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Abstract: The protective effects of lemon fruit extracts (LFE) were evaluated against histological changes induced
in liver of mice males treated with cyclophosphamide (CP). A total of thirty male mice were divided into six groups:
Gr1 control group, Gr2 treated with LFE (10ml/kg b wt.), Gr3 treated with CP (10mg/kg b wt.), and Gr4 treated with
CP (20mg/kg b wt.), Gr5 treated with LFE (10ml/kg) +CP (10mg/kg), Gr6 treated with LFE (10ml/kg) + CP
(20mg/kg). Histological examination of the livers in Gr3 and Gr4 showed loss of hepatocytes architecture, blood
sinusoids congestion, vacuolar degeneration, inflammatory cellular infiltration in between degenerated hepatocytes,
formation of pyknotic nuclei and hepatocellular necrosis. Addition of lemon fruit extract to cyclophosphamide
treated mice resulted in a marked improvement in liver tissue. Liver restoration of normal histological structure,
marked reduction or disappearance of cytoplasmic vacuoles in most hepatocytes, less dilation of central and portal
veins with mild-to-moderate inflammation in portal space. Marked reduction of sinusoids congestion were detected.
Conclusion: Our results reveal that lemon fruit extract induces potent hepatoprotictive effects against CP.
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1.Introduction induced cellular toxicity, genotoxicity and mutagenic
Cancer chemotherapy has demonstrated an effects (Ponticelli and Passerrini, 1991).
important role in the treatment of most solid tumors Previous studies reported that CP generated
(Habibi et al., 2014). Cyclophosphamide, the alkylating reactive oxygen species (ROS), like the hydroxyl
agent is widely used as an anti-tumor and radical, hydrogen peroxide and superoxide anion, and
immunosuppressive agent (Bhattacharjee et al.,2014). further suppresses the liver's antioxidant defense
It has been found to cause various side effects. The mechanisms (Stankiewicz et al., 2002; Bhattachary et
target organs are liver, lungs, heart, urinary bladder and al., 2003). Biological compounds with antioxidant
reproductive system (Khan et al., 2014). It has also properties intake can ameliorate the toxic effects of
caused many toxic effects to normal cells in humans chemotherapy and may contribute to the protection of
and experimental animals (Fraiser ef al., 1991; Gokhale cells and tissues against the side — effects of ROS and
et al., 2003). These include pulmonary fibrosis, other free radicals induced by antineoplastic drug such
gastrointestinal bleeding, irreversible azospermia in as cyclophosphamide (Weijl et al., 1997; Habibi et al.,
man and haemorrhagic cystitis (Gilman and Rall, 2014). Lemon is a citrus fruits that contains several
1999). Moreover, CP-induced microvascular fatty flavonoid compounds which are considered the most
changes in liver (Bissell and Ataya, 2001). CP has been important antioxidant agents (Miyake et al., 1998;
found to produce secondary malignancies such as Minato et al., 2003). The anticarcinogenic, antitumor
bladder malignancies and myeloprolipher- and anti- inflammatory activities of flavonoids have

ativemalignancies (Khan et al., 2014). However, CP been refloated by Bracke ef al. (1994) Schramm et al.
requires metabolic activation by the hepatic (2003) Psotova et al. (2004). Furthermore, lemon fruit

cytochrome P450 system (Gilman and Rall, 1999). contains a high content of vitamin C which has been
Metabolic conversion of CP leads to the formation of known to be effective as an anticlastogenic and
cytotoxic metabolites, acrolein and phosphormide antimutagenic agent (Castillo et al., 2000; Aly and
mustard (Nau et al., 1982). Phosphormide mustard is Donya, 2002) and a strong antioxidant (Rao, 1997), as
believed to have anti-tumor effects, whereas, acrolein well as protects DNA from oxidative damage (Antunes
may be responsible for CP-induced liver damage and Takahashi, 1999). Therefore, the aim of this work
(Hongo et al., 1988). These metabolites caused was to study the possible protective effect of lemon
inhibition of DNA, RNA and protein synthesis and fruit extract against histological changes in liver of
rapid death of divided cells by modification and cross male mice treated with cyclophosphamide.

