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Environmental chemicals may be involved in the etiology of breast cancers. Many studies have 
fddressed the association between cancer in humans and agricultural pesticide exposure. 

;10rganophosphorous pesticides have been used extensively to control mosquito plagues. Parathion 
aXd malathion are organophosphorous pesticides extensively used to control a wide range of suck-
in.g and chewing pests of field crops, fruits, and vegetables. They have many structural similarities 
with naturally occurring compounds, and their primary target of action in insects is the nervous 

- system; they inhibit the release 'of the enzyme acetylcholinesterase at the synaptic junction. 
t;Eserine, parathion, and malathion are cholinesterase inhibitors responsible for the hydrolysis of 
'1, Ifody choline esters, including acetylcholine at cholinergic synapses. Atropine, a parasympa-

tholytic alkaloid, is used as an antidote to acetylcholinesterase inhibitors. The aim of this study 
was' to examine whether pesticides were able to induce malignant transformation of the rat mam-
Mary gland and to determine whether alterations induced by these substances increase the cholin-
ergic activation influencing such transformation. These results showed that eserine, parathion, 
and malathion increased cell proliferation of terminal end buds of the -44-day-old mammary gland 
of-rats, followed by formation of 8.6, 14.3, and 24.3% of mammary carcinomas, respectively, 
after about 28 months. At the same time, acetylcholinesterase activity decreased in the serum of 

1:thcse animals from 9.78 t 0.78 U/mL in the control animals to 3.05 t 0.06 U/mL; 2.57 t 0.15 
.U/mL; and 3.88 t 0.44 U/mL in the eserine-, parathion-, and malathion-treated groups, respec-
jyely. However, atropine alone induced a significant (p < 0.05) decrease in the acetyl-

'..r.holinesterase activity from the control value of 9.78 t 0.78 to 4.38 t 0.10 for atropine alone, to 
1:32 t 0.06 for atropine in combination with eserine, and 2.39 ± 0.29 for atropine with 
malathion, and there was no mammary tumor formation. These results indicate that organophos-

.pkorous pesticides induce changes in the epithelium of mammary gland influencing the process of 
,carcinogenesis, and such alterations occur at the level of nervous system by increasing the cholin-
ergic stimulation. Key words: acetylcholinesterase, atrophic, malathion, parathion, rat mammary 
'cancer. Environ Health Perspect 109:471-479 (2001). [Online 3 May 2001] 
ihttpfilehpnetl.niehs.nih.goadocs/2001/109p471-479cabello/abstract.html 

tivironmental chemicals may be involved in 
the etiology of breast cancers. Many human 
tumors'have been causally attributed to 

r nosure to environmental carcinogens, pol-
laants, pesticides, drugs, ultraviolet light, 
radiation, and tobacco (I). The incidence of 
-breast tumors in women is increasing, and 
invironmental chemicals have been partially 
irpplicated in this increase (2). In vivo and in 
Uro data have shown that environmental 
i!listances (e.g., DDT, polychlorinated 
'phenyls, 4-nonylphenol, 4-octylphenol) 

?an promote mammary cancer (3,4). 
,The toxic effect of organophosphorous 

Insecticides, which represent a major class of 
gricultural chemicals, is to conjugate with 

the natural complement of cholinesterase 
nzymes in the body, thereby inactivating 

ttlem. Parathion (0,0-diethyl 044-nitro-
pheny1)-phosphorothyoate] and malathion 
0,0-dimethyl S-(1,2-dicarbethoxy-ethyl)-

osphorodithioate) are organophosphorous 

pesticides that are extensively used to control 
a wide range of sucking and chewing pests of 
field crops, fruits, and vegetables. They have 
structural similarities with naturally occur-
ring compounds, and their primary target of 
action in insects is the nervous system. 
Malathion is also present in lotions and 
shampoos marketed for the treatment of 
head lice and mites in humans. Exposure of 
the skin to these two pesticides has been 
shown to result in a small amount of sys-
temic absorption (5,6). 

Eserine ((3a,S-cis)-1,2,3,3a,8,8a-
Hexahydro-1,3a,8-trimethylpyrrolo (2,3-b) 
indo1-5-ol methylcarbamate) is an ester 
obtained from calabar beans, the seeds of the 
vine Physostigma venenosum. It is used as a 
miotic drug and for atony of gastrointestinal 
tract, but it is very toxic if inhaled or swal-
lowed (5). Eserine, as well as parathion and 
malathion, is incorporated through the epithe-
lium of the skin, mouth, and respiratory tract 

Invironmental Health Perspectives • VOLUME 109 I NUMBER 5 I May 2001 

(5,6). In the liver, parathion and malathion 
are activated by enzymatic processes produc-
ing paraoxon and malaoxon, respectively 
(5,6). Eserine, parathion, and.malathion are 
acetylcholinesterase (AchE) inhibitors and 
are responsible for the hydrolysis of body 
choline esters, including acetylcholine (Ach) 
at cholinergic synapses (5— . The inhibition 
of these enzymes increases the availability of 
Ach, which in turn can stimulate cholinergic 
receptors producing both nicotinic and mus-
carinic effects in the organism such as mus-
cle contractions and secretions in many 
glands (5). Atropine is a parasympatholytic 
alkaloid used as an antidote to AchE 
inhibitors (5,6); it acts through competitive 
occupation of nicotinic and muscarinic 
cholinergic receptors (8). 

The high level of cell proliferation and 
differentiation that occurs during mammary 
gland development makes this organ an 
attractive experimental animal model for 
examining its susceptibility to different car-
cinogenic actions. Cell proliferation in the 
mammary gland is not a random event, but 
is intimately related to both topography of 
the mammary parenchyma and specific 
stages of the gland development that are 
modulated by age, hormonal variations, and 
parity history. Different compartments, such 
as ducts, ductules, and intralobular terminal 
ducts, have been observed in rats. The 
intralobular terminal duct is equivalent CO 
the terminal ductal lobular unit in the 
human breast, considered the site of origin 
of human breast carcinomas (9-14). 

