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ABSTRACT

This study was conducted to evaluate the modulating efficacy of prolonged oral
administration of Foeniculum vulgare Mill. essential oil (FEO) against y-rays-
induced biochemical changes in rats. To achieve the ultimate goal of this study,
32 rats were used, divided into 4 groups. Control group, Irradiated group with a
single dose (6.5 Gy), and sacrificed after 7 days of irradiation, group 3 received
FEO (250 mg/kg b.wt) for 28 successive days by gavages and group 4 received
treatment of FEO for 21 days, then was exposed to y-rays (6.5Gy), followed by
treatment with FEO 7 days later to be 28 days. Animals were sacrificed at the
end of the experiment. Transaminases (AST, ALT), alkaline phosphatise (ALP)
and total bilirubin, lipids (cholesterol, triglycerides), proteins profile (total
protein, albumin, globulin, and A/G ratio) as well as levels of urea, creatinine
and testosterone were determined in serum. Rats exposed to y-rays exhibited a
profound elevation of AST, ALP, bilirubin, urea and creatinine levels and lipid
abnormalities. Noticeable drop in serum total protein, albumin and testosterone
levels were recorded. Rats treated with FEO before and after whole body y-rays
showed significant modulation in AST & ALT, ALP, bilirubin, urea, creatinine
and lipids and noticeable improvement in the protein profile levels. It could be
concluded that FEO has a beneficial protective potentials against radiation-
induced some oxidative stress and biochemical perturbations.
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INTRODUCTION

Exposure to ionizing radiation causes many health hazardous effects.
Such exposure produces biochemical lesions that initiate a series of
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physiological symptoms. Reactive oxygen species (ROS) such as superoxide
(0y), hydroxyl radical (OH’) and hydrogen peroxide (H,O,) created in the
aqueous medium of living cells during irradiation cause lipid peroxidation in
cell membrane and damage to cellular activities leading to a number of
physiological disorders situation and dysfunction of cells and tissues & 2.
lonizing radiation passing through living tissues generates free radical that can
induce DNA damage. The damaging effects of ionizing radiation on DNA lead
to cell death and are associated with an increased risk of cancer ©.

Many plants sources, natural occurring antioxidant compounds have
been identified as free radical or reactive oxygen scavengers . Recently,
interest has increased considerably in natural occurring antioxidant for use in
foods or medicinal materials to replace synthetic antioxidants, which are being
restricted due to their side effects such as carcinogenicity ©. Natural
antioxidants can protect the human body from free radicals and retard the
progress of many chronic diseases as well as retard lipid oxidative rancidity in
foods © 7. Plant tissue is the main source of a-tochopherol, ascorbic acid,
caratenoids and phenolic compounds ®. Flavonoids and other plant phenols
have been reported to have multiple biological effects such as antioxidant
activity, anti-inflammatory action, inhibition of platelet aggregation and
antimicrobial activity %,

Fennel (Foeniculum vulgare Mill. family umbelliferae) is an annual,
biennial or perennial aromatic herb, depending on the variety, which has been
known since antiquity in Europe and Asia Minor. The dried, aromatic fruits are
widely employed in culinary preparations for flavoring bread and pastry, in
candies and in alcoholic liqueurs as well as in cosmetic and medicinal
preparations V. Trans-anethole (1-methoxy-4-(1-propenyl) benzene or para-
propenylanisole), fenchone and estragole are the most important volatile
components of Foeniculum vulgare volatile oil “* *. In traditional medicine
fennel and its herbal drug preparations are used for dyspeptic complaints such
as mild, spasmodic gastric intestinal complaints, bloating and flatulence “¥. The
medicinal use of fennel is largely due to antispasmodic, secretolytic,
secretomotor and antibacterial effects of its essential oil. Many investigators
have shown Foeniculum vulgare Mill. extracts and essential oil induced
hepatoprotective effects **; exhibited inhibitory effects against acute and
subacute inflammatory diseases, allergic reactions and showed a central
analgesic effect ™, produced antioxidant activities including the radical
scavenging effects, inhibition of hydrogen peroxides H,0, and Fe®* chelating
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activities ®”, have estrogenic activities, increase milk secretion, promote
menstruation, facilitate birth, alleviate the symptoms of the male climacteric,
and increase libido ®®. It also have properties for the prevention and therapy of
cancer * 2 antitumor activities in human prostate cancer Y, and antimicrobial
properities ®. Furthermore, fennel has a bronchodilatory effect @ as well as
immunomodulatory activities by enhancing natural killer cell functions, the
effectors of the innate immune response ®* 2. Another study showed that the
essential oil of Foeniculum vulgare beside other compounds has been used to
reduce oxidative stress in cardiovascular disease ®®. Singh et al. ¢” showed that
both volatile oil and extract showed strong antioxidant activity. Toda @
revealed that several aromatic herbs including Foeniculi fructus have inhibitory
effects on lipid peroxidation or protein oxidative modification by copper.
Tognolini et al. ®® stated that Foeniculum vulgare essential oil and its main
component anethole, demonstrate a safe antithrombotic activity that seems due
to their broad spectrum antiplatelets activity, clot destabilizing effect and vaso-
relaxant action.

In view of these considerations, the present study was carried out to
evaluate the possible protective effect of Foeniculum vulgare Mill. against
gamma irradiation induced some biochemical disorders.

MATERIALS AND METHODS
Experimental animals

Male Swiss albino rats (Sprague Dawely Strain), weighting 120-150 g,
were obtained from the Egyptian Organization for Biological Products and
Vaccines. They were kept for about 15 days, before the onset of the experiment,
under observation to exclude any intercurrent infection and to acclimatize the
laboratory conditions. The animals were kept in metal cages with good aerated
covers at normal atmospheric temperature (25+5°C) and at normal daily 12 hrs
dark/light cycles. They were fed commercial food pellets and provided with tap
water ad libitum.

