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Abstract Higher plants have provided various natural derived drugs used currently in western medicine.

Tessaria absinthioides (Hook. & Arn.) DC, Asteraceae, is a native plant from South-America with
reported ethnopharmacological and culinary uses. Despite recent scientific reports about plants properties, there
is not a well conducted research about its anticancer and potential toxic effects. The current work demonstrates
the plant aqueous extract composition; the in vitro induced cytotoxicity, and explores, in vivo, its oral toxicity and
antitumoral effects. Composition of aqueous extract was determined by phytochemical reactions. Cytotoxicity was
tested in tumoral (Hela, Gli-37, HCT-116 and MCF-7) and non-tumoral (HBL-100) cells, using MTT assay. Oral
toxicity and the antitumor activity against colorectal carcinoma were studied in rodents. The chemical analysis
revealed the presence of flavonoids, carbohydrates, sterols, terpenes and tannins. Cytotoxicity towards tumoral
cells was observed (CV,: 3.0 to 14.8 pg/ml); while in non-tumoral cells, extracts evidenced a selective reduced
toxicity (CV,,: 29.5 pg/ml). Oral administration of the extract does not induce acute nor dose-repeated toxicity at
doses up to 2000 mg/kg and 1000 mg/kg/day, respectively. The antitumoral effect was confirmed by a significant
increase in a median survival from 24 weeks (non-treated) to 30 weeks (7. absinthioides treated). The present
data indicate that T. absinthioides extract exhibits cytotoxicity against cancer cell lines, with no-toxic effects and
significant antitumoral effects in colorectal cancer when is orally administrated. In conclusion, T. absinthioides
possesses selective cytotoxicity and antitumoral activities, making its plant derivatives products promising for
cancer research and treatment.
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Resumen Evaluacion de las propiedades citotoxicas y antitumorales del extracto acuoso de Tessaria

absinthioides (Hook & Arn) DC, “pdjaro bobo”. Las plantas superiores han provisto numerosos
derivados naturales usados actualmente por la medicina occidental. Tessaria absinthioides (Hook & Arn) DC,
Asteraceae, es una planta autéctona de Sudamérica con informes de uso etnofarmacolégico y culinario. A pesar
de los reportes cientificos sobre las propiedades de esta planta, no existen estudios que caractericen sus efectos
antitumorales ni sus efectos toxicos. En el presente trabajo se describe la composiciéon del extracto acuoso de
T. absinthioides, sus propiedades citotdxicas in vitro, y explora in vivo la toxicidad oral y su capacidad de afectar
la progresiéon de tumores. La composicidon se determinéd mediante reacciones fitoquimicas. La citotoxicidad se
estudio en lineas celulares tumorales (Gli-37, HeLa, HCT-116 y MCF-7) y no tumorales (HBL-100), utilizando
el ensayo de MTT. La toxicidad oral de los extractos y su capacidad antitumoral sobre carcinoma colorrectal se
analizaron en roedores. El andlisis del extracto acuoso evidencio flavonoides, carbohidratos, esteroles, terpenos
y taninos. La citotoxicidad sobre células tumorales resulté similar a la observada para el 5-fluoracilo (CV,: 8.0 a
14.8 pg/ml); mientras que, en células no tumorales, el efecto estuvo selectivamente reducido (CV,;: 29.5 pg/ml).
La administracion oral del extracto no indujo toxicidad aguda ni a dosis repetidas (dosis hasta 2000 mg/kg y 1000
mg/kg/dia, respectivamente). Los efectos antitumorales se confirmaron mediante un significativo aumento de la
supervivencia en el grupo tratado con T. absinthioides. En conclusién, de acuerdo a los resultados obtenidos,
T. absinthioides y sus derivados naturales representan un campo prometedor de estudio para la investigacion
en el tratamiento del cancer.
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Along with compounds from terrestrial microorganisms,
the constituents of higher plants have provided a subs-
tantial number of the natural product-derived drugs used
currently in western medicine’. Elucidation of bioactive
plants derived compounds is an expanding field of re-
search, particularly of species that are used in systems
of traditional medicine or are utilized as botanical dietary
supplements.

