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a  b  s  t  r  a  c  t

Euterpe  oleracea  Mart.,  Arecaceae,  fruit  (aç aí)  presents  considerable  potential  for  the  development  of  new
medicines  due  to its  phytochemical  composition  and  antioxidant  activity.  More  recently,  special  attention
has  been  given  to  the  pharmacological  potential  of  the  fruit’s  oil.  This  study  analysed  the  histological  and
histochemical  effects  of  different  dosages  of  aç aí  oil on  rat’s  liver  and thyroid  cells,  in  order  to  evaluate
its  cytotoxic  potential  after  administration  for consecutive  days.  Male  Wistar  rats  were  treated  with
the aç aí oil  by  gavage  at doses  of 30,  100  and  300 mg/kg,  for 14 days,  within  a  24  h  interval.  Liver and
thyroid  fragments  were  collected  for histology  (hematoxylin  and  eosin)  and  histochemistry  analysis  (blue
of Nilo  (lipids),  Baker  (lipids),  bromophenol  blue  (protein),  PAS (polysaccharides)).  The  results  showed
that animals  exposed  to aç aí oil  presented  alterations  in  the  liver  cells,  where  the  integrity  of  the  liver
tissue  was increasingly  lost  as  the  aç aí  oil  doses  increased.  Nuclear  pyknosis  was  observed  in  several
hepatocytes,  evidencing  the  occurrence  of  cell death.  Alteration  in the amount  of  lipids,  polysaccharides,

vacuoles  in  the  cytoplasm,  and proliferation  of  Kupffer  cells were  observed  in  histochemical  analyzes.  As
for the  thyroid  of  the treated  rats,  alterations  were  observed  in  the  size  of  the  follicular  lumen  and  also
in  the  connective  tissue  found  between  the  follicles.  Under  the  experimental  conditions  employed  in  the
present study,  the  cytotoxicity  observed  in this  work  is worrying,  specially  considering  the  liver,  when
frequent  or  continuous  damage  could  lead pathological  disorders  in  this  organ.

©  2019  Sociedade  Brasileira  de  Farmacognosia.  Published  by  Elsevier  Editora  Ltda.  This  is an  open
he CC
access  article  under  t

ntroduction

The use of natural herbs as dietary supplements is very com-
on  in several countries (including Asian, African, European and
merican countries), with recent data indicating that one in three
mericans incorporate them daily into their diet, specially cancer
atients (Richardson et al., 2000). Even though herbal remedies are
ften promoted as natural and therefore harmless, they are by no

eans free from adverse effects (Neergheen-Bhun, 2013). There-

ore, a careful assessment of their toxicological effects for human
ses is mandatory.
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Euterpe oleracea Mart., Arecaceae, is a plant whose fruit is com-
monly known as “aç aí”. This fruit is used in folk Brazilian medicine
to treat anemia, diarrhea, malaria, pain, inflammation, hepatitis,
and kidney diseases (Leão et al., 2007; Souza et al., 2011; Caetano
et al., 2014; de Bem et al., 2014; Vásquez et al., 2014). With spe-
cific regard to the aç aí fruit oil, antidiarrheic action was proven
(Plotkin and Balick, 1984) and Favacho et al. (2011) reported anti-
inflammatory and antinociceptive activities. Currently, the aç aí
fruit is well studied worldwide, with applications in the food indus-
try and pharmaceutical and cosmetic industries (Bonomo Lde et al.,
2014).
Studies regarding the chemical composition of aç aí have shown
the presence of polyphenolic components (such as phenolics,
flavonoids and anthocyanins) with antioxidant properties (Zapata-
Sudo et al., 2014). The phytochemical characterization of aç aí fruit
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il by Ultra Performance Liquid Chromatography (UPLC) analysis
evealed that vanillic acid, palmitic acid, �-linolenic acid, linoleic
cid, oleic acid, cinnamic acid, caffeic acid, protocatechuic acid,
erulic acid, syringic acid, flavonoids quercetin and kaempferol ruti-
oside as the main constituents (Marques et al., 2016).

