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a  b  s t  r  a c  t

At  present,  there  is a rapidly  growing  interest  in studying the cytotoxic  effects  of Artemisia  herba alba  Asso,
Asteraceae,  in various cancer cell  lines. However,  its  antitumor  effectiveness  has  not been investigated.
Therefore,  the  current  study  was  conducted  to study  the  effect  of A.  herba alba extract  on the  proliferation
and  growth of solid tumor cells  in Ehrlich Solid  Carcinoma  bearing  mice. Oral  administration of A. herba
alba  extract resulted  in significant reductions  in tumor size,  tumor weight and  mice  body  weight, as well
as  caused  concurrent significant increases in the  DNA  breakages  and apoptotic  DNA  damage induction  in
a  time-dependent  manner.  A.  herba alba extract also  raised the  expression  level of p53 gene and  reduced
of  K-ras  expression  in a time-dependent  manner.  Minor  histological  lesions were  observed in the  liver and
kidney tissues sections  of mice  administered  A.  herba alba extract  compared  with  the  high histological
lesions  observed  in the  liver  and  kidney tissues of artesunate  and  cisplatin  treated  groups.  Thus, we
concluded  that  A.  herba  alba  extract  exhibited  promising  potential antitumor  efficacy with  greater  safety
than  artesunate  and  the  commercially  used anticancer  drug  cisplatin  in mice.

© 2019  Sociedade Brasileira  de  Farmacognosia.  Published by Elsevier  Editora Ltda.  This  is  an open
access article  under  the  CC BY-NC-ND license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Although there are many commercially available drugs to treat
cancer, almost all of these drugs threaten human life through their
side effects. Almost all anti-cancer drugs cause immunosuppres-
sion, anemia, fatigue, hair loss, infertility, digestive disorders such
as nausea, vomiting and diarrhea as well as organ damage such as
renal toxicity caused by  cisplatin and heart toxicity caused by dox-
orubicin and idarubicin (Groopman and Itri, 1999; King and Perry,
2001; de Jonge and Verweij, 2006; Gibson and Keefe, 2006; Brydøy
et al., 2007; Elad et al., 2010; Cramp and Byron-Daniel, 2012; Shaikh
and Shih, 2012; Can et al., 2013).

Artesunate, a  water-soluble semisynthetic derivative of
artemisinin (the main active ingredient in Artemisia annua), is
widely used for the management and treatment of complex
malaria and also is highly effective against multi-drug resistant
strains of Plasmodium falciparum (Ittarat et al., 1999; Van Agtmael
et al., 1999). Moreover, artesunate has been shown to  have anti-
inflammatory effects in  rheumatoid arthritis, allergic anaphylaxis
and sepsis as well as antiviral activity against Herpes Viruses,

∗ Corresponding author.
E-mail: hananeey@sci.cu.edu.eg (H.R. Mohamed).

Hepatitis B and C viruses (Romero et al., 2005; Efferth et al., 2008;
Ho et al., 2014).

The  cytotoxic effect of artesunate against different human can-
cer cell lines such as colon cancer, leukemia and melanoma cells
has been proven as well as artesunate has exerted promising thera-
peutic efficacy against ovarian cancer, hepatoma, pancreatic cancer
and esophageal cancer both in vitro and in vivo experimental mod-
els (Efferth et al., 2001; Hou et al., 2008; Chen et al., 2009; Du et al.,
2010; Liu et al., 2015). However, several studies have been reported
numerous toxic side effects of artesunate on  various organs includ-
ing brain (Genovese et al., 2000; Nontprasert et al., 2002), stomach
(Eweka and Adjene, 2008) and testis (Izunya et al., 2010).

Therefore, there is ongoing research on new anticancer drugs
with no or  less side effects compared to the used anticancer
drugs. Nowadays, there is  growing research interest in  assessing
the antitumor potential of natural extracts and their derivatives
due to lower toxicity and higher safety compared to  the currently
used anticancer drugs (Greenwell and Rahman, 2015). The Aster-
aceae family includes many aromatic and medicinal plants such
as Artemisia, Santolina, Centuria, Chrysanthemum etc. The Artemisia
genus belongs to the Anthemidae tribe that is one of the Asteraceae
family and contains more than three hundred species of  grasses
and shrubs (Dob and Benabdelkader, 2006).
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creativecommons.org/licenses/by-nc-nd/4.0/).
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Artemisia herba alba Asso, Asteraceae, has a  common Arabic
name Sheeh or desert wormwood. It grows in deserts and steppes
in the Middle East, Spain and North Africa as well as in the North-
western Himalayas and has been used by many cultures in  folk
medicine many years ago for the treatment of diabetes, hair loss,
fever, diarrhea, vomiting, bronchitis, gastrointestinal tract distur-
bances, and muscular pains (Vernin et al., 1995; Iriadam et al., 2006;
Almasad et al., 2007; Tahraoui et al., 2007; Boudjelal et al., 2013).
Moreover, A. herba alba has exerted potent antibacterial, antispas-
modic, antifungal and vaso-relaxant activities due to  its chemical
constituents including essential oils (largely sesquiterpenes and
monoterpenoids), flavonoids, phenolic compounds and waxes (Kim
et al., 2004; Saleh et al., 2006; Abou El-Hamd et al., 2010; Skiker
et al., 2010).

Recently, A. herba alba has shown a  strong cytotoxic activity
against various human cancer cell lines including human colon can-
cer cell, laryngeal carcinoma, bladder carcinoma and myelogenous
leukemia by  reducing cell viability, DNA destruction and apopto-
sis induction in cancer cells. On the contrary, no cytotoxicity was
achieved by the extract in the normal peripheral blood mononu-
clear cells that confirming the safety of A. herba alba extract to  the
normal cells (Lupidi et al., 2011; Khlifi et al., 2013; Tilaoui et al.,
2015).