Tessaria absinthioides (Hook. & Arn.) DC from the
family Asteraceae, is currently named ‘pajaro bobo’,
‘suncho negro’, or ‘brea’. It is a frequent species inhabi-
ting sandy and wet soils in Bolivia, Chile, Uruguay and
Argentina, where it covers thousands of square miles in
the river basins?. It is an aromatic plant commonly used in
traditional medicine and as spices or seasonings through
Argentina and Chile territories®. Its infusions have been
employed since Aymara and Huarpe folk Medicine’s as an
hypocholesterolemic, balsamic, expectorant, for hepatitis,
renal insufficiency, diabetes and “empacho” (digestive
disorder with a halt of undigested food and non-digestible
substances, provoking a stagnation of intestinal transit),
along both countries*S.

The potential therapeutic use of this plant derivatives,
have conducted to the isolation of pharmacologically
active components with specific biological activities. The
aqueous and organic extracts and its purified essential
oils have demonstrated virucidal activity against herpes
simplex virus type 1 and 2, poliovirus type 2; and Junin vi-
rus’. The hidroalcoholic extract, constituted by coumarins,
flavonoids, tannins and saponins, have been related to
anti-inflammatory effects by inhibition of pro-inflammatory
enzymes®. Insecticidal effects have been related to isola-
ted sesquiterpenes which induce topical toxicity, growth
alteration effects and repellent activity to Tenebrio molitor
and Tribolium castaneum larvae, a serious stored-product
insect pest with a world—wide distribution® '°. Furthermore,
isolated tessaric acid has shown in vivo gastric cytopro-
tective activity''.

Despite recent scientific reports about the plant derived
compounds identification and activities, in accordance to
our knowledge, there is not a well conducted research
about its antitumoral properties and potential toxic effects
in animal models. In consequence, the present work aims
were: to determine by phytochemical qualitative analysis
the composition of T. absinthioides aqueous extract; to
study the extract in vitro activity against tumoral and non
tumoral cell lines; to discard toxicity induced by its oral
administration in laboratory healthy animals; and to show
the extract capability to affect in vivotumor induction. The
results of this work are compared with the chemotherapeu-
tic agent 5-fluoracil (5-FU), which have well characterized
antitumoral and toxic effects.
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Materials and methods

Tessaria absinthioides (Hook & Arn) DC, was collected in La-
valle-County, Mendoza-Argentina (33°44’10”S, 68°21°30.5"W).
A voucher specimen (MERL-61823) was deposited in the Men-
doza Ruiz Leal herbarium. Leaves were obtained immediately.
Then, 20 g of leaves were autoclaved in 200 ml of distilled
water. Solids were separated by filtration and the obtained
volume was lyophilized. At the moment of use, lyophilized
was reconstituted with milliQ water (1 g/ml) and sterilized by
passing through a 0.22 pym pore size filter.

A qualitative phytochemical screening for chemical cons-
tituents was realized on the aqueous extract. Alkaloids'> '3,
flavonoids', resins'® ¢, carbohydrates'”, amino acids'é, sterols/
terpenes’®, and tannins2® were evidenced by colorimetric, and
precipitation reactions. Identified chemical constituents were
extracted by solid-liquid procedures from 1 g of lyophilized
crude extract by selective solvents (HPLC grade — J.T Baker),
dried obtained compounds were quantified.

In vitro studies were realized in the human cell lines: Hela,
uterine cervix adenocarcinoma; Gli-36, glioblastoma; HCT-116,
colorectal carcinoma; MCF-7, breast adenocarcinoma; and
HBL-100, non-tumoral epithelium (American Type Culture
Collection, ATCC); and cultured in DMEM, supplemented with
10% fetal bovine serum, 100 IU of penicillin and 100 pg/ml
streptomycin (GIBCO - USA). Culture conditions were fixed
at 37 °C, in a humidified atmosphere enriched by 5% CO,,.

