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The behavioral effect of Fructus Psoraleae (FP) was investigated in the rat by using maze
apparatus. Ethanol was found to increase the ambulatory, rearing and grooming behaviors
in the open-field test. In animal studies, FP increase the number of cholinergic neurons in
the basal forebrain which in turn leads to increased hippocampal function, a structure
heavily implicated in behavioral activity and memory consolidation. In addition, FP blocked
plasma elevated cortisol level, an indicator of the hypothalamic—pituitary-adrenal (HPA)
axis. People with extensive hippocampal damage may experience amnesia, learning and
memory disabilities. Hence the herb FP may be used as an adjuvant to treat the above

Introduction

Alcohol causes 1.8 million deaths (3.2% of total) and a
loss of 58.3 million (34% of total) of Disability-Adjusted Life
Years (DALY) (WHO, 2004), while neurological condition
account for 40% of the 58.3 million DALYs. Ethanol, the active
drug in alcoholic beverages, has a number of effects in
humans (White AM et al., 2000).

» Short term effects include: intoxication, dehydration,
alcohol poisoning (Which can be fatal) and memory loss.
» Longer term alcohol affects heart function, liver

metabolism and brain function. (White AM et al., 2000).

In human beings, persistent intake of alcohol can result in
damage to cortical and sub-cortical structures of the brain, can
lead to brain shrinkage, neurotransmitter impairments,
inhibition of frontal cortex functioning, reduced hippocampal
function (4-7). It significantly inhibits neuronal activity in the
CA1 and CA3 pyramidal cell layers of the hippocampus (White
AM et al., 2000) (10). Animal studies has revealed that alcohol
has been found to reduce the number of cholinergic neurons in
the basal forebrain leading to reduced hippocampal function, a
structure heavily implicated in memory consolidation (4). It also
affects N-methyl-D-aspartate (NMDA) receptors by inhibiting
the ion current induced by (NMDA), a glutamate receptor
agonist (3). This prevents excitatory synaptic transmissions
from occurring, affecting synaptic plasticity and in turn, memory
and learning.

The hippocampus is a major component of the brain of
human beings and other mammals. The hippocampal
formation consists of the hippocampus proper (cornu ammonis
literally "Amun's horns", abbreviated CA), the area dentata,
and the subicular complex (Lorente de No et al., 1934). It
belongs to the limbic system and plays important roles in the
learning, memory & behavioural activity. The hippocampus as
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a whole has the shape of a curved tube, which has been

analogized variously to a seahorse, a ram's horn (Cornu

Ammonis, hence the subdivisions CA1, CA2, CA3 & CA4), or a

banana (Amaral et al., 2006).

Dry fruit of leguminous plant Psoralea corylifolia Linn.
(syn: Cullen corylifolium Linn.) is one of the most popular
Traditional Chinese Medicine and officially listed in Chinese
Pharmacopoeia (Qiao CF et al., 2006). Bakuchi has earned
the name Kusthanasini as it is one of the best herbs, used in
the treatment of various skin disorders (Qiao CF et al., 2006 &
Sah P et al., 2006). The main chemical constituents are
» Coumarin derivatives include psoralen, isopsoralen

methoxypsoralen (Yang yishan et al.,1983, Zhao Jianhin

etal., 1990 and Lu Zehua et al., 1987).

» Flavones includes coryfolin, corylifolinin, bavachinin,
isobavachin, neobavaisoflavne, bavachromene, corylin,
bavachalcone, neobavachalcone (Lui Daiquah et al.,
2006).

»  Mono-terpane-phenol includes bakuchiol (Lui Daiquah et
al., 2006).