However, limited data are available on the antitumor activity of
A. herba alba extract in in vivo animal models that forced us to eval-
uate the antitumor activity and safety of A. herba alba crude extract
compared the semisynthetic drug artesunate and the commercially
used drug Cisplatin in Ehrlich solid carcinoma bearing mice.

Materials and methods

Chemicals

Artesunate  drug was purchased from the Shanghai-Sudan Phar-
maceutical Company, Ltd. Khatoum North, Sudan while Cisplatin
was purchased in  the form of colorless, clear solution in  amber vials
under the trade name of Unistin (KUP-United Douglas Pharm., USA,
Pharmaceutical CO.) and each vial (50 ml)  contains 50 mg  cisplatin.

Plant material and preparation of Artemisia herba alba extract

Artemisia  herba alba Asso, Asteraceae, recently known as
Seriphidium herba-alba, was collected from South Sinia (Saint
Catherine), Egypt in June 2014 and a voucher specimen has been
deposited in  the herbarium of St. Katherine protectorate, Egypt
with voucher specimen number SH-1101.

To prepare the A. herba alba crude extract, about 200 g of the
dried Artemisia material was soaked in  a flask containing one liter
of 70% ethanol for two days with frequent agitation at room temper-
ature. The mixture was then, filtered to discard any solid material
using filter papers and the filtrate extract were then concentrated
using a water path at 70 ◦C for 3 h,  let to cool down and the crude
extract was finally collected and saved at −4 ◦C temperature for
later treatment.

Animals

Six  to eight-week-old female BALB/c mice were used and were
obtained from the National Cancer Institute (NCI) animal house
Unit. The mice were left for one week before the experiments began
to adapt with the animal house conditions under normal dark/light
cycle and were supplied diets and water ad libitum. Animals han-
dling and experiments conducted in  this study were approved by
the Institutional Animal Care and Use Committee at Faculty of Sci-

ence,  Cairo University (CU-IACUC) Egypt with approval number
CU/I/S/11/16.

Ehrlich solid carcinoma induction

Ehrlich Solid Carcinoma (ESC) was  induced into forty female
mice using Ehrlich Ascites Carcinoma (EAC) cells that purchased
from the NCI (Cairo, Egypt) and obtained from the ascitic fluid of
female mice bearing EAC. On  day zero about 2.5 × 106 viable EAC
cells present in  0.2  ml of diluted ascitic fluid (1:10) with saline was
injected intramuscularly in  the left thigh of each mouse to induce
solid tumors (Perry, 2008).

Treatment  schedule

Once  the solid tumor formed and appeared on the 14 day of  EAC
cells injection; mice were randomly divided into four groups, ten
mice per group: the first one is  the negative control group (Group 1)
that was  orally administered deionized distilled, and the remaining
three groups (Groups 2-4) were treated with cisplatin (5 mg/kg b.w
i.p.), artesunate (300 mg/kg b.w p.o.) or A. herba-alba crude extract
(300 mg/kg b.w p.o.), respectively, daily for five of ten consecutive
days.

Body weight and tumor size and weight

After tumor implantation, tumor size and mice weights were
measured three times at the 15, 20 and 25 day of EAC inoculation.
Tumor size was  measured using Vernier caliper while tumor weight
was estimated using the formula:

Tumor  weight(mg)  = Length(mm) × (width(mm))2/2.

Collection of organs

Mice  were euthanized using isoflurane (1–4%), sacrificed by
decapitation and dissected after either 5 or 10 days of the first
treatment. Liver, kidney, and tumor tissues were collected for sub-
sequent analyses. One-half of the tumors and the vital organs were
fixed in 10% formalin for histopathological analysis while the other
half were stored in  sterilized Eppendorfs at −80 ◦C for later molec-
ular assays.

Detection of DNA damage induction

The level of DNA damage was  measured in tumor tissues only
using alkaline comet assay (Tice et al., 2000). Briefly: a  10 �l  of the
clear cell suspension was  mixed with low melting agarose (0.5%)
and spread on a slide coated with normal melting agarose (1%).
Slides were left for gel solidification and then incubated in cold
lysis buffer for 24 h in darkness. The denaturized un-winded DNA
was electrophoresed in  a  fresh alkaline buffer for 30 min at 25 V
and 300 mA,  neutralized, fixed in  100% cold ethanol and stored at
room temperature until they were scored. Before imaging, slides
were stained with ethidium bromide and 50 comet cells per animal
were analyzed using a  TriTek CometScore

TM
Freeware v1.5 scoring

software. Tail length in  px, %DNA in tail and tail moment were used
as indicators for DNA damage.

Mutation  screening using SSCP-PCR analysis

Single strand conformational polymorphism-polymerase chain
reaction (SSCP-PCR) analysis was  conducted in the tumor tissue
to screen mutation in  the p53 (exon 5) and K-ras (exon 1) genes.
Whole genomic DNA was  first extracted from tumor tissues using
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Zymo Research Genomic DNA
TM

–Tissue Mini-prep kits and the
desired exons were amplified using the primer sequences listed
in Table S1 in Supplementary material previously designed by
Gutierrez et al. (1992) and Watanabe et al. (1999). Finally the denat-
urated PCR products were electrophoresed in 20% polyacrylamide
gel at 90 V, stained with ethidium bromide and photographed using
UV trans-illuminator (Stratagene, USA).

Measuring the expression of p53 and K-ras genes

The expression levels of p53 and K-ras genes were measured
in tumor tissues using Real Time Polymerase Chain Reaction (RT-
PCR). Whole RNA was extracted according to the instructions of
Gene JET RNA Purification Kit  (Thermo scientific, USA) and then
converted into complementary DNA (cDNA) using Revert Aid First
Strand cDNA Synthesis Kit (Thermo scientific, USA). Quantitative
SYBR green-based real time polymerase chain reaction (RT-PCR)
was conducted using the 7500 Fast system (Applied Biosystem
7500, Clini lab, Egypt) using the same primers sequences listed in
Table S1. Expression levels of the tested genes were normalized
using the housekeeping gene � actin gene and quantified using the
comparative Ct (DDCt) method.

