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Abstract 

The current study evaluated the anti-inflammatory and anxiolytic activities of Euphorbia hirta extract in neonatal asth-
matic rats. Rats were assigned to the following groups: group I, sham (normal rats); group II, control (asthmatic rats); 
group III, E. hirta extract (100 µg/100 µl) and group IV, E. hirta extract (200 µg/100 µl). We performed a phytoscreening 
analysis of E. hirta extract. Inflammatory cell counts in the bronchoalveolar lavage fluid, levels of anti-inflammatory 
and antioxidant markers, apoptosis, and a histopathological analysis were carried out. An open field test determined 
anxiolytic activity, an elevated plus maze, a hole board test, and a cross test. The presence of 9,12,15-octadecatrien-
1-ol, pentadecylic acid, ethyl linoleate, 1,2,3-trihydroxy benzene, gamma-tocopherol, 5-hydroxymethyl-2-furancar-
boxaldehyde, myristic acid, 7,10-octadecadienoic acid methyl ester, phytol, ethyl palmitate, and squalene in E. hirta 
extract was noted. Following treatment with E. hirta extract, total leukocytes, eosinophils, tumor necrosis factor-α 
(TNF-α), interleukin (IL-6), and lipid peroxidation were reduced, whereas antioxidant levels were increased. The mRNA 
expression levels of TNF-α, inducible nitric oxide synthase, IL-6, cyclooxygenase-2, caspase-3, p53, nerve growth factor 
precursor, and Bax were reduced, whereas that of Bcl-2 was increased. Apoptosis and caspase-3 protein expression 
were significantly reduced. Treatment of rats with E. hirta extract significantly reduced inflammation and eosinophil 
infiltration in the lungs. Taken together, these results led us to conclude that E. hirta extract has anti-inflammatory and 
anxiolytic effects on neonatal asthmatic rats with inflammation.
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Introduction
Plants and natural-derived medicines have attracted the 
attention of several researchers in China and India. Nat-
ural-derived medicines account for more than 20% of the 
drugs prescribed in developing countries (Rates 2001), 
and more than 70% of people use traditional natural-
derived medicines for their health needs (Food and Agri-
culture Organization 2004). Nair et  al. (2005) identified 
several plant parts that participate in numerous pharma-
cological activities. Euphorbia hirta is a familiar plant in 
the traditional medicine system and belongs to the family 
Euphorbiaceae (Kumar et  al. 2010). Several researchers 
have reported that extracts of E. hirta perform various 

pharmacological functions, acting as an anxiolytic, seda-
tive, anti-inflammatory, analgesic, and antipyretic agent. 
Indeed, it can be used to treat several conditions, such as 
hay asthma, worm infestations, bronchial infections, kid-
ney stones, and bowel disease (Sharma et al. 2007; Salles 
et al. 1999).

Asthma is a well-known chronic disease of the lungs 
that affects the airways (Martinez 2007). Primary symp-
toms of asthma include bronchospasm, airflow obstruc-
tion, chest tightness, coughing, wheezing, and shortness 
of breath (Han et  al. 2017). Asthma cannot be cured 
permanently; only the symptoms can be ameliorated by 
medications (Han et  al. 2017). Avoidance of smoking, 
aspirin, and pets are the most efficient way to ameliorate 
asthmatic symptoms, and drugs are recommended based 
on symptom severity (Kelly et  al. 1988). Bronchodila-
tors are widely prescribed for the temporary relief from 
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asthmatic symptoms (Shichinohe et  al. 1996). Several 
studies have reported the antioxidant, anticancer, and 
anti-inflammatory activities of E. hirta extract (Sharma 
et  al. 2014). Thus, the current study evaluated the anti-
inflammatory and anxiolytic effects of E. hirta extract on 
neonatal asthmatic rats.

Materials and methods
Rats
Male Sprague–Dawley neonatal rats (6–10  g) were 
obtained from the animal house of The First  Hospi-
tal  of  Qinhuangdao, No. 258 of Seaport Cultural Road, 
Qinhuangdao 066000, China and divided into four 
groups. They were allowed standard access to food and 
water with a standard 12-h light/dark period. All animals 
were maintained on adaptive feeding before the experi-
ments. All the animal experiments were approved by 
ethics committee of The First Hospital of Qinhuangdao, 
No. 258 of Seaport Cultural Road, Qinhuangdao 066000, 
China.

Induction of asthma and animal groups
Experimental asthma was induced in neonatal rats 
according to the previously described method (Feng et al. 
2014). The following groups were used:

Group I:	� Sham (normal rats);
Group II:	� Control (asthmatic rats);
Group III:	� Euphorbia hirta extract (asthmatic 

rats + 100 µg/100 µl); and
Group IV:	� Euphorbia hirta extract (asthmatic 

rats + 200 µg/100 µl)

The dose was given for 5 consecutive weeks via the oral 
route.