Fructus Psoraleae possessed estrogen-like effects (Shen
Li-xial et al., 2009). The estrogen also has direct effect over
hippocampus (Gabriele Flugge et al., 1986) but the possible
mechanism is unknown. However, reports of the effect and
mechanism of Fructus Psoralea on the neurons on the
Hippocampus are rare. In this experiment, Behavioral studies
of Fructus Psoralea on ethanol induced neurodegeneration of
Hippocampus in Wistar Albino Rat were studied.
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Research Design
This study was conducted according to the ethical norms
approved by Ministry of Social Justices and Empowerment,
Government of India and by Institutional Animal Ethics
Committee (IAEC) Guidelines of Saveetha University (IAEC
No.Anat.002/2009). All animal procedures were performed
according to the internationally approved principles & protocols
for laboratory animal use and care and in accordance with the
recommendations for the proper care and use of laboratory
animals.
Experimental groups
Animals were divided in to four groups with six animals in
each group.
»  Group | : Control Group
> Group Il : Animals orally treated with Fructus Psoralea in
a daily dose of 25mg/kg (100 mg/kg body weight) orally
by gavage for 2 months
> Group IIl : Animals induced with Ethyl Alcohol (5%) for 2
months daily
»  Group IV: Animals induced with Ethyl Alcohol and orally
treated with Fructus Psoralea 25mg/kg (100 mg/kg body
weight) by gavage method) for 2 months (gauge needle
size of 16, length of 11 cm and the diameter of 3).
Number of days each animal will be housed: 2 — 4
months

Preparation of plant extract
Fresh seeds of P. corylifolia were dried in an incubator for
2 days at 40 degree C, crushed separately in an electric

grinder and then pulverized. This powder was extracted three
times with petroleum ether (w/v, 1: 2) kept in incubator at 37
degree C for 36 h. The slurry was stirred intermittently for 2 h
and left overnight. The mixture was then filtered and filtrate
was dried by low pressure. Dark brown residues (somraji) were
collected. The residue was suspended in water in a fixed dose
and used for treatment (41).

Methods Adopted
. Behavioral Studies

Behavioural maze studies (D'Hooge and De Deyn 2001,
Burwell et al. 2004, Harker and Whishaw 2004 and Dash et al.
2004) are used to study spatial learning and memory in rats.
Maze studies helped uncover general principles about learning
that can be applied to many species, including humans. They
are
Behavioral studies
The classic maze
The T-maze
The multiple T-maze
The Y-maze
The radial arm maze
The Morris water maze
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Results
|. Behavioral Studies
Data analysis & findings

S.No. BEHAVIOUR Gl Gl Gl GIV

1. Abnormal active avoidance behavior 1469 1032 2803 1432
2. Abnormal conditioned taste aversion behavior 1454 1122 2799 1457
3. Abnormal contextual conditioning 1432 1069 2800 1469
4. Abnormal cued conditioning behavior 1001 1454 3156 1454
5. Abnormal food preference 1469 1032 2410 1832
6. Abnormal long-term recognition memory 1454 801 2730 1801
7. Abnormal olfactory -discrimination memory 1460 799 4156 1650
8. Abnormal operant conditional behavior 2803 1800 3410 2903
9. Abnormal passive avoidance behavior 2799 2156 3730 2799
10. Abnormal short-term recognition memory 2800 1410 5307 2860
1. Head bobbing 1410 1307 1810 1510
12. Head shaking 2730 2599 2730 2730
13. Head tossing 2307 1800 3307 2507
14, Increased exploration in new environment 2799 2999 1415 2730
15. Negative geotaxis 5156 5156 5356 5156
16. Reduced exploration in new environment 1410 1410 1417 1410
17. Retropulsion 2797 1357 3797 2997
18. Thigmotaxis 5420 5797 3420 5620
19. Walking backwards 3064 5420 3064 3064
20. Decreased coping response 3063 3064 3063 3063
21. Increased coping response 1395 3063 1395 1395
22. Bi-directional circling 2156 1395 5156 3156
23. Hyperactivity 1402 1629 1402 1402
24, Hypoactivity 2597 2402 2797 2797
25. Increased vertical activity 2797 3574 2597 2767
26. Lethargy 2420 2202 3420 2620
27. No spontaneous movement 3064 1404 3064 3064
28. Reduced vertical activity 3063 2757 3063 3063
29. Unidirectional circling 1395 1396 1395 1395
30. Decreased anxiety 2156 2364 3156 2560
31. Increased anxiety 2629 1363 3629 2669
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Classification of behavioural response (Borchelt P.L. et al., 1982)