Histological examination

Portions  of tumor, kidney and liver tissues were collected and
fixed in  10% neutral buffered Formalin, processed and embedded in
Paraffin wax, sectioned at 4 �m and stained with Hematoxylin and
Eosin. Sections were photographed and examined by  specialized
Histopathologist.

Laddered DNA fragmentation assay

Apoptotic DNA fragmentation was estimated in  the tumor, liver
and kidney tissues based on the Sriram et al. (2010) protocol. Briefly,
small piece of tissues was gently homogenized and lysed in Tris
EDTA buffer. Genomic DNA was extracted and electrophoresed in
1% agarose gel at 70 V, visualized using a  UV trans-illuminator and
photographed.

Statistical analysis

Results  were analyzed using Statistical Package of the Social
Sciences (SPSS 23). Two-way analysis of variance (ANOVA) was
choesn to study the effect of the treatment type, experimental time
and their interaction on all the studied parameters. Duncan’stest
was utilized to examine the similarities among all the experimen-
tal groups. Independent t-test was executed to compare between
the experimental times. Regression analysis and correlation coeffi-
cient analysis were applied to study the relationships between the
studied variables. Data were expressed as a  mean ±  standard error
(SEM).

Results

Body weight and tumor size and weight

The results summarized in  Table 1 showed that the oral admin-
istration of A. herba alba extract at the dose level of 300 mg/kg
resulted in  statistically significant reductions in  the body and tumor
weight (p <  0.001) after 5 and 10 days of the first administration as
was the case with cisplatin and artesunate treatments compared
with the negative control levels. On the other hand, a statistically
significant decrease in tumor size  was observed only after 10 days
of A. herba alba extract administration similar to those observed in

artesunate and cisplatin treated groups compared to  the negative
control value (Table 1). Moreover, two  way analysis of variance
(ANOVA) revealed that body weight as well as  tumor size  and
weight are highly affected by the experimental time (5  and 10 days)
and treatment type.

DNA  damage in tumor tissue

Results  of the comet assay showed that oral administration of  A.
herba alba extract caused dramatic damage to the genomic DNA of
the tumor tissue as revealed by the observed statistical significant
elevations in tail length, %DNA in tail and tail moment (p <  0.001)
at the two  time intervals even higher than the DNA damage caused
by cisplatin or artesunate treatment compared with the negative
control group (Table 2). Examples for the observed comet nuclei in
negative control and different treated groups were shown in Fig. 1.
Furthermore, tail length, %DNA in tail and tail moment are  signifi-
cantly affected by the experimental time and type of treatment as
revealed by results of two  way ANOVA analysis. This was further
confirmed by the results of regression analysis that confirmed the
moderate negative correlations between tail moment and tumor
size (r  =  −0.51) at the two sampling times but the moderate neg-
ative correlation (r  =  −0.45) was  shown between tail moment and
tumor weight only after 10 days of the first treatment as shown in
Fig. S1 provided in the Supplementary material.

SSCP-PCR analysis

The  results of SSCP-PCR analysis showed that oral adminis-
tration of A. herba alba extract (300 mg/kg b.w) for five and ten
consecutive days did not result in any mutation in  the p53 and K-
ras genes of the tumor tissue where the patterns of the exons 5
and 1 of p53 and K-ras genes, respectively, were identical to that of
the negative control group (Fig. S2 in the supplementary material).
Similarly, the pattern of p53 exon 5 and K-ras exon 1 of artesunate
and cisplatin groups at the two time intervals five and ten days was
identical to  that of the negative control group as shown in  Fig. S2 .

P53 and K-ras expression in tumor tissue

The expression level of p53 gene was highly elevated (p <  0.001)
in tumor tissue after oral administration of A. herba alba extract
(300 mg/kg b.w) for five and ten consecutive days compared with
the negative control value and even higher than the elevations
observed in  cisplatin and artesunate groups as shown in Fig. 2.
Strong negative correlations between the p53 expression level and
tumor size (r = −0.81) after 5 days and (r = −0.90) after 10 days were
shown by regression analysis curves as well as strong negative cor-
relations between tumor weight and expression level of  p53 gene
was indicated only after 10 days of the first treatment as  shown in
Fig. S3 in the Supplementary material.

On contrary, oral administration of A. herba alba extract for
five and ten consecutive days resulted in  significant decreases in
the expression level of K-ras gene compared with its level in the
negative control group and even lower than the reduced K-ras
expression level in artesunate and cisplatin treated groups (Fig. 2).
Strong positive correlations were found between the expression
level of K-ras gene and tumor size (r  =  +0.99) at the two intervals
and tumor weight (r  =  +0.86) after 5 days and (r  =  +0.98) after 10
days as shown in  regression analysis curve (Fig. S4 in  the Supple-
mentary material). Moreover, variations in the expression level of
either p53 or K-ras genes were highly dependent on the experi-
mental time and treatment types as shown from two  way ANOVA
analysis.
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Table  1
Effect  of treatment and experimental time as well as their interaction on  the body weight, tumor size and tumor weight. Data is represented as mean ± standard error of
mean  (SEM).

