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Abstract: Humulus lupulus is a medicinal plant which in Farsi is called "razak". The purpose of this research
is, studying the sedative effects of polar, semi polar and non-polar fractions extracted from Hop
(Humulus lupulus.L) in comparison with diazepam in the animal model of Rat. For conducting this research
polar, semi polar and non-polar fractions extracted from Hop Based on the polarity of solvent. Then study
continued with injecting the obtained extracts and other medicines to different groups of Wistar breed of
rats. First group was injected with 100mg/kg of Polar fraction extract, the second group, with 100mg/kg of
Semi-polar extract, the third group, with 100 mg/kg of non-polar extract of Humulus lupulus the fourth group
with 2 mg/kg of Diazepam the fifth group with the same volume of DMSO used as solvent of injectable
medicines and the sixth group was the control group and did not receive any drug. The method of injection
was intraperitoneal (IP) form. Statistical diagrams and results showed a significant decreasing of anesthetic
induction time and increasing of sleeping time of Ketamine induced anesthesia, after IP injection of the Polar
fraction extract of Humulus lupulus. The obtained results showed that the polar-fraction extract of

Humulus lupulus has more sufficient sedative effects than diazepam and other under studied groups.
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INTRODUCTION

The generic name Humulus, coined in the middle
Ages, is said to derive from the Slavic word chmele (hops)
or from the old Germanic word Humel or Humela
(fruit-bearing). Speculation that the name comes from the
Latin word humus (earth) is unfounded. The species
name lupulus is the diminutive of lupus (wolf), which
refers to the mistaken idea that hop tendrils strangle
plants. The origin of the English name hop is uncertain,
but may originate from the Norwegian word hupp, which
means ‘tassel’ or tuft® or from the Anglo-Saxon hoppan
(to climb) [1, 2].

The Hop was known in antiquity, but does not
appear to have been used either as a medication or as an
ingredient in producing beer. The 8" century Arab
physician Mesué recommended the syrup as a good
medication for bilious fever and for purifying the blood.

It subsequently appeared in herbal books during the
middle Ages. The Hop is a four to eight meters long
perennial climbing plant that likes to twine up hedges,
fences and the edges of forests [3]. In spring, thin, rough
stalks with anchor-like, astonishingly adhesive hairs rise
from the branched rootstock. In contrast to most
European climbing plants, the hop twists in a clockwise
direction. The heart-shaped, three-to five-lobed leaves are
sharply dentate and opposing. The hop is dioecious, i.e.
there are male and female plants. Male flowers form
axillary, hanging panicles with whitish-green, five-tipped
bracts. They do not develop lupulin glands and are
therefore not cultivated. The female plants form
cone-shaped catkins which form small, oval multiple fruits
composed of yellowish-green scales. The interior surface
of the scale bears small, yellowish-reddish glands that
give the hop its characteristic bitter taste. The hop is
pollinated by means of wind dispersal [4-7].
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Hops (strobiles of Humulus lupulus L., Cannabaceae)
are native to Eurasia and they have been cultivated for
more than 1000 years [8]. Distinct lineages native to
temperate regions of North America also exist. In addition,
the species has been introduced as a cultivar to temperate
regions of South America, South Africa and Australia.
The numerous common names for this plant highlight the
historical significance of the species, particularly in North
temperate cultures [3, 9, 10].

Benzodiazepines  possess  sedative, hypnotic,
anxiolytic, anticonvulsant, muscle relaxant and amnesic
actions [11, 12], which are useful in a variety of
indications  such as alcohol dependence, seizures,
anxiety, panic, agitation and insomnia. Most are
administered orally; however, they can also be given
intravenously, intramuscularly or rectally [13]. In general,
benzodiazepines are well-tolerated and are safe and
effective drugs in the short term for a wide range of
conditions [14, 15]. Tolerance can develop to their effects
and there is also a risk of dependence and upon
discontinuation a withdrawal syndrome may occur.
These factors, combined with other possible secondary
effects after prolonged use such as psychomotor,
cognitive, or memory impairments, limit their long-term
applicability [16, 17]. The effects of long-term use or
misuse include the tendency
cognitive deficits, depression and anxiety [18, 19].

