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bstract

Carapa guianensis (Meliaceae), known as Andiroba in Brazil, has been used by Amazon Rainforest indigenous communities for treatment of
oughs, convulsions, skin diseases, arthritis, rheumatism, ear infections, to heal wounds and bruises and as an insect repellent. Carapa guianensis
eed oil (SO) was evaluated for its acute and subacute toxicity (30 days) by the oral route in Wistar rats. In the acute toxicity test, SO (0.625–5.0 g/kg,
= 5/sex) did not produce any hazardous symptoms or deaths. The subacute treatment with SO (0.375, 0.75 and 1.5 g/kg, n = 10/group) failed

o change body weight gain, food and water consumption. Hematological analysis showed no significant differences in any of the parameters
xamined. However, in the biochemical parameters, there was an increase in the alanine aminotransferase (ALT) serum level (29%) in the group

O 1.5 g/kg. In addition, absolute and relative liver weights were increased at the doses of 0.75 g/kg (23.4 and 19.1%) and 1.5 g/kg (18.7 and
3.1%). In conclusion, acute and subacute administration of Carapa guianensis seed oil did not produce toxic effects in male Wistar rats. However,
he increase in the ALT serum level and in both absolute and relative liver weights may indicate a possible hepatic toxicity.

2008 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Carapa guianensis Aublet (Meliaceae) is a well-known tree
idely used as a medicinal plant in Amazon Rainforest region.

n Brazil, this tree is popularly known as Andiroba, Carapá and
arapinha (Corrêa, 1984). It valued for both its timber and
thnomedicinal properties and it is recommended by United
ations Development Programme as of great pharmaceutical
otential. All parts of the tree, including its seed oil are used for
edicinal purposes. Traditional Amazon Rainforest communi-
ies make a medicinal soap using Carapa guianensis seed oil for
reatment of skin diseases, arthritis, rheumatism, ear infections,
o heal wounds and bruises and as an insect repellent (Hammer
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nd Johns, 1993). They also drink the seed oil to treat coughs and
onvulsions (Duke and Vasquez, 1994; Branch and Silva, 1983).
arapa guianensis seed oil mixed with “cabacinha” fruit (Luffa
perculata L., Curcubitaceae: 1/4 of cabacinha in 250 ml of hot
il for several hours) is rubbed into the skin to relieve arthritis
nd rheumatism. A spoonful of this warm maceration is gargled
nce a day for sore throat and ingested for cough treatment. Also,
teaspoon of the oil mixed with some honey is drunk for throat

nflammation (Hammer and Johns, 1993; Duke and Vasquez,
994). Based on the traditional use, generally 2 ml of the seed
il mixed in a small glass of warm water is taken twice or three
imes daily (http://rain-tree.com/andiroba.htm). Several seed oil
roducts in many dosage forms such as cream, compound syrup,
ily capsules and, more recently gel are recommended for many
espiratory infections including pharyngitis, laryngitis, cough,

u, pneumonia and bronchitis as well as muscle and join injuries
nd skin diseases (Orellana et al., 2004).

Several studies demonstrated the antiinflammatory, analgesic
nd antiallergic activities of Carapa guianensis seed oil (Penido

mailto:almirgw@globo.com
http://rain-tree.com/andiroba.htm
dx.doi.org/10.1016/j.jep.2007.12.016
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t al., 2005a,b, 2006). Other properties, such as repellent (Miot
t al., 2004) and larvicide activities (Mendonça et al., 2005) were
lso reported.

The chemical characterization of Carapa guianensis seed
il revealed the presence of miristic, palmitic, oleic, linoleic
Pinto, 1956), stearic and arachidic fatty acids (Pereira et
l., 1997). Some tetranortriterpenoids have been isolated
rom Carapa guianensis seeds, namely, 6-alfa-acetoxy-epoxy-
zadiradione, 7-deacetoxy-7-oxogedunin, gedunin, andirobin,
ethyl angolensate (Pereira et al., 1999), 1,3-di-benzene

arbon amine-2-octadecylic acid-glyceride, hexacosanoic acid-
,3-dihydroxy-glyceride, ursolic acid, naringenin, scopoletin,
,4-dihydroxymethylbenzoate, 2,6-dihydroxymethylbenzoate,
etratriacontanoic acid and triacontanoic acid (Qi et al., 2004).