Parameter Group
Experimental time (days) Two-ways (ANOVA)

5 10 Treatment Time Interaction

Body weight (g)

Negative  control 27.40 ± 1.52A 26.20 ± 2.49A

F  = 20.21,
p <  0.001

F =  67.25,
p < 0.001

F  = 3.97,
p < 0.05

Cisplatin 24.96 ± 0.11B 20.00 ± 2.12aB

Artusunate 24.92 ± 0.22B 19.40 ± 1.34aB

Artemisia 24.94 ± 0.22B 20.80 ± 1.92aB

Tumor size (mm2)

Negative control 0.15 ± 0.04A 0.97 ±  0.30aA

F  =23.57,
p  <  0.001

F ± 96.66,
p < 0.001

F  ± 20.88,
p < 0.001

Cisplatin 0.13 ± 0.05A 0.36 ±  0.07B

Artusunate 0.11 ± 0.02A 0.27 ±  0.09aB

Artemisia 0.11 ± 0.03A 0.31 ±  0.11aB

Tumor weight (�g)

Negative  control 10.16 ± 2.89A 283.48 ± 33.34aA

F  = 215.28,
p <  0.001

F ± 740.61,
p < 0.001

F  ± 202.52,
p < 0.001

Cisplatin 6.02 ± 1.82B 54.55 ± 4.72aB

Artusunate 5.94 ± 1.73B 52.20 ± 8.62aB

Artemisia 6.75 ± 2.97B 62.92 ± 14.79aB

In each column, the mean values marked with the same superscript letter are similar (insignificant, p >  0.05) whereas those with different ones are significantly differed
(p < 0.05).
p > 0.05: insignificant, p <  0.05, p <  0.01 and p <  0.001: significant effect at � =  0.05, 0.01 and 0.001, respectively.

a Represent significant differences (p < 0.05) in comparison to  the corresponding group after 5 days.

Table 2
Effect  of treatment and experimental time as well as their interaction on the studied comet parameters. Data is  represented as mean ± standard error of mean (SEM).

Comet parameter Group
Experimental  time (days) Two-ways (ANOVA)

5 10 Treatment Time Interaction

Tail length (�m)

Negative control 4.39 ±  0.55A 3.53 ± 1.97aA

F = 17.20,
p <  0.001

F  ± 83.20,
p <  0.001

F  ± 13.48,
p <  0.001

Cisplatin 2.40 ± 0.39B 6.44 ± 2.31aB

Artusunate 2.28 ±  0.99B 8.68 ± 2.90aB

Artemisia 6.77 ±  1.80C 7.92 ± 1.56B

%DNA in tail

Negative control 3.38 ±  0.72A 5.34 ± 2.22aA

F = 479.28,
p <  0.001

F  = 44.43,
p <  0.001

F  = 8.00,
p <  0.001

Cisplatin 7.37 ±  1.61B 8.64 ± 2.82B

Artusunate 6.02 ± 0.67AB 7.79 ± 2.61B

Artemisia 38.84 ± 5.18C 49.28 ± 1.33aC

Tail moment

Negative control 0.17 ± 0.06A 0.59 ± 0.50aA

F = 62.85,
p <  0.001

F  = 75.94,
p <  0.001

F  = 18.83,
p <  0.001

Cis-platin 0.27 ± 0.10A 1.25 ± 0.30aB

Artusunate 0.13 ± 0.05A 1.24 ± 0.36aB

Artemisia 3.74 ±  1.07B 4.28 ± 0.89 C

In each column, the mean values marked with the same superscript letter are similar (insignificant, p >  0.05) whereas those with different ones are significantly differed
(p < 0.05).
p > 0.05: insignificant, p  <  0.05, p  <  0.01 and p <  0.001: significant effect at �  = 0.05, 0.01 and 0.001, respectively.

a Represent significant differences (p < 0.05) in comparison to  the corresponding group after 5 days.

Fig. 1. Representative photos for the observed comet nuclei in the negative control and the three treated groups showing undamaged (A) and damaged (B) comet nuclei
with various DNA damage degree. C: control undamaged nuclei; d: damaged nuclei.

Histological examination

Tumor  tissues

Histological examination of the tumor tissue sections of the
untreated control mice have shown EAC cells infiltration into
the dermal layer of the thigh and well developed solid tumors
with criteria of malignancy including pleomorphism, anaplasia,
hyperchromasia and frequent atypical mitotic figures with mus-
cle necrosis at the two experimental intervals 5 and 10 days
(Fig. 3a,b). However, oral administration of A. herba alba at

the  dose level 300 mg/kg resulted in  apoptosis and necrosis of
tumor cells after 5 as well as massive mononuclear cells infil-
tration with higher apoptotic and necrotic tumor areas were
observed after 10 days of the first administration as shown in
Fig. 3g,h.

Likewise apoptotic tumor cells and necrotic tumor area with
mononuclear cells infiltrations were observed in  the sections of
tumor tissues obtained from cisplatin (5 mg/kg) (Fig. 3c,d) and arte-
sunate (300 mg/kg) (Fig. 3e,f) treated mice at the two  time intervals
5 and 10 days of the first treatment.
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Fig. 2. The expression levels of p53 and K-ras genes in tumor tissues of the negative control and the three treated groups. Left: Charts showing the fold change in the expression
of  p53 and K-ras genes �-actin gene for standardization. Results are expressed as mean ± Standard Error (S.E). Two ways ANOVA was used to  compare between the four
groups and different letters indicated statistical significant difference. D: days. Right: Pattern of the RT-PCR products of p53, k-ras and Beta-actin genes electrophoresed on
agarose  gel stained with ethidium bromide.

Liver tissues

Histological examinations of the liver tissues sections have
shown necrosis of most of hepatocytes of the liver obtained from
the negative control mice with evidence of metastasis as shown in
Fig. 4a. On  contrary, no evidence of metastasis was  observed in the
liver tissue sections of mice treated with cisplatin, artesunate or
A. herba alba but heavy infiltration of mononuclear inflammatory
cells was found between the swelled and degenerated hepato-
cytes of liver tissues of cisplatin injected mice (Fig. 4b). Similarly,
degenerative changes of some hepatocytes with vacuolation and
necrosis of others were observed in the liver sections of artesunate
treated mice (Fig. 4c) as well as diffusely neuroses hepatocytes with
pyknotic nuclei and faint cytoplasm was seen in  the liver sections
of A. herba alba treated mice (Fig. 4d).