Diazepam is mainly used to treat anxiety, insomnia
and symptoms of acute alcohol withdrawal. It is also used
as a premedication for inducing sedation, anxiolysis or
amnesia before certain medical procedures [20].

Intravenous diazepam or lorazepam are first line
treatments  for status  epilepticus  [21, 22];
However, lorazepam has advantages over diazepam,
including a higher rate of terminating seizures and a more
prolonged anticonvulsant effect [23]. Diazepam is rarely
used for the long-term treatment of epilepsy because
tolerance to its anticonvulsant effects usually develops
within six to 12 months of treatment, effectively rendering
it useless for that purpose [24]. Diazepam is used for the
emergency treatment of eclampsia, when IV magnesium
sulfate and blood pressure control measures have failed
[25, 26]. Benzodiazepines do not have any pain-relieving
properties of them and are generally recommended
to be avoided individuals with pain [27].
However, benzodiazepines such as diazepam can be used
for their muscle-relaxant properties to alleviate pain
caused by muscle spasms and various dystonias,
including blepharospasm [28, 29]. Tolerance often
develops to the relaxant  effects of
benzodiazepines such as diazepam [19]. Baclofen [30]
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or tizanidine is sometimes used as an alternative to
diazepam. Tizanidine has been found to be equally
effective as other antispasmodic drugs and have superior
tolerability than baclofen and diazepam [31].

The aim of this study was to investigation of the
sedation and pre-anesthetic effects of polar, semi-polar
and non-polar fractions of Hop (Humulus lupulus L.)
extract compared with diazepam in rats.

MATERIALS AND METHODS

Understudied Animals: In the present study, 90 Wistar
male rats weighting 300+10 g and about 3 month-old were
used for laboratory experiments. Animals were kept in
standard condition, at 20-25°C, 70% humidity and light
cycle of 12 hours lighting and 12 hours darkness.
Standard plates were used in order to feeding by method
of Ad-Libitum i.e. 24 hours feeding. Especial dishes were
used for water. The rats were numbered in groups
consisted of 5 animals and were placed in especial cages.

Obtaining Extract: Five hundred g of fresh leaves of hop
was powdered by liquid nitrogen and was dissolved in
the 4 liter non-polar solvent like petroleum ether for 48
hours by Soxhlet apparatus, obtained extract is non-polar
fraction. Then, the remnants were dissolved in the 4 liter
non-polar solvent like chloroform for 48 hours, obtained
extract is semi-polar fraction. Finally, the remnant leaves
were dissolved in the 4 liters high polar solvent like
methanol for 48 hours, obtained extract is polar fraction.
Achieved fractions de-solved by rotary evaporator and
readied for use.

Evaluating Method as Well as Sedation and
Pre-anesthetic Effects of Hop Compared with Diazepam:
In order to evaluate the sedation and pre-anesthetic
effects of hop extract compared with diazepam, 100 mg/kg
of polar extract in first group, 100 mg/kg of semi-polar
extract in second group, 100 mg/kg of non-polar extract in
third group, 2 mg/kg diazepam in group four, 2 mg/kg
amount of dimethyl sulfoxide was injected intraperitoneal
in fifth group and sixth group did not receive any drug.
100 mg/kg ketamine per body weight was injected intra
peritoneal in all groups 30 minutes following mentioned
drugs. Induction time and sleeping time were measured
immediately following administration of ketamine.

RESULTS

Following the injection of pre-anesthetic drugs,
the injection of anesthetic inductive drugs, recording of
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Table 1: Group's classification and measured induction time and sleeping time