Notwithstanding the widespread use of Carapa guianensis
eed oil in traditional medicine there are insufficient data about
ts toxicity. In the last years, our research group has investigated
he Carapa guianensis seed oil toxic effect in order to ensure
ts safe use. Indeed, two recent studies performed in female rats
reated per os with Carapa guianensis seed oil showed that it
id not interfere on the fertility (Costa-Silva et al., 2006) and
id not induce any toxic effect on pregnancy (Costa-Silva et al.,
007). Therefore, the aim of the present study was to assess the
oxicity of the Carapa guianensis seed oil in Wistar rats. For
his toxicological evaluation, some protocols are indispensable,
uch as acute and subacute toxicity, including hematological and
iochemical analyses.

. Materials and methods

.1. Plant material

Carapa guianensis Aublet (Meliaceae) seeds were collected
rom the Amazon Rainforest (Pará, Brazil). A voucher speci-
en (MG170789 MA 0404), authenticated by Dra. Ely Simone
ajueiro Gurgel (Museu Paraense Emı́lio Goedel, Pará, Brazil),
as deposited in the João Mussa Pires herbarium, at the Federal
niversity of Pará.

.2. Extraction

N-Hexane was added to 2 kg of previously dried and trit-
rated Carapa guianensis seeds. The system was allowed to
est for 60 min and was then vacuum-filtered. The solvent was
eplenished until the botanical sample of oil was exhausted and
hen the solvent was removed under reduced pressure. The yield
f extract was 34% (v/w). The apparent density of the oil was
alculated (0.833 g/mL) and this was used to define the exact
olume that each animal would receive. The oil was stored at
20 ◦C until further use.

.3. Animals
Adult male and female Wistar rats (Rattus norvegicus), aged 3
nd 2 months, weighing 250–300 g and 200–240 g, respectively,
ere obtained from Department of Physiology and Pharmacol-
gy of Federal University of Pernambuco (UFPE). They were
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aintained in standard environmental conditions (23 ± 2 ◦C;
2:12 h dark/light cycle) and water and chow (Labina®, Purina,
razil) were available ad libitum. The experimental protocol
as approved by Ethical Committee in Animal Experimenta-

ion of the Biological Science Center of UFPE (Process no.
3076.006909/2004-25).

.4. Acute toxicity

Healthy rats of either sex fasted overnight, but allowed
ccess to water ad libitum were randomly divided into five
roups (n = 5/sex). The first group (control group) received
ater. Groups 2–5 were orally treated with Carapa guianensis

eed oil at the doses of 0.625, 1.25, 2.5 and 5.0 g/kg, respec-
ively. Animals were observed for general behavioral and body
eight changes, hazardous symptoms and mortality for a period
f 14 days after treatment. The lethal dose (LD50) was estimated
ccording to the method described by Litchfield and Wilcoxon
1949).

.5. Subacute toxicity

The method was performed according to the OECD test
uidelines with slightly modifications (OECD, 1981). Male rats
ere randomly divided into four groups (n = 10/group). Ani-
als received water vehicle orally (control group) or Carapa

uianensis seed oil at the doses of 0.375, 0.75 or 1.5 g/kg/day
or 30 consecutive days. The body weight was recorded weekly
nd their food and water intake monitored daily. Animals were
bserved for signs of abnormalities during the treatment period.
t the end of the treatment, animals were fasted overnight, but

llowed access to water ad libitum. Then anesthetized with ether,
nd the blood samples were obtained by retro-orbital puncture
Waynforth, 1980), using capillary tubes for hematological and
iochemical studies, with and without anticoagulant, respec-
ively.

