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A B S T R A C T

Ethnopharmacological relevance: Petiveria alliacea L. (Phytolaccaceae) is used in folk medicine due to its anti-
spasmodic, diuretic, hypoglycemic, abortive, anti-inflammatory and anticancerogenic properties. Although P.
alliacea is considered toxic by people, its toxicity remains a concern since it is strongly dependent on the ex-
traction method and the part of the plant used during tests. Even if some healers prefer to use the aerial parts in a
liquefied form or by chewing them, instead of decoctions or infusions, no toxicological studies exist using whole
dried stems and leaves.
Materials and methods: The toxicity of a suspension of the powder from the leaves and stems of P. alliacea was
assessed in Sprague Dawley rats by oral administration using two tests: 1) the acute toxic class method, which
allows classification of substances according to their intrinsic toxicity and 2) the repeated dose 28-day method,
following the guidelines 423 and 407 respectively from the Organization for the Economic Cooperation and
Development. Chemical characterization of this powder was performed by GC-MS, UV-fluorescence, proximate
and elemental analysis.
Results and conclusions: P. alliacea powder from stems and leaves was classed in the hazard category 5
(LD50> 2000 mg/kg) according to the acute toxicology study. There were no toxicity signs at 1000 mg/kg in the
repeated dose study, although higher values of total leukocytes were found in the satellite and males of the
experimental group, which were attributed to the immunomodulatory properties of this plant. According to GC-
MS, the prevailing compounds identified were phytol, (R)-(-)-(Z)-14-methyl-8-hexadecen-1-ol, 1-(2-hydro-
hyethyl)-1,2,4-triazole and methyl β-dimethylaminoisobutyrate. In conclusion, the oral administration of the P.
alliacea powder to Sprague Dawley rats did not result in deaths and was not associated with adverse effects
reflected in the general condition, body weights or histopathological abnormalities.

1. Introduction

Petiveria alliacea L. (Phytolaccaceae) is a perennial shrub indigenous
to the Amazon Rainforest which grows in the Caribbean, also known as
“Anamú”. In Cuban folk medicine, it is used by its antispasmodic,
diuretic, hypoglycemiant, and anticancerogenic properties (Roig, 1974)

One of the most important properties of Anamú, referred by Cuban
herbalists, is the capacity to modulate the immunological system
(Illnait Ferrer, 2007; Lemus-Rodríquez et al., 2004). Some in vitro and
in vivo studies support this claim. P. alliacea increases the number of
granulocyte-macrophage progenitors in the bone marrow and up-reg-
ulates the antibacterial immune response by enhancing the Th1

lymphocyte function and the natural killer activity of mice infected
with Listeria monocytogenes (Quadros et al., 1999; Queiroz et al., 2000).
Moreover, Batista-Duharte et al. (2011) reported a protective effect of a
suspension of the powder, made from leaves and stems of this plant, on
the immunosuppression induced by 5-fluoruracil in mice (Batista
Duharte et al., 2011).

Though it is not clear what molecules are responsible for its im-
munomodulatory properties, it has been suggested that dibenzyl tri-
sulphide (DTS), a lipophilic (non-polar) compound present in the leaves
and stems of this plant, could be implied in this activity (Rösner et al.,
2001; Williams et al., 1997). DTS increases the weight of murine
thymus and also protects mice exposed to a lethal dose of E.coli
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(Delaveau et al., 1980; Williams et al., 1997). This compound, which
was identified among other non-polar molecules in the ethyl acetate
fraction collected from leaves and stems of P. alliacea, has also shown a
cytotoxic activity over several tumor cell lines (Urueña et al., 2008).
However, the immunomodulatory activity of P. alliacea seems to be also
mediated by metabolites of polar nature. Santander et al. (2012) found
that the aqueous fraction from the residue of the ethanol-insoluble
extract of stems and leaves of Anamú induces dendritic cell activation
by increasing NF-κB gene expression, thus suggesting that hydrophilic
(polar) metabolites such as sugars and phenolic compounds could also
be involved in the immunomodulatory activity of this plant. Interest-
ingly, these effects were not observed for the organic fraction, which is
mainly composed of lipophilic compounds such as leridal/petiveral, 7-
demethyl leridal and DTS (Santander et al., 2012). These studies sug-
gest that both, polar and non-polar metabolites from leaves and stems,
act by different mechanisms, thereby contributing to the im-
munomodulatory properties of this species. This fact could explain why
some healers prefer to use the aerial parts of this plant by liquefying or
chewing them, instead of decoctions or infusions. By this way, mole-
cules with different polarities and activities are obtained, treating dif-
ferent diseases such as cancer, whereas in the decoctions or infusions
polar compounds are mainly extracted (Martínez-Pilar et al., 2003;
Navarro, 2008).

Although the immune modulation can protect the host from cancer,
the unappropriated immunological overactivation leads to destructive
and sometimes life-threatening diseases. Therefore, special care must be
taken regarding toxicity of immunomodulatory agents to ensure their
safety (Batista-Duharte et al., 2011; Haley, 2012).