The mammary gland is a complex organ 
that undergoes continuous changes under 
the influence of body growth- as well as 
cyclic hormonal stimulation from birth to 
senescence. Under these influences, the 
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histology of the gland becomes extremely 
heterogeneous. The rat mammary glands are 
distributed in pairs along the milk line, with 
one pair located in the cervical, two pairs in 
the thoracic, one in the abdominal, and two 
in the inguinal region. The basic develop-
ment of all the glands follows a uniform pat-
tern, and previous studies (9) have established 
criteria for evaluating mammary growth, 
development and differentiation. With such 
criteria, the mammary parenchyma is divided 
into thirds along the longitudinal axis. The 
third closest to the nipple, called zone A, is 
composed of the main lactiferous ducts. The 
intermediate area, called zone B, contains 
more abundant lateral buds, and it is in this 
area where most of the secondary ducts 
arise. The distal third of the gland, or zone 
C, contains the terminal structures ending 
in bulbous clubs or terminal end buds 
(TEBs) (9). The mammary gland is com-
posed of a single primary or main lactiferous 
duct that branches into three to five sec-
ondary ducts at birth and during the first 
week of postnatal life. The ducts are narrow 
and straight and end in small, club-shaped 
terminals, the TEBs. During the second 
week, further sprouting of ducts occurs up 
to the sixth cell generation. This sprouting 
of ducts causes a marked increase in the 
density of TEBs, which reaches its maxi-
mum magnitude when the animal is 21 days 
old (9). Histologically, TEBs are composed 
of three to six layers of medium-sized 
epithelial cells. After the rat reaches 21 days 
of age, further sprouting of lateral buds 
occurs, and numerous TEBs begin to cleave 
into three to five smaller buds, the alveolar 
buds (ABs). The differentiation of the mam-
mary gland induces a progressive decrease in 
the number of TEBs and a concomitant 
increase in the number of ABs (9-13). 

The crucial role that topography plays in 
susceptibility of the breast to carcinogenesis 
in young nulliparous rats involves the pres-
ence of TEBs. The TEBs are the most highly 
proliferating structures in the breast and 
therefore are the most susceptible to neoplas-
tic transformation (9-13). The study of the 
pathogenesis of mammary cancer in experi-
mental models has shown that the suscepti-
bility of the mammary gland to chemical 
carcinogenesis is directly related to the rare 
of cell proliferation of the glandular epithe-
lium at the time of the exposure to the car-
cinogen (11). 

The most widely used experimental 
systems for the study of mammary tumorige-
nesis are the models in which tumors are 
induced in the Sprague-Dawley rat by 
dimethylbenz[a]anthracene (DMBA) 
(15-17) or in the Sprague-Dawley or Fischer 
qA4 irrncnmerhviurea (NMU) 

rats of different ages induced tumors with an 
incidence that was directly proportional to the 
density of highly proliferative TEBs (12). 
Tumor incidence of 94-100% was obtained 
when DMBA was administered to rats 30-55 
days of age; but the highest number of tumors 
per animal was observed when the carcinogen 
was given to animals when they were 40-46 
days of age—a period when TEBs were most 
actively differentiating into ABs (9-13). 

ekle 

Many studies have addressed the associi-
tion between cancer in humans and agrictil-, 
rural pesticide exposure, both occupational 
(e.g., farmers, pesticides mixers, and applf-, 
ers) and nonoccupational. Nonoccupational 
exposures occur in farmers exposed to pestf-
cides scored in homes, contaminated cloth-
ing, household dust containing pesticides, 
contaminated ground and surface water, 
contaminated soil, and drift from aerial 

Figurei. Structures of a normal rat mammary gland composed of a main lactiferous duct (A; 350x), WhiBh. begin to cleave into smaller TEBs and ABs forming lobules (C). (8) Whole-mount preparation'of reprmn-tative TEBs. (0) Higher magnification of a lobule formed by ABs found in cross-sectiowof 
Hematoxylin-eosin, 400x. 

Figure 2. Whole-mount preparation of the abdominal (fourth pair) 21-day-old female rat mamniatArau Presence of TEBs in (A) control, (8) eserine-, (C) parathion-, and (D) malathion-treAte i al 
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laying of pesticides. Mortality and inci-
-4ancestudies have reported slightly increased 
efiates for the following cancers: breast, non-
(.1'.411odgkin lymphoma, Hodgkin disease, mul-

titileinyeloma, leukemia, prostate, and ovary 

P,?tIX2_1). 
purpose was to test the susceptibil-

t, !vi itty of the mammary gland to organophos-
q,, ordus pesticides. Therefore, we analyzed 

et4r eserine, parathion, and malathion 
induce mammary tumors in rats, 

-,4v-hether the alterations induced by these 
Alistances alter the cholinergic activation 

oencing malignant transformation of the 
antrnary gland, and whether such action 

e -inhibited by a parasympacholytic 
oid, such as atropine. 

A' erials and Methods 
kale Sprague-Dawley rats were obtained 
rro'the Catholic University of Chile 

flag°, Chile). These animals were 
sedand bred in a barrier animal facility 

ed in accordance with the standards 
lifted in Guide for the Care and Use of 
ptatory Animals (22). All animals were 
,, • 

et* continuous access to a standard 
tory chow diet (Champion, Santiago, 

Chile). The first experiment was performed 
with 35 virgin female Sprague-Dawley rats 
16 days old. Seven groups of five animals 
received injections twice a day for 5 days 
subcutaneously (sc) or intraperitoneally (ip) 
in the inguinal region of the body. Animals 
were injected with one of the following 
subtances: saline solution (sc); eserine (sc; 
Sigma, St. Louis, MO, USA), 33 pg/100 g 
body weight (bw); parathion (sc; Bayer, 
Santiago, Chile), 250 ilg/100 g bw; malathion 
(sc; Fyfanon TM, Cheminova, Denmark), 17 
mg/100 g bw; atropine (ip; Sigma), 250 
pg/100 g bw; combination of eserine and 
atropine; and combination of malathion and 
atropine at the dosages previously indicated. 
The LD50 values of the substances for eser-
ine, parathion, and malathion were 0.64, 3.6, 
and 1,000 mg/kg, respectively. However, the 
doses used in these experiments were one-half 
the LD50 for eserine and parathion and one-
sixth the LD50 for malathion, which allowed 
a 100% survival of animals after 5-day 
treatment. 

The second experiment was performed 
under identical conditions but the experi-
ment started when the animals were 39 days 
old. Sixteen hours after the last injections, 

the animals from these two experimental 
designs were anesthetized by ip injections of 
sodium pentobarbital (8 mg/100 g bw) and 
opened by a midline incision from the pubis 
to the submaxillary area to remove the mam-
mary glands. The skin was dissected to 
expose the six pairs of mammary glands, the 
thoracic, abdominal, and inguinal mammary 
glands. The left side of control and treated 
rats was prepared for whole-mount prepara-
tion and the right side for histologic studies. 

