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ABSTRACT

Aim: The current research was designed to evaluate the biological and antioxidant
activities of Chrysanthemum coronarium.

Methodology: Two main experiments were designed to evaluate the biological activity of
ethanolic extract Chrysanthemum coronarium first one concerned with hepatoprotective
activity at concentrations of 200 and 400mg/kg, the second experiment was established
to study the effect of the same doses on male fertility.

Results: Our results revealed that; total extract of C. coronarium and their four fractions
(diethyl ether, chloroform, ethyl acetate and n-butanol) showed antioxidant activity, in
which the highest activity achieved with ethyl acetate fraction. In biological evaluation C.
coronarium at dose of 400mg/kg showed hepatoprotective activity, also it showed
significant improvement of the relative weight of reproductive organs, sperm count, sperm
motility, total sperm abnormality, testosterone and LH.

Conclusion: The results suggest that C. coronarium has a significant hepatoprotective
activity and improve fertility at 400mg/kg.

Keywords: Chrysanthemum coronarium; antioxidant; hepatoprotective activity; sex
hormones.
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1. INTRODUCTION

Chrysanthemum coronarium L. (Garland) is an annual herbaceous weed from the
Asteraceae family native to the Mediterranean regions [1]. Phytochemical investigations of
some members of the genus Chrysanthemum have revealed the presence of several
odoriferous principles (cis-chrysanthenyl acetate, trans-chrysanthenyl acetate, a-pinene) and
phenolic components (mainly quinic acid derivatives) [2]. Previous analyses of the essential
oil of C. coronarium have indicated different compositional patterns owing to the origin and
genotype. For example, the main components of the essential oil from Spanish specimens
were camphor (29.2%), a-pinene (14.8%), lyratyl acetate (9.8%) [3]. In addition to its
aromatic composition, C. coronarium known to be a rich source of phenolic components with
a variety of biological activities [4]. Three quinic acid derivatives (chlorogenic acid, 3,5-
dicaffeoylquinic acid and 4-succinyl-3,5-dicaffeoylquinic acid) with antioxidant activities in a
comparative study on the phenolic constituents of C. morifolium and C. coronarium [2],
chlorogenic acid, 1,5-dicaffeoylquinic acid, 1,3-dicaffeoylquinic acid, 3,5-dicaffeoylquinic acid
and 4- succinyl-3,5-dicaffeoylquinic acid) were identified from C. coronarium [5]. HPLC-
PDA-MS analysis allowed the identification of chlorogenic acid di-cafeoylquinic acids
isomers, rutin, luteolin, luteolin-7-O-glucoside, myricetin-3-O-galactoside and tricin [6].

2. MATERIALS AND METHODS
2.1 Plant Material

Chrysanthemum coronarium was collected from Sidi Barani, North Western Coast, Egypt
during spring (2009). The collected plant material was air-dried in shade, reduced to fine
powder and kept dry for further studies.

2.2 Extraction

One kg of the dried powder of C. coronarium (aerial parts) was extracted by percolation in
70% aqueous ethanol (2011, pharmacognosy lab. Salman Bin Abdulaziz University,
KSA)and this process repeated three times. Total ethanol extract was concentrated under
reduced pressure at a temperature not exceeding 40°C to yield a dry extract of 145g. 50g of
total ethanol extract was suspended in distilled water and extracted successively with diethyl
ether, chloroform, ethyl acetate and n-butanol to give diethyl ether, chloroform, ethyl acetate
and n-butanol fractions, respectively. Each fraction was dried over anhydrous sodium sulfate
and the solvent was distilled off and kept at -4C for further studies.

2.3 Antioxidant Activity

Antioxidant activity of total extract, diethyl ether, chloroform, ethyl acetate and n-butanol
extracts was measured using 2-2-diphenyl-1-picrylhydrazyl (DPPH) and Trolox (2.5mM in
methanol) as a reference substance. The presence of antioxidative substances in the assay
leads to the reductive decoloration of the DPPH radical depending on the content of
antioxidative substances 50ul of the sample was adjusted to 1mL with 50% methanol and
then added to 1mL of DPPH reagent (7.5mg in 50mL of methanol). After 30min. in the dark
at room temperature, the absorbance was measured against a blank at 515nm. The blank
was a solution where 500uL of Trolox and 500uL of methanol reacted with 1mL of DPPH
reagent to obtain the complete decoloration of that radical. For the calibration curve 0.5-3mM
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of Trolox in 1mL of methanol was used and results were expressed as Trolox equivalent
antioxidant capacity (TEAC) [7].

