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Abstract

In the present study, the effects of Hypericum perforatum on nicotine-induced locomotor activity have
been investigated in mice. Adult male Swiss-Webster mice were subjects. Nicotine (0.5, 1 and 2 mg/kg)
and saline were given to mice intraperitoneally. Locomotor activities of the mice were recorded for 30
min immediately following nicotine or saline administration. Hypericum perforatum extract (HPE) (6,
12, 24 and 48 mg/kg) and saline were injected to another five independent groups of the mice and 20 min
later, locomotor activity was recorded for 30 min. In further study, HPE (6-24 mg/kg) was administered to
other independent groups of mice 20 min before nicotine (1 mg/kg) injections and locomotor activity was
recorded for 30 min immediately after nicotine administration. Nicotine (1 mg/kg) produced a significant
increase in locomotor activity of the mice. HPE depressed significantly locomotor activity of the mice
at dose of 48 mg/kg. Other doses of HPE (6-24 mg/kg) did not produce any significant change in the
locomotor activities. HPE (24 mg/kg) blocked significantly nicotine (1 mg/kg)-induced locomotor. Our
results suggest that HPE blocks nicotine-induced locomotor hyperactivity in mice. Thus, it may be a
useful agent for treatment of nicotine-type dependence.
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Hiperikum perforatum Ekstresi Farelerde Nikotin Ile indiiklenen
Lokomotor Aktiviteyi Bloke Ediyor

Sunulan ¢alismada, farelerde nikotin ile indiiklenen lokomotor aktivite iizerine Hiperikum perforatum
ekstresinin etkileri incelenmistir. Calismada denek olarak eriskin erkek Swiss-Webster tiirii fareler
kullamildi. Nikotin (0.5, 1 ve 2 mg/kg) ve serum fizyolojik farelere intraperitoneal yoldan enjekte edildi.
Nikotin veya salin enjeksiyonlarindan hemen sonra 30 dakika siire ile farelerin lokomotor aktiviteleri
kaydedildi. Hiperikum perforatum ekstresi (HPE) (6, 12, 24 ve 48 mg/kg) ve salin diger 5 farkli
grup fareye enjekte edildi ve enjeksiyonlardan 20 dakika sonra farelerin 30 dakika siire ile lokomotor
aktiviteleri kaydedildi. Daha ileri bir ¢calisma olarak, HPE (6-24 mg/kg) baska bagimsiz gruplarda yer
alan farelere nikotin (1 mg/kg) enjeksiyonundan 20 dakika énce verildi. Bu gruplarda da nikotin (1 mg/
kg) enjeksiyonlarimin hemen sonrasinda farelerin 30 dakika siire ile lokomotor aktiviteleri kaydedildi.
Nikotin (1 mg/kg) farelerin lokomotor aktivitelerinde anlamli olgiide artisa neden oldu. HPE 48 mg/kg 'lik
dozunda farelerin lokomotor aktivitesini anlamli 6l¢iide deprese etti. HPE 'nin ¢calismada kullanilan diger
dozlart (6-24 mg/kg) lokomotor aktivitelerde anlamli bir degisiklik olusturmadi. HPE (24 mg/kg) nikotin
ile indiiklenen lokomotor aktivite artisint anlaml dlgiide bloke etti. Sonuglarumiz HPE 'nin farelerde
nikotin ile indiiklenen lokomotor aktivite artisint bloke ettigine ve bu ekstrenin nikotin tipi bagimliligin
tedavisinde faydali olabiecegine isaret etmektedir.
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INTRODUCTION

Tobacco addiction has a considerable health and economic impact on society. It has become one
of the largest health problems worldwide. Nicotine plays a key role in maintaining the smoking of
tobacco and is the major component responsible for addiction (1).

Hypericum perforatum L. is the common plant usually called St John’s wort. Extract of
Hypericum perforatum L. (HPE) has been known as an herbal remedy since Greek and Roman
times. It has been used for treatment of lots of disorders in folk medicine (2). Various experimental
and clinical studies indicate that HPE may be useful for treatment of disorders originated from
central nervous system, especially in depression. Thus, the antidepressant-like action of HPE was
reported in rodents (3,4) and, it has been used for the treatment of mild to moderate depression in
humans (5-7).