Even though P. alliacea is considered a toxic plant for people
(Oliveira et al., 2015), results of toxicological tests using different ex-
tracts from this plant are controversial (Luz et al., 2016). Indeed, it
seems that the sample preparation, tissue used during extraction, the
extraction method and the route of administration may have an impact
on the toxicological outcomes (Blainski et al., 2010; Bussmann et al.,
2011; Kim et al., 2006). Season and region of collection can also in-
fluence the toxicity of this plant (Luz et al., 2016). Significant altera-
tions in the bronchioles, trachea and lungs were observed in female
Wistar rats exposed to the steams of P. alliacea root (150 g) during
3 min (Fletes-Arjona et al., 2013). However, the hydroalcoholic extract
of P. alliacea roots by intraperitoneal administration shows low acute
toxicity at 100–400 mg/kg in female Swiss mice (Gomes, 2006). The
ethanoic extract of P. alliacea aerial parts (300 mg/kg) can induce an-
xiogenic effects in mice, whereas no effects are observed with root
extract (Blainski et al., 2010). The ethanolic extract of P. alliacea whole
plant also shows more toxicity (LC50 = 0.67 μg mL−1) than the aqu-
eous one (LC50 = 126 μg mL−1) on a brine-shrimp assay (Bussmann
et al., 2011). The aforementioned discrepancies in toxicological out-
comes can be a consequence of significant changes in relative con-
centrations of toxic compounds present in P. alliacea depending on
sample preparation. Indeed, Kim et al. (2006) demonstrated that freshly
prepared plant macerates of this species presents a different organo-
sulfur compound profile than those from dried plant or heat-treated
extracts (Kim et al., 2006).

To date, toxicological assessments using leaves and stems of this
plant have used ethanolic, aqueous or hydroalcoholic extracts in which
mainly polar compounds are present. However, no studies were found
regarding the toxicity of non-extracted leaves and stems. Unlike ex-
tracts, powders from whole plant tissues have a higher chemical com-
plexity as they contain a greater number of metabolites, which can
negatively or positively impact on toxicity. No toxicity signs were ob-
served after the administration of hydroalcoholic extract (up to
3000 mg/kg) from aerial parts of P.alliacea (Audi et al., 2001). How-
ever, the aqueous extract of P.alliacea leaves at 1000 mg/kg caused an
increase in blood glucose and a decrease of hematocrit in mice, al-
though no deaths were reported (García-González et al., 2006). These
results suggest that more extensive studies are required using P. alliacea

to improve the knowledge about its toxicity considering different plant
preparations representative of its use in traditional medicine.

Taking into account the extensive use of leaves and stems of Anamú
by Cuban healers and the fact that toxicological evaluations have been
made with its alcoholic, hydroalcoholic or aqueous extracts showing
diverse results; in this study, we aimed to evaluate the acute and sub-
acute toxicity of an aqueous suspension using a powder from Anamú’s
leaves and stems, simulating another form of administration of this
plant by the folk medicine.

2. Materials and methods

2.1. Botanical analysis

Stems and leaves of P. alliacea were from the estate named “La
Rosita”, from Santiago de Cuba, Cuba. It is a certified farm that has
provided medicinal plants to the pharmaceutical industry with the
highest standards of phytosanitary quality (collection for toxicological
studies: 05/2001, chemical characterization: 05/2017).

Leaves and stems were identified by Florentino Bermúdez, botanist
of the “Centro Oriental para Ecosistemas y Biodiversidad” in Santiago
de Cuba, and deposited in this herbarium (voucher number: 4997).
Before used, the plant material was washed and oven dried
(temperature< 35 °C; 5–6% humidity), it was then grounded at a
particle size of ≤ 125 µm.

2.2. Phytochemical profile of P. alliacea

2.2.1. Fractionation
The fractionation procedure followed the method described by

Santander et al. (2012), with some modifications (Santander et al.,
2012). P. alliacea leaves and stems as dry powder (15 g) was firstly
extracted using a Soxhlet (60 °C) with 96% ethanol (300 mL) for 3 h
and solids were separated by filtration with a Whatman No. 4 filter
paper and washed with 300 mL of ethanol. The extract (PAE) was
concentrated under vacuum (35 °C, 29 kPa). PAE was then resuspended
in 300 mL water, decanted through a 100-mL Gooch crucible (Pyrex®,
40–60 µm, coarse porosity) and the filtrate collected in a 500 mL Er-
lenmeyer flask. In a separation funnel, the aqueous solution was first
extracted with hexane (3 × 100 mL, Phase A) and then with ethyl
acetate (3 × 100 mL, Phase B). The aqueous solution was called Phase
C. The three phases were evaporated under vacuum to remove hexane
(40 °C, 23 kPa), ethyl acetate (60 °C, 21 kPa) and water (60 °C, 29 kPa),
resuspended in ethanol 1% (w/w) and filtered through a 50-mL Gooch
crucible (Pyrex®, 40–60 µm, coarse porosity). The solutions were kept
under refrigeration (4 °C) until the analysis.