Radiation processing

Whole body gamma irradiation performed with a Canadian gamma cell
40-Cesium-137 biological sources, belonging to the National Center for
Radiation Research and Technology (NCRRT), at Cairo, Egypt. The radiation
dose level was 6.5 Gy.
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Treatment

Fennel oil was purchased from local market (EL CAPTAIN
pharmaceutical Co.) it was supplied to certain groups of animals as a single
dose (250 mg/kg b.w.) according to Ozbek et al.** by intragastric gavages.

Experimental design

After an adaptation period of one week, the animals were divided into
four groups, each of 8 rats. Group 1: normal control group. Group 2: the
animals were subjected to a single dose of whole body gamma irradiation (6.5
Gy), and were sacrificed after 7 days of irradiation. Group 3: the animals were
received Foeniculum vulgare Mill. essential oil (FEO) (250 mg/kg b. wt) for 28
consecutive days, through oral administration by intra-gastric gavages. Group
4: the animals were received treatment of FEO for 21 days, then were exposed
to gamma radiation (6.5Gy), followed by treatment with FEO for 7 days later to
be 28 days as group 3. Rats were sacrificed after 7 days post-gamma irradiation.

Biochemical analysis

Serum AST & ALT were determined according to Reitman and
Frankel®® and serum ALP detected according to Belfield and Goldberg ©V.
Serum urea and creatinine were measured according to Fawcett and Scott ©?
and Schirmeister et al. ¥, respectively. Serum cholesterol and triglyceride were
estimated following the method of Richmond ©¥, Allian et al. ® and  Fossati
and Principe ©® respectively. Total protein, albumin and globulin were
determined according to Doumas et al. ", total billirubin were estimated
according to Balistreri and Shaw ©® and testosterone was measured using
enzyme immunoassay kit (Meddix Bioech Inc, 420 Lincoln Centre Drive,
Foster City, CA 94404, USA, Catalog Number: KEF4057).

Statistical analysis

Data were analyzed using one-way analysis of variance (ANOVA)
followed by LSD test to compare various groups with each others using PC-
STAT program (University of Georgia) coded followed method of Rao et
al.®®. Results were expressed as mean+ S.E. and values of P<0.05 and P<0.01
were considered significant and highly significant, respectively. F probability
expresses the general effect between groups.

RESULTS

The results represented in Table 1 revealed that, whole body gamma
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irradiation, at single dose (6.5 Gy), resulted in significant elevation in AST,
ALP, cholesterol and triglycerides recording percentage changes of 50.64%,
38.22%, 124.27% and 163.67% from the control level, respectively. However,
gamma irradiation produced no significant effect in ALT (5.17%) in comparison
with normal control. Administration of fennel oil showed insignificant changes
in these parameters when compared with control rats, recording a percentage
change of 1.01%, 3.58%, 2.57%, 6.53% and -3.16% from control level,
respectively. The supplementation of rats with fennel oil (250 mg/kg b.wt.) for
21 successive days before irradiation and 7 successive days after whole body
gamma irradiation induced significant amelioration in the levels of the above
mentioned parameters as compared with irradiated rats. These improvements
were manifested by modulating the increase in activities of AST, ALP,
cholesterol and triglycerides and recoded 2.53%, 3.96%, 71.17% and 39.29%,
when compared with irradiated group, respectively.

Table (1): Effect of Foeniculum vulgare essential oil (FEO) on serum AST, ALT,
ALP, cholesterol and triglycerides activities in different animal groups.

AST ALT ALP Cholesterol Triglycerides
Groups

uil uil uil mg/d| mg/d|
Control 50.5+ 1.63 27.1+ 049 167.4+ 3.59 41.7+1.27 44,9+ 1.72
Irradiated 76.1+1.34° | 28.5+0.50 231.4+ 460 93.4+1.38" 118.3+ 1.8"
% Change 50.64 5.17 38.22 124.27 163.67
Treated 51.0+ 1.35 28.0+0.52 172.0+3.34 444+ 1.4 43.5+1.43
% Change 1.01 3.58 2.75 6.53 -3.16
IRR+ FEO 51.8+1.10° | 25.7+0.95" 174.0+ 4.06* 71.3+ 1.13* 62.5+ 1.32**
% Change 1.53 -4.73 3.96 7117 39.29

The % change of control. Values are expressed as mean + S.E of 8 observations.

“Significant difference when comparing with the corresponding value of control rats.
*Significant difference when comparing with the corresponding value of irradiated rats.

The results represented in Table 2 revealed that whole body gamma
irradiation at single dose (6.5 Gy), resulted in a significant decrease in total
protein and albumin (P<0.001) recording percentage changes of -9.98%,
-16.76% of the control level respectively. However, gamma irradiation
produced no significant (P>0.05) effect in globulin (0.93%) and A/G ratio
(-4.79%) in comparison with normal control. The prolonged administration of
fennel oil for 28 consecutive days showed significant increase in total protein,
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globulin, significant decrease in A/G ratio and non-significant change in
albumin, when compared with control rats recording a percentage change of
10.16%, 31.16%, -26.35% and -3.18% of control level, respectively. Group
irradiated and treated with FEO induced significant amelioration in the levels of
total protein and albumin as compared with irradiated rats. These improvements
were manifested by modulating the decrease in activities of total protein and
albumin from -9.98% and -16.76% to 2.85 and -9.83% respectively. Moreover,
there was an increase in globulin level with a percentage change of 23.25% of
the control level.

Table (2): Effect of Foeniculum vulgare essential oil (FEO) on protein profile
activities in different animal groups.

