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Abstract: Acanthospermum hispidum DC (Asteraceae), popularly known as "espinho-de-cigano”, is a
plant species used in folk medicine to treat gastrointestinal and respiratory disorders. These activities
can be related to the presence of secondary metabolites, which can also play toxicity. Considering that,
the objective of this work was to evaluate the toxicity of the crude extract from roots of A. hispidum.
The herbal material was collected, ground, and the crude extract was obtained with acetone: water (7:3,
v/v) at 10% (w/v) by turbo extraction. Phytochemical analysis by thin-layer chromatography (TLC) was
performed, and the results were used to obtain the HPLC fingerprint. A single oral dose (2,000 mg/kg)
was administered daily over 14 consecutive days to mice. Bodyweight, food and water intake, blood
biochemical, and hematological parameters were measured. The results obtained in the TLC analysis
suggested the presence of cinnamic derivatives, flavonoids, and terpenes and were confirmed by HPLC
analysis. Additionally, the total polyphenol content was 10.1% + 0.0093%, expressed as pyrogallol.
According to the acute toxicity study, the data demonstrated the low toxicity of the crude extract of A.
hispidum roots, considered very low acute toxicity or non-toxic, proved safe when administered orally.
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1. Introduction

Acanthospermum hispidum DC is a medicinal species that belongs to the Asteraceae
family and the Acanthospermum genus [1]. In Brazil, the species is popularly known as
"espinho-de-cigano", and occurs abundantly in the Northeast region [2, 3].

A. hispidum is used to treat gastrointestinal and respiratory disorders (such as cough,
asthma, and bronchitis), mainly for its expectorant activity. In addition, in other countries, the
species is indicated to treat diseases such as malaria, yellow fever, and stomach problems [1,
4, 5]. Based on the use of this species, studies have been developed to verify the biological
activities attributed to the species, like antimicrobial and antiparasitic. As for its chemical
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composition, some studies showed the presence of sesquiterpene lactones, terpenes, phenolic
compounds, saponins, and alkaloids [1, 3, 4, 6].

In recent years, species’ in vitro and in vivo studies have received special attention. In
this sense, toxicity tests are important for evaluating possible effects that phytocompounds may
develop before their use in clinical practice [7]. Considering several reasons justify the need to
evaluate the biological activity of natural products, it is necessary to study acute toxicity in
vivo, evaluating its possible effects on hematological, biochemical, and organ histology
parameters.

Given the importance of A. hispidum and the absence of studies on the chemical
composition of the roots, this work aimed to investigate the phytochemical profile and evaluate
the toxicity to assess the toxic nature of bioactive compounds present in the crude extract.

2. Materials and Methods

2.1. Herbal material.

The roots of Acanthospermum hispidum DC. were collected in Passira, Pernambuco,
Brazil (07°52'30" S 35°27'00" O). The exsiccate was deposited Herbario Dardano de Andrade
Lima of the Agronomic Institute of Pernambuco (IPA-PE), identified under number 93733.
The access was registered in the SisGen (AAO009E4). The material was dried in a circulating
air oven at 45 °C - 7 days (Lucadema®; Brazil) and ground in forage.

2.2. Crude extract.

The roots were submitted to the turbo extraction process (Metvisa®; Brazil) for 20 min.
For 10 g of roots, 100 mL of acetone: water (7:3, v/v) was used. The solution was filtered and
concentrated (IKA®, Germany) and then Iyophilized for 48 h (Liotop®, Brazil), giving the crude
extract (CE) [8].

2.3. Phytochemical analysis.

2.3.1. Thin-Layer Chromatography (TLC).

The TLC was performed to analyze the presence/absence of secondary metabolites in
the extract. The analysis used 60-Fzs4 silica gel plates (Merck®, Germany), developed in a twin
trough vertical glass chamber (10 x 10 cm; Camag®, Switzerland). Sample and standards were
applied manually (15 pL) in bands of 1 cm. All information about standards, mobile phase, and
reagents are described in table 1. For documentation, the plates were visualized in the UV light
in the MultiDoc-It photo documenter (Model 125, USA) with the software UVP® and a camera
(Canon® Rebel T3, EOS 1100 D) [9, 10].