linkage of purine bases in DNA or alkylating 2.Materials and methods

nucleophilic sites in DNA, RNA and protein such as — Materials

COOH, - NH2, - SH and OH? (Khan ef al., 2014) CP,
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1. Cyclophosphamide: Has been known commercially
as Endoxan, it was dissolved in saline solution and
purchase from (Baxter Oncology, Halle, Germany).
Lemon fruit extract: The lemon fruits were obtained
from Jeddah market, Saudi Arabia. Lemon fruits
washed with distilled water, cut intosmall pieces,
grinded in a mixer (Moulinex type 753) and then
introduced for the tested animals.
Animals

Swiss albino male mice (Musmusculus 2n=40)
MFI strain, 8 — 9 weeks old, weighted 30 + 3g, which
have been obtained from animal house at the King
Fahad Medical Center at King Abdulaziz University in
Jeddah. Animal were housed in polyplastic cages with
steel wire tops in an air conditioned room (22 + 1 °c,
45 — 75% relative humidity) with 12h light/12h dark
cycles. Food and water were provided ad libitum.
Methods

Thirty male mice were divided into six groups
(each containing five mice) as follows: Group one
(Grl) was treated with saline solution on
intraperitoneal(i.p.) as a vehicle control, group two
(Cr2) was treated with LFE by oral intubation (0.i.)
(10ml / kg b wt.), group three (Gr3) was treated with
CP (10mg / kg b wt.) (i.p.), group four (Gr4) was
treated with CP (20mg / kg b wt.) (i.p.), group five
(Gr5) was treated with [LFE 10ml / kg (o.i.) + CP
10mg / kg (i.p.)], group six (Gr6) was treated with
[LFE 10ml / kg (0.i.) + CP 20mg / kg (i.p.)]
Animal treatment

CP was introduced by intraperitoneal injection
(i.p.) as recommended by Anton (1997). LFE was
given by oral intubation (0.1) as reported by Sakr et al.
(2013). All groups were treated daily for five
consecutive days (Naghshvar et al., 2012). The mice
were killed 24h after the last dose.
Tissue procurement

Upon the injection, the mice were killed and
dissected, the liver was removed and dried before
weighing, any part of the liver was used for histological
examination.
Histology

The tissues were fixed overnight in 10% buffered
neutral formalin processed to paraffin wax, sectioned at
5mM, and stained with haematoxylin and eosin (H+E)
(Mallory, 1900) for examination by light microscopy.
3. Results
The weights of the liver of the CP-treated mice were
not different from those of the control ones.

- Control group (Grl) and LFE group(Gr2):

Microscopic examination of the sections of Grl
and GR2 (Fig.1la&b) and (Fig.2 a&b), respectively
showed normal histological structure, like hepatic lobes
containing cords of hepatocytes with sinusoids between
there cords. The central vein and portal treads appeared
normal.
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- Cyclophosphamide treated groups (Gr3) and
(Gr4) :

Results presented in (Fig.3 a&b) showed that
treatment with the low dose of CP (Gr3) caused loss of
hepatocytes architecture, central vein congestion,
damage to endothelium of sinusoids with sinusoidal
congestion, vacuolar degeneration, formation of
pyknotic nuclei and hepatocellular necrosis. While the
treatment with high dose of CP (Gr4) induced more
degenerative changes in the liver, it appeared more
susceptible (Fig.4 a&b). Abnormal histological
structure, rupture of the epithelium causing internal
bleeding, vacuolar degeneration, inflammatory cellular
infiltration in between degenerated hepatocytes,
formation of pyknotic nuclei in most hepatocytes or
karyorrhexis and karyolysis nuclei in some other
hepatocytes, and hepatocellular necrosis were detected.
Moreover, increase of fat in the interstitial tissue,
appearance of lipid droplets in many hepatocytes as
well as on the wall of the central, portal vessels and
dilated sinusoids with marked proliferation of kupffer
cells were observed.