Researches that evaluate the cytotoxic potential of complex
ixtures (and their chemical compounds) on the cells of mam-
alian organs have become fundamental. Some of these organs

re vital for the metabolism of the individual, such as the case of
he liver that is responsible for the detoxification and inactivation
f endobiotics, toxic compounds and nutrients (Ross and Pawlina,
008; Sreelatha et al., 2009).

Thus, considering the tendency to increase the use of aç aí oil as
n herbal medicine for humans, the main objective of this study was
o analyze the morpho-histochemical effects of different dosages of
ç aí oil on the liver and thyroid cells of rats in order to determine
ts cytotoxic potential.

aterials and methods

lant material

The Euterpe oleracea Mart., Areacaceae, fruit oil was  kindly
rovided by the company Aç aí do Amapá Agro-Industrial Ltda
ambazon, located in the city of Macapá, in Amapá State, Brazil.
ruits were collected in Bailique Island, Bailique District, Amapá
tate, Brazil, Latitude: 1.03333, Longitude: −49.9667. The extrac-
ion method consisted of a standardized method used by the
ompany, which cannot be published, because of patent protection.
he phytochemical characterization of the same sample of aç aí oil
sed in the present work was performed by Marques et al. (2016).

ose and experimental design

Experiments were carried out in 4–5 weeks old male Wistar
ats (Rattus norvegicus),  weighing about 100–120 g. The animals
ere acquired from the animal’s house of the Universidade

stadual Paulista (UNESP), Botucatu, São Paulo state, Brazil, and
ept in polyethylene boxes, in a climate-controlled environment
22 ± 4 ◦C, 55 ± 5% of relative humidity) with a 12 h light–dark
ycle (7 a.m. to 7 p.m.). Food (Nuvilab CR1-Nuvital) and water
ere available ad libitum. The animals were randomly divided

nto four experimental groups, with six animals in each group.
he aç aí oil (30 mg/kg, 100 mg/kg or 300 mg/kg b.w.) was  diluted
n vehicle (1% Tween 80) and administered by gavage daily for
4 consecutive days, at 24 h interval. In this procedure, each
nimal was weighed individually and, then, the calculated dose
as solubilized in 0.4 ml  of the vehicle being administered. These
oses were selected based on its traditional use in Brazil (25–30 ml
aily) (http://beneficiosnaturais.com.br/oleo-de-acai-beneficios-
-propriedades/), and also, on our preliminary acute toxicity
tudies in rats. The dose corresponds to the amount of oil (around
0%) in the fruit extract. Considering that a regular person takes
bout 250–300 ml  of aç ai daily, that means about 25–30 ml  of the
il in its composition. The negative control group received only
ehicle by gavage.

On the 15th day, 24 h after the administration of the last treat-
ent, the rats were anesthetized with xylazine and ketamine

4 mg/kg b.w., i.p.). Excess tissue was removed with the aid of
cissors, dissection tweezers, and paper towels. The animals were
uthanized by cervical dislocation, and the liver and thyroid frag-

ents were collected for histology and histochemistry analysis.

he Animal Bioethics Committee of the Faculdade de Medicina de
arília (CEUA/Famema, Marília, São Paulo state, Brazil) approved

his study on the 31st of January, 2013 (protocol number 1659/12),
 Farmacognosia 29 (2019) 54–61 55

in accordance with the federal government legislations on animal
care.

Histology and histochemistry

Liver (central and peripheral regions) and thyroid fragments
were collected and fixed in paraformaldehyde at 4% for 24 h. They
were put in phosphate buffer 10% (0.1 M,  pH 7.4) for 24 h. The
material was  then dehydrated in ethanol solutions at crescent
concentrations of 70, 80, 90, and 95% for 30 min each bath and trans-
ferred to JB4 Polaron Instruments/Bio Rad resin solution without
catalyzer for 24 h. The material was then accommodated in plastic
molds previously filled with resin-containing catalyzer and put in
the oven for polymerization. The resin blocks containing the mate-
rial were sectioned by a microtome (3 �m thickness), hydrated, and
displayed on previously cleaned glass slides.