Group Received treatment (mg/kg) Induction time (Mean + SE) Sleeping time (Mean + SE)
Group 1 100 mg/kg P.E.+ ketamine 100 82.33 7400.00
Group 2 100 mg/kg S.P.E, ketamine 100 448.67 1416.00
Group 3 100 mg/kg N.P.E, ketamine 100 279.33 4620.00
Group 4 Diazepam 2, ketamine 100 535.33 3300.00
Group 5 DMSO 2, ketamine 100 802.00 2736.00
Group 6 Without pre-anesthetic, ketamine 100 800.00 1991.33
injections of 100 mg/kg BW of polar extract than semi-
800.00 | 802.00 polar and non-polar than diazepam (Table 1).
—— Also, both of the semi-polar and non-polar fractions
- of extract of hop has showed significant difference
E than diazepam from induction time aspect (P<0.01).
E' . 2 From sleeping time aspect, non-polar fraction had
=] s showed more sedative effect than diazepam. About
_E semi-polar fraction, there was no significant difference
E 279.33 in compared with diazepam from sleeping time aspect,
B mw diagrams 1 and 2.
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Diagram 1: Mean value of data obtained from induction
time in understudying groups.
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Diagram 2: Mean value of data obtained from sleeping
time in understudying groups.

induction time and sleeping time are considered as
markers of the rate of sedation effects of a pre anesthetic
drug. The results of dual Tokay follow up test show a
significant difference (p<0.01) between intra peritoneal
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Anxiolytic plants may interact with either glutamic
acid decarboxylase (GAD) or GABA transaminase
(GABA-T) and ultimately influence brain GABA levels
and neurotransmission [32]. Flavonoids have recently
increased in importance because they have been
identified as a new type of ligand with in vivo anxiolytic
properties. The flavones chrysin and apigenin, obtained
from medicinal plants, have shown an anxiolytic effect in
rodents exposed to behavioral tests. Apparently, these
compounds modulate the &-aminobutyric acid (GABA)
ergic system to produce the biological effect [33].
However, only a low content of flavonoids was found in
this hydroethanolic extract. H. lupulus is traditionally
used as sleeping aids and probably acts via a central
adenosine mechanism, which is possibly the reason for its
sleep-inducing and maintaining activity [34]. Hops
showed significant inhibition of GAD activity [32].
H. lupulus extracts induced the response of the
ionotropic (GABAA receptors) [35] and its fraction
containing o-acids: in dose-dependently prolonged
pentobarbital induced sleeping time [36]. Xanthohumol
had been reported as modulator of the GABAA receptor
response [37].

Numerous other studies have been published
citing hops to be active in specific bioassays. Hop
extracts and/or compounds have been reported to be
“active” or the equivalent by the authors of the given
studies in the following assays: various antioxidant
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and/or chemoprevention [1, 2, 38-41], antimicrobial,
particularly against Gram positive bacteria [42-48] and
cytotoxicity [49-52]. Many constituents have been
reported from hops [3], among which in addition to the
aforementioned estrogenic properties, many have been
shown to possess other types of biological activity [52-
57] such as potential cancer chemopreventive activity [58,
59] and suppression of COX-2 gene transcription [60].
The major chalcone xanthohumol, as well as the
flavanones isoxanthohumol and 6PN and 8PN show
various forms of antioxidant activity in vitro in the
micromolar range and are weakly cytotoxic to certain
cancer cell lines [58-63]. In addition, the metabolism of
prenylated chalcones and flavanones from hops in vitro
and in vivo has been investigated [4-7]. A research group
had attributed the sedative effect of hops to 2-methyl-3-
butene-2-ol, derived from hop constituents during
storage  but  probably also formed in vivo by
metabolization of o-acids. This compound, when
intraperitoneally injected in rats, reduced motility without
inducing a myorelaxant effect [64, 65]. However, according
to Schiller this compound cannot be the constituent
responsible for the sedating activity of hop preparations.
Anxiolytic activity of hops had been attributed to three
categories of constituents found in its extracts. Though
the alpha-bitter acids proved to be the most active
constituents, the beta-bitter acids and the hop oil clearly
contributed to the sedating activity of hop extracts [34,
64]. According to Zanoli and Zanatti, c-acids fraction can
be considered as the major responsible constituent for the
enhanced pentobarbital effect and for the antidepressant
property observed after the administration of hop extract.
The a-acids fraction exerted an antidepressant activity as
well, but reduced pentobarbital hypnotic activity [64, 66].
Hydroethanolic extract analyzed in this study exhibited
anxiolytic activity (data not shown), which could be
attributed to the high content of oxidized bitter acids, that
seems to be high enough to contribute to anxiolytic
activity of this extract and thus could be attributed to
oxidized alfa-acids, such as, cohumulinone 5 and
humulinone 7 derivatives presents in major concentration.
Their biological effect could be explained by a reduction
in the GABAergic activity, although the involvement of
other neurotransmitter systems cannot rule out.