In some studies, the effects of HPE on some type of dependences have been subjected. It has
been suggested that HPE attenuates alcohol intake in some strains of alcohol-preferring rats (8,9).
In a couple of recent preliminary study from our laboratory, we also observed that HPE inhibited
some signs of ethanol withdrawal syndrome in rats (10) and blocked caffeine-induced locomotor
activity in mice (11), respectively. On the other hand, some antidepressants have been marketed
to aid in smoking cessation (12). Furthermore, in a recent study, Catania et al. (13) showed that
HPE attenuates nicotine withdrawal signs in mice.

Psychostimulant properties of drugs such as caffeine, ethanol, cocaine, amphetamine and
nicotine can be assessed by locomotor activity, and these psychostimulant effects have been
linked to their addictive properties (14). However, any study investigating the effects of HPE on
locomotor stimulant effects of nicotine has not been published yet. Thus, the present study was
designed to evaluate the effects of HPE on nicotine-induced locomotor activity in mice.

EXPERIMENTAL

Animals and Laboratory

Adult male Swiss-Webster mice (26-32 g) were used in the study (n= 8 for each group). They
were housed in a quiet and temperature-and humidity-controlled room (22 + 2°C and 60 = 5
%, respectively) in which a 12-h (light/dark) cycle was maintained (07:00 — 19:00 h light). All
experiments were performed at the same time of the day and in the light period (09:00 — 11:30
am).

All procedures in the present study are in accordance with the Guide for the Care and Use
of Laboratory Animals as adopted by the National Institutes of Health (Washington, D.C. USA,
1996) and the Declaration of Helsinki.

Drugs used and preparation of HPE

Nicotine was purchased from Sigma Chemical (USA). Alcohol (96.5% v/v) using in the
extraction processes was also purchased from Merck (USA). HPE was prepared using aerial parts
of St. John’s wort in Anadolu University, Department of Pharmacognosy as previously described
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(15). St. John’s wort were collected in Domani¢ — Inegdl area of Turkey in June 2003. After
collection, the plant materials were dried at room temparature and their voucher specimens are
kept at the Herbarium of the Faculty of Pharmacy, Anadolu University, Eskisehir, Turkey. Fifty
g of semi-crushed plant materials was macerated in 50% alcohol for 24 h at 37 °C. Following
filtration and removal their alcohol by Rotavapor (Buchi, Flavil, Switzerland) and water contents
by lyophilization (Leybold-Heraeus, Koln, Germany), dry extracts were obtained. Yields of HPE
were 27.4% (w/v). Doses were expressed as dried extract (mg/kg body weight).

HPE was dissolved in saline with helping a vortex. HPE or saline were injected to mice
intraperitoneally at a volume of 10 ml / kg. Drug solutions were prepared just prior to application

to mice.

Procedure

Nicotine (0.5, 1.0and 2.0 mg/kg) and saline were given to mice intraperitoneally (ip). Locomotor
activity was measured for 30 min immediately following nicotine or saline administration. HPE
(6, 12, 24 and 48 mg/kg) and saline were injected ip to another five independent groups of the
mice and 20 min later, locomotor activity was measured for 30 min.

In further study, HPE (6-24 mg/kg) was administered to another group of mice 20 min before
nicotine (1 mg/kg) injections and locomotor activity was recorded for 30 min immediately after
nicotine administration.

Locomotor activity system (MAY 9908 model — Activity Monitoring System — Commat Ltd.,
TR) had eight Plexiglas cages (42 x 42 x 30 cm) equipped with infrared photocells. Locomotor
activity was recorded as a total of horizontal, vertical and ambulatory activities of the mice.

Statistics
Data were evaluated by analysis of variance (one-way ANOVA) followed by Dunnett’s test.

The level of statistical significance was set at p< 0.05.

RESULTS

Nicotine (1 mg/kg) produced a significant increase in locomotor activity of the mice [F(3,28)=
6,207; p=0.002, one-way ANOVA; p= 0.04, Dunnett’s test for 1 mg/kg)] (Figure 1).

HPE depressed locomotor activity of the mice significantly at a dose of 48 mg/kg [F(3,28)=
3,996; p=0.009, one-way ANOVA; p=0.016, Dunnett’s test for 48 mg/kg). Dunnett’s test following
ANOVA revealed no significant change in the locomotor activities by the other doses of HPE (6,
12 and 24 mg/kg) (p=0.975, p= 0.982 and p= 0.250, respectively) (Figure 2).