After dried, the sections were stained with Harris hema-
toxylin and aqueous eosin (HE) according to histological routine
(Junqueira and Junqueira, 1983). To detect changes such as
the presence or absence, frequency, and distribution of pro-
teins, polysaccharides, and lipids in the livers and thyroids
of animals of control and treated groups, histological sections
were prepared for the histochemical analysis, as listed: liver
– blue of Nilo (lipids) (Lison, 1960); liver – Baker (lipids)
(Baker, 1946, modified by Sampieri, 2012); liver and thyroid
– bromophenol blue (protein) (Pearse, 1985); liver and thyroid –
PAS (polysaccharides) (Junqueira and Junqueira, 1983). The slides
were examined and photographed in a MOTIC BA 300 photomicro-
scope coupled to an INTEL microcomputer.

Results

Liver histology

Control group: The results obtained by applying the histo-
logic technique with hematoxylin and eosin (HE) (Fig. 1A and
B) showed that the liver tissue of control individuals was found
intact, since it was  observed hepatic cords where the cells (hepato-
cytes) presented regular form (polyhedral, evidenced by some cell
boundaries), spherical nuclei, and the presence of evident nucle-
oli in several cells. There are no intercellular spaces, confirming
the integrity of the tissue. Some nuclei of Kupffer cells were also
observed (liver macrophages).

Treated group I – (30 mg/kg): The integrity of the liver tissue was
increasingly lost as the aç aí oil doses increased. In this sense, it
can be noted that the occurrence of intercellular spaces that arose
between the cells, and also between the cords of hepatocytes, fea-
turing the start of tissue disorganization already at the 30 mg/kg
oil dose. At this dosage, the hepatocytes began to present mild
eosinophilic granulation in their cytoplasm (Fig. 1C and D).

Treated group II – (100 mg/kg): Although this was an intermedi-
ary tested concentration, the histochemical analysis revealed that
it was  the more toxic to the liver tissue, being observed great tissue
disorganization, including in the typical cords arrangement of the
liver. Hepatocytes have undergone serious changes since large vac-
uolation was observed, and the cells changed from eosinophilic to
basophilic, meaning that the morphological changes caused, conse-
quently, significant physiological changes. Kupffer cells were found
in major frequency in this treatment, probably due to the great
toxicity of the oil at this dosage. Nuclear pyknosis was observed in
several hepatocytes, evidencing the occurrence of cell death (Fig. 1E

and F).

Treated group III – (300 mg/kg): Although this was  the high-
est dose tested, the histological changes of the hepatic tissue
were significantly lower than the observed in the 100 mg/kg dose.

http://beneficiosnaturais.com.br/oleo-de-acai-beneficios-e-propriedades/
http://beneficiosnaturais.com.br/oleo-de-acai-beneficios-e-propriedades/
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Fig. 1. Histological sections of the liver of Euterpe oleracea oil-treated rats. (A–H)
Hematoxylin and eosin (HE) staining. (A and B) Control group treated with Tween
80 at 1%. (C and D) Group treated with 30 mg/kg, (E and F) Group treated with
100 mg/kg. (G and H) Group treated with 300 mg/kg. c, hepatic sinusoidal capillaries;
h,  hepatocytes; Kc, Kupffer cells; n, nucleus of hepatocytes; bv, blood vessels; arrow,
nucleoli. All sections had a thickness of 3 �m.
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Fig. 2. Histological sections of the liver of Euterpe oleracea oil-treated rats. Blue Nilo
staining to detect lipids. (A and B) Control group treated with Tween 80 at 1%). (C
and  D) Group treated with 30 mg/kg. (E and F) Group treated with 100 mg/kg. (G and

of a vast array of proteins, which are used in various metabolic
processes in the body (Fig. 4A and B).
he presence of cytoplasmic vacuolization was observed in hep-
tocytes, as well as the appearance of spaces between cordonal
rrangements of the hepatocytes. Some cells showed irregularities
n their forms. However, the hepatocytes nuclei apparently demon-
trated to be intact, presenting one or two nucleoli. The observation
f the Kupffer cells nuclei was not so frequent in this dosage in
omparison with the previous one (Fig. 1G and H).

iver histochemistry

ilo blue staining for lipid detection
Control group: The histochemical technique applied in the liver

o detect total lipids showed a clear presence of this element in
he liver tissue. The nuclei of both liver and Kupffer cells were also
vident due to simultaneous staining with hematoxylin (Fig. 2A and
).

