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Abstract

A new and effective method of ultrasonic/microwave assisted extraction (UMAE) of the active extracts
from Ambrosia artemisiifolia L. (AAE) and to investigate its acute toxicity had been proposed. The response
surface methodology (RSM) was employed to optimize the UMAE conditions. The optimum conditions were
as follows: sonication time, 28.50 min, microwave treatment, 2.40 min, microwave temperature, 70°C and
liquor to material ratio, 8.00 (ml/g). Then four obtained extraction methods were compared. The results
indicated that the extracts produced by UMAE had the highest yield and the highest anti-pathogenic activity.
The acute toxicity of AAE was studied in mice. The LDs, was 4966.33 mg/kg, which belonged to alow level
of mammalian toxicity. Furthermore, the AAE could activate the activity of SOD in mice livers, while
inhibiting the CAT and POD activities. The results suggested that A. artemisiifolia was a novel antimicrobial
agent. It also instigated thoughts of security.

Introduction

Application of pesticides has become an important method to improve the yield and output of
agricultural products over a long period around the world and that will be continued for a long
time to come. Unquestionably, chemical pesticides are quite effective. However, the harmful
effects to human health and ecology have been reported frequently (Guillette and Iguchi 2012,
Rios-Diez et al. 2011, Pavela 2008). Hence, biological pesticides that have the advantage of non-
target specific safety and easy degradation have been extensively studied (Xu et al 2015,
Miresmailli and Isman 2014). However, some reports also showed that some of them still have
high toxicity for mammals, such as the nicotine (Krishnaet al 2010) and vauquline (Sowjanya and
Kusha 2011).

Ambrosia artemisiifolia L. (Fam.: Asteraceae) is a malignant weed all around the world,
which can spread aggressively with competitive seeds and promoting soil microbial carbon source
utilization (Ciappetta 2016, Shi et al. 2011, Qin et al 2014). In addition, the pollen of this species
is a strong an aphylactogen that can cause an allergic reaction in humans (Smitha et al 2013,
Daniel and Tiffany 2014). Nevertheless, the extracts of ragweed proved to have various
bioactivities, such as antibacterial (Solujic et al 2008), molluscidal (EL-Sany et al. 1981), anti-
thrombin (Chistokhodova et al 2002), hepatoprotective and hypolipemic (Parkhomenko et al.
2006) activities. Moreover, our previous studies demonstrated that the ethanol extract of the plant
exhibited insecticidal and anti-fungal activities (Zhang et al. 2010). Furthermore, a series of
compounds have been isolated from ragweed, including terpenoids, flavonoids, phenolic acids,
coumarins, and polyacetylenes (Huang et al. 2014), which are structurally similar to the known
active ingredients of botanical pesticides. Thus, it has been suggested that A. artemisiifolia is a
potential candidate of a botanical pesticide that can be further devel oped.

* Author for correspondence. <zhang640308@126.com>.



540 ZHAO et al.

Recently a few investigations have been conducted on the method of extraction of A.
artemisiifolia, but the safety of the extracts in mammals is still unclear. Therefore, the effective
ultrasonic/microwave assisted method was first applied in the extraction of the active ingredients
from A. artemisiifolia. Then the acute toxicity of the extracts was evaluated. The results of those
investigations are reported here.

Materials and Methods

Ambrosia artemisiifolia was collected from Mudanjiang city, Heilongjiang province in
August. The ultrasonic cell disruptor (JY92-1IN, Ningbo Xinzhi Biotechnology Co. Ltd., China)
and microwave extraction apparatus (MDS-6, Shanghai Xinyi Microwave Chemical Technology
Co. Ltd., China) were used to facilitate the extraction of materials from A. artemisiifolia (AAE).
The Cytospora chrysosperma was selected as the pathogen to evaluate the bacteriostatic activity of
the AAE using different extraction methods. Kunming mice (18 - 25 g) were used to test the acute
toxicity. All the reagents were analytical grade.