Mammary glands for the whole-mount 
studies were fixed in alcohol, formaldehyde, 
and acetic acid (1:1:1) for 24 hr at room tem-
perature, stained with hematoxylin-eosin, 
and mounted between two slides to visualize 
under a Zeiss Video Plan (Chicago, IL, USA) 
(10). The mammary gland of rats is suffi-
ciently flat to allow the determination of the 
area and the quantification of structures in 
areas of 1 mm2. We counted 50 areas located 
mainly distal to the nipple in each gland, and 
we counted the density of TEBs and ABs in 
these whole-mount preparations. The density 
of these structures was expressed in number 
of structures per square millimeter. To deter-
mine the histology, we fixed the glands in 
Bouin's fixative and embedded them in 

logic section of TEBs of the mammary gland from the control and 21-day-old treated female rats. PresPn-
• - •,..tAd animals. Hematoxylin-eosin, 400x. 
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, 
of 

ABs in the control (Figure 2A), eserine-
(Figure 2B), parathion- (Figure 2C), and 
malathion- (Figure 2D) treated 21-day-old 
animals. Figure 3 shows a cross-section of 
mammary glands of the same animals, which 
corroborated the presence of TEBs in the 
control (Figure 3A), eserine- (Figure 3B), 
parathion- (Figure 3C), and malathion-
(Figure 3D) treated animals. These results 
indicated that there was no significant differ-
ence in the density of TEBs per square mil-
limeter of mammary gland between either 
the control or the eserine-, parathion-, and 
malathion-treated 21-day-old rats, and that 
ABs were absent in the control as well as in 
the treated animals (Table 1). 

Whole-mount preparations in 44-day-
old rats showed a significant (p < 0.05) dif-
ference in the density of TEBs and ABs 
between control (Figure 4A) and treated ani-
mals (Figure 4B—D). Table 2 shows that 
treatment with eserine and the pesticides 
parathion and malathion induced a signifi-
cant increase (p < 0.05) in the density of 
TEBs in the 44-day-old animals. The TEB 

density increased from 3.30 ± 0.27 
TEBs/mm2 to a maximum of 12.04 ± 1.77 
TEBs/mm2 in parathion-treated animals 
(Table 2). The AB density decreased in 
treated animals from 20.80 ± 1.68 AB/mm2
in controls to a minimum of 0.75 ± 0.44 
AB/mm2 in eserine-treated animals (Table 
2). Parathion- and malathion-treated ani-
mals also showed a significant (p < 0.05) 
decrease in the density of ABs. A representa-
tive whole-mount preparation of a 44-day-
old rat mammary gland of control animals 
and a schematic representation of ABs are 
presented in Figure 5A and B, respectively. 
Representative whole-mount preparation 
from a pesticide-treated rat mammary gland 
and a schematic representation of such struc-
tures, which gives an overview of TEBs, are 
shown in Figures 5C and D, respectively. 

Histologic examination of mammary tis-
sue of 44-day-old control and treated rats 
supported the results seen with the whole-
mount preparation. The control rats had 
normal lobule formation and presence of 
ABs, whereas no ABs were observed in any 

NA4Ze?
:11): 

Aky,-

Figure 5. Whole-mount preparation of the mammary gland. (A) ABs; (B) a schematic representation of 
these structures; (C) TEBS in pesticide-treated animals; and (IA an overview of (C). 400x. 
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group of treated animals (Figure 6A—D). 
The eserine-, parathion-, and malathion-
treated animals showed a significant (p < 
0.05) increase in the size of TEBs of the 
mammary gland, as well as in the number of 
the epithelial layers (Figure 6B—D). Further-
more, such structures increased in size until 
tumors started to appear. However, after 
840 days the control animals did not 
develop any kind of tumors. After pesticide 
injections, treated animals developed tumors 
at a rate of 8.6-24.3%. Table 3 shows the 
number, size, and latency of these tumors 
after 28 months of treatment. Among the 
560 animals used in this experiment, 6 out 
of 70 eserine-treated animals, 10 out of 70 
parathion-treated animals, and 17 out of 70 
malathion-treated animals developed mam-
mary tumors. Tumor size ranged from 9.26 
± 3.43 to 22.1 ± 7.2 cm3. The malathion-
treated group had smaller tumors, but they 
appeared earlier than with the other treat-
ments. The tumor latency range fluctuated 
between 54 and 840 days. Treated animals 
exhibited only mammary tumors that 
appeared exclusively in the mammary fat pad 
of the axillary and abdominal-inguinal 
regions of the animal (Figure 7A,B). 
Histologic diagnosis of the mammary 
tumors revealed that they were adenocarci-
nomas, grossly nodular and encapsulated, 
with areas of cribiform or papillary patterns 
(Figure 7C, D). Most of the tumors devel-
oped in the abdominal region, with only one 
tumor in the cervical region. Analysis of 
lungs, heart, intestinal tract, ovaries, and 
uterus did not show any tumors. Neurologic 
symptoms that might have suggested tumors 
of the nervous system were not observed. 

Tables 1 and 2 also show the effect of 
atropine either alone or in combination with 
eserine or malathion on the density of struc-
tures present in the rat mammary glands. 
Neither atropine nor the combination of 
atropine with eserine or malathion induced 
changes in the density of TEBs per square 
millimeter in the mammary gland of 21-day-
old animals in comparison to control ani-
mals (Table 1). There was no significant 
difference among these groups in comparison 
to control animals. Table 2 shows the den-
sity of TEBs and ABs in the mammary gland 
of 44-day-old animals treated with atropine 
alone or in combination with the eserine or 
malathion. Treatment of animals at this age 
with atropine alone or in conjunction with 
eserine or malathion did not induce any 
change in the density of TEBs in compari-
son to the control animals (Figure 8A). 
However, atropine caused a significant (p < 
0.05) inhibition of formation of ABs in these 
animals compared to controls. Atropine 
treatment in combination with either eserine 
or malathion caused a significant (p < 0.05) 

475 



•Aticles • Cabello et al. 

inhibition of density of TEBs in comparison 
with the eserine, parathion, and malathion 
alone. However, there was an increase in the 
density of ABs similar to that of controls 
(Figure 8B) and a significant (p < 0.05) 
inctease in the density 4 ABs ui compatisort 
to animals treated with eserine, parathion, 
and malathion. In addition, there was no rat 
mammary tumor formation after the injec-
don of atropine alone or with the combina-
tion of atropine and eserine or malathion. 
Figure 9 shows the correlation between the 
density of TEBs and AchE activity in the 
serum of the 44-day-old control and treated 
animals. These results showed a significant 
(p < 0.05) decrease in the AchE activity in 
serum of eserine, parathion, malathion, 
atropine, and combination of atropine either 
with eserine- or malathion-treated animals in 
comparison to controls. The atropine 
induced an even greater decrease (p < 0.05) 
in such activity from 4.38 ± 0.2 U/mL in the 
atropine-treated group to 1.32 ± 0.02 and 
2.39 ± 0.2 when combined with the eserine 
and malathion, respectively. 