S.NO POSITIVE RESPONSE NEGATIVE RESPONSE
1. Increased exploration in new environment Abnormal active avoidance behavior
2. Negative geotaxis Abnormal conditioned taste aversion behavior
3. Reduced exploration in new environment Abnormal contextual conditioning
4, Retropulsion Abnormal cued conditioning behavior
5. Thigmotaxis Abnormal food preference
6. Walking backwards Abnormal long-term recognition memory
7. Increased coping response Decreased coping response
8. Bi-directional circling Abnormal passive avoidance behavior
9. Hyperactivity Hypoactivity
10. Increased vertical activity Head bobbing, shaking &tossing
1. No spontaneous movement Abnormal short-term recognition memory
12. Unidirectional circling Lethargy
13. Decreased anxiety Increased anxiety
14. Reduced vertical activity Abnormal operant conditional behavior
Grading of Animal Behaviour (Rondeau DB et al., 1978 & »  Grade IV — minimal activity
J Murphy et al., 2009) » Grade V - less brisk
» Grade | - no activity »  Grade VI- brisk
» Grade ll - very dull »  Grade VIl - very brisk
> Grade lll -dull »  Grade VIII- hyper active
S.NO POSITIVE RESPONSE NEGATIVE RESPONSE GRADE
1 0-1000 6000 - 7000 Grade | - no activity
2 1000 - 2000 5000 - 6000 Grade Il - very dull
32000 - 3000 4000 - 5000 Grade IIl - dull
43000 - 4000 3000 - 4000 Grade IV — minimal activity
5 4000 - 5000 2000 - 3000 Grade V - less brisk
6 5000 - 6000 1000 - 2000 Grade VI- brisk
7 6000 - 7000 0-1000 Grade VII - very brisk
Following histogram shows the grading t-of the Conclusion

behavioural activities of the rat » In my experiment, 24 Wistar albino rats were used to

study the behavioural study of Fructus Psoraleae on
7 ethanol induced neurodegeneration of Hippocampus in
Wistar Albino Rat.

» The herb Fructus Psoralea is more efficient in producing
neuroprotective effects in ethanol induced hippocampus
of Wistar albino rats. Fructus Psoralea protects especially
the more sensitive cells of CA1 & CA 3 region of
hippocampus increasing their packed cell density. Finally,
in both the regions, Fructus Psoralea is the herb of choice
to treat illness in cornu ammonis region. As ethanol
affects most of the neurons in cornu ammonis region of
hippocampus, the herb Fructus Psoralea may be used as

GROUPI a supplement to alleviate the harmful effects of ethanal,
there by improve the behavioral activity and memory.

> Hippocampus is one of the first regions in brain to suffer

in Alzheimer’s disease, encephalitis, medial temporal lobe

®animall
manimal 2
®animal3
®animal 4
manimal5

B animal 6

0

GROUPII GROUPIII GROUPIV

Results

>

Behavioral activities of the rat were found to be
diminished. (Group Ill)

epilepsy. People with extensive hippocampal damage
may experience amnesia, learning and memory

> In group I, behavioral activities improved more than disabilities. Hence the herb fructus psoraleae may be
control group. used as an adjuvant to treat the above neurological
> In group IV, behavioral activities are closed to control disorders.

group.

100

References

Alderazi Y, Brett F. Alcohol and the nervous system. Curr

Diagno Pathol 2007; 13: 203-09.



Sivanandan et al./Rec Res Sci Tech 2011, 3(10):98-102

Amaral, D; Lavenex P (2006). "Ch 3. Hippocampal
Neuroanatomy". In Andersen P, Morris R, Amaral D, Bliss
T, O'Keefe J. The Hippocampus Book. Oxford University
Press. ISBN 978-0-19-510027-3

Anderson, J.R. (1976). Language, Memory and Thought.
Mahwah, NJ: Erlbaum.