The dried powder (10 g) of ragweed was weighed accurately and mixed with a certain amount
of 80% ethanol. The extraction process was first performed in the ultrasonic cell disruptor
chamber with a different time and ultrasonic power. Then the flask was transferred into the
microwave extraction apparatus. The program of different microwave powers and temperatures
was set. After the extraction procedure, the treated mixture was cooled to room temperature and
filtrated by vacuum suction. The filtered solution was concentrated by arotary evaporator at 45°C.
Finally, it was lyophilized to obtain the dry AAE. All experiments were performed in triplicate.
The lyophilized extract was weighed and the extraction yield was calculated as followed:
Extraction yield (%) = (extracts weight / material weight x 100).

Single factor tests were carried out to screen the appropriate variables in order to determine
their experimental domain for further extraction conditions optimization. In this study,
independent variables were preliminary tested. These included ultrasonic power, sonication time,
microwave temperature and time, as well as liquor to material ratio. The basic extraction
conditions were the following: A sonication time of 25 min; an ultrasonic power of 350 W; a
microwave time of 3 min; atemperature of 70°C and a ratio of liquor to material of 7.5: 1 (ml/g).
Single factor experiment factors and levels have been shown in Tab. 1. From the preliminary
experiments, sonication time, microwave time, temperature and liquor to material ratio were the
significant selected variables. Therefore, the combined effects of these variables on AAE
extraction yield were studied using the Box-Behnken design (Table 2).

Table 1. Single factor test protocols.

Factor
Levels Sonication  Ultrasonic Microwave Microwave Liquor to material
(time/min)  (power/W) (time /°C) (temp./°C) ratio (ml/g)

1 5 300 0.5 40 251

2 15 350 1 50 5:1

3 25 400 2 60 751

4 35 450 3 70 10:1

5 45 500 4 80 151

The ambient temperature extraction (ATE), traditional heating extraction (THE), ultrasonic
bath assisted extraction (UAE) and ultrasonic/microwave assisted extraction (UMAE) were
selected to compare the extractive effects. The ATE was carried out at the following conditions. an
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extraction temperature of 25°C, an extraction time of 48 hrs, a water/solid ratio of 10 : 1, and a
speed of 150 rpm was performed in the condition of 80°C for 1 hr under the water/solid ratio of
10 : 1. The UAE was carried out under the condition as follows : ultrasonic power of 500 W,
sonication time of 45min and liquor to material ratio of 10 : 1. The UMAE was performed at the
optimum extraction condition based on the results above. Then the AAE was prepared by the
method of 2.2.1. Each method was repeated three times.

Table 2. Scheme of Box-Behnken design.

Factor
Levels Sonication Microwave Microwave Liquor to material
(time/min) (time/min) (Temp./ °C) ratio (ml/g)
-1 15 1 60 5:1
0 25 2 70 75:1
1 35 3 80 10:1

The mycelia radial growth technique was used to compare the anti-pathogenic activity of the
AAE using four methods against C. chrysosperma (El Ghaouth et al. 1994). The AAE aqueous
solutions were prepared in 5% Tween 80and added to the melted PDA medium at concentrations of
300, 600, 1200, 2400 and 4800 mg/l. The 5% Tween 80 only was used as the control. After
inoculation, the plates were incubated in the dark at 25°C. The colony diameter was measured
when the mycelia growth of control was fully-grown. The per cent inhibition rate of the radial
growth of C. chrysosperma was calculated relative to the control. The effective concentration that
inhibited 50% of the mycelial growth (ECs,) was estimated according to the probit analysis.

The preliminary studies were firstly conducted to find the dose interval, which can cause a 0
and 100% deeth rate of mice before the formal test. The ratio of female to male mice was 1:1. The
mice were fasted for 3 hrs prior to the experiment and were weighed. Then the mice were
administered with a single dose of the AAE solution above (doses ranges from 1982.998 -
9914.989 mg/kg at various levels). Then they were observed for mortality for up to 48 hrs (short-
term toxicity). Based on the short-term toxicity, the dose of the next animal was determined as per
OECD guideline 425. The LDs, of the extracts was calculated using a graphical method.