Discussion 
Our study demonstrates that parathion and 
malathion induced tumor formation in a 
specific target organ, the mammary gland. 
This is the first report that organophospho-
rous pesticides induce changes in mammary 
gland associated with carcinogenesis. Our 
results showed that initiation occurs primar-
ily in the epithelium of TEBs while they are 
developing into ABs because these structures 
were affected by pesticides. This is an impor-
tant finding because such structures are con-
sidered equivalent to the terminal ductal 
lobular unit described in the human breast 
(9-13). Treatment with these substances 
induced significant changes at a cellular 
level. Forty-four-day-old animals showed a 
significant increase in the density of TEBs, 
inhibiting the normal process of differentia-
tion from TEBs to ABs that was seen in the 
control animals. These results indicated that 
the proliferative changes observed in the 
TEBs may have induced the formation of 
mammary adenocarcinomas. 

Breast tissue seems to be very sensitive to 
ionizing radiation when exposure occurs 
between the ages of 15 and 19 years (9), 
which suggests that events that occur during 
the early years of a woman's life have a signif-
icant effect on lifetime risk of breast cancer. 
An understanding of the mechanisms that 
make the mammary glands of young women 
more susceptible to carcinogenesis can be 
achieved by using an adequate animal model 
system. Previously, researchers (10,15) have 
demonstrated that mammary carcinoma for-
mation in rats can be induced by a chemical 
carcinogen, mainly DMBA, which seems to 
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provide such a model. Mammary rumors 
thus induced were adenocarcinomas arising 
from TEBs of incompletely differentiated 
glands (10,12). The administration of 
DMBA to virgin rats of different ages induced 
namots wich inc'tdence cbat W s &mall 
proportionally to the density of highly prolif-
erating TEBs (10). A tumor incidence of 
94-100% was obtained when DMBA was 
administered to rats 30-55 days of age, but 
the highest number of tumors per animal was 
observed when the carcinogen was given to 
animals when they were 40-46 days of age, a 
period when TEBs were most actively differ-
entiating into ABs. The high susceptibility of 
the TEBs to neoplastic transformation is 
attributed to the cell kinetic properties of its 
lining epithelium, whose rate of cell prolifera-
tion is shown by DNA synthesis. The TEBs 
were also characterized by having a high 

growth fraction, proliferative fractiori orrlie, 
cell cycle, which diminished in the biore,41f-
ferentiated ABs and lobules (9-1.5). 

To determine whether cell kinetic ara-
meters varied among the different com att-
tams 4 the bteast in the human fertiale-and - 
whether they were affected by age and glan4' 
topography (24), samples of normal human 
breast tissue were studied in organ culture 
systems. The results indicated differences 
among the mammary glands of young and 
old women. The correlation of different 
parameters related to cell cycle determina-
tion indicated that values for growth fraction 
and DNA synthesis or DNA-labeling index 
were higher in the intralobular terminal 
ducts and lower in alveoli and ducts. Studies 
done on the influence of age and gland 
topography on cell kinetics of normal 
human breast indicated that both young and 

Figure 6. Histologic section of 44-day-old female rat mammary gland. (A) Histologic section of ABs of the 
mammary gland from the control animal. The proliferative characteristics of TEBs in (B) eserine-, (C) 
parathion-, and (0) malathion-treated animals are appreciated here. Hematoxylin-eosin, 400x. 

Table 3. Analysis of mammary gland tumor formation by the effect of eserine, parathion, malathion, 
atropine, and combinations of eserine + atropine, parathion + atropine, and malathion + atropine in female 
Sprague-Dawley rats treated from 39 to 44 days of age. 

No. animals with 
Treatment tumors/total animals 

Mean tumor size ± SE 
(cm3)a 

Mean latency ± SE 
(days)b 

Control (saline) 0/70 
Eserine (33 pg/100 g bw) 6/70 22.10 t 7.20 488 ± 60 

(5.4-49.56) (402-840) 
Parathion (250 pg/100 g bw) 10/70 16.50 ± 5.60 569 ± 16 

(2.5-45.00) (490-619) 
Malathion (17 mg/100 g bw) 17/70 9.26 ±3.43 (509 ± 45) 

(0.08-42.30) (54-653) 
Atropine (250 pg/100 g bw) 0/70 
Atropine + eserine 0/70 
Atropine + parathion 0/70 
Atropine + malathion 0/70 

'Range in tumor size. %nee of number of days before tumors appeared. 
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¡gilder women had the highest growth fraction 
iod DNA-LI in the intralobular terminal 

t Eructs. The length of the cell cycle in these 
-structures increased from 200.3 to 847.0 hr in 
the older women (24). The high rate of cell 

,0 proliferation was associated with the shortened 
V length of the cell cycle. Other reports (9-13) 

have shown that DNA-LI among young virgin 
. rats was much higher than among old virgin 
.'rats. The DNA-LI studies in young women 
tkparalleled those results. The TEBs of young 
1. Virgin rats had a cell cycle of an average length 

of 11 hr, lengthening to 21 and 28 hr in the 
Arminal ducts and ABs, respectively. 

According to previous observations, the 
susceptibility of the mammary gland to neo-
plastic transformation is related to its degree 

of development and proliferative activity 
(25). In vitro oncogenesis models of differ-
ent types of cells have yielded important 
knowledge about the pathogenesis of neopla-
sia. Attempts to obtain transformation of 
human breast epithelial cells in culture have 
been also successful (25-27). Miyamoto et 
al. (27) observed neoplastic transformation 
of mouse mammary epithelial cells by in 
vitro exposure to NMU. McCormick et al. 
(28) reported neoplastic transformation of 
epithelial cells by the effect of NMU in 
mammary gland in vivo. The formation of 
tumors observed in eserine-, parathion-, and 
malathion-treated animals correlates with 
the greater density of TEBs in the mammary 
gland present in the 44-day-old treated 

Figure 7. Mammary gland tumors developed in the mammary gland region by the effect of (A) parathion 
•and (B) malathion in the female Sprague-Dawley rats. (C) Cross-sections of a papillary adenocarcinoma, 
-grossly nodular, encapsulated, with areas of cribiform or papillary patterns. It was removed after 84 days 
-of 5-day malathion treatment. (01 The histologic sections of another mammary tumor removed after 96 

days of 5-day malathion treatment that revealed a ductal carcinoma. Hematoxylin-eosin, 400x. 

Figure 8. (A) Cross-section of structures present in the mammary gland of a rat injected with atropine 
(400x). (B) Cross-section of ABs of a rat treated with the combination of atropine and pesticide. 
Hematoxylin-eosin, 400x. 
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animals. The concomitant increase in the 
area of ABs in the control animals and lack 
of tumors in control animals allows corrobo-
ration of our results with what other groups 
have found (12). 