Table 1. Mobile phases, developers, and standards used to analyze secondary metabolites in the crude extract of
A. hispidum roots by thin-layer chromatography.

Metabolite Mobile phase* Reagents® Standards Results
Condensed tannins 90:5:5 Chloridric vannilin Catechin Negative
Hydrolysable tannins 90:5:5 FeCls Gallic acid Negative
Flavonoids 90:5:5 NEU + PEG Rutin Positive
Cinnamic derivatives 90:5:5 NEU + PEG Caffeic acid Positive
Coumarins 50:50:50 KOH Coumarin Negative
Saponins 100:11:11:26 LB+A Escin Negative
Terpenes and steroids 70:30 LB+A B-sitosterol Positive
Alkaloids 50:6.75:5 Dragendorff Pilocarpine nitrate Negative
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Metabolite | Mobile phase* | Reagents” | Standards | Results
Anthraguinones | 50:6.75:5 | HNOs+KOH | Senoside A | Negative
*Mobile phase: 90:5:5 — ethyl acetate: formic acid: water; 70:30 — toluene: acetate; 50:50:50 — ethyl ether: ethyl

acetate: 10% acetic acid (saturation); 100:11:11:26 — ethyl acetate: acetic acid: formic acid: water; 50:20:10:10 —
ethyl acetate; acetic acid; formic acid; water; 50:6.75:5 — ethyl acetate: methanol: water. FeCls: ferric chloride;
NEU: 2-aminoethyl diphenylborinate; PEG: polyethylene glycol; KOH: potassium hydroxide; A: heating; LB:
Liebermann-Burchard; HNOs: nitric acid.

2.3.2. High-Performance Ligquid Chromatography (HPLC).

The crude extract of A. hispidum roots (10 mg) was dissolved in 10 mL of HPLC grade
methanol (Tedia®, USA) to obtain a solution of 1 mg/mL. The analysis was conducted on an
Ultimate 3000 system (Thermo Fisher Scientific®; USA) coupled to a Diode Array Detector
(Thermo Fisher Scientific®) and equipped with a binary pump (Thermo Fisher Scientific®), a
degasser, and an autosampler with a 20 mL loop (Thermo Fisher Scientific®). The wavelength
was set at 330 nm. The chromatographic analysis was achieved on a Cig column (250 mm x
4.6 mmi.d., 5 um; Dionex®, USA) equipped with a pre-column (Cis, 4 mm x 3.9 pm; Dionex®),
at a temperature of 25 £ 2 °C. The mobile phase was composed of purified water (A) and
methanol (B), acidified with 0.05% trifluoroacetic acid, at a 0.8 mL/min flow rate. A gradient
program was used as follow: 0—10 min at 25-40% B, 10-20 min at 40-75% B, 20-25 min at
75% B, 25-28 min at 75-25% B, 28-30 min at 25% B. For data analysis and processing was
used the software Chromeleon® (Thermo Fisher Scientific®). The standards caffeic acid (98%)
and rutin (98%) (Sigma-Aldrich®, USA) were used to calculate the total content of cinnamic
acids and flavonoids, respectively.

2.4. Total Polyphenol Content (TPC).

The TPC was calculated by the Folin-Ciocalteu method and was expressed in grams of
pyrogallol, and the results represent the mean of three determinations [11].

2.5. Toxicity evaluation.

2.5.1. Artemia salina lethality test.

Artemia salina cysts (San Francisco Bay Brand, Inc., USA) were incubated in natural
seawater (25-30 °C), and the pH was adjusted to 9.0 with NaHCOs. The assay was performed

as described by Meyer et al. [12] with some modifications. The extract was diluted in seawater
in Falcon tubes to obtain solutions with concentrations of 3.9 to 1000 pg/mL. Each trial
contained 10 nauplii, and in the negative control, the nauplii were incubated in seawater. After
24 h, the survival was determined, and the concentration needed to kill 50% of nauplii was
calculated. Three independent experiments were performed.