Globulin Albumin T-proteins
Groups AJG ratio
(g/dl) (g/dl) [GIL))
Control 1.67+0.03 2.15%0.07 3.46% 0.06 5.61+ 0.15
Irradiated 1.59+ 0.05 2.17£0.08 2.88+0.11" 5.05+ 0.19"
% Change -4.79 0.93 -16.76 9.98-
Treated 1.23+0.03" 2.82+0.12" 3.35+ 0.073 6.18+0.20"
% Change -26.35 31.16 3.18- 10.16
IRR+FEO | 1.22+0.21% 2.65+0.10™ 3.12+0.05™ 5.77+0.14"
% Change -26.95 23.25 -9.83 2.85

Legends are as in Table 1.

A highly significant (P<0.01) increase in urea, creatinine, bilirubin and
a decrease in testosterone concentrations were observed after exposure to whole
body - irradiation (6.5 Gy), recording percentage changes of 46.01%, 57.86%,
23.38% and -23.25%, respectively. No appreciable changes were recorded in
serum urea (-6.47%), creatinine (6.45%) and bilirubin (1.41%) activities in rats
treated with FEO (250 mg/kg b.wt), while a highly significant (P<0.01) increase
in serum testosterone (66.75%) was observed. On the other hand, irradiated
animals which treated with FEO exhibited significant modulation in the levels
of urea, creatinine and total bilirubin and significant increases in the diminished
level of testosterone due to irradiation when compared with irradiated group. It
turned the value of urea, creatinine and bilirubin levels almost to their normal
values with percentage change of -2.10, 28.30% and -5.35% from control,
respectively, in addition to enhancement of testosterone level by 65%.
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Table (3): Effect of Foeniculum vulgare essential oil (FEO) on serum urea,
creatinine, bilirubin and testosterone activities in different animal

groups.

Urea Creatinine Bilirubin Testosterone
Groups
(mg/dl) (mg/dl) (mg/dl) (ng/ml)
Control 35.69+ 0.89 0.636+ 0.02 1.77+0.07 4.00+ 0.09
Irradiated | 52.11+1.46" 1.00+ 0.06" 2.19+ 0.07* 3.07£0.30"
% Change 46.01 57.86 23.38 -23.25
Treated 33.38+1.01 0.68+ 0.57 1.80+ 0.06 6.67+0.25"
% Change 6.47- 6.45 141 66.75
IRR+ FEO | 34.94+1.14* 0.82+ 1.60* 1.68+ 0.044" 6.60+ 0.09"
% Change -2.10 28.30 -5.35 65

Legends are as in Table 1.

DISCUSSION

In the present study, gamma irradiation (6.5 Gy) induced a significant
increase in the activities of AST and ALP and bilirubin concentration. This
increase is in agreement with the previous finding of Kafafy “® and Nada “Y.
The increase in serum aminotransferase activities by radiation may be due to the
damage of cellular membranes of hepatocytes, which in turn leads to an increase
in the permeability of cell membranes and facilitates the passage of cytoplasmic
enzymes outside the cells leading to the increase in the aminotransferase
activities in blood serum “?. Also, ionizing radiation enhanced lipid
peroxidation in cell membrane which contains fatty acids and excessive
production of free radicals; this in turn increases the cytoplasmic membrane
permeability to organic substances and causes leakage of cystosolic enzymes
such as AST and ALT “¥,

Free radical impairs liver functions and can be a major reason of
hormonal imbalance. This imbalance induces hyperlipidemia through its
multiple effects on lipid metabolism, including increased synthesis of
cholesterol, triglyceride “. In the present study, marked significant elevation
was observed in lipid (cholesterol, triglyceride) in irradiated rats. Our results are
in agreement with those of Markevich and Kolomiitseva “®, Zahran et al. “,
Abbady et al. “” and Nada “? who reported an increase of lipids in plasma level
of rats post irradiation. They attributed the hypercholesterolemia conditions to
the stimulation of cholesterol synthesis in the liver after gamma-irradiation.
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Moreover, Bok et al.“® contributed the irradiation-induced hypercholestero-
lemia to the increase of activation of HMG-CoA reductase enzyme, the key
regulatory enzyme in the reduction of the overall process of cholesterol
synthesis. The increase in cholesterol and triglycerides levels after exposure to
irradiation compared to control confirms previous reports which revealed that
whole body exposure to gamma radiation induces hyperlipidemia “* *°. They
reported that increased level of serum cholesterol fractions was probably due to
its release from tissues, destruction of cell membranes and increase rate of
cholesterol biosynthesis in the liver and other tissues. Also, the hyperlipidemic
state observed after irradiation could be attributed to the mobilization of fats
from the adipose tissues to the blood stream ®Y in addition to mitochondrial
dysfunction ©2.

The results obtained in this work showed that, there is significant
decrease in serum total proteins and albumin and non-significant effect for
globulin and albumin/globulin ratio. Saada ®® and Srinivasan et al. ®* suggested
that, the decrease in serum protein in irradiated rats might be the result of
damage of vital biological processes or due to changes in the permeability of
liver, kidney and other tissues resulting in leakage of protein especially albumin
via the kidney. This decrease coincides with the decrease in serum T-protein
reported by other workers in irradiated rats, which may be due to radiation
damage to the liver ®®. Roushdy et al. ®® and El-Kafif et al. “” suggested that
the decrease in protein in irradiated rats might be the result of either damage of
biological membranes or to changes in the permeability of the liver. Several
investigations indicated that exposure to radiation increases free radical activity.
The generation of free radicals is considered to be the primary cause of
damaging effects. Radiation induced lipid peroxidation reduce protein synthesis
and cause disturbances in the enzyme activity of the liver ®”. Albumin is the
most abundant circulatory protein and its synthesis is atypical function of
normal liver cells. Low levels of albumin have been reported in the serum of
patients and animals with hepatocellular cancer ®®. The fall in albumin levels
could probably contribute to the damage in the liver cells induced by irradiation.
In the present study, there were a decrease in contents of total proteins, albumin,
and total globulins in serum of rats irradiated with gamma-irradiation,
indicating liver injury ®*®. These results are in accordance with other studies
(Bhatia and Manda ®” who suggested that oxidative stress as a result of gamma-
irradiation is linked to the organ damage following exposure to ionizing
radiation.
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Kempner ©? explained that this decrease in proteins level may be due to
gamma-irradiation which can damage or inactivate proteins by two different
mechanisms. First, it can rupture the covalent bonds in target protein molecules
as a direct result of a photon depositing energy into the molecule. Second, it can
act indirectly, link with a water molecule, producing free radicals and other non-
radical reactive oxygen species that are in turn responsible for most (99.9%) of
the protein damage.