Models for studying mammary carcino-
genesis have been developed in Sprague-
Dawley rats, with the chemical carcinogen 
DMBA (15-17), which induced mammary 
carcinomas in 100% of the animals with a 
latency period of 86 days (15). Another 
widely used experimental system to study 
mammary tumorigenesis is the model in 
which tumors are induced in the Fischer 344 
rats by a single dose of NMU; such tumors 
had latency similar to that observed by the 
group mentioned above (18). In contrast to 
these potent carcinogens, which induce 
mammary carcinomas in 100% of intact 
females (14), organophosphorous pesticides 
seem to have a slow and less infiltrating and 
potent effect. We observed that parathion 
and malathion induced 14.3% and 24.3% of 
mammary carcinomas, respectively. The 
type of tumors observed had papillary ade-
nomatous patterns and ductal carcinomas 
with cribiform pattern. 

Mammary tumors formed in various 
strains of rats induced by chemical carcino-
gens or radiation have been classified by 
several authors (9,14,29). There is agree-
ment that tumors appearing histologically 
malignant in the rat have features in com-
mon with most frequently observed tumors 
in humans. Intraductal and infiltrating duc-
tal carcinomas in the rat, unlike in the 
human, constitute a minority of the tumors 
developed under the commonly used 
regimens for tumor induction. Most tumors 
induced in young virgin rats can be classi-
fied within three major groups: intraductal 
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Figure 9. Correlation between the density of TEBs 
of the mammary gland and the AchE activity 
(U/mL) present in the serum of 44-day-old control 
and treated animals. The bars represent the mean 
± SE of five animals per group. 
*p< 0.05 versus control; "p < 0.05 versus control. 
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papillomas, composed of a hyperplastic 
epithelium; papillary carcinomas, which may 
be composed of epithelial cells with varying 
degrees of cytologic atypia, growing in solid, 
papillary adenomatous patterns; and ductal 
carcinomas with cribiform pattern. All three 
kinds of tumors were observed in the eser-
ine-and pesticide-treated animals. 

The density of TEBs was almost 4 times 
greater, and the density of ABs was 10 times 
lower in the pesticide-treated 44-day-old ani-
mals than in the control ones. Even though 
the pesticides seem to act on undifferentiated 
structures (i.e., TEBs), they also seem to have 
a different mechanism of action, probably 
through the inhibition of AchE that increases 
Ach availability. For that reason, the inci-
dence of such tumors seems to be slower 
through the inhibition of AchE than with the 
direct-acting carcinogen DMBA. Our results 
confirmed this interaction because 8.6% of 
the animals treated with eserine also had 
mammary gland tumors. 

Atropine alone did not induce changes 
in the cell proliferation of mammary gland 
of 44-day-old rats compared to the control, 
whereas atropine induced inhibition in for-
mation of ABs compared to the controls. 
However, the atropine treatment in con-
junction with either eserine or malathion 
produced a decrease in the density of TEBs 
and an increase in the formation of ABs sim-
ilar to control animals. On the other hand, 
we also observed that atropine treatment 
either alone or in combination with eserine 
or malathion decreased three to five times 
the AchE activity in the serum of animals, 
compared to controls. The ABs reached the 
normal development of the mammary gland 
similar to the control animals, and there was 

. no tumor formation. The interesting finding 
of these studies was that mammary tumors 
were found only in the eserine-, parathion-, 
and malathion-treated animals. Our experi-
ments indicated that the pesticides induced 
AchE inhibition which remained for at least 
3 months, suggesting that there was constant 
cholinergic stimulation. It has been previ-
ously reported that animals treated with 
AchE inhibitors presented a higher tolerance 
to cholinergic agonists (5,6). Under normal 
physiologic conditions, the cholinergic 
receptors are usually operative through Ach 
action, and atropine is known to occupy the 
cholinergic receptors and interfere with the 
action of Ach (5,6). Therefore, atropine may 
inhibit the stimulatory effect of pesticides on 
the Ach receptor. 

Previous work (30) has shown that a 
single injection of isoproterenol increases 
incorporation of thymidine into DNA of 
salivary gland of rats and mice. This sub-, 

changes in the cell membrane implicated in 
the control of cell proliferation. Hypertrophy 
and hyperplasia of parotid salivary gland has 
been indicated by DNA synthesis. Other 
reports (31) have indicated that reserpine, a 
drug that alters the autonomic nervous sys-
tem by depleting the noradrenergic endings, 
also induces remarkable changes in the sali-
vary gland. We have previously shown that 
eserine, which acts on the autonomic nervous 
system, can induce changes in DNA synthe-
sis of rat submandibular gland after a 5-day 
in vivo treatment (32), which confirmed the 
proliferative effect of this substance. 

Parathion is highly toxic to mammals, 
and the LD50 values in rats have been 
reported to be 3.6 mg/kg, and the acute oral 
LD50 values were 13 mg/kg (33,34). The 
dosage of parathion in these studies was low 
(250 pg/100 g bw); therefore, prolonged 
exposure to low cl6ses of pesticides may 
eventually cause serious health effects in the 
population. Among other factors that may 
be involved with pesticide-induced mam-
mary carcinogenesis is the metabolism of the 
organophosphorous insecticides, because 
they can undergo a variety of metabolic 
transformations in vivo and in vitro (35). 
Thus, although the original insecticides are 
poor inhibitors of AchE, the oxygen analogs 
are several orders of magnitude more potent 
in their inhibition of the target enzyme, 
AchE. Benke and Murphy (36) have 
reported pathways of metabolism that may 
contribute to age differences in toxicity of 
pesticides. A gradual decrease in the suscepti-
bility to toxicity by parathion with increas-
ing age was observed in rats. Because of 
changes in the rates of reactions in the 
detoxification pathways for methyl paraoxon 
and paraoxon rather than in the metabolism 
of the original insecticides, the animals 
became less sensitive to the acute effects of 
these two substances with increasing age. 
Brodeur and Dubois (32 found that wean-
ing rats 23 days old were more susceptible 
than adult animals to organophosphorous 
pesticides, implying that age is another fac-
tor in pesticide exposure. 

We can conclude that the mechanism of 
action of parathion and malathion occurs 
probably through the inhibition of AchE, the 
enzyme responsible for the hydrolysis of Ach 
at cholinergic synapses (5,6) as it occurs with 
eserine treatment. Thus, alterations at the 
nervous system level seem to increase the 
cholinergic stimulation and probably alter the 
molecular pathways that initiate the prolifera-
tion leading to mammary carcinogenesis. 
Because parathion and malathion have been 
used extensively in Latin American countries 
as well as in many other countries, these stud-
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ESTADO DE MINAS 

AG OPECt 

ma surpreendente 
produção de 350 mil 
litros de leite ao dia, 2 

mil toneladas de alho e 10 mil de 
cebola, dlém de- uva, batata e 
condimentos nasce em pleno deserto 
peruano, em 15 mil hectares de terra 
cultivada pela Autoridade Autônoma 
de Majes (Autodema), no Sul do Peru, 
a 1 mil quilômetros da capital Lima. 
Tudo isso graças a um complexo 
sistema hidráulico de 200 quilômetros 
de tándis e canais que capta a água 

da Cordilheira dos Andes e a 
transporta, através das monatnhas, 
para o maior projeto de reforma 
agrária do pais. Foram 11 anos de 
construção, finalizada em 1982. Duas 
décadas depois, os camponeses 
continuam desafiando a natureza e, 
depois de conquistar consumidores • 
nos-Estados Unidos, Espanha, 
Colômbia e Venezuela, preparam-se 
para aterrissar no maior mercado da 
América do Sul: o Brasil. 
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AGROPECUÁRIO 