Preparation of E. hirta leaf extract
Euphorbia hirta leaves were collected from South China 
Agricultural University, China. Fresh leaves of E. hirta 
were harvested, washed in tap water, and air-dried for 
7  days. Next, leaves were ground into a fine powder 
using an electric grinder and stored in an air-tight bottle. 
Euphorbia hirta powder (500 g) was extracted in 500 ml 
of ethanol (95%) using a Soxhlet apparatus for 60  min. 
Finally, the extract was converted into solid form using a 
rotary evaporator (Sharma et al. 2014).

Qualitative analysis of E. hirta extract
Qualitative analysis of lemon peel extract was performed 
using high-performance liquid chromatography (HPLC). 
To determine the presence of a bioactive substance in E. 
hirta extract, HPLC was performed on a liquid chroma-
tography system (Agilent 1200, Germany). Compounds 

were monitored on a C18 HPLC column. Ten microliters 
of sample were injected, and the column was operated at 
room temperature. The flow rate, which was adjusted to 
0.5 ml/min, consisted of a mobile phase containing ace-
tonitrile (100%) and acetic acid (0.5%). Peaks were identi-
fied by comparing known standards and retention times 
(Jiang and Tu 2009).

Collection of blood and preparation of lung tissue 
homogenate
At the end of treatment, rats were anesthetized by intra-
peritoneal administration of ketamine (100  mg/kg) and 
xylazine (10 mg/kg). Rats were killed by decapitation, and 
blood was collected. Lung tissue was surgically removed, 
and tissues were cut and homogenized in Tris–HCl 
buffer (pH 7.4, 50 mM) at 10,000 rpm for 10 min. Tissue 
homogenate was centrifuged, and the supernatant was 
collected for further experiments. All homogenate and 
supernatant preparations were performed at 4 °C.

Determination of inflammatory cell counts
Inflammatory cell counts in the bronchoalveolar lavage 
fluid (BALF) were measured according to the previously 
described method (Feng et al. 2014).

Determination of inflammatory and antioxidant markers
Serum tumor necrosis factor-α (TNF-α) and interleu-
kin-6 (IL-6) levels were determined (Tavakkol Afshari 
et  al. 2005). The nitric oxide (NO) level is expressed in 
mM (Shaheen et al. 2016). The mRNA expression levels 
of TNF-α, IL-6, cyclooxygenase-2 (COX-2), and induc-
ible nitric oxide synthase (iNOS) were measured accord-
ing to the previously described method (Bernal et  al. 
2005). Primers specific to the above genes are shown in 
Table  1. Lipid peroxidation was determined according 
to malondialdehyde (MDA) content (Jordão et al. 2004). 
Reactive oxygen species (ROS) were determined using 
the dichlorofluorescein assay (Arutyunyan et  al. 2016). 
The reduced glutathione (GSH) level was measured by 
determining the final product at 405 nm (ErdenInal et al. 
2003). Superoxide dismutase (SOD), catalase, glutathione 
peroxidase (Gpx), and acetyl-cholinesterase (AChE) 
enzyme activities were measured spectrophotometrically 
(Jordão et al. 2004).

Determination of apoptosis
Terminal deoxynucleotidyl transferase  dUTP nick end 
labeling  (TUNEL) and staining was performed in lung 
sections as previously described (Sheikh-Hamad et  al. 
2004). Briefly, lung tissues were excised and perfused in 
normal saline, and then fixed in 10% neutral formalin 
(10%) for 24 h. Next, the lung sections were dehydrated 
with a graded series of alcohol and embedded in paraffin 
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film. Finally, the sections were cut (4–5 µm thick) with a 
rotary microtome and TUNEL staining was performed 
as previously described (Fayzullina and Martin 2014). 
The mRNA expression levels of caspase-3, p53, Bcl-2, 
Bax, and nerve growth factor precursor (proNGF) were 
determined according to a previously described method 
(Bernal et al. 2005). Primers specific to the above genes 
are shown in Table 1. Protein expression of caspase-3 was 
analyzed by immunohistochemical staining (Rehg et  al. 
2012).

Histopathological analysis
Lung tissue was fixed in 10% neutral formalin and sliced 
into sections (4–5  µm). Sections were then incubated 
with hematoxylin and eosin (H&E) and analyzed under a 
microscope (Ding et al. 2011).