.6. Hematological and biochemical analysis

Hematological analysis was performed using an automatic
ematological analyzer (Coulter STKS, Beckman). The param-
ters included: red blood cell (RBC) count, white blood
ell (WBC) count, hemoglobin (Hb), hematocrit (HCt), mean
orpuscular volume (MCV), mean corpuscular hemoglobin
MCH), mean corpuscular hemoglobin concentration (MCHC)
nd platelets count were determined (Silva et al., 2007). The
ifferential leukocyte counting was performed with an opti-
al microscopy after staining and, in each case, 100 cells
ere counted. For biochemical analysis, blood was centrifuged

t 1480 × g for 10 min to obtain serum, which was stored
t −20 ◦C until determination of the following parameters:
lucose, blood urea nitrogen (BUN), creatinine, aspartate
minotransferase (AST), alanine aminotransferase (ALT), total

holesterol, triglycerides, alkaline phosphatase (ALP), total and
irect bilirubin, total protein and albumin. The dosages were
ade using Cobas Mira (Roche) automation with Boehringer

ngelheim® biochemical kits.
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Fig. 1. Body weight gain curves of rats treated orally with Carapa guianensis
seed oil (SO, 0.375–1.5 g/kg) by oral route for 30 consecutive days. The values
are expressed as mean ± S.E.M. (n = 10 animals/group).

F
s
a

h

T
B

D

1
2
3

T

J.H. Costa-Silva et al. / Journal of E

.7. Morphological study

After euthanasia by excess of anesthetic, necropsy was pro-
eeded (n = 5/group) for analysis of the macroscopic external
valuation of heart, liver, spleen, kidney, lungs, brain and adrenal
land. These organs were carefully removed and weighed indi-
idually. Organ weights were expressed in terms absolute and
elative (g/100 g of body weight).

.8. Statistical analysis

The results are expressed as mean ± S.E.M. Variance in data
or body weights, food consumption, hematology, blood bio-
hemistry and organ weights (both absolute and relative weights)
as checked for homogeneity by Bartlett’s method. If the vari-

nce was homogeneous, the data were assessed by one-way
nalysis of variance (ANOVA) followed by Tukey–Kramer test.

hen the data cannot be assumed to follow a normal distribu-
ion, non-parametric Kruskall–Wallis test followed by Dun test
as performed. A probability level of less than 5% (p < 0.05)
as considered significant.

. Results

The results indicated that Carapa guianensis seed oil acute
reatment by oral route at doses up to 5.0 g/kg did not produce
ny sign of toxicity or death in rats during 14 days of observation.
herefore, the LD50 could not be estimated, and it is possible
ore than 5.0 g/kg.
No toxicity signs or deaths were recorded during the 30 con-

ecutive days of treatment by oral route with Carapa guianensis
eed oil at doses of 0.375, 0.75 or 1.5 g/kg. Neither absolute body
eight nor body weight gain was affected by Carapa guianensis

eed oil administration at all doses throughout the study (Fig. 1
nd Table 1). A similar lack of toxic effect was observed in the
ase of food and water consumption (Fig. 2).

The hematological profile of control and treated groups are
resented in Table 2. There were no statistically significant dif-
erences in all of the hematological parameters analyzed.

The Carapa guianensis seed oil administration did not induce

ny changes in glucose, BUN, creatinine, AST, total cholesterol,
riglycerides, ALP, total and direct bilirubin, total protein and
lbumin serum levels. However, an increase of 29.3% in ALT
erum levels was observed within the animals treated with the

c

s
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able 1
ody weight (g) for male Wistar rats after 30 consecutive days of treatment with Car

ay Control SO 0.375 g/kg

Body weight (g) Increase (%) Body weight (g) Increase (%)

0 304.4 ± 7.6 0 272.6 ± 7.3 0
7 320.7 ± 7.9 5.4 292.0 ± 8.1 7.1
4 335.9 ± 9.0 10.3 306.9 ± 8.5 12.6
1 351.3 ± 8.6 15.4 318.9 ± 7.2 17.0
0 365.4 ± 10.3 20.0 330.6 ± 9.2 21.3

he values are expressed as mean ± S.E.M. (n = 10 animals/group).
ig. 2. Daily food and water intake of Wistar rats treated with Carapa guianensis
eed oil (SO, 0.375–1.5 g/kg) by oral route for 30 consecutive days. The values
re expressed as mean ± S.E.M. (n = 10 animals/group).

ighest dose of Carapa guianensis seed oil in comparison to

ontrol group, as summarized in Table 3.