2.5.2 Animals.

Swiss mice (Mus musculus), with 30-40 g, were obtained from the Keizo Asami
Immunopathology Laboratory of the Federal University of Pernambuco (Recife, Brazil). The
mice were maintained at a temperature of 22 °C, with a 12 h: 12 h light-dark cycle and free
access to food (Purina, Nestlé® Brazil) and water. The Animal Experimentation Ethics
Committee of the Federal University of Pernambuco approved all experiments (003/2020).
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2.5.3. Acute toxicity.

The acute toxicity of crude extract from A. hispidum roots was evaluated according to
the instructions of the Organization for Economic Cooperation and Development (OECD,
guideline 423) [13]. Female mice were separated into 3 groups (n = 3, for each group) that
received a single dose of the treatment by gavage. The first group of mice received only saline
solution (control). The extract was evaluated at a dose of 2000 mg/kg. Behavioral alterations
were evaluated during the first 60 minutes after treatment administration, divided into four
periods (15 min, until 60 min). The piloerection, stool appearance, sensitivity to sound and
touch, mobility, and aggressive behavior were evaluated[14]. On the 15" day after the start of
treatment, bodyweight variations and water and food consumption were determined. In
addition, peripheral blood was collected. Next, the mice were euthanized, and the organs
(livers, kidneys, lungs, spleens, and hearts) were removed, weighed, analyzed, and processed
for histological evaluation.

The blood was used to evaluate hematological and biochemical parameters. The
hematologic parameters were analyzed using an automatic analyzer (Animal Blood Counter —
ABC Vet, Montpellier, France) and optical microscopy: erythrocytes, hemoglobin, hematocrit,
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and total and differentiated analysis of leukocytes. For
biochemical analysis, the blood was evaluated for aloumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase, y-glutamyl transferase (GGT), total
cholesterol, triglycerides, urea, and creatinine, using kits from Labtest Diagnoéstica (Lagoa
Santa, Brazil).

Histological analyses were performed, and the organs (liver, kidney, spleen, lung, and
heart) of the rats in the treatment and control groups were observed by light microscopy. Pieces
of the organs were fixed in formalin and then dehydrated in ethanol, diaphanized in xylene,
and embedded in paraffin. Sections of 5 pm were stained with hematoxylin and eosin and
mounted using coverslips with Entellan® resin (Merck®, Germany). The slides were observed
with a Motic BA200 microscope coupled to a Moticam 1000 1.3 MP digital camera (Motic
Incorporation Ltd., Hong Kong).

2.6. Statistical analyses.

The results are expressed as mean + standard deviation (sd). One-way analyses of
variance (ANOVA) followed by Bonferroni's test were used to calculate statistical significance
between groups (GraphPad® Software, La Jolla, CA, USA). A p-value < 0.05 was considered
significant.

3. Results and Discussion

Although several herbal drugs have a well-established history of popular use, some of
the species do not have reports of evidence of toxicity that should be considered for the safe
use of derived products. In this context, the present study evaluated the toxicity of crude extract
of A. hispidum roots.

General approaches allow the estimation of the total polyphenol content compounds in
herbal materials, mainly by spectrophotometric methods. The calculated TPC for the acetonic
extract of A. hispidum roots was 10.1 + 0.0093% (2.18%) calculated as pyrogallol. Phenolic
compounds are soluble in polar organic solvents, such as ethanol, methanol, and acetone, in
https://biointerfaceresearch.com/ 40f 12
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such a way that, recently, the use of acetone: water systems for polyphenol extraction has
increased, including important results from our group for other species using the acetone: water
7:3 (vIv) [8, 15, 16, 17].