The cytotoxic activity was studied by MTT [(3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrasodium bromide)] assay.
This process requires active mitochondria, and the amount
of MTT cleaved is directly proportional to the number of via-
ble cells present. Cells were seeded in 96-well microplates;
24 hours later, the medium was aspirated and replaced by
medium containing T. absinthioides (0 to 50 pg/ml) or 5-FU
(Filaxis®, Argentina) at indicated doses (0 to 50 pg/ml). Then,
cells were incubated for 72 hours; thereafter, medium was
replaced by 100 pl of MTT solution (0.5 mg/ml in DMEM,
without phenol red nor FBS) and incubated for an additional 4
h. MTT solution was then removed and 100 pl of DMSO added;
the plates were shaken for 10 min to dissolve the formazan
crystals. The optical density was measured using a ThermoS-
cientific Multiscan Elisa reader at 570 nm. The optical density
obtained in untreated cells was taken as 100% viability and
the other values were calculated in accordance with controls
(concentration 0 pg/ml). The assay was performed three times
in triplicate. To quantify the measured cytotoxicity, the 50% of
cell viability (CV,) was used.

The animals used in this work were cared in accordance
with the Guiding Principles in the Care and Use of Animals
of the US National Institute of Health. All procedures were
approved by the Institutional Animal Care and Use Committee
of School of Medical Science, Universidad Nacional de Cuyo
(Protocol approval N°30/2014).

To perform the in vivo toxicity studies, Sprague Dawley rats
bred in our laboratory, 8 weeks-old at the onset of treatment
were used. They were kept in a controlled light (lights on 6:00
AM to 10:00 PM) and temperature (22-24 °C) room. Rats chow
and tap water were available ad libitum.

The acute toxicity study procedure was performed accor-
ding to the guideline for the testing of chemicals, acute oral
toxicity (OECD 20012'). A single dose of aqueous extract, was
administered by oral gavage to 4 groups of 3 female and 3
male rats each, at doses of 0 (described as control group), 50,
300, or 2000 mg/kg, respectively. The rats were monitored for
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mortality, body weight changes and other clinical signs during
14 days after dosing. All rats were necropsied to detect grossly
observable evidence of organ or tissue damage or dysfunction.

The 28-day repeated-dose study was performed according
to the guideline for the testing of chemicals, repeated dose
28-day oral toxicity study in rodents (OECD 200822). Four
groups of 3 female and 3 male rats each were administered
daily, for 28 days, by oral gavage doses of aqueous extract
of T. absinthioides. The doses were 0 (described as control
group), 250, 500 and 1000 mg/kg/day. Body weights, water
consumption, and general clinical observations were evalua-
ted three times a week. All animals were evaluated daily for
abnormal behavior and presence of clinical symptoms consi-
dered as endpoints. Observation time was extended until 1
day after the exposure period. Then, animals were sacrificed
and given a gross and microscopic pathology examination.
Troncal blood was collected; one aliquot was obtained with
10% EDTA and used for blood cells quantification. The other
aliquot was collected to serum separation and then used for
biochemical determinations.