I ESPECIAL 

UM COMPLEXO SISTEMA HIDRÁULICO., QUE CAPTA AGUA DA CORDILHEIRA DOS-ANDES, PERMITE QUE 2,5 MIL PEQUENOS AGRICULTORES PERUANOS 
TIREM DA TERRA ÁRIDA UMA PRODUÇÃO AGROPECUÁRIA SURPREENDENTE, aMAIOR E MAIS PRODUTIVO PROJETO DE REFORMA AGRARIA DO PAÍS 

ESE P 
TACYANAARCE 
De Mars - Peru 

Mais de 350 mil litros de 
leite ao dia. 2 mil toneladas de 
alho e 10 mil toneladas de ce-
bola ao ano, além de ma, ba-
tata, páprica e outros condi-
mentos. Essa é a produção ob-
tida em 15 mil hectares de ter-
ra cultivada pela Autoridade 
Autônoma de Majes (Autode-
ma), no Sul do Peru, a 1 mil 
quilômetros da capital Lima. A 
produção nil) seria surpreen-
dente silo fosse por um deta-
lhe: tudo nasce no meio do de-

serto, em sun planalto a 1.4 mil 
metros acima do nível do mar, 
onde o clima árido registra 
uma temperatura média de 19 
C e a umidade relativa do ar 
está sempre abaixo dos 30%. 
Em Maps não chove nunca. 

0 que torna possivel a vida 
no meio do deserto é um com-
plexo sistema hidráulico de 
200 quilômetros de túneis e 
canais que capta a água na 
Cordilheira dos Andes e -a 
transporta para a região atra-
vés das montanhas. Foram 11 
anos de construção, finaliza-
da em 1982, quando as pri-

%rile 0".4174,:r, 
MILAGRE 

• AVM 

meiras famílias foram assen-
tadas na região, no maior 
projeto de reforma agrária do 
pais. Duas décadas depois, os 
camponeses continuam desa-
fiando a naturezas, depois de 
conquistar consumidores nos 
Estados Unidos, Espanha, Co-

lômbia e Venezuela, prepa-
ram-se para aterrissar no 
maior mercado da América 
do Sul: o Brasil. 

A esperança de vender a 
produção para os "hermanos 
brasilezios" está depositada 
na recém-inaugurada rodovia 
Transoceinica, que liga a cos-

rope? ne. pe-nio••• asse, t,mr,p, r, 

ta peruana a Corumbá, no 
Mato Grosso do Sul, passan-
do pela Bolivia. Por ela, seria 
possível entregar os produtos 
peruanos em Cuiabá (MT), 
por exemplo, em trés dias de 

-viagem. Segundo o engenhei-
ro Angel Rafael Chilque, téc-
nico da Diretoria de Desen-
volvimento de Negócios Inter-
nacionais e Qualidade Total 
de Autodema, a intenção 
,promover -um intercâmbio , 
-antra os produtos. dos dois 
países., '0 Brasil está forte-
mente motivado em concluir 
a transoceânica. Os estados 
do Oeste brasileiro desejam 
exportar seus produtos, como 
soja e came. via Pacifico, pa-
ra a costa americana e a Asia. 
A idéia é aproveitar as corre- SUCESSO ; ..341/ " . 
tas que chegarem ao Peru _Majes fa primeira i'egiSoleiteria do pafs, com 37% da produção nacional 
trazendo produtos brasileiros  .!* , . _..
para voltar voltar ao Brasil com ."-.., 3 .:1̂  

•• , , , : • . nossos produtos, em vez de • ' 
voltarem vazias% explicdir 1" "AID BA E APROVEITAR AS CARRETAS QUE - - 
METADE DO PRE ...; , CH'E'GAREM AO PERU TRAZENDO PROD'UTO 4-

,44,
Os primeiros contatos p"a:, " - BRASILEIROS PARA VOLTAR AO BRASIL COM NOSSOS ra exportação ji foram feitos 

com comerciantes mato-gros- ,...,..,,,,„...... 
senses:principalmente para a PRODUTOS, EM VEZ DE VOLTAREM VAZIAS" 
comercialização de alho e ceitil  :II 

. 
- 'Angel Rafael Chique, técnico da fietoria de DesenvoMmento de bola. Produzidos em larga e r f' 
Ff f ,A3 kili: Negócios Iriternacionais e Qualidade Total de Autodema cala no sul peruano, os 06-

TIV 

dutos podem chegar Ito Bpsil 
pela metade do prpço„pago,
aos- produtos chineses-e ar
gentinosrqUO' dOminite: 

-tnercadokirâsileirV eFat . 
atender 
ho i6r114,11.Wipar -se parer' 
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dos vidreassentamento de fa-
mílias inscritas nos progra-
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TIPO EXPORTAÇÃO 
Por ano, nascem em pleno deserto 2 mil toneladas de alho 

Emprego para 14 mil pessoas 
Os 15 mil hectares de oasis 

no meio do deserto também são 
significativos para a economia 
peruana. 0 produto interno bru-
to da regido é de U$ 37,7 mi-
lhões. Como 82% da area irriga-
da 6 utilizada para pastagem das 
25 mil cabeças de gado, Majes se 
tornou a primeira regido leiteira 
do pais, respondendo por 37% 
da produção nacional. Em 2000, 
a irrigação gerou 14 mil empre-
gos diretos, numa regido que tem 
40 mil habitantes. 

Toda a produção 6 gerada 
por 2,5 mil pequenos produtores 
que têm cinco 
hectares de 
terra, onde 
criam, em 
média, 15 va-
cas leiteiras, 
além de pe-
quenas plan-
tações de ce-
bola, alho e 
outros culti-
vos. Ultima-
mente, a pro-
dução que • Victor Gusmin, chefe do serviço 
mais cresce é de assistência técnica aos colonos 
a de kiwicha, 
um cereal de alto valor protéico, 
utilizado em compostos alimen-
'tares, que se tornou moda nos 
Estados Unidos desde que a Na-
sa o inseriu na dieta obrigatória 
dos seus astronautas. A kiwi-
cha„ conhecida desde a época 
do império incaico, nasce ape-
nas no Peru. 