The TLC analysis made it possible to obtain a chemical profile of the crude extract from
roots of A. hispidum, highlighting the classes of terpenes and steroids, flavonoids, and cinnamic
derivatives. This result was confirmed by the HPLC analysis at 330 nm for the detection of
flavonoids and cinnamic derivatives. A chromatogram was obtained and is shown in Figure 1.
Several peaks were observed in the chromatogram, eight peaks were indicative of the presence
of cinnamic derivatives [1, retention time (rt) = 8.76 min; 2, rt = 11.47 min; 3, rt = 13.00 min;
4, rt =15.90 min; 5, rt =16.10 min; 6, rt =17.17 min; 7, rt = 17.51 min; 8, rt = 19.50 min], and
one of flavonoid (9, rt = 20.25 min), as confirmed by the scan spectra at 330 nm and in
accordance with the literature [18]. The total content of cinnamic derivatives was 0.54 +
0.022% as caffeic acid, the total content of flavonoids was 0.03 + 0.001% calculated as rutin.
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Figure 1. Analysis of the chemical composition of crude extract of A. hispidum roots by high-performance
liquid chromatography (HPLC). A representative chromatogram profile and the ultraviolet absorption spectra of
the 9 peaks detected in the extract.
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Among the most frequent causes of poisoning globally is the use of medicinal plants,
generally associated with incorrect identification, supplements, or herbal medicines without
evaluation of their toxicity [19]. Although the use of A. hispidum is common, studies on the
toxicity of this species are scarce in the literature. Among the toxicity tests, the lethality test
against the saltwater microcrustacean A. salina, usually used as food for fish, proved to be a
method that presents simplicity, speed, and low cost that favors its routine use in preliminary
analysis of general toxicity [20, 21].

The tests carried out in this study evaluated the crude extract of the roots of A. hispidum;
the substance showed a moderate lethality against A. salina. At the maximum concentration
tested (1,000 pg/mL), it caused the death of 50% of the nauplii. The A. salina test is used
because it is a simple bioassay to identify the preliminary toxicity of natural products.
Therefore, the preliminary test uses this technique in several studies [22]. Studies with aqueous,
hydroalcoholic, and methanolic extracts, dichloromethane fraction, as well as compounds
isolated from the leaves and aerial parts of A. hispidum have already been carried out and have
shown no toxicity against A. saline with a value of LDso > 0.1 mg/mL [23-26]. According to
the toxicity study by Hamidi et al. [27], crude extracts have high toxicity with LDso values less
than 100 pg/mL; moderate toxicity has LDso between 100-500 pg/mL; those with LDsg values
between 500-1000 pg/mL, mildly toxic; and finally, LDso values above 1000 pg/mL are
considered non-toxic.

Based on the previous results in A. salina, the acute toxicity in rats was then evaluated,
as well as the possible effects on hematological and biochemical parameters and organ
histology. Ethnomedicine has been reported for the different parts of A. hispidum, which
indicates the use of roots against respiratory problems. In many cases consists of ingesting
syrup containing the roots, which can result in doses equivalent to or higher than 2,000 mg/kg.
In this study, the dose was administered in accordance with the OECD protocol.

In evaluating behavioral changes, the administration of the crude extract showed
agitation in the evaluation of the parameters in the first 60 min, and irritability could be noted
in animals submitted to non-spontaneous ingestion of the vehicle used. However, after the first
one hour, all signs had already ceased and were maintained during the 14 days of evaluation.
During the 14 days, the animals did not show abnormal signs, not even differences in feed and
water intake, and body weight (Table 2), indicating that these results are in accordance with
OECD [13], in which the animal should not present a change in body mass greater than 20%
of the initial average weight, suggesting a lethal dose above 2,000 mg/Kg as low toxicity.

Table 2. Evaluation of food and water consumption and weight gain of animals from the control group and
treated orally with crude extract of A. hispidum roots for 14 days.

Parameter Control Crude Extract (2,000 mg/kg)
Water consumed (mL) 41.01+1.05 41.056+1.26
Food consumed (g) 6.22 £0.12 6.19 £0.30
Weight gain (g) 10.01 £ 0.55 10.12 £ 0.50

Data are the mean = sd.