In the present study, plasma urea and creatinine levels, which are
considered as a markers of kidneys function were significantly elevated after
exposure the animals to y-irradiation indicating renal impairment ©%). They
attributed the increase in urea and creatinine concentrations after exposure of
rats to y-radiation to the interaction of irradiation with their sites of biosynthesis.
The significant increment in the concentration of serum urea in rats by gamma-
irradiation could be due to radiation-induced changes in amino acids
metabolism. The present results are in accordance with Abou-Safi and Ashry ©®
who suggested that the significant increase in serum urea was attributed to the
increase in glutamate dehydrogenase enzyme levels, which might increase
carbamyl phosphate synthetase activity leading to an increase in urea
concentration. Also, Kafafy @ concluded that the increase in urea could be an
indication for the elevation of protein catabolic rate.

In this study, a marked significant decrease in serum testosterone was
observed in irradiated rats. This result is in agreement with those of El-Dawy
and Ali ®® and SivaKumar et al. ® who reported a decrease in testosterone in
serum of irradiated rats. The testis consists of semineferous tubules, which form
the sperm and the interstitial leydig cells, which secret testosterone. The
function of the testis is controlled by the hypothalamic pituitary mechanism. In
the present study, the disturbed testosterone level might be attributed to
hypothalamic and pituitary gland dysfunction, which interferes with hormone
production. The decrease in male sex hormone (testosterone) might also be
attributed to the production of free radicals and increase of LPO in testis tissue
which attack the testicular parenchyma causing damage to the semineferous
tubules and leydig cells .

On the other hand, the present study revealed that long term
pretreatment of Foeniculum vulgare Mill. Essential oil (FEO) for 28 days to
irradiated animals; induced significant amelioration effects on the tested
parameters. It means that FEO has a physiologic antioxidant role. Essential oils,
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as natural sources of phenolic component attract investigators to evaluate their
activity as antioxidants or free radical scavengers. The essential oils of many
plants have proven radical-scavenging and antioxidant properties in the 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) radical assay at room temperature ™. The
phenolic compounds are very important plant constituents because of their
scavenging ability due to their hydroxyl groups 2.

Fennel essential oil has physiologic antioxidant activities including the
radical scavenging effect, inhibition of hydrogen peroxides H,O, and Fe
chelating activities where it can minimize free radical which initiate the chain
reactions of lipid peroxidation as mentioned ™ 2" The volatile oil contain
trans-anethole and cis-anethole. Anethole is the principal active component of
fennel seeds which exhibited anticancer activity 7. The anethole in fennel has
repeatedly been shown to reduce inflammation and prevent the occurrence of
cancer. Researchers have also proposed a biological mechanism that may
explain these anti-inflammatory and anticancer effects. This mechanism
involves the shutting down of an intercellular signaling system called tumor
necrosis factor or (TNF)-mediated signaling. By shutting down this signaling
process, the anethole in fennel prevents activation of a potentially strong gene-
altering and inflammation-triggering molecule called NF-kappaB, also the
volatile oil has been shown to be able to protect the liver of experimental
animals from toxic chemical injury ®, and these may explain the ameliorating
effect of FEO on transaminases and ALP induced by irradiation. Administration
of Foeniculum vulgare essential oil for 28 days attenuated the effect of gamma
radiation induced increase in transaminases (AST and ALT) and ALP as will as
cholesterol and triglyceride. These findings are in accordance with results of
Ozbek et al. ™, Kaneez et al. ™, Ozbek et al. " and Tognolini et al. ®® who
have reported that FEO has a potent hepatoprotective effect and antithrombotic
activity, clot destabilizing effect and vaso-relaxant action. Volatile components
of fennel seed extracts contain trans-anethole, fenchone, methylchavicol,
limonene, a-pinene, camphene, -pinene, B-myrcene, a-phellandrene, 3-carene,
camphore and cis-anethole ™. In accordance with our results, Ibrahim ' stated
that there were significant increases over the control in testosterone level in the
serum of rats treated with fennel oil. Also, Ibrahim ®® found that fennel oil
administration could ameliorate the destructive effect of cigarette smoke in rat
testis. The improvement effect of fennel oil on testicular function as indicated
by the testosterone may be attributed to the powerful active components of the
fennel oil > %),
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On the basis of the present observation it could be suggested that

Foeniculum vulgare Mill. essential oil which contains a mixture of bioactive
compounds could be of value to stimulate the body self defense mechanisms
against oxidative stress imply scavenging or neutralizing of free radicals,
oxygen quenching and making it less available for oxidative enzymes,
enhancement of antioxidant as well as radioactive properties in addition to
hepatoprotective, renoprotective and genital protective properties.

REFERENCES

1.

Cho, E.J, Yokozawa, T., Rhyu, D.Y., Kim, H.Y, Shibahara, N. and
Park, J. (2003): The inhibitory effects of 12 medicinal plants and their
component compounds on lipid peroxidation. Am. J. Chin. Med., 31(6):
907-917.