The in vivo antitumor activity of aqueous extract was studied
in adult male BALB/c mice, bred in our laboratory, 6 weeks old
at the onset of treatment. They were kept in a light (lights on
6:00 AM to 10:00 PM) and temperature (22-24 °C) room. Mice
chow (Cargill, Cérdoba, Argentina) and tap water were available
ad libitum. Four groups of 8 animals each were separated.
Group 1, did not receive treatments and was considered as
survival control. In the other 3 groups, colorectal tumor induction
was performed by DMH, 20 mg/kg/week, for 22 weeks, S.C.%2
Group 2, animals were tumor inducted and did not receive
other treatment, it was considered as indicative of no treated
tumor survival. Group 3, 8 weeks after tumor induction, animals
receive 5-FU 30 mg/kg/week, I.P.23, until animal sacrifice. Finally
(group 4), 8 weeks after tumor induction, animals were treated
with a dilution of lyophilized T. absinthioides in the drinking
water. Mice extract consumption was 300 mg/animal/day, until
animal sacrifice. T. absinthioides dose was selected as a hig-
her concentration of extract that not affected the animal water
consumption. The human endpoints to sacrifice animals were:
reduction of spontaneous activity, respiratory difficulty, not ea-
ting/drinking, increased/decreased weight more than 20%, dia-
rrhea, no micturition, anal bleeding and anal tumor protrusion.

Along the work, data are expressed as mean =+ standard
error (SEM) and analyzed using GraphPad Prism 5.0 software.
To assess the 50% of cell viability (CV, ), a sigmoidal dose-
response analysis was performed; values were considered ac-
ceptable when goodness of fit showed R?> 0.90. Comparisons
between two groups were done using Student’s T test. When
more than two groups were compared, one-way ANOVA fo-
llowed by Dunnett’s multiple comparison test was used. Animal
survival curves were compared using a Mantel Cox test. In all
cases, statistical significance was considered when p < 0.05.

Results

The qualitative phytochemical analysis of the aqueous
extract revealed the presence of different chemical groups.
Strong positive reactions were registered for flavonoids,
carbohydrates, sterols/terpenes, and tannins. Whereas,
alkaloids, amino acids and resins were not detected.
Present components were quantified and its dry weight,
related to 1 g of aqueous extract lyophilized results as
follow: flavonoids 76.5 + 3.2 mg/g, carbohydrates 4.3 +
0.7 mg/g, sterols/terpenes 244.4 + 16.0 mg/g, and tannins
27.1 + 1.3 mg/g.
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We next performed the standard MTT assay to de-
monstrate aqueous extract cytotoxicity against human cell
lines (Fig. 1). A comparative study between treatments
with T. absinthioides and 5-FU was completed on tumoral
cells Hela, Gli-36, HCT-116 and MCF-7; and non-tumoral
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Fig.1.— Aqueous extract of Tessaria absinthioides exhibit
cytotoxicity on various cancer cell lines, with a selected di-
minished activity against non-tumoral cells (HBL-100). CV,;
indicates the 50% of cell viability and values are presented
as mean + SEM of three different experiments performed
by triplicate. 2Indicates significant difference, Student T
test, p = 0.03. ®:Indicates significant difference, Student
T test, p = 0.0003. No other significant differences were
found. Values of CV, were calculated using Prism 5, log
(inhibitor) vs. normalized response equation. Mathematical
standard slope is equal to 1 (Hill’s slope, R?) and determine
a sigmoidal curve. Only assays with R? > 0.9 were used.
Above curves represent MTT measured cytotoxicity and
CV,, values can differ slightly if a graphical extrapolation
is performed.
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HBL-100 cells. Induced cytotoxicity by T. absinthioides
extract was strong in Hela and Gli-36 cells (CV,: 3.0 =
1.2 and 6.1 = 1.1 pg/ml, respectively), intermediate in
HCT-116 and MCF-7 (7.6 + 1.0 and 14.8 + 1.3 pg/ml,
respectively) and moderate on HBL-100 (29.5 + 1.1 ug/ml).
Meanwhile, a different pattern of response was observed
when 5-FU was a treatment. The CV, calculated by cell
line, was: Gli-36, 2.3 + 1.2 yg/ml; HCT-116, 3.6 + 1.1 pg/
ml; Hela, 8.3 + 1.2 yg/ml; HBL-100, 10.0 + 1.4 pg/ml; and
MCF-7, 18.6 = 1.1 pg/ml.