Kidney tissues

As  shown in  Fig. 4a  kidney section of mice from negative con-
trol group showing vacuolation of glomerular epithelium and renal
epithelium with evidence of metastasis. On the other hand, no evi-
dence of metastasis was seen in the kidney sections of cisplatin,
artesunate and A. herba alba groups. However, vacuolar degenera-
tion of glomerular epithelium and renal epithelium were observed
in the kidney of cisplatin group (Fig. 4b) and massive necrosis and
atrophy of renal tubules were seen in the kidney section of arte-
sunate group (Fig. 4c) but only congestion of the interstitial blood
vessel was reported in  the kidney section of A. herba alba group
(Fig. 4d).

Laddered DNA fragmentation

As  seen in Fig. 5 the oral administration of A. herba alba
extract resulted in  a  dramatic degradation of the tumor genomic
DNA after 5 and 10 days of the first administration, as demon-
strated by  the observed smeared pattern of DNA electrophoresed
on agarose as in the case of artesunate and cisplatin groups.

On  the other hand, oral administration of A. herba alba caused
slight fragmentation of the genomic DNA of liver and kidney tis-
sues as shown from the less fragmentized DNA compared to the
highly degraded DNA in cisplatin and artesunate treated groups
(Fig. 5).

Discussion

Although chemotherapy is  a  successful treatment against
diverse forms of cancer either alone or in combination with radio-
therapy or/and surgery, all these therapeutic drugs almost cause
many side effects that prompt scientists to  seek new anticancer
drugs that selectively kill cancer cells without affecting normal
cells. As a  result, in recent years, the interest in the use of natu-
ral extracts and their derivatives has increased in  the prevention
and treatment of cancer. Many natural products have been found
to have potential anticancer effects both in vitro and in vivo.  There-
fore, this study was  conducted to  evaluate the safety and antitumor
activity of the A. herba alba crude extract compared to the semisyn-
thetic drug artesunate as an attempt to be used as an anticancer
drug with few or  no side effects.

In the current study Ehrlich Solid Carcinoma bearing mice was
used as in vivo experimental animal model for tumor because
Ehrlich ascites carcinoma (EAC) cells, the most commonly used
tumors cells, are highly undifferentiated and have a rapid growth
rate that making them extremely sensitive to  chemotherapy like-
wise human tumors (Ozaslan et al., 2011).

The results of physical monitoring revealed the potential effi-
cacy of orally administered A. herba alba extract in  the treatment
of solid carcinoma, as manifested by the observed significant
decreases in the body weight, tumor size and tumor weight during
the experimental period as in the case of artesunate administration
even reached their values in  cisplatin treated group (positive con-
trol) (Table 2). Consequently, our results confirmed the previously
demonstrated cytotoxic effects of A. herba alba extract in differ-
ent human cancer cell lines (Lupidi et al., 2011; Khlifi et al., 2013;
Tilaoui et al., 2015).
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Fig. 3. Histopathological examination of solid tumors from negative control tumor bearing mice (a-b); cisplatin (5 mg/kg) treated mice (c-d); artesunate (300 mg/kg) treated
mice  (e-f) and Artemisia herba-alba (300 mg/kg) treated mice (g-h) sacrificed after 5 and 10 days of the first treatment (H&E X400). T:  tumor; m: muscle; AT: apoptotic tumor
cell;  N: necrosis and MI:  mononuclear cells infiltration.

Various mechanisms have been proposed for the antitumor effi-
cacy of A. herba alba extract including reduced cell viability and
induction of DNA damage and apoptosis (Lupidi et al., 2011; Khlifi
et al., 2013). Our finding of significant increases in  tail length,
%DNA in tail and tail moment shown in Table 2 confirmed the
damage of tumor cell DNA by A. herba alba extract administration
even higher than those resulting from artesunate administration
through the accumulative induction of single and double DNA
stranded breaks during the experimental period as the alkaline
comet assay detected both single and double stranded DNA breaks
(Tice et al., 2000).

This  accumulative induction of single and double stranded DNA
breaks represent a  stimulus for apoptotic DNA damage induction
and thus triggered apoptosis of tumor cells (Lips and Kaina, 2001;

Tounekti  et al., 2001). Double stranded DNA breaks are one of
the most serious and lethal DNA damage types as a  single double
stranded DNA breaks is sufficient to disturb cell genomic integrity
or kill it (Jackson and Bartek, 2009) as well as these breaks act as
signals for activation of the tumor suppressor p53 gene thereby
mediate apoptosis (Bartkova et al., 2006; Di Micco et al., 2006).
Therefore, the induction of apoptotic DNA damage in tumor tissue
by A. herba alba extract was  manifested by the smeared pattern
of tumor genomic DNA on agarose gel and can be attributed to
the induced concurrent significant elevations in  the p53 expres-
sion levels and significant decreases in  the expression level of
proto-oncogene K-ras by oral administration of A. herba alba and
artesunate even better those induced by cisplatin in consistence
with the study of Lupidi et al. (2011).
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Fig. 4. Histological examination of liver and kidney tissues of negative control tumor bearing mice (a); cisplatin (5 mg/kg) treated mice (b); artesunate (300 mg/kg) treated mice
(c)  and Artemisia herba-alba (300 mg/kg) treated mice (d) sacrificed after 10 days of the first  treatment (H&E X400). NM:  Necrotic hepatocyte with evidence of metastasis;
V:  Vacuolation; M: Mestastasis; SW:  Swollen hepatocyte; DH: Degenerated hepatocyte; MM:  Massive mononuclear cells infiltration; DG: Degenerated glomerulus; DR:
Degenerated renal epithelium; N: Necrosis; DV: Degenerated vacuolated hepatocyte; MNA: Massive necrosis and atrophy and CB: Congested blood vessel.