The absolute and relative tissue weights and external macro-
copic morphology were not altered by Carapa guianensis seed
il administration. However, a significantly increase in both

apa guianensis seed oil (SO, 0.375–1.5 g/kg) by oral route

SO 0.75 g/kg SO 1.5 g/kg

Body weight (g) Increase (%) Body weight (g) Increase (%)

315.3 ± 7.1 0 272.6 ± 10.8 0
331.6 ± 8.1 5.2 289.9 ± 11.8 6.3
349.1 ± 8.6 10.7 298.1 ± 11.7 9.3
361.4 ± 10.0 14.6 309.4 ± 12.2 13.5
379.6 ± 12.1 20.4 324.5 ± 11.4 19.0
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Table 2
Effect of the Carapa guianensis seed oil (SO, 0.375–1.5 g/kg) by oral route on hematological parameters in male Wistar rats treated for 30 consecutive days

Parameters Control SO 0.375 g/kg SO 0.75 g/kg SO 1.5 g/kg

RBC (×106 (�L)−1) 8.0 ± 0.1 8.5 ± 0.2 8.2 ± 0.6 8.2 ± 0.1
Hemoglobin (g/dL) 14.8 ± 0.2 15.2 ± 0.2 14.6 ± 0.9 15.3 ± 0.2
Hematocrit (%) 42.7 ± 0.6 44.7 ± 0.8 42.7 ± 1.4 44.5 ± 0.4
MCV (fL) 52.7 ± 0.4 52.1 ± 0.3 53.8 ± 3.2 53.8 ± 0.7
MCH (pg) 18.6 ± 0.8 17.9 ± 0.3 18.0 ± 0.7 18.6 ± 0.2
MCHC (g/dL) 34.4 ± 0.2 33.6 ± 0.5 30.0 ± 3.2 34.0 ± 0.4
Platelets (×103 (�L)−1) 1026 ± 16.7 1173 ± 47.3 1092 ± 67.2 1151 ± 49.3
WBC (×103 (�L)−1) 10.9 ± 1.0 12.2 ± 1.0 11.1 ± 1.0 11.8 ± 0.9
Neutrophils (%) 23.2 ± 3.6 17.9 ± 2.8 26.8 ± 2.9 22.3 ± 2.3
Eosinophils (%) 1.7 ± 0.4 1.7 ± 0.4 1.7 ± 0.3 1.4 ± 0.2
Basophils (%) 0 0 0 0
Lymphocytes (%) 68.9 ± 3.3 74.3 ± 2.8 64.4 ± 3.5 71.7 ± 1.6
Monocytes (%) 6.2 ± 0.8 6.0 ± 0.5 7.0 ± 0.9 6.1 ± 0.9

The values are expressed as mean ± S.E.M. (n = 10 animals/group). RBC: red blood cell, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin,
MCHC: mean corpuscular hemoglobin concentration and WBC: white blood cell.

Table 3
Effect of the Carapa guianensis seed oil (SO, 0.375–1.5 g/kg) by oral route on serum biochemical parameters in male Wistar rats treated for 30 consecutive days

Parameters Control SO 0.375 g/kg SO 0.75 g/kg SO 1.5 g/kg

Glucose (mg/dL) 64.5 ± 2.2 74.2 ± 3.5 61.2 ± 3.1 56.2 ± 3.4
BUN (mg/dL) 43.8 ± 3.0 43.1 ± 1.0 42.4 ± 1.3 45.4 ± 1.8
Creatinine (mg/dL) 0.40 ± 0.02 0.40 ± 0.01 0.50 ± 0.06 0.40 ± 0.01
AST (IU/L) 237.0 ± 16.0 239.6 ± 23.4 237.8 ± 8.5 210.1 ± 4.3
ALT (IU/L) 48.8 ± 3.3 53.5 ± 3.0 48.1 ± 4.1 63.1 ± 3.2*