Percent (%) inhibition of DPPH activity = A-B 100

Where A is the optical density of the blank and B is the optical density of the sample.
2.4 Acute Toxicity Experiment

Albino mice were divided into control and test groups (6 animals each). Control group received
the vehicle (3% Tween 80) while the test groups got graded doses (1000-4000mg/kg) of C.
coronarium ethanol extract orally and were observed for mortality till 48h.The dose selection
for the ethanol extract of C. coronariumwas based on the acute toxicity study, which did not
show any adverse effect following oral administration of doses up to 4000mg/kg. Accordingly,
experimental oral doses of 200 and 400mg/kg that equal to one-twentieth and one-tenth of the
maximum possible dose of the extract that did not cause mortalities in mice.

2.5 Sub-chronic Toxicity

Eighteen male Wistar albino rats were randomly divided into 3 groups of 6 anlmals The 1*

group was kept as control (5mL/kg of 3% Tween 80), while 2" and 3" groups were
administered the ethanol extract of C. coronariumin doses of 200 and 400mg/kg, respectively.
All medications were administered orally with the aid of an orogastric cannula for 35
consecutive days. Rats were maintained under identical conditions with food and water ad
libitum for the entire period with close observation. At the end of the experimental period, blood
samples (2mL) were drawn by puncturing retro-orbital venous sinus of each rat (under ether
anesthesia) and centrifuged at 10000 rpm for 5min. Sera were separated to be used for the
biochemical estimations.

2.6 Experimental Induction of Hepatic Damage

CCl,was dissolved in corn oil in the ratio 1:1 v/v. Liver damage was induced in rats following
subcutaneous (SC) injection of CCl, in the lower abdomen at a dose of 3mL/kg [9].

2.7 Hepatoprotective Activity

Twenty-four male W|star albino rats were randomly divided into four groups of six animals,
each. Rats of the 1* (normal control) and 2" (CCl4-intoxicated control) groups received the
vehicle in a dose of 5mL/kg. The 3™ and4™ groups were treated with the ethanol extract of C.
coronarium in doses of 200 and 400mg/kg, respectively. All medications were administered
orally by gastric intubation for 7 consecutive days. Two h after the last dose, normal control
rats were given a single dose of corn oil (3mL/kg, SC), while animals of the 2" gt groups
received a single dose of CCl, (3mL/kg, SC). After 24h of corn oil and CCl, injections, blood
samples from each rat (2mL) was withdrawn by puncturing their retro-orbital plexus of veins,
collected in previously labeled centrifuging tubes, and allowed to clot for 30min at room
temperature. Serum was separated by centrifugation at 20000 rpm for 5min.
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2.8 Measurement of Liver and Kidney Function Markers

Liver functions were evaluated by measuring the serum activity of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) [10]. The serum concentrations of TB [11], TP [12]
and Alb [13] were estimated. Serum levels of urea [14] and creatinine [15] were determined
colorimetrically as measures of kidney functions.

2.9 Effect on Male Fertility

A total number of 18 male Wistar rats were divided into 3 groups of 6 animals each. The
tested extract was given to the rats by gavage daily for 65 consecutive days. This
administration period is necessary to determine the effect of the tested extracts on sperm
production because the rats need a period of 65 days for the exact spermatogenic cycle [16].
Group |: Control rats received 0.5ml/day of the vehicle, i.e., Tween 80 in equivalent amount
of normal saline. Groups Il and Il Rats were treated with C. coronariumat 200 and
400mg/kg, respectively.

2.10 Sample Collection

The animals were weighed and sacrificed under light ether anesthesia, 24h after last dose of
the treatment. Blood samples were collected by cardiac puncture into centrifuge tubes and
left to clot for 10min at room temperature. The tubes were centrifuged at 3000g for 5min and
the sera were separated, stored frozen and used within 12h of preparation for the estimation
of circulatory levels of hormones, namely, testosterone [17], prolactin [18], follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) [19].