Spitz, D.R.; Azzam, E.l; Li,JJ.J. and Guis, D. (2004): Metabolic
oxidation/reduction reactions and cellular responses to ionizing
radiation: a unifying concept in stress response biology. Cancer and
Metastasis Rev., 23(3-4): 311-322.

Halliwell, B and Arouma, O.l. (1991): DNA damage by oxygen derived
specieces. Its mechanism and measurement in mammalian systems.
FEBS lett., 281(1-2): 9-19.

Duh, P. D. (1998): Antioxidant activity of burdock (Arctium lappa
Linne): Its scavenging effect on free radical and active oxygen. J. Am.
Oil Chemist’s Soc., 75: 455— 465.

Zheng, W. and Wang, S.Y. (2001): Antioxidant activity and phenolic
compounds in selected herbs. J. Agric. Food Chem., 49(11): 5165-5170.

Pryor, W. A. (1991): The antioxidant nutrient and disease prevention-
what do we know and what do we need to find out? Am. J. Clin. Nutr.,
53(1 Suppl): 391S-393S.

Kinsella, J.E.; Frankel, E.; German, B. and Kanner, J. (1993): Possible
mechanisms for the protective role of the antioxidants in wine and plant
foods. Food Technol., 47: 85-89.

Weinberg, Z.G.; Akiri, B.; Potoyevki, E. and Kaner, J. (1999):
Enhancement of polyphenol recovery from rosemary (Rosmarinus
Officinalis) and Sage (Salivia officinalis) by enzymes-assisted ensiling
(ENLAC). J. Agric. Food Chem., 47(7): 2959- 2962.



210

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011)

Bors, W. and Saran, M. (1987): Radical scavenging by flavonoid
antioxidants. Free. Radic. Res. Commun., 2 (4-6): 289- 294,

Moroney, M.A.; Alcaraz, M.J.; Forder, R. A.; Carey, F. and Hoult,
J.R.S. (1988): Selectivity of neutraphil 5- lipoxygenase and cyclo-
oxygenase inhibition by an anti-inflammatory flavonoid glycoside and
related flavonoids. J. Pharm. Pharmacol, 40(1): 787- 792.

Farrell, K.T. (1985): Spices, Condiments and Seasonings. AVI
publishing: Westport, CT, 106-109.

Parejo, I.; Viladomat, F.; Bastida, J.; Schmeda-Hirschmann, G.; Burillo,
J. and Codina, C. (2004): Bioguided isolation and identification of the
nonvolatile antioxidant compounds from fennel (Foeniculum vulgare
Mill.) waste. J. Agric. Food Chem., 52(7): 1890-7.

Tognolini, M.; Barocelli, E.; Ballabeni, V.; Bruni, R.; Bianchi, A.;
Chiavarini, M. and Impicciatore, M. (2006): Comparative screening of
plant essential oils: phenylpropanoid moiety as basic core for
antiplatelet activity. Life Sci., 78(13): 1419-1432.

Ozbek, H; Ugras S.; Dulger, H.; Bayram, 1.; Tuncer, 1. and Ozturk
Grand Oztiirk, A. (2003): Hepatoprotective effect of Foeniculum
vulgare essential oil. Fitotherapia., 74(3): 317-319.

Ozbek, H.; Ugas, S.; Bayram, L; Uygan, L; Erdogan, E.; Oztiirk, A. and
Huyut, O. (2004): Hepatoprotective effect of Foeniculum wvulgare
essential oil: A carbon tetrachloride induced liver fibrosis model in rats.
Scand. J. Lab. Anim. Sci., 31(1): 9-17.

Choi, E.M. and Hwang, J.K. (2004): Anti-inflammatory, analgesic and
antioxidant activities of the fruit of Foeniculum wvulgare.
Fitotherapia.,75(6): 557-65.

EL-SN. and Karakaya, S. (2004): Radical scavenging and iron-chelating
activities of some greens used as traditional dishes in Mediterranian
diet. Int. J. Food Sci. Nutr, 55(1): 67-74.

Albert-Puleo, M. (1980): Fennel and anise as estrogenic agents. J.
Ethnopharmacol., 2(4): 337- 44.

Aggarwal, B. B. and Shishodia, S. (2006): Molecular targets of dietary
agents for prevention and therapy of cancer. Biochem. Pharmacol.
71(10): 1397-421.



20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011) 211

Aggarwal, B.B.; Kunnumakkara, A.B.; Harikumar, K.B.; Tharakan,
S.T.; Sung, B. and Anand, P. (2008): Potential of spice-derived
phytochemicals for cancer prevention. Planta Med. 74(13): 1560-9.

Ng, SS. and Figg, W.D. (2003): Antitumor activity of herbal
supplement in human prostate cancer xenografts implanted in immuno-
deficient mice. Anticancer Res., 23(5A): 3585-90.

Soylu, E. M.; Soylu, S. and Kurt, S. (2006): Antimicrobial activation of
the essential oils of various plants against tomato late blight disease
agent phytophthora infestans. Mycopathalogic., 161(2): 119-28.

Boskabady, M. H.; Khatami, A. and Nazari, A. (2004): Possible
mechanism (s) of relaxant effects of Foeniculum vulgare on guinea pig
tracheal chains. Pharmazie., 59(7): 561-4.

Ibrahim, A. A. E. (2007): The immunomodulatory effect of fennel oil in
mainstream cigarette smoke exposed rats. Egyptian J. Med. Sci., 28(1):
163-186.

Ibrahim, A. A. E. (2007): Does fennel oil have the potentials against
apoptosis in testes of rats exposed to mainstream tobacco smoke?
Egyptian J. Med. Sci., 28(2): 767-783.