In conclusion, can state that, polar-fractions of
Humulus lupulus has more sufficient sedative and
pre-anesthetic effects than diazepam and other under
studied groups. Authors suggest that still need more
studies on this plant component in order to understand
the more sedative and anxiolytic effects of this plant.

765

10.

11.

12.

13.

14.

REFERENCES

Masaki, H., S. Sakaki, T. Atsumi and H. Sakurai, 1995.
Active-oxygen scavenging activity of plant extracts.
Biol. Pharm. Bull., 18: 162-166.

Oyaizu, M., H. Ogihara, K. Sekimoto and U. Naruse,
1994. Antioxidative activity of extracts from hop
(Humulus lupulus L.). Yukagaku., 42: 1003-1006.
Farnsworth, N.R., 2003. A Database of World
Literature of Natural Products. Program for
Collaborative Research in the Pharmaceutical
Sciences. College of Pharmacy, University of Illinois
at Chicago.

Nikolic, D., Y. Li, L. Chadwick, S. Grubjesic,
P. Schwab, P. Metz and R. van Breemen, 2004.
Metabolism of 8-prenylnaringenin, a potent
phytoestrogen from hops, by human liver
microsomes. Drug Metab. Disposit., 32: 272-279.
Nookandeh, A., N. Frank, F. Steiner, R. Ellinger,
B. Schneider, C. Gerhauser and H. Becker, 2004.
Xanthohumol metabolites in faeces of rats.
Phytochemistry, 65: 561-570.

Yilmazer, M., J.F. Stevens and D.R. Buhler, 2001.
In vitro glucuronidation of xanthohumol, a flavonoid
in hop and beer, by rat and human liver microsomes.
FEBS Lett., 491: 252-256.

Yilmazer, M., J.F. Stevens, M.L. Deinzer and
D.R. Buhler, 2001. In vitro biotransformation of
xanthohumol, a flavonoid from hops (Humulus
lupulus), by rat liver microsomes. Drug Metabolism
and Disposition, 29: 223-231.

Behre, K.E., 1999. The history of beer additives in
Europe-a review. Veget. Hist. Archeobot, 8: 35-48.
Fluckiger, F.A., D. Hanbury and H. Strobili, 1879.
Pharmacographia. Macmillan Co., London.

Neve, R.A., 1991. Hops. Chapman and Hall., New
York.

Page, C., C. Michael, M. Sutter, M. Walker and
B.B. Hoffman, 2002. Integrated Pharmacology
(2nd Ed.). C.V. Mosby. ISBN 978-0-7234-3221-0.
Olkkola, K.T. and J. Ahonen, 2008. Midazolam and
other benzodiazepines. Handb Exp Pharmacol.
Handbook  of Experimental ~ Pharmacology,
182(182): 335-60.

RPSGB “Royal Pharmaceutical Society of Great
Britain”, 2009. British National Formulary (BNF 57).
BMJ Group and RPS Publishing. ISBN 978-0-85369-
845-6.

Perugi, G., F. Frare and C. Toni, 2007. Diagnosis and
treatment of agoraphobia with panic disorder.
CNS Drugs, 21(9): 741-64.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Middle-East J. Sci. Res., 16 (6): 762-768, 2013

Tesar, G.E., 1990. High-potency benzodiazepines for
short-term management of panic disorder: the U.S.
experience. J. Clin. Psychiatry., 51(1): 4-10.

Faught, E., 2004. Treatment of refractory
primary generalized epilepsy. Rev. Neurol. Dis.,
1(1): S34-43.

Allgulander, C., B. Bandelow and E. Hollander,
2003. WCA recommendations for the long-term
treatment of generalized anxiety disorder. CNS
Spectr., 8(1): 53-61.

MclIntosh, A., D. Semple, R. Smyth, J. Burns and
R. Darjee, 2005. Depressants. Oxford Handbook of
Psychiatry (1st Ed.), Oxford University Press, pp: 540.
Ashton, C.H., 2005. The diagnosis and management
of benzodiazepine dependence. Curr. Opin.
Psychiatry., 18(3): 249-55.