Chegar a esse ponto, entre-
tanto, não foi fácil. 0 engenheiro 
Victor Gusmán, chefe do serviço 
de assistência técnica aos colo-
nos, lembra-se que ha 30 anos, 
quando a Autoridade Autônoma 
de Majes (Autodema), um órgão 

"OS AGRICULTORES ERAM 
OS MENOS ASSUSTADOS 
COM O PROJETO. PARA 
ESCAPAR DA VIDA QUE 
LEVAVAM, ACEITAVAM ATÉ 
SEMEAR NO DESERTO" 

do governo, foi instituída para 
viabilizar alrrigagdo do deserto 
e gerir o assentamento das famí-
lias beneficiadas pela reforma 
agrária, houve muita resistência, 

«Não apenas porque nunca 
tínhamos plantado no deserto e 
não conhecíamos a tecnologia, 
mas principalmente porque foi 
uma reforma social muito signifi-
cativa. Os colonos que vieram 
para cá eram escravos de gran-
des senhores de terra, que vi-
viam da exploração de mão-de-
obra praticamente gratuita. Que-
brar essa estrutura desgostou 

muita gente. 
Os agriculto-
res eram os 
menos assus-
tados com a 
situação. Para 
escapar da vi-
da que leva-
vam, aceita-
vam até se-
mear no de-
serto", explica. 

Atualmen-
te, os colonos 
já estão orga-
nizados em 

associações de produtores, o que 
facilita a comercialização dos 
produtos. A equipe da Autode-
ma, formada por engenheiros 
agrônomos, zootecnistas, veteri-
nários, biólogos e adminstrado-
res presta assistência técnica 
aos agricultores. E também a 
Autodema quem mantém um 
centro de aprimoramento de ga-
do, onde os prodiitores de leite 
podem adquirir exemplares me-
lhor adaptados para a vida no 
deserto. 0 maior desafio é auxi-
liar os produtores a incrementar 
as exportações. 

Projeto atrai universidades 
Além dos camioneses, a ir-

rigação de Majes acabou atrain-
do institutos. de pesqtrisa e uni-
versidades. O primeiro deles foi 
a Universidade Católica de San-
ta Maria, de Arequipa, cidade 
que fiCa a 100 'quilômetros da 
sede da Autodema. 0 terreno 
onde a universidade está assen-
tada foi doado. pelo governo pe-
ruano há dez anos, para o de-
senvolvimento de pesquisas na 
área de ciências agrárias. Mas 
a presença da universidade 
acabou surtindo um efeito ain-
da maior. "Os filhos dos campo-
neses passaram a acreditar que 
poderiam chegar ao ensino su-
perior para aprender como me-
lhorar a produção de suas ter-
ras", explica o diretor de gestic) 
empresarial da universidade, 
Victor Salinas Valencia. 

A' O o ano passado, o Centro 
de Produção de Bens e Serviços 
da Universidade de Santa Maria 
recebia apenas os alunos do ill-
limo ano dos cursos de agrono-
mia, zootecnia e veterinária, 
que trocavam as salas de aula e 
os laboratórios, em Arequipa, 
pela batalha diária no interna-
to rural em Majes. Mas desde o 
inicio do ano, os formandos co-
meçaram a conviver com calou-
ros. A universidade decidiu 
abrir uma turma de cada curso 
em Majes, pare receber os fi-
lhos dos camponeses que não 
podem deixar a regido para se 
dedicar aos estudos na capital. 

Para isso foram construídas 
salas de aulas e o restante da 
estrutura necessária para os 
cursos. "Os alunos de Majes fa-
zem o caminho inverso aos dos 
alunos de Arequipa. Todas as 
sextas-feiras eles tomam um 

ônibus da universidade e vão 
ter aulas na sede da universida-
de, onde estão os laboratórios 
mais complexos. A qualidade 
dos cursos é a mesma. Eles vão 
sair com a mesma formação 
que os demais", explici o dire-
tor. A conquista dos alunos é 
um dos maiores orgulhos da 
universidade. "0 papel de um 
instituto superior não é apenas 
formar mão de obra qualifica-
da, mas também contribuir pa-
ra o desenvolvimento do pais. E 
dar a oportunidade destes jo-
vens chegar ao ensino superior, 
e ensina-los a lidar melhor com 
a terra é permitir o desenvolvi-
mento do potencial da regido", 
completa. 

Não são apenas os filhos dos 
agricultores que transitam na 
universidade. 0 Centro de Pro-
dução de Bens e Serviços ainda 
oferece capacitação técnica pa-
ra os camponeses e mantém 
um viveiro para melhoramento 
das espécies plantadas na re-
gido. As mudas são vendidas 
aos agricultores, que também 
são estimulados a semear ou-
tros cultivos que podem ser 
bem adaptados para a regido. 
"Nossa função é produzir co-
nhecimento. Tentamos desco-
brir que outras culturas pode-
riam ser adaptadas as condi-
ções inóspitas da regido, au-
mentando a produção e a lucra-
tividade. Nem sempre é fácil, 
porque os agricultores são re-
sistentes à mudança temendo 
ter prejuízos. Mas a presença 
dos seus filhos na universidade 
pode melhorar essa relação", 
acredita o engenheiro agrôno-
mo Carlos Olazábal, responsá-
vel pelo centro. 

SEMENTE 
Nos viveiros, as mudas que vão gerar a eficiente produção 
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FOI PRECISO TRANSFORMAR A AREIA DO DESERTO EM TERRA PRODUTIVA, 
PARA -CONSEGUIR CHEGAR A PRODUÇÃO DE 33 VARIEDADES DA FRUTA " 

Uvas são oi maior :cTfrfguIfrê
TACYANA MICE 
De Majes - Peru 

Com 30 anos de dedicação 
ao projeto de irrigação do deser-
to, um dos maiores orgulhos do 
engenheiro Victor Gusmán é o 
centro vitivinicola, onde flore-_ 
cem 33 variedades de uvas e on-
de são produzidos diferentes ti-
pos de vinhos, além do pisco, a 
tradicional aguardente peruana, 
a base de uvas. A plantação das 
uvas se iniciou em 1993, com 
ajuda da Comunidade Européia, 
que investiu o equivalente a 11 
milhões de em-os (US$ 11 mi-
lhões), com uma contrapartida 
de 25% do governo peruano. 

Mas para chegar A varieda-
de de plantações foi necessário 
pesquisar muito. Transformar a 
areia do deserto em terra boa 
para o cultivo não é tarefa fácil. 
Ai está a explicação para que 
mais de 80% dos terrenos sejam 
ocupados por pastagens. "A al-
fafa fixa o nitrogênio no chão. 
o que chamamos de 'formar so-
lo'. Depois de algtms anos com 
plantação de alfafa, a terra já é 
apropriada para outros culti-
vos. Mas como os colonos têm 
a compra do leite garantida, 
mesmo que o retorno financei-
ro não seja tão alto quanto a 
comercialização de outros pro-
dutos, eles preferem manter 
80% do território ocupado com 
gado. E a garantia de que eles 
não terão prejuízo. Com a pos-
sibilidade de exportação, esta-
mos tentando estimulá-los a in-
vestir mais na agricultura, mas 
não é fácil convence-los", expli-
ca o assessor. 