The tested mice were gavaged with an AAE solution by a dose of the LDgyvalue, while the
physiological saline was used as the control group. The survived mice were chosen after feeding 1,
6, 12 and 24 hrs, respectively. The livers of mice were obtained after taking off the neck, which
resulted in death. Then they were rubbed into a homogenate with PBS (pH = 7.0, 0.05 mol/l) to
obtain the crude enzyme. The SOD activity was measured according to the method of Beauchamp
and Fridovich (1973). The CAT activity assay was based on the method of Cohen (Cohen
et al. 1970). The POD activity was measured with guaiacol as a substrate (Xu et al. 1991). All of
the assays were donein triplicate.

Design-expert 8.0 was used to design the RSM experiment and to analyze the data. The
variance (ANOVA, p < 0.05 and p < 0.01) and probit analyses were performed by the SPSS 17.0

Results and Discussion

The single factor experiments were designed to evaluate the effects of each factor on the
extraction yield of the AAE (data not shown). The results of ANOVA showed that the variables of
the sonication time, microwave time, microwave temperature and liquor to materia ratio were the
significant ones. However, the effect of the ultrasonic power was not obvious. This may be due to
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the destruction of cell walls of ragweed under the joint action of the ultra sound and microwave,
which was similar to the previous report (Wu et al. 2015). Thus, the ultrasonic power of 400 W
was screened out as the appropriate parameter.

Taking extraction yield as an index, the RSM design of four factors and three levels was
carried out based on the single factor test results. Twenty-nine experiments were performed and
theresults arelisted in Table 3.

Table 3. Scheme and results of Box-Behnken design.

No. Factors Yield (%)
Xy Xo X3 X4
1 (15)-1 2)0 (70)0 511 20.47
2 (25)0 0 0 (75:1)0 26.08
3 0 3)1 (80)1 0 24.02
4 0 0 (60)-1 10:1)1 2352
5 (35)1 0 ] 0 25,02
6 0 0 0 0 26.08
7 0 1 0 1 24.43
8 0 1 -1 0 25,42
9 -1 (1)1 0 0 19.12
10 0 0 1 1 25,01
1 0 -1 -1 0 19.77
12 0 0 0 0 25.98
13 -1 0 -1 0 21.97
14 -1 0 1 0 22.87
15 1 =} 0 0 24.12
16 0 -1 1 0 21.97
17 1 0 0 1 24.22
18 0 0 -1 -1 22,02
19 1 1 0 0 25.17
20 0 1 0 1 2513
21 1 0 1 0 24.97
22 0 0 0 0 26.03
23 0 0 1 -1 2152
24 1 0 0 1 2552
25 0 -1 0 1 2285
26 -1 1 0 0 25,62
27 0 0 0 0 26.13
28 0 -1 0 1 1852
29 -1 0 0 1 2422

Through polynomia regression analysis of the experimental data, the quadratic regression
equation model fitting all variables was obtained as follows:;
=-107.91 + 1.18X; + 21.30X, + 2.17X3+ 4.19 X, —0.13 X; X, —0.003 X; X3—0.02 X; X4—
0.09 X, X3—0.35 X, X4+ 0.02 X3 X, — 0.009 X;%~1.79 X,°—0.01 X3>-0.25 X,’
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Where, Y represents the yield of AAE; X;, X5, X3 and X, are the coded variables for the
sonication time, microwave time, microwave temperature and liquor to materia ratio,
respectively.

The analysis of variance of the regression and the partial regression coefficient have been
shown in Tab. 4. The data indicated that the proposed regression model was highly significant
(P<0.001). The P-value of the lack of fit was 0.0712, which implied that the lack of fit was
insignificant and the test error was small. The model determination coefficient (R?) was 0.9987
and the adjusted determination coefficient (Adj R?) was 0.9975, which indicated that the model
showed a favorable goodness of fit between the experimental results and the theoretical values
predicted by the polynomial model. The linear terms (X1, X, Xs, X4), quadratic terms (X.%, Xo%, Xs°,
X,?) and three inter-action (X; Xp, X1 Xs, X1 Xa, Xo Xz, Xo Xa, X5 X4) were all significant (p < 0.001).

