interference, References found stated that whaole
plant and stem contain zlkaloids of sequinoline, Lophocerine and Pilocergine (Warli at al, 1980; Kircher, 1969),
as well as triterpenes Lophenol and Lupeol, and sterol Schottenol (Arguata-Villamar et al,, 1984). 1t is known that
generally derived alkaloids such as the isoguinoline compounds have anti-cancer effects and reduce tumors
development (Wang et al., 2009; Pettit et al., 2009; Li et al., 2009; Steerk et al., 2002); likewise, a number of
triterpencids have shown promise as antineoplastic agents and exhicit antproliferative activity when tested
against various cancer cell lines. Recent reports showed that triperpenes directly inhibit tumor growth, cell cycle
progression and induce the apoplosis of tumor cells under in vitro and in vivo situations. (Palanimuthu et ai.,
2012; Misawa et al., 2012; Siddique et al., 2011; He et al., 2011, Saleem, 2009, On the other hand the schottenal
presents anticarcinogenic properties (Khallouki et ai., 2003; Arisawa et al, 1985). HHowever, there is no
information about the chemical derivatives of the generic compounds found in L schotfii Therefore, it is
necessary to conduct more phytochemical studies for isolation and identification of the active compenents of L.
schottii. Likewise, further studies on the mechanisms of biological effects by which the extract exerts its anititumor
effects are unavoidable.
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