2.2.2. Gas chromatography–mass spectrometry (GC–MS)
The phases A, B and C were analyzed by GC–MS using an Agilent

Technologies 7890 A GC set up (Agilent 19091S-433 HP-5MS column:
325 °C: 30 m × 250 µm × 0.25 µm, Agilent 5975 C MS with NIST 2.0 f
Mass Spectral Search Program). This technique has been used for
identification of volatiles compounds characteristic of this plant (Neves
et al., 2011; Santander et al., 2012; Sathiyabalan et al., 2014). Small
samples (1.8 mL) were collected with a filter unit for syringe (Miller®

GP Filter Unit 0.22 µm) from the stock solutions for the GC–MS ana-
lysis. The GC/MS analytical method used is as follows: front inlet
(250 °C, total flow He 24 mL/min, septum purge flow 3 mL/min; Split
ratio 30:1, 30 mL/min), column flow (1 mL/min), oven (40 °C for
3 min, ramp to 280 at 3 °C/min). The end of the column was directly
introduced into the ion source of the mass selective detector operated
with electron impact ionization mode. The data acquisition system used
was G1034C Chemstation software with a NBS library (2008).

2.2.3. Proximate analysis
Fixed carbon, volatiles, and ash content for phases A, B and C were
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determined with a thermogravimetric analyzer (TGA), SDTA851e
(Mettler Toledo, US). Briefly, five to 8 mg of each sample was heated
from room temperature to 378 K at a rate of 10 K min−1 and held at
378 K for 15 min. Next, the samples were heated from 378 to 873 K at
30 K min−1 and held for 10 min. The thermogravimetric method was
performed under nitrogen atmosphere (100 cm3 min−1). The gas was
then changed to oxygen and the sample was left to combust. The re-
maining mass was reported as ash. The percentage of fixed carbon was
determined by subtracting ash percentage from volatile matter per-
centage, after assigning all weight loss up to 423 K to loss of free and
non-structural water.

2.2.4. Elemental analysis
Elemental analysis (C, H, N) on all samples (0.1 g plus addition of

0.3 g of Leco's Com-Aid) were determined using a Leco TruSpec CHN
628 series instrument according to ASTM D5373-08 (2008). The sulfur
analysis was determined by the combustion method using a Leco 628S
series. The oxygen content was calculated by difference.

2.2.5. UV-fluorescence
Fluorescence analysis has been used as pharmacognostic procedure

useful in the identification of herbal drugs, as it provides an idea about
the chemical nature of the constituents present in plants or a particular
extract (Alam and Us Saqib, 2015). Phases A, B and C were diluted in
HPLC grade methanol at 10 ppm and analyzed on Shimadzu RF 5301 pc
spectrometer (software: Panorama Fluorescence 2.1). Synchronous
fluorescence spectra at constant wavelength difference were set up.
Excitation wavelength was scanned from 250 to 500 nm, and emission
wavelengths were recorded with a 5 nm difference (from 260 to
510 nm). The excitation slit width and emission slit width were set up
at 5 nm. Data was collected every 1 nm.

2.3. Animals

Experimentation with animals was accomplished according to the
International Principles of Good Laboratory Practice (OECD, 1999) and
the Principles of Care and Use of Laboratory Animals (Institute for
Laboratory Animal Research, 2011). Sprague Dawley rats of both sexes,
6–8 weeks age, were obtained from CENPALAB (Havana, Cuba). The
experimental design was reviewed and approved by the Institutional
Ethics Committee for Animal Use in Research and the Department of
Quality Guarantee, Toxicology and Biomedicine Center, Santiago de
Cuba. (Protocol TOXIMED/UGC/010404). Animals were of both sexes,
with 150–200 g weight. Females were nulliparous and non-pregnant.
Animals were housed in a conventional environment. Before the tests,
animals were randomly acclimated (one per cage) for 7 days with a
schedule of 12 h light: 12 h dark. The room of the animals was main-
tained at 22±3 °C with 65% relative humidity. Water and Certified
Rodent Diet were provided ad libitum (Formula EMO:1002) (ALYco,
CENPALAB, Havana, Cuba) in granulated form. Feed and water were
sterilized by autoclaving at 120 °C for 60 min for water and during
20 min for feed.

2.4. Toxicity of the plant in rodents

Toxicity of the P. alliacea powder was assessed using two tests: 1)
the acute toxic class method which allows to classify substances ac-
cording to their intrinsic toxicity and 2) the repeated dose 28-day
subacute method which examines adverse events other than death for a
longer period. Both studies were performed following guidelines 423
(with minor modifications) and 407 respectively, from the Organization
for the Economic Cooperation and Development (OECD) (OECD, 2008,
2002). For these tests, Anamú powder (3 g) was freshly prepared in
30 mL aqueous suspension containing carboxymethyl cellulose (CMC)
(0.5% w/v) simulating its traditional use and administered to Sprague
Dawley rats by gavage.