Table 4. Analysis of variance for the fitted quadratic polynomial model.

Source 3[?;!’2; DF gqeﬁgre) F-value P-value
Model 135.82 14 9.70 798.17 < 0.0001
Xy 17.64 1 17.64 1451.51 <0.0001
X, 45.71 1 45.71 3760.69 <0.0001
X3 0.63 1 0.63 51.47 <0.0001
X4 18.73 1 18.73 1540.62 <0.0001
X1 Xo 6.63 1 6.63 545,54 < 0.0001
Xy X3 0.28 1 0.28 22.68 0.0003
Xy X4 1.50 1 1.50 123.47 <0.0001
Xy X3 3.24 1 3.24 266.58 <0.0001
Xy X4 315 1 315 259.22 <0.0001
X3 X4 0.99 1 0.99 81.46 < 0.0001
X2 4.99 1 4.99 410.16 < 0.0001
X2 20.85 1 20.85 1715.55 < 0.0001
X352 13.93 1 13.93 1146.06 < 0.0001
X4 15.97 1 15.97 1314.08 <0.0001
Residual 0.17 14 0.012

Lack of fit  0.16 10 0.016 4.84 0.712
Pureerror  0.013 4 3.250 x 107

Cor. total 135.99 28

The contour plots were constructed to expound the interactions between the four factors and
determine their optimal levels (Fig. 1). Each plot exhibited the function of any two factors while
the other factor was fixed. All of the six response surface plots presented steep slopes and a saddle
diagram. The variations of the saddle lead to a certain decrease in flexural strength. Asobserved in
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Fig.1, there existed significant interactions between any of the two factors, which werein line with
the variance analysis above.

According to the analysis of the regression model, the optimum conditions were predicted as
follows: a sonication time of 28.46 min, a microwave time of 2.37 min, a microwave temperature
of 69.70°C and a liquor to material ratio of 8.05 (ml/g). Considering the actual operation
convenience, the optimal parameters of 28.50, 2.40 min, 70.00°C and 8.00 (ml/g) were selected to
verify the accuracy of prediction. Under these conditions, the actual extraction yield of AAE was
26.51 mg/g, which was close to the theoretical value of 26.77%. The results indicated that the
predicted model presented an adequate fitness and high effectiveness of AAE extraction using
UMAE.
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Fig.1. Contour plots showing the interactive effects of four extraction parameters on the yield of AAE.

Aswas shown in Table 5, the UMAE could effectively, shorten the extraction time and reduce
the organic solvent usage, which had higher extraction yield and higher anti-pathogenic activity.
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The extraction yield of the UMAE was 26.51%, which significantly increased by 36.4, 23.42 and
19.63% compared to the ATE, THE and UAE, respectively (p < 0.01). As to the bacteriostatic
activity, the AAE prepared by UMAE exerted the most potent inhibitory effects to C.
chrysosperma with the lowest ECs, value of 1285.73 mg/l. This was significantly higher than
others (p < 0.05). Interestingly, the ATE could obtain relatively higher activity that the ECy, of the
AAE and there was not significant difference between the method of UMAE at the level of p <
0.01. However, the yield was unsatisfactory. This may be caused by the excessive ultrasonic
mechanical effects or thermal treatment, which lead to part of the active ingredients failure.

Table 5. Effects of different extraction methods.

Extraction Materia-to-solvent  Extraction Bacteriostatic activity

Methods i merhn) ratio (ml/g) yiedd (%)  ECso(mg/l)
UMAE 05 81 26.5142 1285.73*
ATE 48 10:1 19.43% 1378.41°°
THE 1 10:1 21.48%¢ 1853.82%
UAE 0.75 10:1 22.16%° 1530.465¢

*Different small or capital letters in the same column mean significant difference at p < 0.05 or p < 0.01
level, respectively.

The result of the acute toxicity test has been shown in Table 6. The tested mice showed some
characteristics after being injected with the AAE solution, including convulsions, tachypnea,
balance disorder of the body and loss of vigor. The mice with an average weight of 22.35g were
used for calculating the mass concentration. According to the experimental data, the median lethal
dose (LDsg) of AAE in mice was 4966.33mg/kg, while the R? of the regression analysis of the log
dose and probit was 0.9629.