Brathen, G., E. Ben-Menachem, E. Brodtkorb,
R. Galvin, J.C. Garcia-Monco, P. Halasz, M. Hillbom
and M.A. Leone, 2005. EFNS guideline on the
diagnosis and management of alcohol-related
seizures: report of an EFNS task force. Eur. J. Neurol.,
12(8): 575-81.

Riss, J., J. Cloyd, J. Gates and S. Collins, 2008.
Benzodiazepines in epilepsy: pharmacology and
pharmacokinetics. Acta Neurol. Scand., 118(2): 69-86.
Walker, M., 2005. Status epilepticus: an evidence
based guide. BMJ., 331(7518): 673-7.

Prasad, K., K. Al-Roomi, P.R. Krishnan, R. Sequeira
and K. Prasad, 2005. Anticonvulsant therapy for
status  epilepticus. Cochrane Database Syst.
Rev.,4:CD003723.

Isojérvi, J.I. and R.A. Tokola, 1998. Benzodiazepines
in the treatment of epilepsy in people with intellectual
disability. J. Intellect. Disabil. Res., 42(1): 80-92.
Kaplan, P.W., 2004. Neurologic aspects of
eclampsia. Neurol. Clin., 22(4): 841-61.

Duley, L., 2005. Evidence and practice: the
magnesium sulphate story. Best Pract. Res. Clin.
Obstet. Gynaecol., 19(1): 57-74.

Zeilhofer, H.U., R. Witschi and K. Hésl, 2009.
Subtype-selective GABAA receptor mimetics-novel
antihyperalgesic agents. J. Mol. Med., 87(5): 465-9.
Mezaki, T., A. Hayashi, H. Nakase and K. Hasegawa,
2005. Therapy of dystonia in Japan. Rinsho.
Shinkeigaku., 45(9): 634-42.

Kachi, T., 2001. Medical treatment of dystonia.
Rinsho. Shinkeigaku., 41(12): 1181-2.
Mafion-Espaillat, R. and S. Mandel, 1999. Diagnostic
algorithms for neuromuscular diseases. Clin. Podiatr.
Med. Surg., 16(1): 67-79.

766

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kamen, L., H.R. Henney and J.D. Runyan, 2008.
A practical overview of tizanidine use for spasticity
secondary to multiple sclerosis, stroke and spinal
cord injury. Curr. Med. Res. Opin., 24(2): 425-39.
Awad, R., D. Levac, P. Cybulska, Z. Merali,
V.L. Trudeau and J.T. Arnason, 2007. Effects of
traditionally used anxiolytic botanicals on enzymes
of the gamma-aminobutyric acid (GABA) system.
Can. J. Physiol. Pharmacol., 85: 933-942.
Herrera-Ruiz, M., R. Roman-Ramos, A. Zamilpa,
J. Tortoriello and J.E. Jimenez-Ferrer, 2008.
Flavonoids from Tilia americana with anxiolytic
activity in plus-maze test. J. Ethnopharmacol.,
118:312-317.

Schiller, H., A. Forster, C. Vonhoff, M. Hegger,
A. Biller and H. Winterhoff, 2006. Sedating effects
of Humulus lupulus L. extracts. Phytomedicine.,
13: 535-541.

Aoshima, H., K. Takeda, Y. Okita, S.J. Hossain,
H. Koda, Y. Kiso, 2006. Effects of beer and hop on
ionotropic gammaaminobutyric acid receptors. J.
Agric. Food Chem., 54: 514-2519.

Zanoli, P., M. Rivasi, M. Zavatti, F. Brusiani and
M. Baraldi, 2005. New insight in the
neuropharmacological activity of Humulus lupulus
L. J. Ethnopharmacol., 102: 102-106.

Meissner, O. and H. Haberlein, 2006. Influence of
xanthohumol on the binding behavior of GABA (A)
receptors and their lateral mobility at hippocampal
neurons. Planta. Med., 72: 656-658.