Determination of anxiolytic activity
Anxiolytic activity was determined using an open field 
test, an elevated plus maze, a hole board test, and a cross 
test according to a previous study (Amdadul et al. 2015).

Statistical analysis
Values are given as the mean ± standard deviation. One-
way analysis of variance (ANOVA) was applied, and Tuk-
ey’s post hoc test was used for multiple comparisons. A 
P-value < 0.05 was considered statistically significant.

Results
The anti-inflammatory and anxiolytic effects of E. hirta 
extract on neonatal asthmatic rats were investigated. 
The presence of 9,12,15-octadecatrien-1-ol (15.3%), 

pentadecylic acid (11.6%), ethyl linoleate (8.3%), 
1,2,3-trihydroxybenzene (2.2%), gamma-tocopherol 
(0.92%), 5-hydroxymethyl-2-furancarboxaldehyde 
(6.3%), myristic acid (1.3%), 7,10-octadecadienoic 
acid methyl ester (7.1%), phytol (3.2%), ethyl palmi-
tate (6.5%), and squalene (1.2%) in E. hirta extract was 
noted.

The total leukocyte content was substantially 
increased in neonatal asthmatic rats compared to nor-
mal rats. Specifically, the total leukocyte content was 
increased by 459.5% in asthmatic rats, whereas treat-
ment with E. hirta extracts significantly reduced the 
leukocyte content to 34% and 67% in groups III and IV, 
respectively (Fig.  1, P < 0.05). The eosinophil content 
was substantially increased in asthmatic rats. Treat-
ment with E. hirta extracts significantly reduced the 
eosinophil content to 28.9% and 64.4% in groups III 
and IV, respectively (Fig.  1, P < 0.05). The MDA con-
tent was determined as the end-product of lipid per-
oxidation and was drastically increased in control rats 
(65.1  nmol/g). Treatment with E. hirta extract signifi-
cantly reduced the MDA content to 23.9% and 46.2% 
in groups III and IV, respectively (Table  2, P < 0.05). 
The GSH content was drastically reduced in neonatal 
asthmatic rats (27.5 mg/g), but it was significantly ele-
vated, to 67.6% and 153%, in groups III and IV, respec-
tively (Table 2, P < 0.05). SOD, catalase, Gpx, and AChE 
enzyme activities were substantially reduced in asth-
matic rats. However, treatment with E. hirta extract 
significantly increased enzyme activities (Table  2, 
P < 0.05).

Table 1  List of  RT-PCR primers used for  the  amplification of  TNF-α, IL-6, COX-2, iNOS, caspase-3, proNGF, p53, bax 
and bcl-2

S. no Gene name Forward Reverse

1 TNF-α 5′-CCC​AGA​CCC​TCA​CAC​TCA​GAT-3′ 5′-TTG​TCC​CTT​GAA​GAG​AAC​CTG-3′

2 IL-6 5′-AAG​TTT​CTC​TCC​GCA​AGA​TAC​TTC​CAG​CCA​-3′ 5′-AGG​CAA​ATT​TCC​TGG​TTA​TAT​CCA​ GTTT-3′

3 COX-2 5′-CCA​TGT​CAA​AAC​CGT​GGT​GAATG-3′ 5′-ATG​GGA​GTT​GGG​CAG​TCA​TCAG-3′

4 iNOS 5′-CTC​CAT​GAC​TCT​CAG​CAC​AGAG-3′ 5′-GCA​CCG​AAG​ATA​TCC​TCA​TGAT-3′

5 Caspase-3 5′-TTA​ATA​AAG​GTA​TCC​ATG​GAG​AAC​ACT-3′ 5′-TTA​GTG​ATA​AAA​ATA​GAG​TTC​TTT​TGT​GAG​-3′

6 proNGF 5′-CTT​CAG​CAT​TCC​CTT​GAC​AC-3′ 5′-TGA​GCA​CAC​ACA​CGC​AGG​C-3′

7 p53 5′-TAA​CAG​TTC​CTG​CAT​GGG​CGGC-3′ 5′-AGG​ACA​GGC​ACA​AAC​ACG​CACC-3′

8 Bcl-2 5′-CAC​CCC​TGG CAT​CTT​CTC​CTT​-3′ 5′-AGC​GTC​TTC​AGA​GAC​AGC​CAG-3′

9 Bax 5′-TGG AGC​TGC​AGA​GGA​TGA​TTG​-3′ 5′-GAA​GTT​GCC​GTC​AGA​AAA​CATG-3′

10 GAPDH 5′-TCC​CTC​AAG​ATT​GTC​AGC​AA-3′ 5′-AGA​TCC​ACA​ACG​GAT​ACA​TT-3′
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The IL-6 and TNF-α level were measured and are 
expressed as pg/mg of protein. The IL-6 and TNF-α 
levels were substantially increased (to more than 100%) 
in asthmatic rats. However, treatment with E. hirta 

extracts significantly reduced the TNF-α level to 31.5% 
and 70% in groups III and IV, respectively (Fig.  2A, 
P < 0.05). The IL-6 level was also reduced following sup-
plementation with E. hirta extract (Fig.  2A, P < 0.05). 