Table 6. The results of acute toxicity test in mice.

Dose Log No. of Corrected

(mg/kg) dose mice No.of death ittty (%) Probit
9914989 3.996 0 27 83.89 6.22
7931991  3.899 30 2 77.78 5.77
5048993  3.774 30 20 62.96 533
3065996 3508 30 15 44.44 486
1982998 3.207 30 8 1852 410
Control 30 3

The result of the protective enzymatic (SOD, CAT and POD) activity assays on mice livers
are shown in Fig. 2. The activity of SOD was restrained at first. Then it was activated after treating
for 1h. The activity was all lower than the control group within 1-6 hrs. Then it became higher
than the control group until 24 hrs. The highest inhibition rate was 15.88% in the treatment group
when compared with the control group. The highest activity of SOD in the treatment group
increased by 1.13 times compared to that of normal group (Fig. 2a), which was activated after 12
hrs (p < 0.05).

The enzyme activity of the CAT in the treatment group was significantly lower than the
control group after treating for 1 hr with AAE (p < 0.01). Astime went by, the changing tendency
of the CAT activity was restrained at first, and then was recovered. It recovered slowly after 6h.
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However, it still did not recover to the normal level until 24 hrs. The highest inhibition rate was
42.06% during the enzymatic activity change process (Fig. 2b).

The POD activity in the treatment group was invariably in the state of inhibition. The activity
was significantly lower than the control level within 1 - 24 hrs (p < 0.01). However, it fluctuated
under the state of inhibition. The activity of the POD decreased within 1 - 6 hrs. It then increased
within 6 - 12 hrs. Moreover, it decreased again in 12-24 hrs. The highest inhibition rate was
79.06% in the treatment group (Fig. 2c).
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Fig. 2. Effects of AAE on SOD (&), CAT (b) and POD (c) activities of mice liver.

The response surface technique was used to establish the UMAE method in order to extract
AAE based on single factor experiments. The optimum conditions for UMAE were as follows:
ultra-sonication time, 28.50 min, subsequent microwave treatment for 2.40 min, microwave
temperature 70°C, and liquor to material ratio 8.00 (ml/g). Four extraction methods were
compared. The results indicated that the UMAE could effectively shorten the extraction time and
reduce the use of organic solvents. It also had the highest extraction yield and highest anti-
pathogenic activity, which could be considered as ideal and effective method for the extraction of
AAE. The acute toxicity of AAE was evaluated in mice. The LDs, of the AAE was estimated to be
4966.33 mg/kg, which belongs to alow level of mammalian toxicity. The results of the protective
enzymatic activity test on mice livers showed that the AAE could activate the performance of the
SOD. There was also a suppression effect on the CAT and POD activities. In conclusion, A.
artemisiifolia isanovel anti-microbial agent for controlling pests which has good security.



EXTRACTS OF AMBROSIA ARTEMISIIFOLIA L. 547

Acknowledgements

This work was financially supported by the Fundamental Research Funds for the Central
Universities (2572014AA08).

References

Beauchamp CO and Fridovich | 1973. Isozymes of superoxide dismutase from wheat germ. BBA-Protein.
Struct. M. 317(1): 50-64.

Chistokhodova N, Nguyen C, Calvino T, Kachirskaia I, Cunningham G and Miles DH 2002. Antithrombin
activity of medicinal plants from central Florida. J. Ethnopharmacol. 81(2): 277-280.

Ciappetta S, Ghiani A, Gilardelli F, Boninib M, Citterioa S and Gentilia R 2016. Invasion of Ambrosia
artemisiifolia in Italy: Assessment via analysis of genetic variability and herbarium data. Flora -
Morphology, Distribution, Functional Ecology of Plants. 223: 106-113.

Cohen G, Dembiec D and Marcus J 1970. Measurement of catalase activity in tissue extracts. Anal. Biochem.
34(1): 30-38.