Cross, C. E.; Halliwell, B. and Borish, E. T.; Pryor, W. A.; Ames, B.
N.; Saul, R. L.; McCord, J. M. and Harman, D. (1987): Oxygen
radicals and human disease. Ann. Intern. Med., 107(4): 526-545.

Singh, G.; Maurya, S.; de-Lampasona, M. P. and Catalan, C. (2006):
Chemical constituents, antifungal and antioxidative potential of
Foeniculum vulgare volatile oil and its acetone extract. Food Control,
17(9): 745-752.

Toda, S. (2003): Inhibitory effects of aromatic herbs on lipid
peroxidation and protein oxidative modification by copper. Phytother.
Res., 17(5): 546-8.

Tognolini, M.; Ballabeni, V.; Bertoni, S.; Bruni, R.; Impicciatore, M.
and Barocelli, E. (2007): Protective effect of Foeniculum wvulgare
essential oil and enethole in an experimental moldel of thrombosis.
Pharmacol. Res., 56(3): 254-60.

Reitman, S. and Frankel, S. (1957): A colorimetric method
determination of serum GOT (glutamic oxalacetic transaminase) GPT
(glutamic pyruvic transaminase) activity. Am. J. Clin. Path., 28(10): 56-
63.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Aggarwal%20BB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kunnumakkara%20AB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Harikumar%20KB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tharakan%20ST%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tharakan%20ST%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tharakan%20ST%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sung%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Anand%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Planta%20Med.');
javascript:AL_get(this,%20'jour',%20'Phytother%20Res.');
javascript:AL_get(this,%20'jour',%20'Phytother%20Res.');
javascript:AL_get(this,%20'jour',%20'Phytother%20Res.');

212

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011)

Belfield, A. and Goldberg, D. M. (1971): Revised assay for serum
phenyl phosphatase activity using 4-amino-antipyrine. Enzyme., 12(5):
561-586.

Fawcett, J. K. and Scott, J. E. (1960): A rapid and precise method for
determination of urea. J. Clin. Path., 13: 56-159.

Schirmeister, J.; Willmann, H.; Kiefer, H. and Hallauer, W. (1964): For
and against the usefulness of endogenous creatinine clearance in
functional kidney diagnosis. Dtsch. Med. Worchenschr., 89: 1640-9.

Richmond, W. (1973): Preparation and properities of a cholesterol
oxidase from Nocardia sp. and its application to the enzymatic assay of
total cholesterol in serum. Clin. Chem., 19(12): 1350-1356.

Allian, C. C.; Poon, L. S.; Chan, C. S. G.; Richmond, W. and Fu, P. C.
(1974): Enzymatic determination of total serum cholesterol. Clin.
Chem., 20(4): 470-475.

Fossati, P. and Prencipe, L. (1982): Enzymatic colometric method for
determination of triglycerides on serum. Clin. Chem., 28: 2077-2080.

Doumas, B. T.; Watson, W. A. and Biggs, H. G. (1971): Albumin
standards and the measurement of serum albumin with bromcresol
green. J. Clin. Chem. Acta., 31(1): 87-89.

Balistreri, W. F. and Shaw, L. M. (1987): Liver function. In:
Fundamentals of Clinical Chemistry. Teitz, N. W. (ed.). 3rd ed. W. B.
Saunders company, Philadelphia, 729-760.

Rao, M.; Blane, K. and Zonnenberg, M. (1985): PC-STAT statistical
program. Univ. of Georgia.

Kafafy, Y. A. (2000): Protective effect of cysteine and vitamine E on
gamma irradiation injury in rats. Egypt. J. Rad. Sci. Applic., 13(2):17-
25.

Nada, A. S. (2008): Modulating efficacy of rosemary extracts in rats
exposed to oxidative stress. Egypt. J. Rad. Sci. Applic., 21(2): 499- 514.

Khamis, F. and Roushdy, H. M. (1991): Synergistic radio-protective
action of imidazole and serotonin on serum and liver enzymes in rats.
Arab. J. Sci. Applic., 24: 19-36.

Weiss, J. F. and Lander, M. R. (2003): Protection against ionizing
radiation by antioxidant nutrients and phytochemicals. Toxicol., 189(1-
2): 1-20.



44,

45,

46.

47.

48.

49.

50.

51.

52,

53.

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011) 213

Bowden, D. A.; McLean, P.; Steinmetz, A.; Fontana, D.; Matthys, C.;
Warnick, G. R.; Cheung, M.; Albers, J. and Hazzard. W. (1989):
Lipoprotein, apolipoprotein and lipolytic enzyme changes following
estrogen administration in post menopausal women. J. Lipid Res., 30:
1895-1906.

Markevich, L. N. and Kolomiitseva, I. K. (1994): Lipids from liver
microsomes and mitochonderia upon acute and chronic gamma
irradiation of rats. Biokhimiia Jull., 59(7): 1027-33.

Zahran, A. M.; Noaman, E.; Omran, M. F. and Said, K. (2003):
Influence of some micronutrients quenshing the effect of gamma
radiation on plasma lipids and vitamine E contents in rats. Egypt. J.
Rad. Sci. Applic., 16(1): 71-84.

Abbady, M. A.; Zahran, A. M. and Ragab. E. A. (2004): Continuous
supplementation of ubQ10 in combination with aroma compounds
mitigate oxidative damage in rats. Egypt. J. Rad. Sci. Applic., 17(1):
183-194.

Bok, S.; Lee, S.; Park, Y.; Bae, K.; Son, K.; Jeong, T. and Choi, M.
(1999): Plasma and hepatic cholesterol and hepatic activities of 3-
hydroxy-3-methyl-glutaryl-CoA reductase and aryl CoA: Cholesterol
transferase are lower in rats fed citrus peel extract or a mixture of citrus
bioflavonoids. J. Nutr. 129(6): 1182-1185.