Mesmo com as dificuldades, 
a regido de Majes é a que mais 
cresce no pais. 116 projeções de 
que em 2010 a regido tenha 
220 mil habitantes, impulsiona-
dos pela oferta de emprego em 
um pais mergulhado na misé-
ria. Tudo depende, entretanto, 
da conclusão da segunda etapa 
do projeto, que depende do tér-
mino da construção da represa 
de Angostura, no distrito de 
Tisco, na Cordilheira dos An-

•••• 

vO,

DRAJLGACAC' VAUTOCEINA 

BOA SAFRA 
Das uvas de Majes são produzidos vinhos, além do tradicional pisco 

des. Os investimentos já foram 
assegurados pelo presidente, 
Alejandro Toledo, que busca 
parceiros na iniciativa privada 
interessados em assumir a ge-

rência das centrais hidrelétricas 
de Angostura, Lluta e Lluclla, 
que também entrariam em fun-
cionamento gerando 756 Mw 
de energia. 

TACYANA ARCE 

BATALHA 
Victor Gusmin luta para ampliar a área destinada ã agricultura 

ESTAQUEADOR 
'TECNOLOGIA DESECAGEM DE 
PELES DE OVINOS E CAPRINOS 
Normalmente em pequenas propriedades que criam ovinos e 
caprinos, a secagem de peles não é processada de forma 
adequada. Assim, o produtor deixa de obter lucro maior na 
hora da venda. Além disso, os abates são espaçados e existe 
a necessidade de conservação das peles para formar um vo-
lume comercialmente apropriado. 

O estaqueador é um quadro de madeira com peças de 3 cm de espessura e 20 cm 
de largura, medindo 2,20 metros de altura por 1,40 metro de largura, onde se 
prende a pele com ganchos de arame e tiras de borracha elástica, evitando-se, as-
sim, os estragos causados pelas pontas de estacas usadas no método tradicional. 
Pode ser utilizado com fundo de tela de arame galvanizado de malha 5 para fixa-
ção dos ganchos ou serem os mesmos fixados no próprio quadro. 

•Após o abate do animal, fazer a limpeza da pele, eliminando todo o sangue exis-
tence 

• Retirar toda a gordura do carnal (lado interno da pele) 
• Evitar danos à pele, durante a limpeza 
• Proteger a pele contra predadores, principalmente ratos 
• Elio deixar a pele apanhar chuva 
• Realizar a secagem à sombra e guardar logo que estiver seca 
•Antes de guardar a pele seca, fazer tratamento da mesma contra pragas 
•0 tempo de secagem varia, conforme a região, de 5 a 10 dias 

fontellédiso veterinário Amadeu Pasqua de Quadros , 
Coordenador técnico da Emater-MG • Almaenara • ematecmg.govir 

o 



BIENVENIDOS A POTOSÍ 
MONUMENTO DE AMÉRICA ostai **** 

IBERTADOR 
Miliares N" 58 
Telaonos: (062) 27877 - (0621 23470 
Iniormes: (062) 23471 
Fax: (062) 24629 
E-mail: hosialib@cedro.pts.entelnet3m 
Potosi - Bolivia 
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VIAGEM DA UFMT PELA INTEGRACAGDAS-UNIVERSIDADES NO 
CENTRO OESTE SUL-AMERICANO 

Dia 18 de outubro - sexta-feira: SAIDA. 
14 horas Cuiabá — Caceres 200 km CA 

Caceres — Fronteira 90 km CA 
Fronteira — San Matias ICt km SA 

20 horas — Jantar — San Matias 
22 horas - San Matias — San Vicente 17g km SA 

San Vicente — San Ignacio 102 km SA 
San Ignacio — Concepcion /62 km SA 

Dia 19 — Sábado: Café da Manhã em Concepción — Visita A. Catedral. 8 horas 
Concepcion — San Javier 60 km SA 
San Javier — San Ramon 40 km CA 
San Ramon — Santa Cruz 192 km CA. As 14 horas, almoço em Santa Cruz 
na Churrascaria Brasargent. Pernoite. Hotel Continental Park. Jantar de 
confraternização com professores locais. Cada um paga sua janta. 

Dia 20 Domingo: is 8 horas, Santa Cruz-- Cochabamba — La Paz = 468 km CA + 
352 km CA.Pernoite em La Paz. Hotel Ichiban. 

Dia 21 — Segunda-feira: as -9 horas, visita à Universidad Mayor San Andrés, Jantar de 
Confraternização com professores locais. Cada um paga sua janta. 

Dia 22 — Terça-feira: outras visitas ent La. PaY. Visita à Embaixada do Brasil. Jantar de 
Confraternização com professores locais. Cada um paga sua janta. 

Dia 23—Quarta-feira: is 8 horas, La Paz—Desaguadero/Fronteira Peru -115 km CA 
Desaguadero—Puno 150 km.CA7-Punt--Arequipa=412 km CA...,JELP.osaLla-Sonesta 

Dia 24— as 9 horas visita a Universidad Nacional San Agustin — UNSA. Jantar de 
confraternização com professores locais. Cada um paga a sua janta. 

Dia 25- Seita-feira: manhã livre. Viagem is 12- hot as para Anca 400 km CA. 
Pernoite. Hotel Azapla Inn 

Dia 26— Sábado : as 9 horas-, visita Univel si dad de Tal dpaca. Jantar de confi-aterniz.ação 
com professores locais. Cada um paga a sua janta. 

Dia 27 -•-• Domingo: As 8 horas, viagem- para Potosi— 580 km CA. Hotel-LibertIdor. 

Dia 28— Segunda-Feira: as 9 horas visita a Universidad Autônoma Tomas Frias. 
tarde, vista à IVEna. Jantar de confraternização com professores locais. Cada um paga a 
suajanta. 

Dia 29"- Terça-feira: is a horas, Potosi - Santa Cruz, via Sucre ou Cochabamba. 
750 km CA. Pernoite em Santa Cruz. Hotel Continental Park. 

. Dia- 30-- Quarta-feirar is -9 horas, visita à Universidad-Autanoma Gabriel René 
Moreno. Almoço de confraternização com professores locais. Cada um paga-o seu 
almoço-. Tarde livre. Saida para Cuiabi its 18 horas: 

Dia 31 - Quinta-feira: is 18 horas, CHEGADA à Cuiabá. 522 km CA +512 km SA 

Obs.0 A - coin asfalto-- 4.271 km; S-A — Sent asfalter--- 1.024 km. Total= 529& km-