The demonstrated upregulation in the expression of p53 gene
inhibited the expression of proto-oncogene K-ras gene as well as
1,8-cineole, an essential oil of A. herba alba has been shown to
highly decrease the tumor promoter Transforming growth factor-
beta (TGF-�1) thereby suppressed the proliferation of tumor cells
(Moding et al., 2016; Abdallah et al., 2019).

Mutation screening using SSCP-PCR analysis revealed the
absence of mutation in both p53 and K-ras genes thus the fore-
mentioned variations in the expression of both p53 and K-ras genes

did  not  depend on sequence variation rather depended on signals
such as the induced DNA strand breaks by oral administration of
Artemisia extract or artesunate likewise cisplatin.

Apoptosis of tumor tissues was  further confirmed by the appear-
ance of apoptotic tumor cells during the experimental period in  the
tumor sections of mice administered A. herba alba or artesunate.
Necrosis of tumor cells observed after 5 and 10 days of A. herba alba
indicated the death of tumor cells since apoptotic bodies in the
absence of phagocytes lose their integrity and undergo secondary
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Fig. 5. Pattern of the genomic DNA extracted from the tumor, liver and kidney tissues at  the two  time intervals: 5 and 10 days on agarose gel (1%) stained with ethidium
bromide. cont: negative control; Cis:  Cisplatin: Art:  artesunate and AE: Aremisia extract groups.

or apoptotic necrosis releasing inflammatory contents into the sur-
rounding tissues (Schwartz and Bennett, 1995; Fink and Cookson,
2005).

The inflammatory mononuclear cells infiltrations seen in the
tumor sections of mice administered A. herba alba or artesunate
confirmed the previously reported inflammations and reactive
oxygen species (ROS) generations by  Artemisia crude extract and
artesunate (Du et al., 2010; Lupidi et al., 2011). Increased the ROS
production causes oxidative damage to  cellular macromolecules

including proteins, lipids and even DNA resulting in  diverse kinds
of oxidative damage e.g.  single base and sugar phosphate damage,
as well as strand breaks (Bjelland and Seeberg, 2003; Cadet et al.,
2003; Dizdaroglu, 2003).

Regarding the safety of A. herba alba no evidence of metastasis
was observed in  the liver and kidney tissue sections of mice bearing
tumor after 10 days of Artemisia extract first administration like-
wise artesunate and cisplatin as well as slight histological injuries
including congested renal blood vessel and necrotic hepatocytes
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only were observed in  Artemisia group compared with the high his-
tological injuries observed in artesunate and cisplatin group. These
results are  in  consistence with previous studies that reported the
safety of A. herba abla extract on normal cells in vitro (Lupidi et al.,
2011; Khlifi et al., 2013).

Conclusion

Artemisia  herba alba has a potential antitumor activity against
induced solid tumors in mice by  induction of single and double
stranded DNA breaks that act as signals for p53 mediated apoptosis
in tumor tissues likewise artesunate. However, A. herba alba has
shown a  greater safety to liver and kidney tissues compared with
artesunate and cisplatin. Therefore, further studies are required to
test possible uses of A. herba alba as anticancer drug.

Ethical disclosures

Protection of human and animal subjects. The authors declare
that the procedures followed were in accordance with the regula-
tions of the relevant clinical research ethics committee and with
those of the Code of Ethics of the World Medical Association (Dec-
laration of Helsinki).

Confidentiality of data. The authors declare that no patient data
appear in this article.

Right  to privacy and informed consent. The authors declare that
no patient data appear in  this article.

Authors’ contributions

HM  and A-EF designed, executed experimental work, performed
data analyses and wrote the manuscript. HM revised the final
manuscript.

Conflict of interest

All  authors declared no conflict of interest.

Acknowledgement

All thanks and appreciation for Cairo University Faculty of sci-
ences for providing us with the required chemicals and devices to
perform this study.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.bjp.
2019.06.007.

References

Abdallah, H.M.I., Abdel-Rahman, R.F., El Awdan, S.A., Allam, R.M., El-Mosallamy,
A.E.M.K.,  Selim, M.S., Mohamed, S.S., Arbid, M.S., Farrag, A.H., 2019. Protective
effect  of some natural products against chemotherapy-induced toxicity in rats.
Heliyon 5,  e01590.

Abou  El-Hamd, H.M., El-Sayed, M.A., Hegazy, M.E., Helaly, S.E., Esmail, A.M.,
Mohamed,  N.S., 2010. Chemical constituents and biological activities of
Artemisia  herba-alba. Rec. Nat. Prod. 4, 1–25.

Almasad, M.M., Qazan, W.S., Daradka, H., 2007. Reproductive toxic effects of
Artemisia herba-alba ingestion in  female Spague–Dawley rats. Pak. J.  Biol. Sci.
10,  3158–3161.

Bartkova, J., Rezaei, N., Liontos, M., Karakaidos, P.,  Kletsas, D., Issaeva, N., Vassiliou,
L.V.,  Kolettas, E., Niforou, K., Zoumpourlis, V.C., 2006. Oncogene induced senes-
cence is part  of the tumorigenesis barrier imposed by DNA damage checkpoints.
Nature  444, 633–637.

Bjelland, S.,  Seeberg, E., 2003. Mutagenicity, toxicity and repair of DNA  base damage
induced by oxidation. Mutat. Res. 531, 37–80.

Boudjelal, A.C., Henchiri, M.,  Sari, D., Sarri, N., Hendel, A., Benkhaled, A., Ruberto,
G.,  2013. Herbalists and wild medicinal plants in M’Sila (North Algeria): an
ethnopharmacology survey. J. Ethnopharmacol. 148, 395–402.

Brydøy,  M.,  Fosså, S.D., Dahl, O., Bjøro, T., 2007. Gonadal dysfunction and fertility
problems  in cancer survivors. Acta Oncol. 46, 480–489.

Cadet, J., Douki, T., Gasparutto, D., Ravanat, J.L.,  2003. Oxidative damage to DNA:
formation,  measurement and biochemical features. Mutat. Res. 531, 5–23.