HPE (6-24 mg/kg) produces some inhibitory effects on nicotine (1 mg/kg)-induced locomotor
hyperactivity [F(3,28)= 3.519; p= 0.028, one-way ANOVA]. Dunnett’s test following ANOVA
revealed a significant blockage in nicotine-induced locomotor hyperactivity by HPE (24 mg/kg)
(p=0.017) (Figure 3).
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[ Saline + Saline

1 Saline + Nicotine 0.5 mg/kg
Il Saline +Nicotine 1 mg/kg
Saline + Nicotine 2 mg/kg

Figure 1- Effects of saline and nicotine on locomotor activities of the mice (* significantly

different from the saline group; p= 0.04, Dunnett’s test, n= 8 for each group).

:

[_] Saline +Saline

ZZ1 HPE 6 mg/kg + Saline
S HPE 12 mg/kg + Saline
HPE 24 mg/kg + Saline
E—] HPE 48 mg/kg + Saline

Figure 2- Effects of saline and Hypericum perforatum extract (HPE) on locomotor activities of

the mice (* Significantly different from the saline group; p=0.016, Dunnett’s test, n=8 for each
group).
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10000

[ Saline +Saline

El Saline + Nicotine 1 mg/kg
U1 HPE 6 + Nicotine 1 mg/kg
E=] HPE 12 + Nicotine 1 mg/kg
HPE 24 + Nicotine 1 mg/kg

Figure 3- Effects of Hypericum perforatum extract (HPE) (6-24 mg/kg) on nicotine-induced
locomotor activity in mice (* Significantly different from the saline group, p= 0.011, Student’s t
test; # significantly different from nicotine 1 mg/kg treated group, p= 0.017, Dunnett’s test, n=8
for each group).

DISCUSSION

The results of the present study indicate that nicotine-induced locomotor activity was blocked
by HPE in mice. In addition, HPE did not cause any significant effect on locomotor activity at used
doses when they were administered alone. Thus, these findings imply that HPE acts through its
effect rather than some non-specific, or unrelated effects such as sedation or muscle relaxation.

Consistent with our previous studies (16,17), we observed significant increases in locomotor
activity in mice with nicotine (1 mg/kg, ip) treatment. Higher doses of nicotine was not selected
and tested since they caused sedation. The doses of HPE were selected from our preliminary
experiments and other studies. As it was shown previously, at doses between 6 and 24 mg/kg,
HPE blocked caffeine-induced locomotor activity in mice similarly (11). A cross-locomotor
sensitization between caffeine and nicotine was also detected in our laboratory (18). In the present
study, higher doses than 24 mg/kg of HPE were not preferred in testing since the doses caused a
significant inhibition in locomotor activity of the mice.

Evidence regarding the association between depression and tobacco smoking is emerging (19).
In particular, it has been postulated that nicotine withdrawal in smokers may elicit a state in which
they are more sensitive to the adverse effects of stress (20). Morever, bupropion, an antidepressant

agent, has been recently marketed as an aid for smoking cessation (12). Some recent studies also
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indicated that HPE, an antidepressant agent, have some beneficial effects on ethanol intake (8,9)
and withdrawal syndrome (10), and caffeine-induced locomotor activity (11) in rodents. As more
important, in a recent study, Catania et al. (13) showed that HPE attenuates nicotine withdrawal
signs in mice. Overall the data implies that HPE may be useful for treatment of drug abuse or
dependence and our data indicating that HPE inhibits nicotine-induced locomotor hyperactivity
is in line with the results of these previous studies. Our finding may be important since there is a
direct relationship between locomotor stimulant properties of drugs and their addictive potential
(14).

The inhibitory effects of HPE on nicotine-induced locomotor hypreactivity can be explained
by two different mechanisms. First, HPE are widely used for therapy of depression and the
mechanism of its antidepressant action seems to imply, as with bupropion, an increase in deficient
neurotransmitter activity associated with the pathogenesis of this disorder. Acute administration of
HPE produces an increase in brain content of neurotransmitters such as noradrenaline, dopamine
and serotonin in rodents (21), and deficits in these neurochemicals have been all considered to
play a role in the expression of tobacco dependence (22). Thus it is possible to speculate that HPE
attenuate the nicotine-induced hyperlocomotion in mice by enhancing the functional tone of these
neurotransmitters.