2.4.1. Acute toxic class method
Sprague Dawley rats were divided into 2 groups of 3 animals (3

males and 3 females). The Anamú suspension was administered at
2000 mg/Kg body weight by gavage, beginning with females followed
by males 48 h later. After the drug administration, animals were ob-
served until day 14 to determine death or the presence of toxicity signs
and symptoms (morphological, physiological, and behavioral changes).
Pre-and post-treatment body weights were measured at the days 0, 7
and 14 at the same hour for treated groups. All animals were subjected
to necropsy after 14 days and anesthetized with ketamine hydro-
chloride at 50 mg/Kg b.w. The vital organs (lung, heart, liver, spleen,
intestine and kidney) were prepared in paraffin, stained with hema-
toxylin-eosin and observed under an optical microscope (Culling,
2013).

2.4.2. Repeated dose 28-day oral toxicity study
As no effects were expected at a dose of 1000 mg/Kg bw/d, a limit

test was performed to analyze the repeated exposure in rats during 28
days (OECD, 2008). Before the experiment, Sprague Dawley rats were
allowed to acclimatize for 7 days. Then, they were randomly divided
into 3 groups of 10 animals (5 males and 5 females) and the P. alliacea
suspension or vehicle (aqueous CMC suspension 0,5% w/v) was ad-
ministered daily as follows: a) Control group (50 mg/Kg bw/d vehicle);
b) Experimental group (1000 mg/Kg bw/d Anamú suspension); c) Sa-
tellite group (1000 mg/Kg bw/d Anamú suspension). The satellite
group (SG) was used to verify the reversibility, persistence or delayed
occurrence of toxic effects (OECD, 2008). Body weights were measured
at the days 0, 7, 14, 21 and 28 at the same hour. After administration,
animals were observed twice daily in order to determine death or the
presence of toxicity sign and symptoms. After 28 and 42 days, animals
were subjected to necropsy and anesthetized with ketamine hydro-
chloride (50 mg/Kg bw). Main organs including liver, spleen, kidney,
heart, and thymus were collected and weighted. Relative organ weight
was calculated based on the following: Relative organ weight (%) =
organ weight/body weight × 100 (Zhang et al., 2017).

Blood was withdrawn from the aorta for assessment of hematology
and clinical chemistry. Organs and tissues such as brain, spinal cord,
lymph nodes, heart, adrenals, intestine, uterus, urinary bladder, sto-
mach, thyroid gland, testis/ovaries, thymus, liver, kidneys and spleen
were excised and fixed in 10% buffered formalin and prepared in par-
affin according to the conventional method. The preparations were
stained with hematoxylin-eosin and observed under an optical micro-
scope (Culling, 2013).

2.4.2.1. Hematological determinations. The following hematological
examinations were made: hemoglobin concentration (HGB, Hemotest
D0912-30, ENCOMED, La Habana, Cuba), total (TLC) and differential
leukocyte count (TDC), hematocrit (HCT) and platelet count (PLC). The
HGB was determined using the Drabkin method (Drabkin, 1949). The
TLC and PLC were performed with a Neubauer chamber via optical
microscopy (Colina et al., 1989). TDC was determined from a blood
smear stained with May–Gruwald– Giemsa (R-6–0492-E, ENCOMED, La
Habana, Cuba) (Montanher et al., 2007). HCT as percentage was
determined with a microhematocrit centrifuge by measuring the
percent of packed red cell height, regarding to the total height
(Colina et al., 1989).

2.4.2.2. Biochemical determinations. The following plasma biochemical
parameters were determined: serum glutamic pyruvic transaminase
(SGPT, D0301-03, ENCOMED, La Habana, Cuba), serum glutamic
oxaloacetic transaminase (SGOT, D0301-04, ENCOMED, La Habana,
Cuba), glucose (GLC, D95-0720, ENCOMED, La Habana, Cuba), urea
(UR), total serum proteins (TSP), total cholesterol (TC, D0204-05,
ENCOMED, La Habana, Cuba). SGPT and SGOT were determined by the
colorimetric method described by Reitman and Frankel (1957). GLC
was determined via colorimetric reaction using a Glucose Oxidase
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Reagent (Rapid Gluco Test, Elfa Diagnostics®) and measured at 530 nm.
The UR concentration was determined using the Berthelot method
(Bishop et al., 2013) whereas the concentration of TSP was examined
by the Biuret method (Ziestchem Diagnostics Kit, Tehran, Iran). TC in
the serum was analyzed by the Pearson method (Pearson et al., 1953).

2.5. Statistical analysis

Experimental results were expressed as means± SD. Results were
analyzed by a Kruskal-Wallis analysis of variance (ANOVA) to compare
the body weight at different times (*p< 0.05). Differences between
sexes for a particular time were compared using a Mann-Whitney test.
Means were separated by Nemenyi's post hoc test using SAS program
8.2 software (SAS Institute Inc., Cary, NC, USA). Organ weights were
compared using Student's unpaired t-test (*p< 0.05). Hematologic and
biochemical parameters were analyzed by an analysis of variance
(ANOVA) and means were separated by a Duncan test (*p<0.05).