El-Kafif, M.; Ragab, M.; ElI-Dawy, H. and Tawfik, S. (2003): Effect of
ttaurine treatment on some biochemical parameters in gamma irradiated
mice. Environ. Sci., 6 (2):393-401.

Feurgard, C.; Bayle, D.; Guézingar, F.; Sérougne, C.; Mazur, A,
Lutton, C.; Aigueperse, J.; Gourmelon, P. and Mathé, D. (1998): Effects
of ionizing radiation (neutron/gamma rays) on plasma lipids and
lipoproteins in rats. Rad. Res., 150(1): 43- 51.

Chajek-Shaul, T.; Friedman, G.; Stein, O.; Shiloni, E.; Etienne, J. and
Stein, Y. (1989): Mechanism of the hypertriglyceridemia induced by
tumor necrosis factor administration to rats. Biochem. Biophys. Acta,
1001(3): 316-324.

Madamanchi, N. R. and Runge, M. S. (2007): Mitochondrial
dysfunction in atherosclerosis. Circul. Res., 100(4): 460-473.

Saada, B. N. (1982): Studies on the biochemical changes induced by
irradiation with special reference to some protecting drug. M. Sc.



214

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011)

Thesis, Fac. of Sci, Ain Shams Univ.

Srinivasan, M. N.; Basu, S. K. and Shose, A. (1985): Effect of chemical
radioprotectors on serum proteins of rats exposed to gamma irradiation.
Ind. J. Exp. Biol., 23(9): 490-2.

Kafafy, Y. H. and Ashry, O. (2001): Antioxidative potential of parsley
on gamma irradiated rats. Egypt J. Rad. Sci. Applic., 14: 25-42.

Roushdy, H. M.; El-Hussaini, M. and Saleh, F. (1989). Effect of
whole-body gamma-irradiation and/or dietary protein defeciency on
levels of plasma non-protein-nitrogen and amino acids in desert rodents
and albino rats. Egypt J. Rad. Sci. Applic., 1: 156-166.

Kadiiska, M.; Gladen, B.; Baired, D.; Dikolova, A.; Sohal, R.; Hatch,
G.; Jones, D.; Mason, R. and Barrett, J. (2000): Biomarkers of oxidative
stress study: are plasma antioxidant markers of CCL4 poisoning? Free
Rad. Biol. Med., 28(6): 838-45.

Gray, G. and Meguid, M. (1990): Can total parenteral nutrition reverse
hypoalbuminemia in oncology patients? Nutrit., 6(3): 225-8.

El-Missiry, M. A.; Fayed, T. A.; EI-Sawy, M. R. and El-Sayed, A. A
(2007): Ameliorative effect of melatonin against gamma-irradiation
induced oxidative stress and tissue injury. Ecotoxicol. Environ. Saf.,
66(2): 278-86.

Ali, M. M.; Noaman, E.; Kamal, Sh.; Soliman, S. and Ismail, D.A.
(2007): Role of germanium L-cysteine a-tocopherol complex as
stimulator of some antioxidant defense system in gamma irradiated rats.
Acta Pharm., 57: 1-12.

Bhatia, A.L., Manda, K. (2004). Study on pre-treatment of melatonin
against radiation-induced oxidative stress in mice. Environ. Toxicol.
Pharmacol. 18(1): 13-20.

Kempner, E. S. (2001): Effects of high-energy electrons and gamma
rays directly on protein molecules. J. Pharm. Sci. 90(10): 1637-1646.

Altman, K. I.; Gerber, G. B. and Okada, S. (1970): In "Radiation
Biochemistery" Tissues and Body Fluids. Acad. Press. N. Y. and
London, 2: 260.

Roushdy, H. M.; El-Husseine, M. and Saleh, F. (1985): Response of
plasma and urinary uric acid, creatine and creatinine to dietry protein
deficiency and or whole body y-irradiation in desert rodent and albino



65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011) 215

rats. Egypt. J. Rad. Sci. Applic., 2(2): 113.

Abdel-Salam, S.; Roushdy, H. M. and Salam, T. (1990): Imidazol
protection of the kidneys of irradiated male albino rats. J. Biol. Med.
Sci. Ther., 6(1): 86.

Abou-Safi, H. M and Ashry, O. M. (2004): Modulation of radiation-
induced disorders in plasma and red blood cells of females rats by
combined treatment with vitamins E, C and B-carotene. Egypt J. Rad.
Sci. Applic., 17(2): 251-266.

Kafafy, Y. A. (2004): Concomitant effects of caffeine and gamma
irradiation in female rats. Egypt. J. Rad. Sci. Applic., 17: 289-304.

El-Dawy, H. and Ali, S. E. (2004): Radioprotective role of zinc
administration pre-exposure to gamma-irradiation in male albino mice.
Egypt J. Rad. Sci. Applic., 17(1): 13-24.

Sivakumar, R.; Sivaraman, P. B.; Mohan-Babu, N.; Jainul-Abideen, I.
M.; Kalliyappan, P. and Balasubramanian, K. (2006): Radiation
exposure impairs luteinizing hormone signal transduction and
steroidogenesis in cultured human leydig cells. Toxicol. Sci., 91(2):
550-556.

Constine, L. S.; Woolf, P. D.; Cann, D.; Mick, G.; Mc.; Cormick, K.;
Raubertas, R. F. and Rubin, P. (1993): Hypothalamic-pituitary
dysfunction after radiation for brain tumors. N. Engl. J. Med., 328(2):
87-94.

Tomaino, A.; Cimno, V.; Zimbalatti, V.; Venuti, V.; Sulfaro, A.; De
Pasquale, A. and Saija, A. (2005): Influence of heating on antioxidant
activity and the chemical composition of some spice essential oils. Food
Chem., 89(4): 549-554.