Total cholesterol (mg/dL) 54.7 ± 3.6 61.0 ± 3.8 59.6 ± 4.4 58.2 ± 3.1
Triglycerides (mg/dL) 53.2 ± 4.3 69.0 ± 8.8 56.8 ± 3.6 50.3 ± 5.5
ALP (IU/L) 140.8 ± 17.4 148.7 ± 14.8 111.3 ± 11.9 124.2 ± 12.6
Total bilirubin (mg/dL) 0.2 ± 0 0.2 ± 0 0.2 ± 0 0.2 ± 0
Direct bilirubin (mg/dL) 0.1 ± 0 0.1 ± 0 0.1 ± 0 0.1 ± 0
Total protein (g/dL) 6.7 ± 0.1 6.9 ± 0.1 6.8 ± 0.1 6.5 ± 0.1
Albumin (g/dL) 3.1 ± 0.1 3.0 ± 0.1 3.0 ± 0.1 3.0 ± 0.1
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he values are expressed as mean ± S.E.M. (n = 10 animals/group). BUN: blood
LP: alkaline phosphatase.
* Significant difference from control group (p < 0.05 by ANOVA, followed by

bsolute and relative liver weight of 23.4 and 18.7%, and 19.1
nd 33.1%, respectively was observed in groups treated with
oses of 0.75 and 1.5 g/kg in comparison to control group
Table 4).

. Discussion

The results of the acute toxicity study indicate that Carapa
uianensis seed oil administration by oral route with the doses
p 5.0 g/kg did not produce any sign of toxicity or death in rats,
uggesting a LD50 above 5.0 g/kg by oral route. According to
ennedy et al. (1986), substances that present LD50 higher than
.0 g/kg by oral route can be considered practically non-toxic.
herefore, it can be suggested that acute toxicity of the Carapa
uianensis seed oil is practically null by oral route. Likewise,
ubacute treatment showed that Carapa guianensis seed oil at
oses of 0.375, 0.75 and 1.5 g/kg/day during 30 days did not
roduce any deaths or clinical signs of toxicity. Besides, the

ody weight, water and food intake were not altered during the
reatment period. The doses used in the present study represent
p to 50 (acute) and 15 (subacute) times more than the used as
n antiedematogenic agent (Penido et al., 2005a).

l
1
a

nitrogen, AST: aspartate aminotransferase, ALT: alanine aminotransferase and

y–Kramer test).

In previous studies, performed in female Wistar rats treated
ith Carapa guianensis seed oil per os, it was demonstrated

hat Carapa guianensis seed oil did not interfere in fertility
arameters and in offspring development, however, an increase
n the offspring motor activity was observed (Costa-Silva et
l., 2006). In addition, it was verified that administration of
arapa guianensis seed oil did not bring about any toxic effect
n pregnancy in rats (Costa-Silva et al., 2007), suggesting that
arapa guianensis seed oil presents low or absence of abortive
ffect. In present study, all hematological parameters remained
nder the reference range for the species (Harkness and Wagner,
993). In the same way, the treatment with Carapa guianensis
eed oil did not change the biochemical parameters analyzed,
xcept for an increase in ALT serum levels in the group treated
ith Carapa guianensis seed oil 1.5 g/kg. Since the standard

ange for ALT serum levels for rats is 21–52 IU/L (Coimbra
t al., 1995), our results provide evidence of hepatic over-
oad.
The increase of serum transaminase enzymes (ALT and AST)
evels is a good indicator of hepatocyte damage (Latha et al.,
998). The AST is also found in a large number of tissues, such
s heart, lung, skeletal muscle and kidney, whereas ALT is pri-
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Table 4
Effect of the Carapa guianensis seed oil (SO, 0.375–1.5 g/kg) by oral route on absolute and relative (g/100 g of animal) organ weight in male Wistar rats treated for
30 consecutive days

Parameters Control SO 0.375 g/kg SO 0.75 g/kg SO 1.5 g/kg

Heart
Absolute live weight (g) 1.06 ± 0.04 0.99 ± 0.04 1.15 ± 0.02 1.01 ± 0.07
Body weight ratio (%) 0.29 ± 0.01 0.30 ± 0.01 0.31 ± 0.01 0.32 ± 0.02