Can, G., Demir, M., Erol, O., Aydiner, A., 2013. A comparison of men and women’s
experiences  of chemotherapy-induced alopecia. Eur. J. Oncol. Nurs. 17, 255–260.

Chen,  T., Li, M., Zhang, R., Wang, H., 2009. Dihydroartemisinin induces apoptosis and
sensitizes human ovarian cancer cells to carboplatin therapy. J. Cell.  Mol. Med.
13,  1358–1370.

Cramp, F., Byron-Daniel, J., 2012. Exercise for the management of cancer-related
fatigue  in adults. Cochrane Database Syst. Rev. 11, CD006145.

de  Jonge, M.J., Verweij, J., 2006. Renal toxicities of chemotherapy. Semin. Oncol. 33,
68–73.

Di Micco, R.,  Fumagalli, M., Cicalese, A., Piccinin, S., Gasparini, P.,  Luise, C.,  Schurra, C.,
Garre, M., Nuciforo, P.G., Bensimon, A., 2006. Oncogene-induced senescence is  a
DNA damage response triggered by DNA hyper replication. Nature 444, 638–642.

Dizdaroglu, M.,  2003.  Substrate specificities and excision kinetics of  DNA glycosy-
lases involved in base-excision repair of oxidative DNA damage. Mutat. Res. 531,
109–126.

Dob, T., Benabdelkader, T., 2006. Chemical composition of the essential oil of
Artemisia herba-alba Asso grown in Algeria. J. Essent. Oil Res. 6,  685–686.

Du, J.-H., Zhang, H.-D., Ma, Z.-J., Ji, K.-M., 2010. Artesunate induces oncosis-like cell
death in vitro and has antitumor activity against pancreatic cancer xenografts in
vivo. Cancer Chemother. Pharmacol. 65, 895–902.

Efferth, T., Dunstan, H., Sauerbrey, A., 2001. The anti-malarial artesunate is  also active
against cancer. Int. J. Oncol. 18, 767–773.

Efferth, T., Romero, M.R., Wolf, D.G., Stamminger, T., Marin, J.J., Marschall, M.,
2008. The antiviral activities of artemisinin and artesunate. Clin. Infect. Dis. 47,
804–811.

Elad,  S., Zadik, Y.,  Hewson, I., Hovan, A., Correa, M.E., Logan, R.,  Elting, L.S., Spijkervet,
F.K., Brennan, M.T., 2010. A systematic review of viral infections associated with
oral involvement in cancer patients: a spotlight on Herpes viridea. Support. Care
Cancer 18, 993–1006.

Eweka,  A.O., Adjene, J.O., 2008. Histological studies of the effects of oral adminis-
tration  of artesunate on  the stomach of adult wistar rats. Internet J.  Health 7,
1–7.

Fink, S.L., Cookson, B.T., 2005. Minireview: apoptosis, pyroptosis, and necrosis:
mechanistic description of dead and dying eukaryotic cells. Infect. Immun. 73,
1907–1916.

Genovese,  R.F., Newman, B.D., Brewer, T.G., 2000. Behavioral and neural toxicity of
the artemisinin antimalaria arteether, but not artesunate and artelinate in rats.
Pharmacol. Biochem. Behav. 67, 37–44.

Gibson, R.J., Keefe, D.M., 2006. Cancer chemotherapy-induced diarrhoea and consti-
pation: mechanisms of damage and prevention strategies. Support. Care Cancer
14, 890–900.

Greenwell, M., Rahman, P.K.S.M., 2015. Medicinal plants: their use in anticancer
treatment.  Int. J. Pharm. Sci. Res. 6, 4103–4112.

Groopman, J.E., Itri, L.M., 1999. Chemotherapy-induced anemia in adults: incidence
and  treatment. J.  Natl. Cancer Inst. Monographs 91, 1616–1634.

Gutierrez,  M.I., Bhatia, K., Siwarski, D., Wolff, L., Magrath, I.T., Mushinski, J.F.,  Huppi,
K., 1992. Infrequent p53 mutation in mouse tumors with deregulated myc. Can-
cer Res. 52, 1032–1035.

Ho,  W.E., Peh, H.Y., Chan, T.K., Wong, W.S., 2014. Artemisinins: pharmacological
actions  beyond anti-malarial. Pharmacol. Ther. 142, 126–139.

Hou,  J., Wang, D., Zhang, R., 2008. Experimental therapy of  hepatoma with
artemisinin  and its  derivatives: in  vitro and in vivo activity, chemosensitization,
and  mechanisms of action. Clin. Cancer Res. 14, 5519–5530.

Iriadam,  M.,  Musa, D., Gümühan, H., Baba, F., 2006. Effects of two Turkish medicinal
plants Artemisia herba-alba and Teucrium polium on blood glucose levels and
other  biochemical parameters in rabbits. J. Cell Mol. Biol. 5, 19–24.

Ittarat, W.,  Udomsangpeth, R.,  Chotivanich, K.T., Looareesuwan, S., 1999. The effects
of quinine and artesunate treatment on  plasma tumor necrosis factor Levels in
malaria infected patients. Southeast Asian J. Trop. Med. Public Health 30, 7–10.

Izunya, A.M., Nwaopara, A.O., Aigbiremolen, A., Oaikhena, G.A., 2010. Body and tes-
ticular weight changes in adult wistar rats following oral  administration of
artesunate. Res. J.  Appl. Sci. Eng. Technol 2,  302–306.

Jackson, S.P., Bartek, J., 2009. The DNA-damage response in human biology and
disease.  Nature 461, 1071–1078.

Khlifi,  D., Sghaier, R.M., Amouri, S.,  Laouini, D., Hamdi, M.,  Bouajila, J., 2013. Composi-
tion and anti-oxidant, anti-cancer and anti-inflammatory activities of Artemisia
herba-alba,  Ruta chalpensis L.  and Peganum harmala L. Food Chem. Toxicol. 55,
202–208.