3. Results and discussion

Animals treated with P. alliacea at 2000 mg/kg in the acute toxic
class method, showed neither mortality nor any toxicity signs during 14
days. Females and males significantly increased their body weight at
days 0, 7 and 14 (*p< 0.05) (Fig. 1). No significant lesions or patho-
logical changes attributable to P. alliacea treatment were found in the
organs of animals in the treated or control group (data not shown). P.
alliacea powder was classified in the hazard category 5 according to the
Globally Harmonized System (OECD, 2002). These results are in accord
with other investigations which did not find any toxicity signs with
orally administered aqueous extract of P. alliacea leaves or the whole
plant extract at 2000 mg/kg (de Andrade et al., 2012; García-González

et al., 2006).
In the repeated dose study, there were neither treatment-related

toxicity signs nor mortality at 1000 mg/kg for 28 and 42 days. Indeed, a
gain of weight was observed in all groups at days 7, 14, 21 and 28
(*p<0.05) (Fig. 1). The repeated oral administration of the aqueous
suspension of P. alliacea leaves and stems did not affect the macroscopic
characteristics of organs related to their appearance and color. In this
study, histopathological evaluation, and microscopic examination of
organs from treated and control groups showed a normal structure
without significant detrimental changes or morphological disturbances
caused by daily oral administration of the P. alliacea suspension (data
not shown).

Hematological analysis is shown in Table 1. The hematocrit sig-
nificantly decreased in females of SG whereas platelet count decreased
in the experimental and satellite groups compared to the control
(*p<0.05). Although statistically significant, the hematocrit diminu-
tion was mild and within biological variability of this specie (Probst
et al., 2006). Indeed, lower hematocrit levels in females compared with
males have been reported (Probst et al., 2006). Platelet count decrease
in experimental and SG, although significant, fall within normal values
reported in rodents (Harkness et al., 2010). However, the fact that only
treated groups had this diminution, leads to think that it could be a
potential adverse effect related to this plant. Although P. alliacea has
shown platelet antiaggregant activity (Villar et al., 1997), no reports
were found about its thrombocytopenic properties. Further, deeper
specific studies are necessary to clarify this effect.

Leukocytes and lymphocytes increased in males of the experimental
group and in the SG, whereas neutrophils were solely significantly in-
creased in SG (Table 1) (*p< 0.05). The immunomodulatory properties
of this plant could explain these effects. Indeed, it has been previously
demonstrated that a P. alliacea suspension from stems and leaves at
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Fig. 1. Effect of the P. alliacea leaves and stem's oral adminis-
tration on the body weight of Sprague Dowley rats by the acute
toxic class method and by the 28-day oral toxicity study. Values
represent means± SEM.
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1200 mg/kg increases the total leukocyte and neutrophil count in Balb/
c mice (Batista Duharte et al., 2011). Moreover, P. alliacea has de-
monstrated to increase the phagocytotic index of the mice granulocytes
(Williams et al., 1997). Additionally, it can induce lymphocytosis, to-
gether with an increase of bone marrow cellularity (Batista Duharte
et al., 2011).

Table 2 shows the organ weights of the treated and control groups.
An increase in spleen-to-body weight ratio for males of the experi-
mental group (p = 0.0174) was observed (Table 2). These results dif-
fered from those reported by Batista-Duharte et al. (2011), who found
that administration of a suspension of stems and leaves from P. alliacea
(1200 mg/kg) together with 5-fluorouracil in mice did not increase the
spleen weight, although it significantly increased the number of lym-
phocytes and neutrophils in peripheral blood (Batista Duharte et al.,
2011). The change in spleen weight here observed could be attributed
to the immunomodulatory properties of this plant. However, the spleen
weight change was solely observed for males and did not correlate with
histopathologic findings, as no morphological disturbances in this
organ were observed (data not shown). It has been reported that spleen
weight changes do not always correlate with histopathologic findings.
Indeed, spleen weight can change due to interanimal variability, stress-
related effects, and physiologic factors unrelated to treatment such as
euthanasia-associated splenic congestion (Michael et al., 2007). Given
the immunomodulatory properties reported for P. alliacea (Batista
Duharte et al., 2011; Williams et al., 1997), other studies considering
greater exposure times to the plant should be performed to confirm its
effects on organs of immunological importance such as the spleen.

Biochemical analysis of the subacute study is shown in Table 3. No
significant differences were observed regarding glucose levels between
experimental groups. This result is inconsistent to previous investiga-
tions which showed an increase in fasting and blood glucose after oral
administration of aqueous extracts from P. alliacea leaves in rodents at
400 and 1000 mg kg−1 respectively (Christie and Levy, 2013; García-
González et al., 2006).

An increase in SGPT in males of the experimental group and in SG
was observed, whereas SGOT significantly increased in the SG
(*p<0.05). A higher transaminase level has been reported after 10 g/
kg Anamú ingestion in bovines (Núñez et al., 1983). Although these

values fall within biological variability of Sprague Dawley rats, the
increase in transaminases in the SG regarding to the control and ex-
perimental groups could be a delayed toxic effect related to a higher
exposition of Anamú. Moreover, the diminution in total serum protein
in the experimental and SG could indicate a hepatic overload due to the
plant administration. More studies should be performed to determine
the toxicity of Anamú stems and leaves for more than 28 days to
evaluate if it can cause delayed hepatic toxicity.