The present data demonstrate that uterine cervix carci-
noma and breast cancer cell lines were more sensitive to
T. absinthioides than to 5-FU. In Hela cells the difference
was significant (Student T Test, p = 0.03). On the contrary,
in glioblastoma, colorectal cancer and non-tumoral cell
lines 5-FU results more cytotoxic than the plant extract.
Notably, when a normal cell line HBL-100 was tested,
the measured CV, induced by T. absinthiodes resulted
significantly higher (3 folds) than the 5-FU obtained
value (Student T Test, p = 0.0003). An increase in CV,
indicates lower cytotoxicity, when the effect is observed
in non-tumoral cells (HBL-100), these results indicate a
T. absinthiodes selective toxicity against cancer cells.

Then, we performed neurobehavioral, anatomical,
hematological and serological studies on Sprague Dawley
healthy rats to examine possible alterations induced by
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T. absinthioides treatment, with special attention in toxic
signs similar to those reported for 5-FU treatment.

One dose by gavage of aqueous extract, at concentra-
tions of 0, 50, 300, or 2000 mg/kg/bw did not determine
acute toxicity. No females or males died as consequence
of extract administration or into the period of 14 days after
treatment; no animals showed neurobehavioral signs of
toxicity. After necropsy, internal organs were analyzed and
no-macroscopical signs of ischemia, bleeding, fibrosis or
degenerative proliferation were observed. In consequen-
ce, it is possible to discard acute toxicity induced by oral
administration of T. absinthioides up to 2000 mg/kg/bw.

Thereafter, we perform a dose-repeated-28-days stu-
dy of toxicity. During the assay period, neuro-behavioral
signs of toxicity were not registered and sensory/motor
functions did not show alterations. When treatment finis-
hed, anatomo-pathological, blood and serological studies
were performed to analyze whether treatment induce
toxicity in detoxifying organs, such as liver, kidneys and
lungs, or into a rapidly proliferating fraction of cells, such
as spleen and circulating blood cells. Glucose, hepatic
enzymes, urea and creatinine were determined to analyze
liver and kidneys functional status. Serum values of glu-
cose and urea were determined to evaluate metabolism
integrity (Table 1). No toxic changes were registered
at any used doses. Analytical results obtained at 0 and

TABLE 1.— Sprague Dawley anatomical, hematological and serum biochemistry after 28 days of
Tessaria absinthioides oral administration compared with non-treated control group

Details Females Males

Control Treated Control Treated

Rats and organs weight (Mean + SEM)
Body (g) 243.3 + 4.1 2526 + 6.9 4153+ 54 416.4 =+ 1.8
Liver (g) 6.3 + 0.3 72+ 04 11.3 £ 0.1 11.7 + 0.4
Kidneys (g) 1.9 + 0.1 2.0+ 0.1 3.0+ 0.1 3.1 +02
Spleen (g) 0.5 + 0.1 0.6 + 0.1 0.7 + 0.1 0.8 + 0.1
Lungs (9) 1.4 £ 0.2 1.6+ 0.1 1.7 + 0.1 22+ 0.2
Blood cells determination
Hematocrit (%) 349 + 1.8 34.0 + 0.1 353+ 1.0 35.0 = 0.9
Erythrocytes
(106 cells/pl) 44 + 0.3 42+ 0.3 4.4 +0.2 49 £ 0.2
Leukocytes
(103 cells/pl) 29 + 0.3 28+ 05 3.1+0.3 3.3+ 05
Platelets
(105 cells/pl) 85+ 15 8.1+ 0.9 11.5+0.5 121 + 0.2
Serum biochemistry

Glucose (mg/dl) 95.5 + 4.0 86.3 + 4.0 70.9 = 3.0 76.1 = 10.0
ASAT/GOT (U/l) 714 + 3.0 762+ 2.0 82.3 + 3.0 82.9 + 2.0
ALAT/GPT (U/l) 41.7 + 3.0 432+ 3.0 454 +1.6 47.7 = 3.0
Urea (g/l) 0.3 + 0.1 0.3+ 0.1 0.4 +0.1 0.45 + 0.1
Creatinine (mg/l) 0.6 + 0.6 0.6 £ 0.6 0.6 £0.3 0.5 + 0.3