2.11 Body and Relative Organ Weight Measurements

Initial and final body weights of the animals were recorded. The animals were dissected and
testes, epididymis, seminal vesicle and ventral prostate were excised, cleared of adhering fat
and connective tissue. Testes, seminal vesicle and ventral prostate were weighed to the
nearest milligram on a digital electric balance. Organ weights were reported as relative
weights (organ weight/body weightx100).

2.12 Sperm Characteristic Analysis

Right caudal epididymis was finely minced by anatomical scissors in 1mL of isotonic saline
in a Petri dish. It was completely squashed by a tweezers for 2min, and then allowed to
incubate at room temperature for 4h to provide the migration of all spermatozoa from
epididymal tissue to fluid. The epididymal sperm concentration was determined with a
hemocytometer using a modified method [20].

The percentage of forward progressive sperm motility was evaluated using a light
microscope with heated stage [21]. The left cauda epididymis from each animal was incised
and a very small droplet of epididymal fluid obtained with a pipette was dropped on the slide.
Several drops of Tris buffer solution [0.3M Tris (hydroxymethyl) aminomethane, 0.027M
glucose, 0.1M citric acid] were added to the epididymal fluid and mixed by a cover-slip. The
percentage of forward progressive sperm motility was evaluated visually at
400xmagnification. Motility estimates were performed from three different fields in each
sample. The means of the three successive estimations were used as the final motility score.

2620



Annual Research & Review in Biology, 4(16): 2617-2627, 2014

A sperm viability test was done by the method described by World Health Organization [22]
and spermabnormality [23].

2.13 Statistical Analysis

The values were expressed as meant standard error of six observations in each group. All
groups were subjected to one-way analysis of variance (ANOVA), which was followed by
Bonferoni’'s test to determine the intergroup variability by using SPSS ver. 14.0. We took a
P-value of <0.05 as our desired level of significance.

3. RESULTS AND DISCUSSION
3.1 Antioxidant Activity

Antioxidant activity was measured by the DPPH assay, by using this method, we can do
many samples in a short period and it is sensitive to determine active components at low
concentrations [24]. The scavenging activity of crude extract and different fractions (diethyl
ether, chloroform, ethyl acetate and n-butanol extracts) were determined as shown in
Table 1. The highest activity was observed in the ethyl acetate extract (49.45%) followed by
the chloroform and total extracts (36.4 % and 34.85 % respectively). The butanol and diethyl
ether extracts showed the lowest antioxidant activity (24.50% and 14.50% respectively).
Rutin and apigenin showed antioxidant activity which appeared in inhibition of oxidation of
beta-carotene and lipid peroxidation by the ammonium thiocyanate method. Methoxylated
flavonoids exhibited a lesser antioxidant activity [25]. From previous studies C. coronarium
was found to contain rutin, luteolin, luteolin-7-O-glucoside [6]. The antioxidant activity of C.
coronarium may be due to the high flavonoid contents, in which rutin showed strong DPPH
radical scavenging activity, at the concentration of 0.05 mg/ml, rutin also had inhibition of
lipid peroxidation [26].

3.2 Acute Toxicity Experiment

All mice treated with different doses (1000-4000mg/kg) of C. coronarium extract survived
during the 48h of observation. The animals did not show visible signs of acute toxicity.

3.3 Sub-chronic Toxicity Experiment

No significant changes were detected in the biochemical parameters of rats after 35 days of
treatment with C. coronarium extract. Oral administration of the tested extract in doses of 200
and 400mg/kg to rats for 35 days did not show any significant effect on the levels of ALT, AST,
TB, TP, Alb Table 2, also no significant changes were observed in urea and creatinine (data
not shown) as compared to control animals.