Fig. 1  Effect of E. hirta extract on inflammatory cell recruitment in the bronchoalveolar lavage fluid (BALF) of neonatal asthmatic rats. Experimental 
data are given as the mean ± standard error of the mean (SEM)

Table 2  Effect of E. hirta extract on lipid peroxidation and antioxidant markers in neonatal asthmatic rats

a  P < 0.05 vs. group I
b  P < 0.05 vs. group II
c  P < 0.05 vs. group III

Oxidative markers Group I Group II Group III Group IV

MDA (nmol/g) 25.5 ± 1.6 69.1 ± 4.2a 52.6 ± 3.1ab 37.3 ± 2.4abc

GSH (mg/g) 89.2 ± 6.2 27.5 ± 1.8a 46.1 ± 3.2ab 69.6 ± 5.2bc

SOD (U/mg) 7.3 ± 0.54 2.5 ± 0.13a 3.5 ± 0.12ab 4.9 ± 0.15abc

Catalase (U/g) 13.5 ± 1.21 4.2 ± 0.24a 6.9 ± 0.23ab 10.5 ± 0.8bc

Gpx (mg/protein) 0.96 ± 0.008 0.28 ± 0.005a 0.47 ± 0.005ab 0.77 ± 0.006bc

AChE (µmol/min/mg of protein) 10.5 ± 0.73 3.1 ± 0.15a 6.3 ± 0.22ab 8.9 ± 0.32bc
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The NO concentration was substantially increased (to 
more than 100%) in asthmatic rats. However, treatment 
with E. hirta extracts significantly reduced the NO 
level, to 36.2% and 63.8%, in groups III and IV, respec-
tively (Fig. 2B, P < 0.05).

The mRNA expression levels of IL-6, TNF-α, iNOS, 
and COX-2 were quantified and expressed as fold 
changes. TNF-α, IL-6, iNOS, and COX-2 mRNA expres-
sion was increased by 1.2-, 1.1-, 0.8-, and 0.94-fold, 
respectively, in group II. However, treatment with E. 

hirta extracts significantly reduced TNF-α, IL-6, iNOS, 
and COX-2 mRNA expression by more than 0.6-fold in 
group IV (Fig.  3, P < 0.05). The percentage of apoptosis 
was substantially increased in asthmatic rats (53.6%), 
whereas treatment with E. hirta extracts significantly 
reduced apoptosis to 30.8% and 69.4% in groups III and 
IV, respectively (Fig.  4, P < 0.05). The mRNA expression 
levels of inflammatory markers, caspase-3, proNGF, 
p53, Bax, and Bcl-2, were quantified and expressed as 
fold changes. The mRNA expression levels of caspase-3, 

Fig. 2  Effect of E. hirta extract on tumor necrosis factor alpha (TNF-α), interleukin 6 (IL-6), and nitric oxide (NO) levels in neonatal asthmatic rats. A 
TNF-α and IL-6 levels are expressed as pg/mg of protein. B NO is expressed as mM. Experimental data are given as the mean ± SEM
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proNGF, p53, and Bax were increased by 1.3-, 1.1-, 1.4-, 
and 0.9-fold, respectively, in group II, whereas Bcl-2 
expression was reduced by 0.78-fold. However, treatment 
with E. hirta extracts significantly reduced the mRNA 
expression levels of caspase-3, proNGF, p53, and Bax by 
more than 0.5-fold in group IV (Fig.  5, P < 0.05). Bcl-2 
mRNA expression was increased by 1.4- and 3.1-fold in 
groups III and IV, respectively (Fig. 5, P < 0.05).