Data presented are mean + SEM of n = 3 animals per group. Comparisons by Student’s T test (p < 0.05) did not

show significant differences between 0 and 1000 mg/kg/bw/day/dose.
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1000 mg/kg bw/day are showed in Table 1. Final weight
of females and males did not show significant changes.
The organs of treated animals did not evidence differences
in weight, color or structure. No macroscopical signs of
ischemia, bleeding, fibrosis or degenerative proliferation
were observed.

Hematocrit and the number of circulating blood cells
were similar after treatment. Extract toxicity on rapidly
proliferating cells or organs related to the hematological
system can therefore be excluded. None of the assessed
biochemical parameters showed statistical differences
between groups.

All the parameters had no significant differences when
0 and 1000 mg/kg dose/bw/day were compared (Student’s
T test, p < 0.05). Moreover, determined parameters are
considered normal to the specie®.

Concluding, this section demonstrates that oral admi-
nistration of T. absinthioides aqueous extract, for 28 days,
it is not toxic at doses up to 1000 mg/kg bw/day.

After acute and 28 repeated-dose toxicity was discar-
ded, to evaluate the capability of aqueous extract to exert
in vivo antitumoral activity, we induced colorectal tumors
in BALB/c mice by DMH administration. In the control
group (animals without DMH tumoral induction) animals
presented 100% survival. No spontaneous animal deaths
were registered, and no animals evidence the humane
endpoints criteria during the experimental time (52 weeks
after tumor induction start).

All animals treated with DMH developed colorectal can-
cer and were sacrificed as consequence of tumor disease.
Necropsy of animals evidenced 10 to 24 colorectal polyps
(Fig. 2, right lower panel), without significant differences

In vivo colorectal cancer induction
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between groups; neither difference in polyps” volume were
found. Histologic analysis of tumoral pieces confirms the
diagnosis of colorectal adenocarcinoma (Fig. 2, right upper
panel).

Only the median survival was different between the
groups in which tumors were induced (Fig. 2, left panel).
While no treated group median survival was 24 weeks after
treatment starts, in 5-FU and T. absinthioides groups were
27 and 30, respectively. Differences between no treated
group and T. absinthioides were significant (Mantel Cox
test, p = 0.0071). The presented data clearly indicate
the antitumoral effects of T. absinthioides when is orally
administrated. When T. absinthioides group is compared
with 5-FU group, no significant differences were found
(Mantel Cox test, p = 0.1179).

Discussion

In accordance with our results, T. absinthioides aqueous
extract has a selective cytotoxicity against different human
tumoral cell lines showing a reduced activity in non-tumoral
cells. In addition, oral administration of aqueous extract
does not determine acute or subchronic toxic effects in
laboratory healthy animals; whereas, the extract demons-
trates in vivo antitumoral activity by increasing the median
survival of BALB/c mice with colorectal cancer.

Both, cytotoxic in vitro and antitumoral in vivo results,
were compared with the worldwide distributed chemothe-
rapeutic, 5-FU. The antimetabolite 5-FU acts by inhibition
of thymidylate synthase enzyme, thus preventing DNA
synthesis®. It is widely used in the treatment of various

Fig. 2.— DMH tumor induced results in BALB/c mice. Left panel shows a Kaplan-Meier
analysis of animal endpoint survival between control group, no DMH cancer induced;
and DMH cancer induced - no-treated, treated with 5-FU and T. absinthioides (Ta)
groups (n = 8, each). Median survival values are indicated between parentheses.
Greatest surveillance was observed in Ta, which result significantly different from
DMH alone group (Mantel Cox test, p = 0.0071), no significant difference was found
between 5-Fu and Ta. *: In the no-DMH induced control group, no animals deaths
were registered during the experimental time. In the upper right panel, a microscopy
detail of cancer polyp is showed; micrograph evidences structural disorganization,
necrosis focus, neovascularization and atypical cells (Bar = 100 pm). In the lower
right panel, macroscopical detail of induced polyps in distal colon is showed (Bar