Daniel SWK and Tiffany SC 2014. Heterogeneity in ragweed pollen exposure was determined by plant
composition at small spatial scales. Sci. Total. Environ. 485-486: 435-440.

EL-Sany MF, Bassouny K and Magdoub Al 1981. Biolgical combat of schistosomiasis: Am-brosiamaritima
(damsissa) for snail control. J. Egypt. Soc. Parasitol. 11: 99-117.

El Ghaouth A, Arul J, Grenier J, Benhamou N, Asselin A and Belanger R 1994. Effect of chitosan on
cucumber plants: Suppression of pythiumaphinodermatum and induction of defense reactions.
Phytopathology 84, 313-320.

Guillette LI and Iguchi T 2012. Lifein a contaminated world. Sci. 337: 1614-1615.

Huang R, Ding WB, Zhou ZS and Li YZ 2014. A novel eudesmanesesquiterpene glycoside from Ambrosia
artemisiifolia L. Biochem. Syst. Ecol. 57: 363-366.

Krishna C, Srinath M, C Bragjadulal and Ghosh S 2010. Ameliorative effect of sesame lignans on nicotine
toxicity in rats. Food. Chem. Toxicol. 48(11): 3215-3220.

Miresmailli S and Isman M.B 2014. Botanical insecticides inspired by plant-herbivore chemical interactions.
Trends. Plant. Sci. 19(1): 29-35.

Parkhomenko AY, Oganesyan ET, Andreeva OA and Agadzhanyan ZS 2006. Pharmacologicaly active
substances from Ambrosia artemisiifolia. Pharm. Chem. J. 40(11): 627-632.

Pavela R 2008. Possibilities of botanical insecticide exploitation in plant protection. Pest Technol. 1: 47-52.

Qin Z, Xie JF, Quan GM and Di Tommaso A 2014. Impacts of the invasive annual herb Ambrosia
artemisiifolia L. on soil microbial carbon source utilization and enzymatic activities. Eur. J. Soil. Biol.
60: 58-66.

Rios-Diez JD and C.I Saldamando-Benjumea 2011. Susceptibility of Spodoptera frugiperda (Lepidoptera:
Noctuidae) strains from central colombiato two insecticides, methomyl and lambda-cyhalothrin: A study
of the genetic basis of resistance. J. Econ. Entomol. 104(3): 1698-1705.

Shi Z, Kilian N and Sukhorukov AP. 2011. Flora of China. Science Press. 75: 330.

Solujic S, Sukdolak S, Vukovic N, Niciforovic N 2008. Chemical composition and biological activity of the
acetone extract of Ambrosia artemisiifolia L. pollen. J. Serb. Chem. Soc. 73(11): 1039-1049.

Smitha M, Cecchib L, Skjgthc CA and Sikoparija B 2013. Common ragweed: A threat to environmental
health in Europe. Environ. Int. 61: 115-126.

Sowjanya D and Kusha N 2011. A rare case of strychnine poisoning by consumption of Strychnos
nuxvomica leaves. Asian. Pac. J. Trop. Med. 1(2): 303-304.

Wu DM, Gao TT, Yang HX and Bi HT 2015. Simultaneous microwave/ultrasonic-assisted enzymatic
extraction of antioxidant ingredients from Nitrariatan gutorun Bobr. juice by-products. Ind. Crop. Prod.
66: 229-238.

Xu HX, Zheng XS, Yang YJ and Lu ZX 2015. Methyl eugenol bioactivities as a new potential botanical
insecticide against major insect pests and their natural enemies on rice (Oriza sativa). Crop. Prot. 72:
144-149.



548 ZHAO et al.

Xu SY, Bian RL and Chen X 1991. Methodology of Pharmacological Experiment. People's Medical
Publishing House.

Zhang GC, Zhao Y, Ma L, Bi B, Huang Y, Zhuang C, Zhang XQ and Meng S 2010. Toxicity testing of
insecticidal active substances from Ambrosia artemisiifolia and its security. Journal of Northeast
Forestry University 38: 94-96.

(Manuscript received on 17 December, 2016; revised on 30 September, 2016)