According to GC-MS analysis, sixteen, twenty-six and twenty-two
compounds were identified in phases A (yield = 5.4% on dry P.alliacea
powder wt.), B (yield = 4.3%) and C (yield = 2.0%) from P. alliacea
stems and leaves (Fig. 2 and Table 4). The prevailing compounds in
these fractions were determined to be phytol, (R)-(-)-(Z)-14-methyl-8-
hexadecen-1-ol, 1-(2-hydrohyethyl)-1,2,4-triazole and methyl β-di-
methylaminoisobutyrate. It is also interesting to note the occurrence of
the S-benzyl phenylmethanethiosulfonate (compound 12, phase A) in
stems and leaves of this specie. The presence of a related compound, S-
benzyl phenylmethanethiosulfinate, has been documented in a P. al-
liacea root homogenate (Kubec et al., 2002).

The important presence of phytol has been also described in P. al-
liacea tissues (Aderoju et al., 2017; Kerdudo et al., 2015; Sathiyabalan
et al., 2014). Phytol is an acyclic monounsaturated diterpene alcohol,
present in vitamins K and E. Phytol derivatives are considered as ex-
cellent immunostimulants in terms of long-term memory induction and
activation of innate and acquired immunity (Chowdhury and Ghosh,
2012). Considering its significant occurrence in stems and leaves of this
plant, it is possible that this compound be related to the increase of
leukocytes and lymphocytes in males of the experimental group and in
the SG. However, further studies using this isolated molecule should be
performed to confirm such effects.

Results of proximate and elemental analysis are shown in Table 5.
Value of total ash found for the P. alliacea powder was similar to that
recently reported (13.50 vs. 12.04%) for stems and leaves of the plant,
indicating a low content of inorganic contaminants (García-Pérez et al.,
2017). Volatile compounds were higher in phase C, while phase B
showed the most important content of fixed carbon. As for the ele-
mental analysis, phase B (ethyl acetate) demonstrated to have an im-
portant content of carbon, hydrogen and sulfur, whereas phase C
(aqueous) contained a large amount of sulfur, oxygen and nitrogen. If
we suppose that a mixture of pure protein contains 16% of nitrogen, it
is possible to estimate the content of proteins in the samples multi-
plying the content of N by a factor of 6.25 (Mariotti et al., 2008). Using
this conversion factor, we can estimate the protein content in the ori-
ginal plant of 25.6 wt%. The content of proteins in phase A, B and C was
9.4, 12.5 and 58.7 wt%. respectively. This result confirms that Phase C
extracted with water is very rich in proteins. Another investigation also
confirmed the significant proteins occurrence in the aqueous fraction
(927 g/mL) obtained from the residue ethanol-insoluble of P.alliacea
dry ground leaves and stems (Santander et al., 2012). Interestingly, this
fraction, unlike the organic fraction (ethyl acetate soluble fraction), is
able to influence the cellular microenvironment of dendritic cells
(Santander et al., 2012) showing immunomodulatory activity.

Polyphenols are among the most important compounds described in

Table 1
Effect of P. alliacea oral administration on hematological parameters in Sprague Dawley rats.

Groups Sex Hemoglobin (g L−1) Hematocrit (%) Platelet (× 103 mm3) Leukocytes (× 109 L−1) Neutrophils (× 109 L−1) Lymphocytes (× 109 L−1)

C F 136.4± 2.70a 44.20±1.64a 356.20± 10.64a 5.26± 0.46a 0.19± 0.08a 5.03±0.56a

M 137.2± 0.84a 46.40±1.14b 351.60± 4.98 a 5.46± 0.54a 0.29± 0.14a 5.17±0.59a

E F 136.4± 1.14a 44.00±0.71a 323.60± 27.28b 6.30± 0.58ab 0.18± 0.19a 5.90±0.60a

M 137.4± 0.55a 46.20±0.84b 321.00± 9.62b 6.66± 0.82b 0.21± 0.12a 6.80±1.24b

S F 137.00± 1.00a 42.40±1.14c 325.20± 18.78bc 6.80± 1.41b 0.45± 0.23b 6.44±1.13b

M 138.0± 0.71a 46.20±0.45b 323.40± 15.34b 7.32± 1.25b 0.52± 0.12b 6.91±1.38b

Values represent means± SEM. Means without a common letter differ: p< 0.05. C control (vehicle); E experimental group (1000 mg/kg during 28 days); S satellite group (1000 mg/kg
during 42 days); F females; M males.

Table 2
Relative weights of thymus, spleen, heart, liver and kidney of Sprague Dawley rats sub-
chronically treated with a suspension of P.alliacea leaves and stems.