- LFE and CP treated groups (Gr5) and (Gr6):
The histoexamination of the animals treated with
lemon fruit extract plus low dose of cyclophosphamide
(Fig.5 a&b) and with high dose (Fig.6 a&b) revealed
marked improvements in the liver tissues in both (GrS5)

and (Gr6) respectively.
The liver resorted its normal histological
structure, marked reduction or disappearance of

cytoplasmic vacuole in most hepatocytes, less dilation
of central and portal veins with mild-to-moderate
inflammation in portal space. Marked reduction of
sinusoids congestion, proliferation of binucleated
hepatocytes and enlarged kupffer cells were also
detected.
4. Discussion

Liver sections from the control group (Grl) and
lemon fruit extract treated mice (Gr2) showed normal
hepatic lobules formed of hepatocytes radiating from
central vein to the periphery of the lobules. In contrast,
treated mice with CP induced degenerative changes in
the liver. CP caused loss of hepatocyte architecture,
blood sinusoids congestion, rupture of the epithelium
causing internal bleeding, vacuolar degeneration,
inflammatory  cellular infiltration in  between
degenerated hepatocytes, formation of pyknotic nuclei
and hepatocellular necrosis were detected. Histological
examination revealed increase of fat in the interstitial
tissue and appearance of lipid droplets in many
hepatocytes and on the wall of the central and portal
vessels. Arien et al. (1976) in this connection, reported
that tissue toxicity appears in the histological sections
as cell degeneration accompanied with vacuoles
formation and fatty accumulation with necrosis in the
tissue.
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Fig-(1) — control group (Grl):

A: Transverse section in the liver of a mouse showing normal structure, normal central vein (blue arrow), normal hepatocyte with
polygonal shape (red arrow) and normal sinusoidal space (yellow arrow), kupffer cells (green arrow). H+E (x200)

B: Transverse section in the liver of a mouse showing normal portal vein (red arrow), normal hepatic artery (blue arrow) and bile ductile
(green arrow). H+E (x200)

A B
Fig-(2) — lemon fruit extract 10ml/kg (Gr2):
A: Transverse section in the liver of a mouse showing normal structure same as control group. H+E (x200).
B: Transverse section in the liver of a mouse showing normal portal space same as control group. H+E (x200)
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Fig-(3) — cyclophosphamide 10mg/kg group (Gr3):

A: Transverse section in the liver of a mouse showing central vein congestion (red arrow), dilated and congested sinusoidal space (yellow
arrow), vacuolar degeneration (blue arrow). H+E (x200)

B: Transverse section in the liver of a mouse showing portal artery congestion (black arrow) and portal vein congestion (yellow arrow),
and necrotic hepatocytes (red arrow). Many kupffer cells (green arrow). H+E (x200)
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Fig-(4) — Cyclophosphamide (20mg/kg) group (Gr4):

A: Transverse section in the liver of a mouse showing loss of hepatocytes architecture, central vein congestion
(red arrow), vacuolar degeneration (blue arrow), hepatocellular necrosis (green arrow), inflammatory
cellular infiltration (yellow arrow), pyknotic nuclei (orang arrow) karyorrhexis nuclei (black arrow),
karyolysis nuclei (gray arrow). H+E (x200).

B: Transverse section in the liver of a mouse showing abnormal portal space with moderate - to — sever
inflammation (red arrow), portal vein congestion (blue arrow), necrotic hepatocytes (yellow arrow),
formation of pyknotic nuclei (greem arrow), karyorrhexis nuclei (black arrow), karyolysis nuclei (gray
arrow), bile ductile (pink arrow). H+E (x200).

Fig-(5) — LFE (10ml/kg) + CP (1omg/kg) group (Gr5):

A: Transverse section in the liver of a mouse showing resorted of hepatocytes architecture, normal hepatocyte
(red arrow), disappeared congest sinusoidal space (yellow arrow). H+E (x200).

B: Transverse section in the liver of a mouse showing a normal portal space. H+E (x200).
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Fig-(6) — LFF (10ml/kg) + CP (20mg/kg) group (Gro):
A: Transverse section in the liver of a mouse showing semi normal histological structure, reduced of vacuolar formation,
semi congested sinusoidal space (yellow arrow), semi normal central vein (red arrow). H+E (x200).

B: Transverse section in the liver of a mouse showing semi normal portal space with mild — to - moderate inflammation
(yellow arrow), reduced of kupffer cells. H+E (x200).

Mollendroff (1973) referred to the formation of
cytoplasmic vacuoles within the tissue to cellular
defense mechanism against toxic substances to
prevent them from interfering with the cellular
metabolism. Vacuoles formation in the cytoplasm of
hepatocytes represent the beginnings of autolysis.