3.4 Hepatoprotective Activity

SC injection of CCl, to rats showed significant elevation of liver marker enzymes (ALT, AST) in
their serum after 24h of intoxication. The level of TB in the serum of CCl,-intoxicated control
was also significantly increased when compared to the normal control group. Administration of
C. coronarium (400mg/kg) once daily for 7 days prior to CCl;, exhibited a significant
hepatoprotective activity, resulting in reduction in the elevated serum activities of liver marker
enzymes Table 3.and level of TB when compared to CCls-intoxicated rats. This
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hepatoprotective activity may be due to the anti-oxidant activity and flavonoid contents of C.
coronarium [6], in which rutin was able to prevent the CCls-induced rise in serum enzymes,
rutin also prevented the CC4-induced prolongation in pentobarbital sleeping time confirming its
hepatoprotective activity [27].

3.5 Effect on Body and Relative Reproductive Organs Weights

The body weight of animals treated with C. coronarium in doses of 200 and 400mg/kg for 65
days did not change, indicating that the general metabolic conditions of the animals were
within the normal range. Administration of the ethanol extracts of C. coronarium (400 to the
rats for 65 days caused a significant increase in the relative weights of the testes, seminal
vesicles and ventral prostate compared with the controls Table 4. The weights of the
accessory sex organs require continuous androgenic stimulation for their normal growth and
functions. Therefore, the increased weight of the sex organs could be attributed to the
increased levels of serum LH and testosterone by C. coronarium.

3.6 Serum Hormone Levels

FSH, LH and testosterone are prime regulators of germ cell development. The quantitative
production of spermatozoa generally requires the presence of FSH, LH and testosterone.
FSH acts directly on the seminiferous tubules, whereas LH stimulates spermatogenesis
indirectly via testosterone [28]. The effect of C. coronarium on serum hormone profile in
male rats as shown in Table 5. The means of serum testosterone and LH levels of rats
treated with C. coronarium (400mg/kg) for 65 days significantly increased compared with the
controls. In fact, LH binds to Leydig cells and increases cAMP, which increases protein
secretion and the side-chain cleavage of cholesterol, as well as other likely steps, to
increase steroidogenesis and the production of testosterone and other androgens. In
addition, the deficiency of LH and FSH prevents the gonads from either producing sperms or
sufficient quality of testosterone [29].

The serum levels of prolactin and FSH did not reveal any significant change in all treated
groups when compared with their control counterparts.

3.7 Epididymal Sperm Characteristics

The effects of 200 and 400mg/kg of C. coronarium extracts on sperm counts, motility,
viability and abnormalities are shown in Table 6.

3.8 Epididymal Sperm Count

In Table 6, daily administration of C. coronarium (400mg/kg) extract to rats for 65 days
significantly increased the means of epididymal sperm counts (73.76+2.15x10° sperm/mL,
compared with its control group (65.85+2.68x10° sperm/mL). Testosterone in humans or and
rostenedione in animals are synthesized in the Leydig cells under the influence of LH [30].
Thus, increased testosterone level is responsible for the increased sperm counts noted in C.
coronarium (400mg/kg) treated group when compared with the control.
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Table 1. Antioxidant activity of  C. coronarium extract and their four fractions

Different extract Inhibition % TEAC
Total extract 34.85+2.15 0.92+0.06
Diethyl extract 14.50+1.2 0.54+0. 02
Chloroform extract 36.30+1.4 0.98+£0.03
Ethyl acetate extract 49.45+1.45 1.65+0.4
Butanol extract 24.50+2.4 1.29+0.02

TEAC: Trolox equivalent antioxidant capacity

Table 2. Sub-chronic effect of oral administration of ethanolic extract of C. coronarium
for 35 days on the serum activity of ALT and AST an  d serum levels of total bilirubin,
total protein and albumin in rats, (n=6)

Groups ALT AST T. bilirubin T. protein Albumin
(UL (UL (mgdL™  (gdL™ (gdL™

Control 68.63+3.15 141.1245.83 1.39+0.06 8.1+0.24 3.4+0.11

C. coronarium 66.54+2.60 142.44+3.20 1.40+0.07 7.9+0.31 3.4+0.10

(200mg/kg)

C. coronarium 63.78+2.79 143.25+4.21 1.46+0.08 7.8+0.36 3.6+0.12

(400mg/kg)

AST: aspartate aminotransferase and ALT: alanine aminotransferase

Table 3. Effect of the ethanolic extract of  C. coronarium on the serum activity of ALT
and AST and serum levels of total bilirubin, total protein and albumin in rats with CCl 4
induced-hepatotoxicity