Caspase-3 protein expression was determined immu-
nohistochemically, and its expression increased dramati-
cally (1.1-fold) in asthmatic rats. However, treatment 
with E. hirta extracts significantly reduced caspase-3 
protein expression by 19% and 35.2% in groups III and 
IV, respectively (Fig. 6, P < 0.05). Airway and blood vessel 

narrowing and the accumulation of eosinophils in the 
lungs of neonatal asthmatic rats were noted. However, 
treatment with E. hirta extracts significantly reduced 
inflammation and eosinophil infiltration in the lungs 
(Fig.  7). The open field test was conducted to assess 
behavior and movement patterns. At higher concentra-
tions, E. hirta extract significantly improved the behavior 
and movement patterns of asthmatic rats compared to 
their respective controls (Table 3, P < 0.05). The elevated 
plus maze test was performed to assess the anxiolytic 
activity of E. hirta extract. At a higher concentration, 
E. hirta extract exhibited significant anxiolytic activity 
in asthmatic rats compared to their respective controls 
(Table  3, P < 0.05). At a higher concentration, E. hirta 

Fig. 3  Effect of E. hirta extract on the mRNA expression of TNF-α, IL-6, inducible nitric oxide synthase (iNOS), and cyclooxygenase 2 (COX-2) in 
neonatal asthmatic rats. Experimental data are given as the mean ± SEM
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extract was associated with significant increases in scores 
on the hole board and hole cross tests in asthmatic rats 
compared to their respective controls (Table 3, P < 0.05).

Discussion
We evaluated the anti-inflammatory and anxiolytic 
effects of E. hirta extract on neonatal asthmatic rats. Sev-
eral researchers have reported that the extract of E. hirta 
exerts various pharmacological effects, including acting 
as an anxiolytic, sedative, anti-inflammatory, analgesic, 
and antipyretic agent. Indeed, it can be used to treat sev-
eral conditions, such as hay asthma, worm infestations, 
bronchial disease, kidney stones, and bowel disease 

(Sharma et al. 2007; Salles et al. 1999). Researchers have 
reported the anti-inflammatory activity of hydroxyme-
thyl-2-furancarboxaldehyde (Brustugun et  al. 2005; Xu 
et  al. 2007). Graff and Pollack (2005) reported the pro-
tective effect of hydroxymethyl-2-furancarboxaldehyde 
against liver injury.

Kagoura et  al. (1999) reported the various pharma-
cological activities of phytol, including its anti-inflam-
matory effects. Kagoura et  al. (1999) also reported the 
anti-inflammatory and anti-bacterial effects of myris-
tic acid. Wang et  al. (2011) reported the antibacterial 
and antioxidant activities of 9,12,15-octadecatrien-1-ol 
against Staphylococcus aureus. The known activities of 

Fig. 4  Effect of E. hirta extract on apoptosis in neonatal asthmatic rats. Experimental data are given as the mean ± SEM
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these compounds in E. hirta confirm our experimental 
findings. Heo et  al. (2006) reported the critical role of 
phenolic compounds in free radical scavenging, and the 
antioxidant activity of these phenolic compounds is very 
crucial for decomposing peroxides and neutralizing free 
radicals (Kitada et al. 1979).

In this study, the bioactive compounds (phenolic com-
pounds, 9,12,15-octadecatrien-1-ol, squalene and oth-
ers) accounted for the anti-oxidant activity of E. hirta 
extract. Basma et  al. (2011) reported the anti-oxidant 

activity of the methanolic extract of E. hirta. Several 
researchers have reported that the presence of fatty 
acids, phytol, and others in E. hirta extract accounts 
for its anti-inflammatory effects (Liu and Huang 2012; 
Kagoura et al. 1999). Shih et al. (2010) reported that the 
presence of flavones, glucosides, and tannins contrib-
utes to its anti-inflammatory activity through the inhi-
bition of NO. Lefkowitz et al. (1999) reported increased 
NO generation through the increased production of 
cytokines, iNOS, and prostaglandins. Researchers have 

Fig. 5  Effect of E. hirta extract on the mRNA expression of caspase-3, proNGF, p53, Bax, and Bcl-2 in neonatal asthmatic rats. Experimental data are 
given as the mean ± SEM
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indicated that increased NO production leads to oxida-
tive stress, DNA damage and cell injury (Murphy 1999). 
Asthma is a well-known chronic airway inflammatory 
disorder that affects the lungs and causes coughing, 
wheezing, and chest tightness (Lee et  al. 2010). The 
infiltration of eosinophils, lymphocytes, and mast cells 

into the airway wall results in mucus hypersecretion 
and causes allergic inflammation (Bochner and Busse 
2004, 2005). Lung histopathological analysis confirmed 
severe inflammation in asthma-induced rats. However, 
treatment with E. hirta extract significantly attenuated 
inflammation, reflecting the protective effect of E. hirta 

Fig. 6  Effect of E. hirta extract on caspase-3 protein expression in neonatal asthmatic rats. Experimental data are given as the mean ± SEM
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against asthmatic inflammation. In summary, we con-
clude that E. hirta extract exerts anti-inflammatory and 
anxiolytic effects against asthmatic inflammation in 
neonatal rats.
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