Kissane (1975) reported that the hepatocytes
degeneration could have attributed in the defect of
cellular metabolism or inhibition of protein synthesis
in hepatocytes. Burkitt et al.(1996) reported that
disturbance in metabolism and especially in fatty
acids metabolism in hepatocytes caused fat
accumulation within cells which in turn souble in
alcohol used in the prepration of histological section
causing the appearance of vacuoles.

On the other hand, Curran and Crocrer (2005)
explained the appearance of fatty vacuoles to
reduction in the synthesis of low-density lipoproteins,
which is responsible for the transport of triglycerides
out the liver.

Our results are in agreement with those of
Nepomnyashchikh ef al. (2010) who found that male
rats treated with a single dose of CP showed
hemodynamic disorders in all animals: unevenly
plethoric sinusoids lumen was seen in some cases.
This sinusoids continued numerous mononuclear
cells (mainly Kupffer cells) and necrobiotic
hepatocytes.

Shokrzadeh et al. (2014) reported that treatment
of male mice with a single dose of CP, caused dilated
and congested sinusoidal space, lymphocyte between
hepatocytes, small portal space with modrate-to-
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severe inflammation and necrotic small hepatocyte.
CP-induced histological changes in mice liver like
fatty infiltration and central vein congestion (Khan et
al., 2014).

Previous results referred the cellular toxicity to
the effect on glutathione (GSH) levels in different
organs especially liver, kidney and serum. The
glutathione antioxidant system plays a vital role in
cellular defense against reactive free radicals and
other oxidant species (Meister, 1988).

This was confirmed by Michel et al. (1992) who
concluded the decrease in glutathione (GSH) level by
20% lead to inhibition in the cell defense mechanism
against the toxic drugs which lead to cell injury and
death. GHS and its enzymatic system proved to be
important in alleviating cellular toxicity (Bompart,
1990).

CP, reduces glutathione levels in the liver of
mice and effects the liver enzymes activities such as
glutathione  peroxidase (GPX), glutathione-s-
transfers(GST), Catalase(CAT) and superoxide
dismutase (SOD), which play an important role in the
defense mechanisms against oxidative stress (Miyake
et al.,1998, Bhattacharjee et al., 2014).

Based on previous results, the damage in liver
tissues could be a tribute to the low level of
glutathione and oxidative effect of CP. Since, CP
produces a high level of active free radicals and
reactive oxygen species (ROS) such as hydroxyl
radical and hydrogen, superoxide anion peroxide
(H,O,) in the liver (Stankiewiez et al,2002,
Battacharya et al,2003) which destroy the cell
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membranes and suppresse the liver’s antioxidant
defense mechanisms (Cutter, 1992, Miyake et al.,
1998).

The strong alkylating properties of CP was also
reported by Battacharjee e al. (2004) and Khan et al.
(2014). Acrolein can alkylate nucleophilic sites in
DNA, RNA and protein like OH2-SH-NH2 and
COOH which cause cellular toxicity and genotoxicity
effects (Ponticelli and Passerrini, 1991).

The histological examination of concomitant
treatment of CP with LFE showed that these
treatment could not prevent hepatotoxicity
completely. In addition, LFE improved the
hepatocytes architecture and reduced the focal
inflammation, hepatocytes necrosis, congestion in
blood vessels and sinusoids, the cytoplasmic
vacuoles, the numbers of lymphocytes and most of
hepatocytes and its nuclei appeared normal.

The protective effect of lemon fruit extract
against the histological damages caused in the liver
by the treatment with cyclophosphamide may be
attributed to vital elements of lemon fruit such as
flavonoids and phenolic compounds present in LFE
which is known as bioflavonoids or vitamin P and
hesperidin and eriocitrin.

Erioitrin had potent antioxidative activity than
the other citrus flavonoid compounds (Miyake et al.,
1998). Eriocitrin administration showed protection
against oxidative stress in rat livers and scavenged
free radicles and prevented the formation of
superoxide and hydroperoxide (Minato et al., 2003).

The lemon flavonoids eriocitrin and hesperidin
may function to increase the concentration of
antioxidative enzymes like catalase and glutathione
in liver tissue (Miyake ef al., 1998).

Lemon juice was considered as potent
antioxidant as it contains citrate, flavonoids, vitamin
E, vitamin C (Miyake et al, 1998, Minato et
al.,2003) and limonids (Yu et al., 2005).