Liver
Absolute live weight (g) 10.7 ± 0.5 10.6 ± 0.5 13.2 ± 0.5* 12.7 ± 0.4*

Body weight ratio (%) 2.93 ± 0.07 3.20 ± 0.11 3.49 ± 0.11* 3.90 ± 0.12*

Spleen
Absolute live weight (g) 0.82 ± 0.02 0.68 ± 0.03 0.73 ± 0.06 0.78 ± 0.23
Body weight ratio (%) 0.22 ± 0.01 0.21 ± 0.01 0.19 ± 0.02 0.25 ± 0.08

Kidney
Absolute live weight (g) 1.28 ± 0.02 1.07 ± 0.06 1.29 ± 0.04 1.10 ± 0.03
Body weight ratio (%) 0.35 ± 0.01 0.32 ± 0.01 0.35 ± 0.01 0.35 ± 0.01

Brain
Absolute live weight (g) 1.37 ± 0.05 1.28 ± 0.01 1.32 ± 0.07 1.27 ± 0.04
Body weight ratio (%) 0.37 ± 0.01 0.39 ± 0.01 0.35 ± 0.02 0.40 ± 0.01

Lungs
Absolute live weight (g) 1.45 ± 0.06 1.86 ± 0.22 1.61 ± 0.07 1.46 ± 0.08
Body weight ratio (%) 0.40 ± 0.01 0.46 ± 0.01 0.43 ± 0.01 0.46 ± 0.02

Adrenal
Absolute live weight (g) 0.025 ± 0.001 0.027 ± 0.002 0.029 ± 0.002 0.024 ± 0.001
Body weight ratio (%) 0.0068 ± 0.0004 0.0082 ± 0.0006 0.0076 ± 0.0008 0.0072 ± 0.0006
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he values are expressed as mean ± S.E.M. (n = 5 animals/group).
* Significant difference from control group (p < 0.05 by ANOVA, followed by

arily limited to liver, thus the latter is considered a highly
ensitive indicator of hepatotoxicity (Al-Habori et al., 2002).
he ALT in blood increases when the hepatic cellular perme-
bility is changed or when necrosis and cellular injury occurs
Kaneko et al., 1997). Fluctuations in ALT levels are usually
ccompanied by an alteration of AST levels, however, AST is
ssentially a mitochondrial enzyme and it is not released as fast
s ALT, which is cytosolic (Al-Habori et al., 2002). This could
xplain why an alteration was found only in ALT levels. As far
s we know, increases in ALT or AST serum levels have not been
eported in animals treated with extracts from other species of
he family Meliaceae.

The increase in both absolute and relative liver weights of
he animals treated with Carapa guianensis seed oil 0.75 and
.5 g/kg observed in the present study could be associated with
epatic edema, since the edema can induce an increase on organ
eight and a slight increase on the serum level of the hepatic

nzymes. Further studies will be carried out to investigate the
ossible mechanisms involved on such effect.

Some species of the same family, including Aphanamixis
olystachya (Gole and Dasgupta, 2002), Trichilia roka
Germano et al., 2001) and Azadirachta indica (Bhanwra et
l., 2000) have demonstrated hepatoprotective activity. How-
ver, Kusamran et al. (1998) showed in male rats that dietary

zadirachta indica flowers (12.5%) resulted in a decrease of

erminal body weight but increased the relative liver weight. In
he present study there was not a body weight significant alter-
tion but both absolute and relative liver weights were increased

B

B

y–Kramer test).

y Carapa guianensis seed oil treatment, suggesting hepatic
ypertrophy. Although several substances have been isolated
rom Carapa guianensis seed oil we ignored studies that show
epatotoxicity of its components.

In conclusion, the acute and subacute oral administration of
arapa guianensis seed oil did not induce significant alterations

n almost all biochemical, hematological and morphological
arameters in Wistar rats. However, the increase in ALT serum
evels and in the absolute and relative liver weights may indi-
ate a possible hepatic toxicity. Further studies are in progress
o better evaluate this finding, including hepatic histological
valuation, microsomal enzymes induction analysis and chronic
reatment effects.
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intoxicação experimental com extratos aquosos de folhas de Melia azedarach
L. em ratos albinos (Rattus norvegicus). Brazilian Journal of Toxicology 8,
258.
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