Kim,  T.H., Ito, H., Hatano, T., Taniguchi, S.,  Khennouf, S., Yoshida, T., 2004. Chemical
constituents of Artemisia herba-alba Asso. Nat. Med. 58, 165.

King,  P.D., Perry, M.C., 2001. Hepatotoxicity of chemotherapy. Oncologist 6, 162–176.
Lips, J., Kaina, B., 2001.  DNA double-stranded breaks triggered apoptosis in p53

deficient  fibroblast. Carcinogen 22, 579e585.
Liu, L., Zuo, L.-F., Zuo, J., Wang, J., 2015. Artesunate induces apoptosis and inhibits

growth of Eca109 and Ec9706 human esophageal cancer cell lines in vitro and
in  vivo. Mol. Med. Rep. 12, 1465–1472.



772 H.R. Mohamed et al. /  Revista Brasileira de Farmacognosia 29 (2019) 763–772

Lupidi,  G., Bramucci, M.,  Quassinti, L., Fornari, E.,  Avenali, L., Khalife, H.,
Gali-Muhtasib,  H., 2011. Antiproliferative activities of Artemisia herba-alba
ethanolic  extract in human colon cancer cell line (HCT116). Alt. Med. Stud. 1,
55–59.

Moding, E.J., Min,  H.D., Castle, K.D., Ali,  M.,  Woodlief, L., Williams, N., Ma,  Y., Kim,
Y., Lee, C.-L., Kirsch, D.G., 2016. An  extra copy of p53 suppresses development
of  spontaneous Kras-driven but not radiation-induced cancer. JCI Insight 1,
e86698.

Nontprasert, A., Pukrittayakamee, S.,  Dondorp, A.M., Clemens, R., Looareesuwan, S.,
White, N.J.,  2002. Neuropathologic toxicity of artemisinin derivatives in a mouse
model. Am.  J. Trop. Med. Hyg. 67, 423–429.

Ozaslan, M., Karagoz, I.D., Kılıç , I.H., Guldur, M.E., 2011. Ehrlich ascites carcinoma.
African  J.  Biotech. 10, 2375–2378.

Perry,  M.J., 2008. The  Chemotherapy Source Book. Wolters Kluwer Health/Lippincott
Williams and Wilkins, Philadelphia.

Romero, M.R., Efferth, T., Serrano, M.A., Castano, B., Macias, R.I.,  Briz, O., Marin, J.J.,
2005. Effect of artemisinin/artesunate as inhibitors of hepatitis B virus produc-
tion  in an in vitro replicative system. Antiviral Res. 68, 75–83.

Saleh,  M.A., Belal, M.H., el-Baroty, G., 2006. Fungicidal activity of Artemisia herba-alba
Asso (Asteraceae). J. Environ. Sci. Health B 41, 237–244.

Schwartz, S.M., Bennett, M.R., 1995. Death by any other name. Am. J.  Pathol. 147,
229–234.

Shaikh, A.Y., Shih, J.A., 2012. Chemotherapy-induced cardiotoxicity. Curr. Heart Fail-
ure Rep. 9, 117–127.

Skiker,  M.,  Mekhfi, H., Aziz, M.,  Haloui, B., Lahlou, S.,  Legssyer, A., Bnouham, M.,  Ziyyat,
A., 2010. Artemisia herba-alba Asso relaxes the rat aorta through activation of
NO/cGMP  pathway and K (ATP) channels. J. Smooth Mus. Res. 46, 165–174.

Sriram,  M.I., Kanth, S.B., Kalishwaralal, K., Gurunathan, S., 2010. Antitu-mor activ-
ity of silver nanoparticles in Dalton’s lymphoma ascites tumor model. Int. J.
Nanomedicine. 5, 753–762.

Tahraoui,  A., El-Hilaly, J., Israili, Z.H., Lyoussi, B., 2007. Ethnopharmacological
survey of plants used in the traditional treatment of hypertension and dia-
betes in South-Eastern Morocco (Errachidia province). J.  Ethanopharmacol. 110,
105–117.

Tice, R.R., Agurell, E.,  Anderson, V., Burlinson, B., Hartmann, A., Kobayashi, H.,
Miyamae, Y.,  Rojas, E., Ryu, J.C., Sasaki, Y.F., 2000. Single cell gel/comet assay:
guidelines  for in vitro and in  vivo genetic toxicology testing. Environ. Mol. Muta-
gen.  35, 206e221.

Tilaoui, M., Mouse, A.H., Jaafari, A., Zyad, A., 2015. Comparative phytochemical
analysis  of essential oils from different biological parts of Artemisia herba
alba  and their cytotoxic effect on cancer cells. PLoS One  10, e0131799,
http://dx.doi.org/10.1371/journal.pone.0131799.

Tounekti, O., Kenani, A., Foray, N., Orlowski, S.,  Mir, L.M., 2001. The ratio of single-
to  double-strand DNA breaks and their absolute values determine cell death
pathway.  Br. J.  Canc. 84, 1272–1279.

Van Agtmael, M.A., Cheng-Qi, S., Qing, J.X., Mull, R., Van Boxtel, C.J., 1999. Multiple
dose  pharmacokinetics of artemether in Chinese patients with uncomplicated
falciparum  malaria. Int. J. Antimicrob. Agent 12, 151–158.

Vernin, G., Merad, O., Vernin, G.M.F., Zamkotsian, R.M., Párkányi, C., 1995. GC-MS
analysis  of Artemisia herba alba Asso essential oils from Algeria. Develop. Food
Sci.  37, 147–205.

Watanabe, H., Shimokado, K., Asahara, T., Dohi, K., Niwa, O., 1999. Analysis of  the
c-myc, K-ras and p53 genes in methylcholanthrene-induced mouse sarcomas.
Jpn.  J.  Canc. Res. 90, 40–47.