Gerhéduser, C., A. Alt, E. Heiss, A. Gamal-Eldeen,
K. Klimo, J. Knauft, I. Neumann, H.R. Scherf,
N. Frank, H. Bartsch and H. Becker, 2002.
Cancer chemopreventive activity of Xanthohumol,
a natural product derived from hop. Mol. Cancer
Ther., 1: 959-969.

Liegeois, C., G. Lermusieau and S. Collin, 2000.
Measuring antioxidant eficiency of wort, malt and
hops against the 2,2'-azobis(2-amidinopropane)
dihydrochloride-induced oxidation of an aqueous
dispersion of linoleic acid. J. Agric. Food Chem.,
48: 1129-1134.

Stevens, J.F., C.L. Miranda, K.R. Wolthers,
M. Schimerlik, M.L. Deinzer and D.R. Buhler, 2002.
Identification and in vitro biological activities of hop
proanthocyanidins: inhibition of nNOS activity
and scavenging of reactive nitrogen species. J.
Agric. Food Chem., 50: 3435-3443.

Tagashira, M., M. Watanabe and N. Uemitsu, 1995.
Antioxidative activity of hop bitter acids and their
analogues. Biosci. Biotech. Biochem., 59: 740-742.



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Middle-East J. Sci. Res., 16 (6): 762-768, 2013

Grange, J.M. and R.W. Davey, 1990. Detection of
antituberculous activity in plant extracts. J. Appl.
Bacteriol., 68: 587-591.

Langezaal, C.R., A. Chandra and J.J. Scheffer, 1992.
Antimicrobial screening of essential oils and extracts
of some Humulus lupulus L. cultivars. Pharm.
Weekbl. Sci., 14: 353-356.

Matos, R., L. Vasconcelos, M. Oleastro and
L. Monterio, 2001. Antibacterial Activity of
Humulus lupulus against Helicobacter pylori. Gut.,
49(1): AS5.

Ohsugi, M., P. Basnet, S. Kadota, E. Ishii, T. Tamura,
Y. Okumura and T. Namba, 1997. Antibacterial
activity of traditional medicines and an active
constituent lupulone from Humulus lupulus against
Helicobacter pylori. J. Trad. Med., 14: 186-191.
Racz, G., B. Fazakas and E. Racz-Kotilla, 1980.
Trichomonazide und anthelmintische Wirkung in
der rumanischen Volksmedizin verwendeten
Pflanzen. Planta. Med., 39: 257.

Simpson, W.J. and A.R. Smith, 1992. Factors
affecting activity
compounds and their derivatives. J. Appl. Bacteriol.,
72:327-334.

Tagashira, M., K. Uchiyama, T. Yoshimura,
M. Shirota and N. Uemitsu, 1997. Inhibition by hop
bract polyphenols

antibacterial of hop

of cellular adherence and

water-insoluble glucan synthesis of Mutans
Streptococci.  Biosci. Biotechnol. Biochem.,
61: 332-335.

Bae, K., J.S. Lee and B.S. Min, 1996. Screening on the
cytotoxicity of medicinal plants against L1210 and
HL60 cancer cells. Korean J. Pharmacog., 27: 173-177.
Liu, J., J.E. Burdette, H. Xu, C. Gu, R.B. van Breemen,
K.P. Bhat, N. Booth, A.I. Constantinou, J.M. Pezzuto,
H.H.S. Fong, N.R. Farnsworth and J.L. Bolton, 2001.
Evaluation of estrogenic activity of plant extracts for
the potential treatment of menopausal symptoms. J.
Agric. Food Chem., 49: 2472-2479.

Miranda, C.L., J.F. Stevens, A. Helmrich,
M.C. Henderson, R.J. Rodriguez, Y.H. Yang,
M.L. Deinzer, D.W. Barnes and D.R. Buhler, 1999.
Antiproliferative and cytotoxic effects of prenylated
flavonoids from hops in human cancer cell lines.
Food Chem. Toxicol., 37: 271-285.

Shipp, E.B., C.S. Mehigh and W.G. Helferich, 1994.
The effect of colupulone (a hops a-acid) on hepatic
cytochrome p-450 enzymatic activity in the rat. Food
Chem. Toxicol., 32: 1007-1014.