A second explanation may be a central inhibition of nitric oxide synthase (NOS), an enzyme
that produces nitric oxide (NO) from precursor L-arginine. It has been hypothesized that there
is a marked relationship between NO and substance abuse and dependence (23). Some studies
have been shown that NOS inhibitors cause a prominent attenuation signs of nicotine withdrawal
syndrome in rats (24) and blocks nicotine-induced locomotor sensitization in mice (17). In addition,
in a recent preliminary study from our laboratory indicated that HPE blocks caffeine-induced
locomotor hyperactivity in mice via a NO related mechanism (11). On the other hand, Wegener et
al. (25) suggested that local administration of serotonergic antidepressants significantly decreased
hippocampal NOS activity in rat brain. Furthermore, Luo et al. (26) showed that HPE had some
NOS inhibitory effects in rats. Thus, NOS inhibitory property of HPE may be responsible its
inhibitory effects on nicotine-induced hyperlocomotion in mice.

A point needs to be explained is that a possible pharmacokinetic interaction between nicotine
and HPE. Both nicotine and HPE interact with hepatic cytochrome P-450 (CYP) microsomal
oxidase enzyme system and a pharmacokinetic interaction with nicotine via CYP system may
due to the inhibitory effects of HPE on nicotine-induced hyperlocomotion. Ernst (27) reported
that Hypericum extracts may roughly double the metabolic activity of CYP. Previous reports on
some HPE products have also shown remarkably decreased plasma concentrations of certain
co-medicated drugs (28,29). Nicotine or cigarette smoking also acts CYP enzyme system (30).
However, no study investigated a pharmacokinetic or pharmacologic interaction between HPE
and nicotine or tobacco smoking has been reported yet. Thus, the data on nicotine and HPE

interaction is very limited and further studies are necessary for clarification of this situation.
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CONCLUSION

In conclusion, this is the first time that a beneficial effect of HPE on nicotine-induced
locomotor activity was shown. Our results suggest that HPE blocked nicotine-induced locomotor
hyperactivity in mice and it may be a useful agent for treatment of nicotine-type dependence.
However, further studies should be performed to understand which specific mechanism is

responsible for the effects of HPE on nicotine-induced hyperlocomotion in mice.

ACKNOWLEDGEMENT

Authors would like to thank to Mr. Selami Alan for his technical assistance to the study.

REFERENCES

1. Stolerman, LP., Jarvis, M.J., “The scientific case that nicotine is addictive”
Psychopharmacology 117, 2-10, 1995.

2. Oztiirk, Y., Aydin, S., Baser, K.H.C., Kirimer, N., Kurtar-Oztiirk, N., “Hepatoprotective
activity of Hypericum perforatum L. Alcoholic extract in rodents” Phytother. Res. 6, 44-46,
1992.

3. Butterweck, V., Wall A, Lieflander-Wulf, U., Winterhoff, H., Nahrstedt, A., “Effects
of total extract and fractions of Hypericum perforatum in animal assays for antidepressant
activity” Pharmacopsychiatry 30 (Suppl.), 117-124, 1997.

4. Oztiirk, Y., “Testing the antidepressant effects of hypericum species on animal models”
Pharmacopsychiatry 30 (Suppl.), 125-128, 1997.

5. Linde, K., Ramirez, G., Mulrow, C.D., Pauls, A., Weidenhammer, W., Melchart, D., “St
John’s wort for depression — an overview and meta-analysis of randomized clinical tirals” Br.
Med. J. 313, 253-258, 1996.

6. Volz, H.P., “Controlled clinical trials of hypericum extracts in depressed patients — an
overview” Pharmacopsychiatry 30 (Suppl.), 72-76, 1997.

7. Kasper, S., Dienel, A., “Cluster analysis of symptoms during antidepressant treatment with
Hypericum extract in mildly to moderately depressed out-patients. A meta-analysis of data
from three randomized, placebo-controlled trials” Psychopharmacology 164, 301-308, 2002.

8. Rezvani, A.H., Overstreet, D.H., Yang, Y., Clark, E., “Attenuation of alcohol intake by
extract of Hypericum perforatum (St John’s wort) in two different strains of alcohol-preferring
rats” Alcohol Alcohol. 34, 669-675, 1999.

37K



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

T. Uzbay, H. Kayrr, I Coskun, N. Oztiirk, Y. Oztiirk

Perfumi, M., Ciccocioppo, R., Angeletti, S., Cucculelli, M., Massi, M., “Effects of
Hypericum perforatum extract on alcohol intake in Marchigian Sardinian Alcohol-Preferring
rats” Alcohol Alcohol. 34, 690-698, 1999.