Organs Males relative organ weight (%) Females relative organ weight (%)

Control Group P.alliacea
(1000 mg/kg)

Control Group P.alliacea
(1000 mg/kg)

Thymus 0.12±0.01 0.11± 0.01 0.14± 0.01 0.14±0.01
Spleen 0.21±0.01 0.25± 0.02* 0.22± 0.02 0.24±0.02
Heart 0.39±0.03 0.39± 0.03 0.37± 0.05 0.35±0.02
Liver 2.67±0.22 2.83± 0.20 2.51± 0.18 2.67±0.21
Kidney 0.81±0.04 0.84± 0.10 0.72± 0.04 0.71±0.04

Values represent means± SEM.
* p<0.05 against control group.
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P. alliacea. The mean value of phenolic content in a powder of P. alliacea
leaves and stems was determined to be 0.33% (García-Pérez et al.,
2017). These molecules are present as simple phenols, short conjugated
systems and polycondensed structures (polymeric tannins). Different
conformers with different dihedral angles between aromatic rings
characterize phenol dimers, oligomers and polymeric structures.

Indeed, each conformer gives its own contribution to the absorption
and fluorescence spectra (Barsotti et al., 2016). It was recently de-
monstrated that excitation wavelength increases as rings grow to
clusters of four. Beyond four rings the increase in ring size does not
affect excitation wavelength. This is mostly due to that the transitions
causing fluorescence involve only three consecutive phenolic rings

Table 3
Effect of P. alliacea oral administration on the serum chemistry in Sprague Dawley rats.

Groups Sex SGPT (U L−1) SGOT (U L−1) GLC (mmol L−1) UR (mmol L−1) TSP (g L−1) ALB (g L−1) TC (mmol L−1)

C F 24.26±1.33a 51.30± 2.69a 5.30± 0.19a 4.88± 0.19a 70.00± 4.18a 39.60± 3.51a 2.06± 0.22a

M 25.56±1.93a 53.42± 6.25a 5.44± 0.11a 5.04± 0.15a 69.80± 1.48a 39.80± 3.70a 2.06± 0.06a

E F 24.96±3.17a 54.14± 3.09a 5.32± 0.22a 4.76± 0.21a 65.40± 1.67b 38.20± 5.49a 1.96± 0.11a

M 28.58±3.89b 54.52± 2.09a 5.48± 0.15a 5.14± 0.47a 65.20± 0.84b 38.60± 3.43a 2.02± 0.16a

S F 28.38±3.12b 59.80± 0.99b 5.24± 0.15a 5.08± 0.11a 64.20± 1.79b 35.20± 2.58a 1.88± 0.19a

M 30.30±1.70b 61.60± 1.67b 5.36± 0.15a 5.12± 0.22a 64.20± 0.84b 36.80± 2.68a 1.90± 0.20a

Values represent means± SEM. Means without a common letter differ: p< 0.05.
C control (vehicle); E experimental group (1000 mg/kg during 28 days); S satellite group (1000 mg/kg during 42 days); F females; M males; SGPT serum glutamic pyruvic transaminase
alanine transaminase; SGOT serum glutamic oxaloacetic transaminase aspartate transaminase; GLC glucose; UR urea; TSP total serum proteins; ALB albumin; TC total cholesterol.

Phase A

Phase B

Phase C

Fig. 2. Compound identified by GC-MS in stems and leaves of P.
alliacea. Phase A (Hexane); B (ethyl acetate) and C (Aqueous frac-
tion).
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(Barsotti et al., 2016).
Fig. 3 shows the UV fluorescence spectra of different phases ob-

tained from P.alliacea stems and leaves. These results confirm that the
hexane fraction is very rich in small and large conjugated structures
likely to be associated with small mono-phenols, terpenes, furans and to
large oligo phenols. Other exhaustive studies by HPLC and NMR are
needed to elucidate the nature of the molecules present in hexane and
other fractions, in order to identify the compounds involved in the
immunomodulatory and toxic properties of P. alliacea.

4. Conclusions

P. alliacea powder was classed in the hazard category 5
(LD50> 2000 mg/kg) according to the acute toxicology study. There
were no changes in animal's behavior at 1000 mg/kg in the subacute
study. However, low platelet count and high values of total leukocytes
were found in treating groups, as well as a transaminase increase in SG
and a diminution in total serum protein indicating a probable hepatic
overload due to plant administration. As it is the first toxicological
assessment using whole dried stems and leaves powder in a suspension
form, instead of extracts, discrepancies from previous studies support
the criteria of other authors which sustain that the toxicology of this
plant is strongly depend on extraction procedure and tissue used during
the investigations.

Considering that the toxicity of P. alliacea may also vary depending
on the region where the plant is collected, results here presented par-
tially support the toxicological properties of the stems and leaves of this

Table 4
Compounds identified in Petiveria alliacea leaves and stems by GC–MS (RT: retention time,
min).