Available from: http://www.herbcureindia.com. [Accessed on
2009 Feb 27]

B.Parimala Devi et al. / Journal of Pharmacy Research 2009,
2(11),1669-1675 http://jpronline.info/article/view/906/708

Baddeley, A., & Eysenck, M. (2007). Prospective memory: An
overview and synthesis of an emerging field . Sage
Publications Ltd.

Brain ethanol levels in rats after voluntary ethanol consumption
using a sweetened gelatin vehicle J. Perisa, A.
Zharikovaa, Z. Lia, M. Lingisa, M. MacNeilla, M. T. Wua,
and N.E. Rowlandb Pharmacol Biochem Behav. 2006
November ; 85(3): 562-568

Burgess, P., Shallice, T. (1997). .The relationship between

prospective and retrospective memory:
Neuropsychological evidence. Cognitive models of
memory (249-256).

Chen CM, Dufour MC, Yi HY. Alcohol consumption among
young adults ages 18-24 in the united states: Results
from the 2001-02 NESARC Survey. Alcohol Res Health
2004; 28: 269-80.

Crews F, He J, Hodge C. Adolescent cortical development: A
critical period of vulnerability for addiction. Pharm Bio
Behav 2007;86: 189-99.

de Quervain, D et al., Acute cortisone administration impairs
retrieval of long-term declarative memory in humans.
Nature Neuroscience, 3, 313-314 (2000)

de Quervain, D et al., Stress and glucocorticoids impair
retrieval of long-term spatial memory. Nature, 394, 787-
790 (1998)

Duvernoy, HM (2005). ‘Introduction". The Human
Hippocampus (3rd ed.). Berlin: Springer-Verlag. p. 1.
ISBN 3-540-23191-9.

Eichenbaum, H. (2000). A cortical-hippocampal system for
declarative memory. Nature Reviews Neuroscience, 1,
41-50.

Eichenbaum, H., Stewart, C. & Morris, R. G. M. Hippocampal
representation in spatial learning. J. Neurosci. 10, 331-
339 (1990).

Eichenbaum, Howard (1997). Declarative memory: Insights
from cognitive  neurobiology. Annual Review of
Psychology. Vol 48, 547-572.

Eichenbaum, Howard (2001). The Hippocampus and
Declarative Memory: Cognitive Mechanisms and Neural
Codes. Behavioural Brain Research, Vol 127: 199-207.

Fox, J.G., Anderson, L.C., Lowe, M. and Quimby, F.W. eds.,
Laboratory Animal Medicine. 2nd ed., Academic Press,
2002.

Garcia-Moreno LM, Conejo NM, Pardo HG, et al. Hippocampal
AgNOR activity after chronic alcohol consumption and
alcohol deprivation in rats. Physiol Behav 2001; 72: 115-
221.

Graf, P. & Mandler, G. (1984). Activation makes words more
accessible, but not necessarily more retrievable. Journal
of Verbal Learning and Verbal Behavior, 23, 553-568.

101

Gross, Charles G. (1993). "Hippocampus Minor and Man's
Place in Nature: A Case Study in the Social Construction
of Neuroanatomy". Hippocampus 3 (4): 403-416.
doi:10.1002/hip0.450030403. PMID 8269033.

Harper C, Matsumoto I. Ethanol and brain damage. Curr Opin
Pharmacol 2005; 5: 73-8.

Hasher, L., Goldstein, D., & Toppino, T. (1977). Frequency and
the conference of referential validity. Journal of Verbal
Learning and Verbal Behavior, 16, 107-112.

http://www.ncbi.nlm.nih.gov/pubmed/17460213

Kril JJ, Halliday GM. Brain shrinkage in alcoholics: a decade
on and what have we learned? Prog Neurobiol 1998; 58:
381-87.

Lim SH, Ha TY, Kim SR, Ahn J, Park HJ, Kim S.,"Ethanol
extract of Psoralea corylifolia L. and its main constituent,
bakuchiol, reduce bone loss in ovariectomised Sprague-
Dawley rats." Br J Nutr. 2009 Apr;101(7):1031-9

Martin, T., McDaniel, M.A., Guynn, M.J., Houck, J.M.,
Woodruff, C.C., Bish, J.P., et al. (2007). Brain regions and
their dynamics in prospective memory retrieval: A MEG
study. International Journal of Psychophysiology, 64,
247-258.