Treated groups: Differences were detected in the intensity of
ipid marking which ranged from moderately positive in control
ubjects to strongly positive in individuals subjected to the treat-
ents proposed (Fig. 2C–H). At the dosages of 100 and 300 mg/kg,
ipid marking intensity was stronger, being strongest in the hepatic
ells of the animals treated with 100 mg/kg (Fig. 2E–H).
H)  Group treated with 300 mg/kg. c, hepatic sinusoidal capillaries; h, hepatocytes;
Kc,  Kupffer cells; n, nucleus of hepatocytes; bv, blood vessels; arrow, nucleoli. All
sections had a thickness of 3 �m.

Baker’s method for lipid detection
Control group: The application of the Baker’s test reveals the

presence of lipids in the liver of control animals, which is demon-
strated by the positive reaction of the liver parenchyma. The nuclei
of all cells, including hepatocytes, Kupffer cells and nucleoli (hepa-
tocytes), are coloured due to the use of hematein, solution obtained
by hematoxylin oxidation (Fig. 3A).

Treated groups: An enhancement of the lipid marking in the
groups of animals treated with 30 and 300 mg/kg of the aç aí oil was
evident, more than in animals treated with 100 mg/kg, confirming
an increase in the synthesis of this element when applying these
two dosages (Fig. 3B–D). Despite the results of the other techniques
previously used, the liver tissue did not present large vacuoliza-
tion. On the other hand, the images allow to infer that hepatocytes
hypertrophy may  have occurred due to the large presence of lipids
in the cytoplasm, which did not leave empty spaces between the
cell strings neither promoted extensive hepatocytes vacuolization
(Fig. 3B–D).

Bromophenol blue technique for total protein detection
Control group: A strong mark in the liver of the control group was

revealed, as expected, since this is responsible for the synthesis
Treated groups: There was an increase in both, cytoplasmic vac-
uolization (hepatocytes) and the own  liver tissue (intercordonais
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Fig. 3. Histological sections of the liver of Euterpe oleracea oil-treated rats. Baker’s techniq
Group  treated with 30 mg/kg, (C) Group treated with 100 mg/kg, (D) Group treated with
sections had a thickness of 3 �m.
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Fig. 4. Histological sections of the liver of Euterpe oleracea oil-treated rats. Bro-
mophenol blue staining for protein detection. (A and B) Control group treated with
Tween 80 at 1%). (C and D) Group treated with 30 mg/kg. (E and F) Group treated with
100 mg/kg. (G and H) Group treated with 300 mg/kg. All sections had a thickness of
3  �m.
ue for phospholipid detection. (A) Control group treated with Tween 80 at 1%), (B)
 300 mg/kg. c, hepatic sinusoidal capillaries; h, hepatocytes; bv, blood vessels. All

regions), showing the presence of many blanks, indicating that
morphological changes have occurred. The vacuolization became
more evident in the liver of animals exposed to 100 and 300 mg/kg
in contrast with the ones exposed only to the 30 mg/kg oil con-
centration. Hence, even at this lower dose, it was evident that the
appearance of vacuolated regions in the cytoplasm, and therefore,
morphological alterations (Fig. 4C–H).

Periodic acid Schiff for polysaccharides detection
This histochemical technique allowed us to evaluate the pres-

ence of polysaccharides in the histological liver sections of rats
subjected to treatments with aç aí oil and the control group.

Control group: The results obtained clearly show the absence of
PAS reaction in the nuclei regions of both hepatocytes and Kupffer
cells, since such regions are composed of other elements (proteins)
and not polysaccharides (Fig. 5A–H).

Treated groups: In the cytoplasmic regions of hepatocytes from
the animals treated with 100 mg/kg, it was observed increased
polysaccharide marking, where the cells are filled with glycogen
natural granules (Fig. 5E and F).

As for the control group (Fig. 5A and B), in the individu-
als exposed to 30 mg/kg of aç aí oil there were no increases
in the polysaccharides (Fig. 5C and D). However, in the indi-
viduals exposed to 300 mg/kg, increases were observed in the
hepatic tissue areas which are negative to the PAS reaction, thus
demonstrating the absence of glycogen in their constitution. This
characteristic is more evident when the adjacent regions of the
centrolobular veins are observed (Fig. 5G–H).