=1cm).
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malignancies like gastrointestinal, breast, colorectal, liver,
skin, head and neck cancers?. Although 5-FU is generally
well tolerated in vivo, it also possesses severe side effects
such as: nephrotoxicity, hepatotoxicity, ototoxicity, and
neurotoxicity?”. T. absinthioides demonstrated activity,
allowed us to compare its efficiency against cancer cells
with 5-FU, with a reduced or absent secondary undesirably
effects against non tumoral and healthy tissues.

Because T. absinthioides evidenced anticancer acti-
vity, a new window of cancer research was opened for
this plant. It is remarkable that 61% of anticancer agents
approved are natural derived products®. Some phytoche-
mical components of the T. absinthioides aqueous extract
are widely reported as active compounds against cancer
cells. As examples, flavonoids actions are related to direct
free radical scavenger, cytotoxicity and protection against
pro-carcinogenic compounds®: ¥; terpenes and sterols
were described as cytotoxic compounds against several
tumoral cells and potentiating pro-apoptotic agents®'-33,
while, vegetal derived tannins were demonstrated to act as
cytotoxic by induction of antiproliferative and pro-apoptotic
actions® %, In accordance to the exposed antecedents,
reported chemical groups derived from T. absinthioides
aqueous extract, represent a promissory field of study for
plant-derived anti-cancer products.

Although, some in vitro studies were published using T.
absinthioides natural derivatives, there were not previous
reports of significant cytotoxicity against tumoral cell lines.
Describing virucidal activity, Garcia et al.® '° reported lack
cytotoxicity for Vero cells of the essential oils extracted
from T. absinthioides. Other studies demonstrate the
antiproliferative activity of semi-synthetic molecules de-
rived from tessaric acid obtained from aerial parts of the
plant; sensitive cell lines were A2780 (ovarian cancer),
HBL-100 (non-tumoral epithelium), HelLa (uterine cervix
adenocarcinoma), SW1573 (lung alveolar carcinoma),
T-47D (breast adenocarcinoma) and WiDr (colorectal
adenocarcinoma); curiously, in the same work, the natural
derivative tessaric acid was reported as inactive®. Other
study performed by Torres Carro et al.? reported nontoxic
activity of hydro-alcoholic extract of T. absinthioides on
RAW 264.7 (murine macrophages) at doses up to 200 pg/
ml; interestingly, phytochemical identification of this ex-
tract reported flavonoids, tannins, but not sterol/terpenes
contents. In consequence, the cytotoxic results presented
in the current work represent a valuable evidence of T.
absinthioides natural extract activity on cancer cells. In
relation to the cytotoxicity, it is important to remark, the
capability of the aqueous extract to exert a selective
cytotoxicity on tumoral cells. While the 5-FU shows an
intermediate cytotoxicity on HBL-100 cell line, similar to the
measured for Hela uterine cervix cancer cells, the CV
of T. absinthioides extract was the highest on non tumoral
cells, been the double than values obtained for the extract
on MCF-7 cells; and the triple of the value presented by
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5-FU on the HBL-100. Altogether, the evidence show in
this work make the aqueous extract an important material
to perform bio-guided fractionation procedures destined
to isolate and identify specific chemical molecules with
oncologic relevance.