Hatano, T.; Edamatsu, R.; Hiramatsu, M.; Moti, A.; Fujita, Y,
Yasuhara, E.; Yoshida, T. and Okuda, T. (1989): Effect of interaction of
tannins with co-existing substances.VI. Effects of tannins and related
polyphenols on superoxide anion radical and on DPPH (1, 1-diphenyl-
2-picrylhydrazyl) radical. Chem. Pharmacol. Bulletin, 37: 2016-2021.

Oktay, M.; Giiligin, I. and Kiifrevioglu, I. O. (2003): Determination of
in vitro antioxidant activity of fennel (Foeniculum vulgare) seed
extracts. Lebensm, - Wiss. U.-Technol. 36: 263-271.

Anand, P.; Kunnumakara, A. B.; Sundaran, C.; Harikumar, K. V;
Tharakan, S. T.; Lia, O. S.; Sung, B. and Aggarwal, B.B. (2008):



216

75.

76.

77.

78.

79.

A.S. Nada. et al., J. Rad. Res. Appl. Sci., Vol. 4, No. 1(B) (2011)

Cancer is preventable decrease that requires major life style changes.
Pharmaceut. Res., 25: 2097-2116.

Chainy, G. B.; Manna, S. K.; Chaturvedi, M. M. and Aggarwal, B. B.
(2000): Anethole blocks both early and late cellular responses
transduced by tumor necrosis factor: effect on NF-kappaB, AP-1, JNK,
MAPKK and apoptosis. Oncogene., 19(25): 2943-50.

Kaneez, F. Sh.; Hamdan, A. A.; Hamza, A. E. and Qadri, Sh. M.
(2005): Protective effects of fennel extract (Foeniculum vulgare Mill.)
on diethyldithiocarbamate-induced liver toxicity in rats. The7th Annual
U. A. E., University Research Conference STD. 91-97.

Ozbek, H; Bayram, I.; Ugras S. and Cengiz, N. (2006): Investigation of
hepatoprotective effect of Foeniculum vulgare fixed oil in rats. Res. J.
Med. Medic. Sci., 1(2): 72-76.

Simandi, B.; Deak, A.; Ronyai, E.; Yanxiang, G., Veress, T.;
Lemberkovies, E.; Then, M.; Sass-Kiss. A. and Vamos-Falusi, Z.
(1999): Supercritical carbon dioxide extraction and fractionation of
fennel oil. J. Agric. Food Chem., 47(4): 1635- 40.

Ibrahim, A. A. (2008): Correlation between fennel- or anise-oil
administration and damage to the testis of adult rats. Egyptian J. Biol.,
10: 62-76.




,»w\}% dsladl) &gag)l Ao
)

0 o, “ w -
9\ & /¥ Akl o glall g
b { \_ s.n—vét 'Q"‘
E g (2011) 217 —199 14 wa () 1 2 4 Laa

o BN Lghany AN Al guadl MR (amy il sedll il Cuy
O g8

3 ga3a Lga g dana el (pall g Fana ) e 73a (lay) *aaa) daaa bl #1a3 (Gaddi daal
*u_b

29 . .pa A Al A g ladY) L sl 535 5 Sad (s gl 38 pall ¢ el d) 400 sl &gad) and®
ugy@aubseﬁd\%ﬁ‘uljﬂ\écﬁé* ok .H‘E)A\ﬂ\ &).a.cu:\.gdn

3 A sl) ) jrill aum sl il iy 3 B 5al) s Y Al ) o3a Cangs
058 (e (32 ) 23 aladiul Al jall s el Gl Giaily | celad¥) a jaill Ay dhaas
JS (s sindy e sana il Al Ciasds o) 52150-120 (e Ly sl s G slcanl) 13 5a0)
S O3 / Al de sanall | dailiall de ganall G2 sa /A 5Y) 4o ganall (013 a 8) o e sana
Ao genall | gl Ga ol 7 2mleand & 5 (6102 6.5 ) Lals dndl e 83 e de ja ) Lguia s
Gaob oo @l L g 28 5aal (aa8/p a (A 250) el il iy i Lgiallaa Caad 13y / 231G
Lo ga 21 52al (aa8/p) a (gl 250) el il iy 3o Leiadlan Caad I3 ja / Al ) Ae el | adl)
Lo 28 JaSil ol 7 8l el il <y 3o Leadle et 5 (51 6.5 ) Ll AadY Lgum yai i
B ey 33 (5 sinna (ol o3 385 13 sl e o5 ol Al A5 (AU e panall A LeS)
¢ SIS ool ¢ (ALP) (sl Dilin il o) (ALT, AST ) Cuisml s oY) (i)
6 e A 5l g glall ) e sV s ¢ Calgmslall o CpagudW e IS i )
oxiiy al) Jean (8 (5 s siaill (50 8 5 il ,SI ¢ L) ¢ AEDEN G sl 6 g yiaad 5SU)
2SI ey 33) ol 6 Lelés 5l < jelal 38 (sl 6.5) gl i et sl ()13l (o ) il
Lidsal) (e S 38 555 (GISD sl © ALP (o slal) 3lans sill my 330 AST  ised) JiLAI)
e sl 5 ASI (G5 ) ae e Wil o e A0 J g i 5811 5 40D by puadadl g iy S
Cu  Aallaall O ) Al all s3a < jial 5 Us sale Lialdiil Giadii] (5 31 () 5 psias sincdl) (5 giana s
a3 (W (sl g D m il 2my 5 U8 (a5 G pl o LS/ aloa (e 250) el s
Al el g Aadlaadl of ) Al al) Cuald s S5 ilad) Ailia ) 4 all ALaSl CLulgl) b
S Sa Y1 A€ pul) sl Giand el g lady) s il s 50