Thyroid histology

Control group: The histological analysis of control subjects
showed the preservation of the thyroid. Sections of thyroidean
follicles containing colloid (pre-hormone) can be observed. These

follicles are constituted by a simple columnar epithelium, with
cell morphology varying from squamous to cubic, according to its
physiological stage (active follicles have cuboidal epithelium and
those with less activity or inactive have squamous epithelium).
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Fig. 5. Histological sections of the liver of Euterpe oleracea oil-treated rats. PAS stain-
ing  for neutral polysaccharide detection. (A and B) Control group treated with Tween
80 at 1%). (C and D) Group treated with 30 mg/kg. (E and F) Group treated with
100 mg/kg. (G and H) Group treated with 300 mg/kg. c, hepatic sinusoidal capillar-
ies;  h, hepatocytes; Kc, Kupffer cells; n, nucleus of hepatocytes; bv, blood vessels;
arrow, nucleoli. All sections had a thickness of 3 �m.
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Fig. 6. Photomicrographs of the thyroid glands of Euterpe oleracea oil-treated rats. (A–D)
1%),  (B) Group treated with 30 mg/kg, (C) Group treated with 100 mg/kg, (D) Group treate
3  �m.
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Parafollicular cells with calcium regulation function can also be
observed among the follicles (Fig. 6A).

Treated groups: Changes occurred in the follicular morphology of
individuals treated with oil, particularly in the size of the follicular
lumen, which has undergone reduction and/or a marked increase
in the treatments of 30 and 100 mg/kg (Fig. 6B–D). The reduction
may  be due to a follicular cell hypertrophy (which constitute the
follicles), since cells appear with a cubic morphology much more
frequently than those observed in the control.

A remarkable change in the connective tissue between the folli-
cles of the glands from oil-treated individuals (100 and 300 mg/kg)
was observed. This change is better observed in the tissue of ani-
mals treated with 300 mg/kg, being possible to observe more severe
colloid reduction than observed in the animals treated with the
lower dose (Fig. 6D). An alteration in the colloid staining intensity
was also observed.

Thyroid histochemistry

Bromophenol blue technique for total protein detection
Histological sections show that the thyroid cells (follicular and

parafollicular) responded to the applied test, demonstrating the
presence of these protein elements. However, in the region where
the parafollicular cells are located, in the interstices between the
thyroid follicles, it was found a weak cytoplasmic reaction. An
exception was observed in the individuals treated with 100 mg/kg,
where a group of parafollicular cells had an intermediate reaction
to the staining (Fig. 7A–D).

Considering the colloid within the follicles, a weak response
indicated little presence of protein elements. For the rest of the
treatments (and the control), no changes in the colloid of the folli-
cles were observed.

For the individuals subjected to the oil treatments, large spaces
indicating the lack of response to the protein detection were found
in the interfollicular regions (Fig. 7B–D), specially in the thyroids of
animals treated with 30 and 300 mg/kg (Fig. 7B and D).
Periodic acid Schiff for polysaccharides detection
This histochemical test revealed the biggest changes in the thy-

roid glands from aç aí oil treated animals. Histological sections, for

fo

fo

ce

ce

B

D

 Hematoxylin and eosin (HE) staining. (A) Control group treated with Tween 80 at
d with 300 mg/kg. fo, follicles; ce, cubic epithelium. All sections had a diameter of
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Fig. 7. Photomicrographs of the thyroid glands of Euterpe oleracea oil-treated rats. Bromophenol blue technique for total protein detection. (A) Control group treated with
Tween  80 at 1%), (B) Group treated with 30 mg/kg, (C) Group treated with 100 mg/kg, (D) Group treated with 300 mg/kg. fo, follicles. All sections had a thickness of 3 �m.
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ig. 8. Photomicrographs of the thyroid glands of Euterpe oleracea oil-treated rats
ith  Tween 80 at 1%, (B) Group treated with 30 mg/kg, (C) Group treated with 100 m

he control group, showed preservation of the thyroid follicles, sur-
ounded by cell epithelium with squamous or cubic morphology,
here nuclei cannot be observed due to the technique (Fig. 8A).