No. RT Phase A. Identified compounds

1 46.62 E-11,13-Tetradecadien-1-ol
2 49.45 Malonamic acid
3 54.80 3-n-Hexylthiolane, S,S-dioxide
4 59.64 1,2-Benzenediol. O-(acethoxyacetyl)-O’-(1-naphthoyl)
5 62.98 Benzophenone
6 63.17 2,5-Dihydroxybenzoic acid
7 63.77 1R,2c,3t,4t-Tetramethyl-cyclohexaxe
8 64.11 (R)-(-)-(Z)−14-Methyl-8-hexadecen-1-ol
9 64.93 3,7,11,15-Tetramethyl-2-hexadecen-1-ol
10 65.71 3-Eicosyne
11 67.19 4-Metroxy-6-methyl-6,7-dihydro-4H-furo(3,2-c)pyran
12 68.59 S-Benzyl phenylmethanethiosulfonate
13 75.61 Phytol
14 77.30 1-Oxaspiro[2.5]octane, 4,4-dimethyl-8-methylene
15 77.40 Benzonitrile, m-phenethyl-
16 85.08 3-Benzyl-6-ethyl-4-oxo-3,4-dihydrothieno[2,3-d] pyrimidine-

2-carboxylic acid, amide

No. RT (min) Phase B. Identified compounds
1 25.73 2-Pentanone, 4-hydroxy-4-methyl-
2 36.78 Belzyl phosphide
3 37.95 1,2-Ethanediol, 1,2-diphenyl-, (R*,R*)-(± )-
4 38.55 Pyrimidine, 5-methyl-
5 40.94 1,2,3,4-Butanetetrol, [S-(R*,R*)]-
6 42.92 I-4-Hycroxylysine lactone
7 46.62 E-11,13-Tetradecadien-1-ol
8 49.20 1H-Pyrrole-2,5-dione, 3-ethyl-4-methy
9 49.45 1,2-Ethanediamine, N,N’-diethyl-
10 50.55 Benzenamine, N-ethyl-3-methyl
11 51.06 4-Methyleneproline
12 53.10 Benzene, 1-isocyano-2-methyl-
13 54.79 11-Tricosene
14 55.55 Phenol, 4-[2-(dimethylamino)ethyl]-
15 55.76 1,4-Bis[3-(dimethylamino)propionyl]benzene
16 56.69 S-Benzoyl(thiohydroxylamine)
17 57.00 L-Glutamine
18 58.91 Benzeneacetamide
19 61.14 Indole
20 62.98 1,2.3-Butanetrione, 1-phenyl-,2,3-dioxime
21 63.78 1R,2c,3t,4t-Tetramethyl-cyclohexaxe
22 64.11 (R)-(-)-(Z)−14-Methyl-8-hexadecen-1-ol
23 64.92 3,7,11,15-Tetramethyl-2-hexadecen-1-ol
24 65.71 3-Eicosyne
25 68.35 2-Fluorobenzoic acid, 2-formyl-4,6-dichlorophenyl ester
26 75.61 Phytol

No. RT (min) Phase C. Identified compounds
1 25.70 2-Nonanone, 9-hydroxy
2 40.74 1,2,3,4-Butanetetrol, [S-(R*-R*)]
3 42.89 1-(2-Hydrohyethyl)−1,2,4-triazole
4 46.62 Arginine
5 48.77 2-Propanone,1-(dimethylamino)-
6 49.47 4-(2-Dimethylaminoethoxy)benzonitrile
7 50.57 Benzenamine, 2-methoxy-N,N-dimethyl-
8 53.82 Imidazole-2-carboxylic acid, 4-methyl-
9 55.59 Methyl β-dimethylaminoisobutyrate
10 55.79 2-butanone,4-(dimethylamino)−3-methyl-
11 56.68 S-Benzoyl(thiohydroxylamine)
12 57.23 1-Piperidinepropanoic acid
13 58.24 L-Proline, 5-oxo-, methyl ester
14 61.14 Cis-3-Hydroxy-2-propylpiperidine
15 63.78 Pyrrolidine, 1,1’.methyllenebis-
16 64.10 (R)-(-)-(Z)−14-Methyl-8-hexadecen-1-ol
17 65.70 Ciclodecanol
18 74.76 Apigerin 7-glucoside
19 75.59 Phytol
20 79.71 Benzothiophene-3-carboxylic acid, 4,5,6,7-tetrahydro-2-

amino-6-ethyl-, ethyl ester
21 80.19 5-Iodohistidine
22 85.33 Sicilic acid, diethyl bis(trimethysilyl) ester

Phase A (Hexane), B (Ethyl Acetate), C (Water).

Table 5
Proximate and elemental analysis of P.alliacea stems and leaves dry powder (on dry basis
wt%).

Proximate analysis

Sample Volatiles Fixed carbon Ash

P. alliacea stems and leaves dry powder 79.6 6.9 13.5
Phase A (Hexane) 93.8 5.8 0.4
Phase B (Ethyl Acetate) 91.0 6.2 2.8
Phase C (Water) 94.1 0.01 5.8

Elemental analysis
Sample C H N S Oa

P. alliacea stems and leaves dry powder 40.0 5.6 4.1 0.2 36.6
Phase A (Hexane) 65.0 9.4 1.5 0.3 23.4
Phase B (Ethyl Acetate) 70.6 10.2 2.0 0.4 14.0
Phase C (Water) 36.0 6.4 9.4 0.4 42.0

a By difference.

Fig. 3. UV Fluorescence spectra of different phases derived from P. alliacea stems and
leaves.
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species. Further investigations should be accomplished to elucidate the
mechanisms of toxicity related to the presence of specific compounds
depending on the plant part, season, and region of collection.
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