On the other side, the present results show that acute
and repeated-doses of T. absinthioides do not exert un-
desirable effects; while it is widely accepted that, in labo-
ratory animals, the common clinical side effects of 5-FU
include myelosuppression, diarrhea, vomiting, mucositis,
cardiotoxicity and neurotoxicity®”. The obtained data about
non-toxic consumption of T. absinthioides support their
ethnopharmacological, culinary and biomedical uses.
Moreover, they validate the in vivo experimentation of
previous reported antiviral, anti-inflammatory and gastric
cytoprotective agent properties” 8 ' 3. About its use as
insecticidal® '°, the results shown herein provide expe-
rimental data that exclude induction of toxic effects on
vertebrate animals. Overall, the safety oral administration,
analyzed together with the cytotoxicity against cancer cells
and extract antitumoral effect, constitute strong evidence
to promote investigation of T. absinthioides plant deriva-
tives and its biomedical and biological properties.

When the antitumoral effects are considered, the me-
dian survival increase obtained by oral administration of
T. absinthioides, indirectly indicates bioavailability, stability
and activity of natural plant derivative/s on in vivo models.
In the context of cancer research, the in vivo confirmation
of the hypothesized antitumoral properties represents a
critical result to ensure compound efficacy.

Despite its in vivo results, and the cytotoxic effects
described against the human colorectal cancer cell line
(HCT-118), it is not possible to stablish a clear correla-
tion between the effective doses used in both models. In
fact, the efficiency of in vitro cytotoxic assays to predict
animal toxicity remains controversial®*“2. In accordance
with Huntjens et al.*3, we consider that pharmacokinetic
and pharmacodynamic data form the basis for scaling
and predicting drug effects in vivo. Although, much more
information needs to be explored about T. absinthioi-
des antitumoral actions, the present work represents a
well demonstrated report of plant value into the cancer
research.

Altogether, the results presented in the current work
open a new window about this plant research into the
oncology field. Deep studies are required to elucidate the
chemical structure of bioactive molecules, its pharmacolo-
gical properties, the specific cellular responses, its related
molecular pathways, and the capability of the compound to
potentiate others current used chemotherapeutic agents.

In conclusion, the present work is a relevant report of
T. absinthioides aqueous extract activity related to can-
cer. The natural compound evidence cytotoxic activity
against different human tumoral cell lines, representative
of glioblastoma, uterine cervix, colorectal and mammary
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adenocarcinomas; with a selective and significant diminis-
hed effects on non tumoral cells. Acute and dose-repeated
in vivo administration of aqueous extract it is not toxic; in
healthy animals, administration of plant derivatives does
not induce neurobehavioral, anatomical, hematological,
serological nor lethal effects. In mice induced colorectal
cancer, oral administration of extract increases signifi-
cantly the median survival. Altogether, the current work
make the T. absinthioides derived products promising for
cancer research and treatment.
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We hold that one type of intelligent occupation should, in all but exceptional cases, increase the
capacity for comprehension in general; that it is an error to segregate minds of men into rigid guild clas-
sifications; and that art and sciences have much in common and both may profit by mutual appraisal.
The Europeans have long appreciated this. That our book has contributed in this respect we have not
the temerity to assert. At any rate, we have written along as it suited our fancy, and have been amused

and rested in so doing.

Sostenemos que un tipo de ocupacion inteligente, a no ser en casos excepcionales, aumenta la
capacidad de comprension en general, y que es un error segregar las mentes de los hombres en rigi-
das clasificaciones por gremios y que el arte y las ciencias tienen mucho en comin y pueden ambas
beneficiarse por mutuo acercamiento. Los europeos hace rato que apreciaron esto. Que nuestro libro
haya contribuido en este respecto no tenemos la temeridad de afirmarlo. De todas maneras, lo hemos
escrito a nuestro gusto y nos hemos entretenido y descansado haciéndolo.

Hans Zinsser (1878-1940)

Rats, Lice and History (1935): Being a Study in Biography, which, after Twelve Preliminary Chapters
Indispensable for the Preparation of the Lay Reader, Deals With the Life History of TYPHUS FEVER.
New York: Black Dock & Leventhal, 1996. Preface, p IX