767

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Honma, Y., H. Tobe, M. Makishima, A. Yokoyama
and J. Okabe-Kado, 1998. Induction of
differentiation of myelogenous leukemia cells by
humulone, a bitter acid in the hop. Leukemia
Res., 22: 605-610.

Tabata, N., M. Ito, H. Tomoda and S. Omura,
1998. Hexahydrocolupulone and its antitumor
cell proliferation activity in vitro.
Pharmacol., 55: 505-514.

Tobe, H., M. Kubota, M. Yamaguchi, T. Kocka and
T. Aoyagi, 1997. Apoptosis to HL-60 by humulone.
Biosci. Biotech. Biochem., 61: 1027-1029.

Tobe, H., Y. Muraki, K. Kitamura, O. Komiyama,
Y. Sato, T. Sugioka, H.B. Muruyama, E. Matsuda
and M. Nagai, 1997. Bone resorption inhibitors
from hop
61: 158-159.
Yasukawa, K., M. Takeuchi and M. Takido, 1995.
Humulon, a bitter in the hop, inhibits tumor
promotion by 12-Otetradecanoylphorbol-13-acetate
in two-stage carcinogenesis
Oncology, 52: 156-158.
Gerhduser, C., A. Alt, A.G. Eldeen, 1. Neumann,
N. Frank, H. Chmiel, H. Bartsch and H. Becker, 2001.
Antioxidant and radical-scavenging potential of
phenolic constituents of beer. Proc. Am. Assoc.
Cancer Res., 42: 19.

Miranda, C.L., G.L.M. Aponso, J.F. Stevens,
M.L. Deinzer, D.R. Buhler, 2000. Prenylated
chalcones and flavanones as inducers of quinone
reductase in mouse Hepa 1X1C7 cells. Cancer Lett.,
149: 21-29.

Yamamoto, K., J. Wang, S. Yamamoto and H. Tobe,
2000. Suppression of cyclooxygenase-2 gene
transcription by humulon of beer hop extract
studied with reference to glucocorticoid. FEBS Lett.,
465: 103-106.

Gerhduser, C., A. Alt, K. Klimo, E. Heiss,
A. Gamal-Eldeen, I. Neumann, J. Knauft, H. Scherf,
N. Frank, H. Bartsch and H. Becker, 2001.
Xanthohumol from hop (Humulus lupulus) as a novel
potential cancer chemopreventive agent. Proc. Am.
Assoc. Cancer Res., 42: 18.

Milligan, S.R., J.C. Kalita, A. Heyerick, H. Rong,
L. De Cooman and D. De Keukeleire, 1999.
Identification of a potent phytoestrogen in hops
(Humulus lupulus L.) and beer. J. Clin. Endocrinol.
Metab., 84: 2249-2252.

Biochem.

extract. Biosci. Biotech. Biochem.,

in mouse skin.



63.

64.

Middle-East J. Sci. Res., 16 (6): 762-768, 2013

Miranda, C.L., Y.H. Yang, M.C. Henderson,
J.F. Stevens, G. Santana-Rios, M.L. Deinzer and
D.R. Buhler, 2000. Prenylflavonoids from hops
inhibit the metabolic activation of the carcinogenic
heterocyclic amine 2-amino-3-methylimidazo-4,5-
fluoroquinoline, mediated by cDNA-expressed
human CYP1A2. Drug Metab. Dispos., 28: 1297-1302.
Zanoli, P., M. Zavatti, M. Rivasi, F. Brusiani, G. Losi,
G. Puia, R. Avallone and M. Baraldi, 2007.
Evidence that the fraction of hops
reduces central GABAergic neurotransmission. J.
Ethnopharmacol., 109: 87-92.

beta-acids

768

65.

66.

Heinrich, M., J. Barnes, S. Gibbons and
EM. Williamson, 2004. Fundamentals of
pharmacognosy and phytotherapy.  Churchill

Livingstone: Elsevier science limited.

Zanoli, P. and M. Zavatti, 2008. Pharmacognostic and
pharmacological profile of Humulus lupulus L.J.
Ethnopharmacol., 116: 383-396.