he cytoplasm of follicular cells showed an intermediate reaction
o the test, as well as the parafollicular cells. The colloid inside the
ollicles was strongly marked, indicating a high concentration of
olysaccharides in it. For animals treated with 30 mg/kg, most of
he thyroid follicles showed less intense reaction to PAS than in the
nimals treated with higher doses. In addition, for animals treated
ith 30 mg/kg, large spaces not responding to the test occurred
etween the follicles (Fig. 8B).
In the animals treated with 100 mg/kg, morphological changes

ere more evident when focused on the peripheral regions of
he follicles, where there was the same gnawed aspect indicating
dic acid Schiff (PAS) staining to detect polysaccharides. (A) Control group treated
(D) Group treated with 300 mg/kg. fo, follicles. All sections had a thickness of 3 �m.

increased activity of follicular cells in order to be turning colloid
in thyroid hormone (Fig. 8C). The same behaviour was observed
in the cells exposed to 300 mg/kg and, furthermore, vacuoles were
present inside the follicles, indicating the use of the colloid in the
transformation into a thyroid hormone (Fig. 8D).

Discussion

The liver is the second largest organ in the body and its main

function is to process the nutrients that are absorbed by the diges-
tive tract, for later use by other organs of the body. The position
of the liver in the circulatory system is strategic, in the sense
that its location allows you to capture, transform and accumulate
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etabolites, as well as neutralize and eliminate toxic substances
Junqueira and Carneiro, 2013).

This study is showing the results obtained by the analysis of liver
nd thyroid glands of Wistar rats treated for 14 consecutive days
ith the fruit oil of Euterpe oleracea (aç aí), at doses of 30, 100 and

00 mg/kg body weight.
Thus, the results demonstrate that the ingestion of 100 mg/kg of

ç aí oil is capable of causing great morphophysiological changes in
he liver, as can be confirmed by the histological sections. Although
his dosage was not the highest tested, it was the most harmful
from the concentrations tested) to the liver tissue. This may  have
ccurred due to a possible saturation in the processing capacity of
he oil by the liver. The most common damage was represented by
he disorganization of the liver tissue, which causes great damage
o the hepatic system, affecting the circulation and functions of the
rgan (Junqueira and Carneiro, 2013).

Another change that was observed in the liver of individu-
ls exposed to aç aí oil was the large storage of glycogen in the
ytoplasm of hepatocytes, compared with the control animals, indi-
ating that the system is receiving toxic stimuli, which certainly
auses a change or deficiency in enzymes produced in the liver
esponsible for the degradation of this polysaccharide. It should
lso be taken into consideration the fact that the liver is the organ
f vertebrates that, due to its location, is the first to be exposed to
oreign products to the body, especially the toxic ones.

Still regarding the observed liver changes, the cytoplasmic vac-
olization is a morphological condition which indicates that the
ells are undergoing changes which will have consequences on cel-
ular and tissue physiology. Changes in the nuclei of hepatocytes

ere also observed, and many of them showed pyknosis/chromatin
arginalization changes, typically seen in cells that are in death

rocess (Roma et al., 2012).
Changes in form of spaces between the hepatic strands were also

bserved, and may  suggest the beginning of an edema in the organ.
he presence of edema is a morphological change of the tissue
aused mainly due to pathological situations, where the amount
f liquid present in the interstitial tissue (connective) is consider-
bly increased. In histologic sections this change is often observed
s increased spaces in the organ (Junqueira and Carneiro, 2013).

The hepatic tissue toxicity observed in the present study may
e due to the action of some of the major constituents of aç ai oil,
s palmitic and oleic acid. Literature data reported the induction of
teatosis on human hepatocytes exposed to palmitic acid, as well as
n primary cultures and immortalized hepatocyte cell lines (Joshi-
arve et al., 2007; Gómez-Lechón et al., 2007; Ricchi et al., 2009).
uo et al. (2012) observed that cyclosporine A (CsA) by itself at
herapeutic exposure levels did not induce detectible cytotoxic-
ty in HepG2 cells (human hepatoma cells). However, co-treatment
f palmitic acid and CsA resulted in a dose dependent increase in
ytotoxicity. Park et al. (2014) reported that palmitic acid induces
poptosis accompanied by autophagy through mitochondrial dys-
unction and ER stress, which are triggered by oxidative stress in
hang liver cells. Regarding oleic acid, studies reveal the induction
f hepatic steatosis in mice (Malhi et al., 2006; Tang et al., 2011), in
uman (Araya et al., 2004), and also in human cultured liver cells
Gómez-Lechón et al., 2007; Ricchi et al., 2009).