Mc Auley MM, Kenny RA, Kirkwood TT, Wilkinson DD, Jones
JJ, Miller VM (March 2009). "A Mathematical Model of
aging-related and cortisol induced hippocampal
dysfunction”. BMC Neurosci 10 (1): 26. doi:10.1186/1471-
2202-10-26. PMC 2680862. PMID 19320982.

Moselhy HF, Georgiou G, Kahn A. Frontal lobe changes in
alcoholism: A review of the literature. Alcohol Alcohol
2001; 36: 357-68.

Office for National Statistics. General Household Survey of
2003. ONS, 2004. http://www.statistics.gov.uk/.

Peter B. Kaufman, James A. Duke, Harry Brielmann, John
Boik, James E. Hoyt'A Comparative Survey of
Leguminous Plants as Sources of the Isoflavones,
Genistein and Daidzein: Implications for Human Nutrition
and Health", The Journal of Alternative and
Complementary Medicine. Spring 1997: 7-12.

Poole, T. ed., The UFAW Handbook on The Care and
Management of Laboratory Animals. 7th ed., Blackwell
Science Ltd, 1999.

Qiao CF, Han QB, Song JZ, Mo SF, Kong LD, Kung HF, et al.
Quality assessment of Fructus Psoraleae. Chem Pharm
Bull 2006; 54:887-90.

Schacter, D. L. (1987)."Implicit memory: history and current
status”. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 13, 501-518.

Sowell ER, Delis D, Stiles J, Jernigan TL. Improved memory
functioning and frontal lobe maturation between childhood

and adolescence a structural MRI study. J Int
Neuropsychol Soc 2001; 7:312-22.

Squire LR (2009). "The legacy of patient H.M. for
neuroscience". Neuron 61 (1): 6-9.

doi:10.1016/j.neuron.2008.12.023.PMC 2649674.
PMID 19146808.

Squire, LR (1992). "Memory and the hippocampus: a synthesis
from findings with rats, monkeys, and humans". Psych.
Rev. 99 (2): 195-231. doi:10.1037/0033-295X.99.2.195.

Squire, LR; Schacter DL (2002). The Neuropsychology of
Memory. Guilford Press.



Sivanandan et al./Rec Res Sci Tech 2011, 3(10):98-102

Szliszka E, Czuba ZP, Sedek L, Paradysz A, Krol
W.,"Enhanced TRAIL-mediated apoptosis in prostate
cancer cells by the bioactive  compounds
neobavaisoflavone and psoralidin isolated from Psoralea
corylifolia." Pharmacol Rep. 2011 Jan-Feb;63(1):139-48

Tulving E. 1972. Episodic and semantic memory. In
Organization of Memory, ed. E Tulving, W Donaldson,
pp. 381-403.

Ullman MT. Contributions of memory circuits to language; the
declarative/procedural model. Cognition 2004; 92: 231-
70.

VanElzakker, MB; Fevurly RD, Breindel T, Spencer R.L.
(2008). "Environmental novelty is associated with a
selective increase in Fos expression in the output

102

elements of the hippocampal formation and the perirhinal
cortex". Leamning & Memory 15 (12): 899-908.
doi:10.1101/Im.1196508. PMC 2632843. PMID 19050162.

Wayneforth, H. and Flecknell., P.A. Experimental and surgical
technique in the rat. 2nd ed., London; Sydney: Academic
Press, 1992,

Wechsler H, Dowdall GW, Davenport A, Castillo S. Correlates
of college student binge drinking. Am. J. Public Health
1995; 85: 921- 26.

Zhao G, Li S, Qin GW, Fei J, Guo LH (2007). "Inhibitive effects
of Fructus Psoraleae extract on dopamine transporter and
noradrenaline transporter.". J Ethnopharmacol 112 (3):
498-506. doi:10.1016/j.jep.2007.04.013. PMID 17555897.