Groups ALT (UL AST (UL™) T.bilirubin  T.protein  Albumin
(mg dL ™) (@dL™ (@dL™)
Normal Control 68.0+2.11* 140.5+4.18*  1.24+0.06* 8.47+0.39* 3.65+0.18*

CClg-intoxicated 357.4+11.5 462.5+12.7 3.7+0.18 5.5+0.27 2.4+0.15
Control

C. coronarium 302.5+7.5 411.5+10.3 3.440.16 5.8+0.22 2.610.11
(200mg/kg)
C. coronarium 238.848.9*  345.9+11.4* 3.0+0.16* 6.4+0.32*  2.9+0.12*
(400mg/kg)

The results are expressed as mean+S.E.M., n=6 rats/group.*, indicate significance compared to CCl,
group (p<0.05)

Table 4. Effect of oral administration of ethanolic extract of C. coronarium for 65 days
on weights of sexual organs of male rats, (n=6)

Groups Initial b.wt Final b.wt Weight of reproductive organs
(9) @) (9/100g b.wt)
Testes Seminal Ventral
(Pair) vesicles prostate
Control 216.847.34 234.6+x7.48 1.57+0.13 0.60+0.03 0.4440.02
C. coronarium 224.5+6.6 246.5+7.1 1.68 £0.11  0.64+0.02 0.47+0.02
(200mg/kg)
C. coronarium 232.4+7.11 250.8+7.52 2.16+0.15* 0.73+0.03* 0.53+0.03*
(400mg/kg)

*, indicate significance at (p<0.05)
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Table 5. Effect of oral administration of ethanolic extract of C. coronarium for 65 days
on plasma levels of reproductive hormones of male r ats, (n=6)

Groups Testosterone  Prolactin ~ FSH LH

(ng mL 'l) (ng mL 'l) (mlU mL'l) (mlU mL'l)
Control 4.45+0.23 0.72+0.04 7.32+0.22  0.62+0.04
C. coronarium (200mg/kg) 5.62+0.31 0.69+0.02 7.20+0.30  0.71+0.02
C. coronarium (400mg/kg) 7.52+0.37* 0.65+0.03 7.00+0.36  0.83+0.06*

*, indicate significance at (p< 0.05).

Table 6. Effect of oral administration of ethanolic extract of C. coronarium for 65 days
on semen characteristics of male rats, (n=6)

Groups Sperm count  Sperm Unstained (live)  Total sperm

(X 10%/mL) motility (%) sperms (%) abnormality (%)
Control 65.85+2.68 89.90+4.72 93.43+4.35 3.77+0.15
C. coronarium 68.45+2.1 91.44+3.2 93.44+4.45 3.72+014
(200mg/kg)
C. coronarium 73.76x£2.15* 94.68+4.86 93.52+4.73 3.23+0.14*
(400mg/kg)

* indicate significance at (p<0.05)
3.9 Sperm Motility

Oral administration of the total ethanol extract of C. coronarium (400mg/kg) for 65 days,
slightly increased sperm progressive motility compared with the control group. Seminal
vesicle secretes fructose, phosphorylcholine, ergothioneine and prostaglandins, these
chemical components of seminal fluid are responsible for enhancing motility of sperm;
hence, its increased secretion by the organ will lead to increased maotility [31].

3.10 Sperm Viability and Abnormalities

The sperm viability did not reveal any significant change in all treated group when compared
with their control group. The percentages of these abnormalities were significantly reduced
Table 6 in groups medicated with C. coronarium (400mg/kg) extract when compared to the
control group. This fertility promoting activity of C. coronarium may be related to its high anti-
oxidant and flavonoid content. From previous studiesanimals treated with 5mg/kg and
10mg/kg of rutin and naringin (flavonoids) have shown significant and dose dependent
reduction in malanoldehyde levels and increase in levels of antioxidant enzymes, super
oxide dismutase and Catalase when compared to control group animals. Sperm count,
motility, viability were also protected and normalized with rutin and naringin [32].

4. CONCLUSION
The results suggest that C. coronarium has a significant hepatoprotective activity and

promote fertility at conc. of 400mg/kg, also further studies needed to isolate the pure active
constituents which responsible for these activity.
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