Regarding the thyroid, this is an endocrine gland (vesicular type)
resent in vertebrates and is the endocrine gland which, due to its
orphology, has the ability to store its secretion products. In the

hyroid, the pre-hormones (or colloids), after the occurrence of an
dequate stimulus, will be transformed into thyroid hormones (T3
nd T4) for being used by the body when needed (Junqueira and

arneiro, 2013).

The thyroid gland is composed of globular structures called thy-
oid follicles, which are surrounded by simple epithelial cells that
an be squamous or cubic, depending of the activity of each follicle
 Farmacognosia 29 (2019) 54–61

stage. Active follicles have its epithelium composed of cubic cells
and less active or inactive follicles (colloid storage) are composed
of squamous epithelial cells (Junqueira and Carneiro, 2013).

In the present work, the changes in the thyroid gland were
directly related to the thyroid follicles, or follicular cells, as well
as the hypertrophy associated with disorganization. These changes
caused alterations in the epithelium overlying each follicle, reduc-
ing its storage capacity of the pre-hormone, probably due to an
excessive stimulation, as a result of hormonal changes caused by
the test substance in the treated animals. Our review of the litera-
ture showed that there are no studies in the literature evaluating
the effects of aç ai oil, or its major components on the thyroid. How-
ever, there are a few other studies with substances not related to
acai that have shown that continuous stimuli on thyroid follicular
cells can cause a hormonal imbalance which causes a decrease in
the movement of T3 and T4 hormones, increasing TSH circulation
which could prove to be a stimulus for the emergence of thyroid
tumors (Ferreira et al., 2012; Hurley et al., 1998).

Thus, the data presented here demonstrates that the exposure of
the rat’s thyroid gland to the aç aí oil not only disrupts the follicular
tissue but also alters the chemical composition of the colloid mainly
due to the polysaccharides, as it is composed by thyroglobulin, a
glycoprotein containing phosphorus residues and covalently linked
sulfate. In contrast, Ferreira et al. (2012) observed that this change
was mainly due to protein-based components.

According to our literature review, this work represents the
first study evaluating the cytotoxic potential of aç aí oil in vivo
by histological and histochemical analysis. The other toxicolog-
ical analysis of this plant is related to its genotoxic potential.
Marques et al. (2016), evaluating the genotoxic potential of the
same sample of aç aí oil used in our work, and on the same ani-
mals, observed absence of genotoxic effects on leukocytes, liver,
bone marrow and testicular cells, assessed by the comet assay;
and also absence of clastogenic/aneugenic effects in the bone mar-
row cells, by the micronucleus test. The results obtained by these
authors corroborate the results previously obtained by Ribeiro et al.
(2010) with aç aí pulp, reporting the absence of genotoxic effects
in the bone marrow, liver, kidney and peripheral blood cells of
mice.

In the present study, the histological and histochemical analy-
sis of the liver and thyroid tissue of rat exposed to different doses
of aç aí oil during 14 consecutive days revealed damage in cells and
tissues of both organs. In the liver, characterized by disorganization
of the hepatic tissue, alteration in the amount of lipids, polysaccha-
rides, vacuoles in the cytoplasm, and proliferation of Kupffer cells;
and in the thyroid, characterized by alterations in the size of the
follicular lumen and also in the connective tissue found between
the follicles. Despite the therapeutic potential of the Euterpe oler-
acea fruit oil (or aç aí oil), the cytotoxicity observed in this work is
worrying, especially considering the liver, since frequent or con-
tinuous damage leads to the considerable increase in the amount
of connective tissue. The excessive production of connective tis-
sue causes hepatic circulation disorganization, leading to serious
pathological disorders in the liver.
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