In our study, although some behavioral reactions were detected in the Hippocratic
screening, there were no deaths after the 14-day period, so the LDso > 2,000 mg/kg was
considered, and the extract of A. hispidum can be classified as low acute oral toxicity and
considering the criteria of the Globally Harmonized Classification System (GHS) the extract
belongs to class 5, those that present very low or non-toxic acute toxicity.
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The hematological analysis did not show significant changes (p < 0.05) in the
parameters in animals that received A. hispidum crude extract at 2,000 mg/kg compared to the
control group (Table 3).

Table 3. Hematological parameters of animals in control (oral saline) and treated groups with crude extract of A.
hispidum roots for 14 days.

Parameters Control Treatment
Crude extract (2,000 mg/kg)
Erythrocytes (108/mm3) 7.00+0.21 6.98 +0.32
Hematocrit (%) 39.95+0.21 40.27 £ 0.41
Hemoglobin (g/dL) 15.32 £ 0.22 1555+ 0.44
MVC (fL) 65.00 + 1.01 66.33 £ 0.03
MCH (pg) 25.17+0.82 24.91+£0.85
MCHC (%) 38.20+0.91 37.67+£0.85
Leukocytes (103/mm3) 6.56 + 0.43 6.46 + 0.46
Segmented (%) 53.79 £ 1.16 53.90 + 1.38
Lymphocytes (%) 29.22+1.70 28.28 £ 1.57
Monocytes (%) 16.94 +1.55 17.82+1.22

*Significantly different (p < 0.05) from control. Data are the mean + sd. Statistical analysis was performed by
analysis of variance (ANOVA), followed by Bonferroni's test. MCV: mean corpuscular volume; MCH: mean
corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

In the biochemical analysis, no significant changes (p < 0.05) were observed in the
levels of ALT and AST (liver function markers), urea and creatinine (renal function markers)
enzymes, albumin, total proteins, and alkaline phosphatase in animals treated with 2,000
mg/kg, compared to the control (Table 4). Corroborating with the OECD, the next dose to be
tested would be 5,000 mg/Kg. However, a study with this dose is only recommended in cases
that justify its need.

Table 4. Biochemical parameters of the blood of animals in control (oral saline) and treated groups with crude
extract of A. hispidum roots for 14 days.

Parameters Control Treatment
Crude extract (2,000 mg/kg)
Albumin (g/dL) 1.99 +£0.09 2.01+0.13
ALT (U/L) 88.40 +1.12 87.3+0.52
AST (U/L) 12209 +3.72 121.97+2.01
Total protein (g/dL) 7.12+£0.20 7.09 £0.23
Alkaline phosphatase (1U/L) 14.00+1.0 13.33£2.52
GGT (U/L) 10.70 £ 0.90 11.07 £ 0.26
Ureia (mg/dL) 54.02 +2.23 54.39 + 2.53
Creatinine (mg/dL) 0.23+£0.08 0.20 £ 0.09

*Significantly different (p < 0.05) from control. Data are the mean + sd. Statistical analysis was performed by
ANOVA, followed by Bonferroni's test. ALT: alanine aminotransferase; AST: aspartate aminotransferase;
GGT: gamma-glutamyl transferase.

Organ weight is a parameter frequently used to assess toxicity, check if there has been
any change in organs, and confirm the findings of biochemical and hematological analyses
[28]. There were no relevant changes in mice treated with the crude extract of A. hispidum
roots compared to the control group (Table 5). The macroscopic analysis of the organs of
animals treated with extract did not show significant changes in color or texture.

The acidified aqueous extract of the aerial parts of the species has already been
evaluated for acute toxicity in mice. The extract administered at a dose of 2,000 mg/kg did not
show lethal or toxic effects in animals [29]. Another study carried out with the aqueous extract
of the whole plant in Swiss albino chicks and mice revealed that the oral administration of the
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extract at a dose of 2,000 mg/kg did not produce clinical symptoms of toxicity and mortality in
the animals tested [30]. The aqueous extract of A. hispidum leaves was also tested for acute
toxicity in Wistar rats, the mean lethal dose was above 5,000 mg/kg, and no signs of toxicity
were observed [31]. These results corroborate the results of our study.