As reported, the ability of vitamin C as an
anticlastogeneic and antimutageneic agent (Anderson
et al., 1995) and as strong antioxidant agent (Rao,
1997) and all the aforementioned vital elements work
as scavengers for free radicals and prevent it from
destroying cells and tissues.

In conclusion, the finding of our study indicate
that cyclophosphamide can adversely damage the
liver tissue, while lemon fruit extract co-
administration could effectively prevent these
adverse effects and protect the liver.

References

1. Aly FA and Donya S. In vivo antimutagenic
effect of vitamin C and E against rifampicin-
induced chromosomal aberration in mouse
bone-marrow cells. Mutat Res. 2002; 518: 1-7.

104

10.

11.

12.

13.

14.

Ariens EJ, Simons AM and offermeier J.
Introduction to general toxicity.Academic Press
Inc New York. 1976.

Anderson D, Basaran N, Blowers SD, ef al. The
effect of antioxidants on bleomycin treatment in
in vitro and in vivogenotoxicity assays. Mutat
Res. 1995; 329: 37-47.

Anton E. Ultrastructural changes of stromal
cells of bone marrow and liver after
cyclophosphamide treatment in mice. Tissue
and Cell, 1997; 29:1-9.

Antunes, L, and Takahashi C. Protection and
induction of chromosomal damage by vitamin C
in human lymphocyte cultures. Teratog.
Carcinog. Mutagen.1999; 19:53-59.

Antunes LM and Takahashi CS. Protective and
induction of chromosomal damage by vitamin C
in human lymphocyte cultures.TeratoCarcino
Mutagen. 1999; 19: 53-59.

Bhattacharjee A, Basu A, Ghosh P, et al.
Protective effect selenium nanparticle against
cyclophosphamide induced hepatotoxicity and
genotoxicity in swiss albino mice. Journal of
Biomaterials Applications 2014; 29: 303-317.
Bhattacharya A, Lawrence RA, Krishnan A, et
al. Effect of dietary n-3 and n-6 oils with and
without food restriction on activity of
antioxidant enzymes and lipid peroxidation in
livers of cyclophosphamide treated
autoimmune-prone NZBIW  female mice.
Journal of the American College of Nutrition.
2003; 22: 388-399.

Bissell D and Ataya K. Toxic effects of
Cyclophosphamide  in  liver  histology.
Hepatology 2001.

Bompart G. Cisplatin- induced changes on
cytochrome P450, lipid peroxidation and some
P450 related specific catalytic activities in rat
liver. J ToxicalClin Exp. 1990; 10: 375-383.
Bracke ME, Bruyneel EA, Vermeulen SJ, et al.
Citrus flavonoid effect on tumor Invaion and
metastasis. Food Technol. 1994; 48: 121-124.
Burkitt — Stevens A, Lowe JS and Young B.
Wheater’s basic histopathology. Internation
Student Edition.New York 1996; 299.

Castillo J, Benavente- Garcia O, Lorente J, et al.
Antioxidant activity and radioprotective effects
against chromosomal damage induced invivo by
x-rays of flavan-3ols (Procyanidin) from grape
seeds (Vitisuinifera): Comparative study versus
other phenolic and organic compounds. J Agric
Food Chem Mar. 2000; 48: 1738-1745.

Curran RC and Crocrer J. Curra’s atlas of
histology.4™ ed. Harvey Miller Pub. Oxford.
2005.



Life Science Journal 2015;12(8)

http://www.lifesciencesite.com

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Cutler RG. Genetic stability and oxidative
stress, in free radicals and aging (Emerit I and
Chance B., eds.) 1992; 31-46, Birkhauserverlag,
Basel/Switzerland.
Fraiser LH, Kanekal
Cyclophosphamide toxicity.Drugs.1991;
781-795.

Gilman AG and Rall TW.Pharmacokinetics and
side effects of Cyclophosphamide. Goodman
Gillman Pharmacological basis of therapeutics
1999; 9.

Gokhale AB, Damre AS, and Saraf MN.
investigations into the immunomodulatory
activity of Argyreiaspeciose. J Ethnopharmacol.
2003; 84: 109-114.