Table 5. Effect of crude extract of A. hispidum roots on organ weight in control (oral saline) and treated groups
after 14 days of single-dose treatment.

Parameters Control Treatment
Crude extract (2,000 mg/kg)
Heart (g) 0.18 £0.00 0.18+0.01
Lung (9) 0.24 +£0.00 0.26 +£0.02
Liver (g) 2.11+0.10 2.05+0.05
Kidney (g) 0.23+0.01 0.25 +0.02
Spleen (g) 0.33£0.03 0.29 £0.041
Stomach (g) 0.28 £0.02 0.29 £0.02
Brain (g) 0.45+0.01 0.46 £0.02

*Significantly different (p < 0.05) from control. Data are the mean + sd. Statistical analysis was performed by
ANOVA, followed by Bonferroni's test.

Figure 2 shows photomicrographs of the organs (liver, kidney, and spleen) of mice in
the control (oral saline) and treated groups (2,000 mg/kg of crude extract from A. hispidum
roots). The liver of animals treated with the crude extract showed well-delimited hepatocytes,
nuclei with visible chromatin, central lobular veins of various sizes with preserved
characteristics, and absence of connective tissue fibrosis showed developed parenchyma. The
kidneys showed well-defined structures with a fibrous capsule, cortical and medullary region.
The capsular space and renal tubules are well delimited without infiltration, both in control
animals and in those treated with the extract, indicating that the acute treatment with the crude
extract did not interfere with the balance of the renal tubule reabsorption process. The spleen
from treated mice did not show histological changes compared to controls showed preserved
architecture with white and red pulps normal in morphology and number and absence of
hyperactivation in both groups. The parenchyma and interalveolar septa were observed in the
lungs of the groups treated with mice without alterations.

Control

2,000 mg/kg

Figure 2. Representative photomicrographs liver, kidney, and spleen, of mice from control and treatment with
2,000 mg/kg of crude extract from A. hispidum roots. Cv: centrilobular vein; Rt: renal tubule; Gr: glomerulus.
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With the current increase in demand for treatments that use medicinal plants and their
derivatives, several studies have been carried out on the toxicity of the species to obtain extracts
that are safe to use. Considering data from the literature, several extracts have been evaluated
for their toxicity, such as an aqueous extract from Hibiscus sabdariffa [32], a methanolic
extract from Geophila obvallata [33], and an ethyl acetate extract from saline extract, a lectin-
rich fraction of Microgramma vacciniifolia rhizome [34].

Data obtained by Gomes et al. [35] with medicinal plants about acute toxicity carried
out for the first time in Drimys angustifolia, and D. brasiliensis, that have the same indications
in folk medicine and have secondary metabolites like those present in A. hispidum, including
flavonoids and terpenes, and also studies in Pyrethrum pulchrum [36], Rheum turkestanicum
[37], Rotula aquatica [38] and Croton blanchetianus [39] did not present observed changes in
body weight, organ, decreased food and water intake, factors that suggest systemic toxicity. As
with A. hispidum roots, the estimated LDso was not calculated because, in this study, no deaths
were observed during the experiment.

4. Conclusions

The results obtained in the TLC analysis suggested the presence of secondary
metabolites, mainly cinnamic derivatives, flavonoids, and terpenes, which play an important
role in plant survival and several therapeutic applications. The results were confirmed by HPLC
analysis, and it was possible to establish a fingerprint for A. hispidium roots. Furthermore,
according to the study of acute toxicity by the oral administration in mice, the data
demonstrated the low toxicity of the crude extract of the roots of A. hispidum, being considered
of very low acute toxicity or non-toxic. Therefore, the crude extract of A. hispidum roots proved
safe in mice when administered orally, without modifications on hematological, biochemical,
and histological evaluations.
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