Habibi E, Shokrzadeh M, Chabra A, et al.
Protective effects of Origanum Vulgare ethanol
extract against cyclophosphamide- induced liver
toxicity in mice. Pharmacutical Biology.2014;3.
Hongo I, Suou T and Hirayama C.
Hepatotoxicity of cyclophosphamide in man:
pharmacokinetic analysis: Res Com Chem Path
Pharm. 1988; 61: 149-165.

Khan JA, Shahdad S, Makhdoomi MA, et al.
Effect of cyclophosphamide on  the
microanatomy of liver of albino rats.Int J Res
Med Sci. 2014; 2: 1466-1469.

Kissane JM. Pathology of infancy and
childhood the C.V. Mosby Co. St.Louis,2™ edn.
Mallory FB. Acontribution to staining methods.
Journal of Experiment Medicine. 1900;5-15.
Meister A. Glutathione metabolism and its
selective modification, J Biol Chem. 1998;
263:17205-17208.

Micheli L, Fiuschi A, Giorgi G, et al. Effect of
non-steroidal  anti-inflammatory drug on
glutathione levels in various organs of rat.
Agents — Actions.1992; 15: 106-108.

Minato K, Miyake Y, Fukumoto S, ef al. Lemon
flavonoid, eriocitrin, suppresses exercise-
induced oxidative damage in rat liver. Life Sci.
2003; 72: 1690-1616.

Miyake Y, Yamamoto K, Morimitsu Y, ef al.
Characteristics of antioxidative flavonoid
glycosides in lemon fruit.Food SciTechnollnt
Tokyo. 1998; 4: 48-53.

Mollendroff A (1973): Cytology and cell
physiology, third ed.New York Academic Press
220-223.

Naghshvar F, Abianeh S, Ahmadashrafi S and
Hosseinimehr S. Chemoprotective effects of
carnosine against genotoxicity induced by

S and Kehrer JP.
42:

8/23/2015

105

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

cyclophosphamide in mice bone marrow cells.
Cell Biochem Funct, 2012; 30: 569-573.

Nau H, Spielman H, Lo Turco Mortler CM, et
al. Mutagenic, teratogenic and pharmacokinetic
properties of cyclophosphamide and some of its
deuterated derivatives. Mutat Res. 1982; 95:
105-118.

Nepomnyashchikh LM, Molodykh  OP,
Lushinikova EL, et al. Morphogenesis and
histostrereological analysis of hepatopathy
induced by cyclophosphamide. Bulletin of
Experimental Biology and Medicine, 2010;
149:104-110.

Ponticelli C and Passerini P. Alkylating agents
and purine analogues in primary
glomerulonephritis with nephrotic syndrome.
Nephrol Dial Transplant 1991; 6: 381-388.
Psotova J, Chlopcikova S, Miketova P, et al.
Chemoprotective effect of plant phenolics
against anthracycline- induced toxicity or
ratcardiomyocytes.  Part  III.  Apigenin,
baicalelin, kaempherol, iutedlin and quercetin.
Phytother.Res. 2004; 18: 521-561.

Rao MV. Mercuzy and its effects on
mammalian system- a critical review. Indian J
Environ Toxical. 1997; 7: 3-11.

Sakr S, El-said M and El-shafey S Ameliorative
effect of grapefruit juice on amiodarone-induced
cytogenetic and testicular damage in albino rats.
Asian Pac J Trop Biomed, 2013; 3:573-579.
Schramm DD, Karim M, ScHrader HR, et al.
Honey with high levels of antioxidants
canprovid protection to healthy human subjects.
J Agric Food Chem Mar. 2003; 51: 1732-1735.
Shokrzadeh M, Ahmadi A, Naghshvar F, et al.
Prophylactic  efficacy of melatonin  on
cyclophosphamide- induced liver toxicity in
mice. Bio Med Res Inter.2014; 1-6.

Stankiewicz A, Skrzydlewska E and Makieta M.
Effects of amifostine on liver oxidative stress
cused by cyclophosphamide administration to
rats. Drug Metabolism and Drug Interactions.
2002; 19: 67-82.

Weijl I, Cleton FJ and Osanto S. Free radicals
and antioxidants in chemotherapy —induced
toxicity. Cancer Treatment Reviews.1997; 23:
209-240.

Yu J, Wang L, Walzem RL, et al. Antioxidant
activity of citrus limonoids, flavonoids and
coumarins. J Agric Food Chem. 2005; 53: 2009-
2014.