Uzbay, L.T., Coskun, L., Ozturk, N., Ozturk, Y., “Effects of St John’s wort on ethanol
withdrawal syndrome in rats” World J. Biol. Psychiat. 6 (Suppl. 1), 311, 2005.

Uzbay, I.T., Kayir, H., Coskun, I., Ozturk, N., Ozturk, Y., “St John’s wort blocks caffeine-
induced locomotor activity in mice” World. J. Biol. Psychiat. 6 (Suppl. 1), 310-311, 2005.

Sutherland, G., “Current approaches to the management of smoking cessation” Drugs 62,
53-61,2002.

Catania, M.A., Firenzuoli, F., Crupi, A., Mannucci, C., Caputi, A.P., Calapai, G.,
“Hypericum perforatum attenuates nicotine withdrawal signs in mice” Psychopharmacology
169, 186-189, 2003.

Wise, R.A., Bozarth, M.A., “A psychomotor stimulant theory of addiction” Psychol. Rev. 94,
469-497, 1987.

Oztiirk, Y., Aydin, S., Beis, R., Baser, K.H.C., Berberoglu, H., “Effects of Hypericum
perforatum L. And Hypericum calycinum L. extracts on the central nervous system in mice”
Phytomedicine 3, 139-146, 1996.

Ulusu, U., Uzbay, I.T., Karakas, S., “Farelerde nikotin ile indiiklenmis lokomotor
duyarlilagma tizerine L-NAME’in etkileri” Bagimlilik Dergisi 4, 20-25, 2003.

Ulusu, U., Uzbay, I.T., Kayir, H., Alici, T., Karakas, S., “Evidence for the role of nitric
oxide in nicotine-induced locomotor sensitization in mice” Psychopharmacology 178, 500-
504, 2005.

Celik, E., Uzbay, I.T., Karakas, S., “Caffeine and amphetamine produce cross-sensitization to
nicotine-induced locomotor activity in mice” Prog. Neuro-Psychopharmacol. Biol. Psychiat.

(in press).

Dierker, L.C., Avenovoli, S., Stolar, M., Merikangas, K.R., “Smoking and depression: an
examination of mechanisms of comorbidity” Am. J. Psychiat. 159, 947-953, 2002.

Balfour, D.J., Redley, D.L., “The effects of nicotine on neural pathways implicated in
depression: a factor in nicotine addicition?” Pharmacol. Biocehem. Behav. 66, 79-85, 2000.

Calapai, G., Crupi, A., Firenzuoli, F., Costantino, G., Inferreara, G., Campo, G.M.,
Caputi, A.P., “Effects of Hypericum perforatum on the levels of 5-hydroxytryptamine,
noradrenaline and dopamine in the cortex, diencephalons and brainstem of the rat” J. Pharm.
Pharmacol. 51, 723-728, 1999.

38X



Turkish J. Pharm. Sci. 3 (1), 31-40, 2006

22. Quattrocki, E., Baird, A., Yurgelun-Tood, D., “Biological aspects of the link between
smoking and depression” Harv. Rev. Psychiatry 8, 99-110, 2000.

23. Uzbay, I.T., Oglesby, M.W., “Nitric oxide and substance dependence” Neurosci. Biobehav.
Rev. 25, 43-52,2001.

24. Malin, D.H., Lake, J.R., Shenoi, M., Uochurch, T.P., Johnson, S.C., Schweinle, W.E.,
Cadle, C.D., “The nitric oxide synthesis inhibitor nitro-L-arginine (L-NNA) attenuates
nicotine abstinence syndrome in the rat” Psychopharmacology 140, 371-377, 1998.

25. Wegener, G., Volke, V., Harvey, B.H., Rosenberg, R., “Local, but not systemic, administration
of serotonergic antidepressants decreases hippocampal nitric oxide synthase activity” Brain
Res. 959, 128-134, 2003.

26. Luo, L., Sun, Q., Mao, Y.Y., Lu, Y.H., Tan, R.X., “Inhibitory effects of flavonoids from
Hypericum perforatum on nitric oxide synthase” J. Ethnopharmacol. 93, 221-225,2004.

27. Ernst, E., “Second thoughts about safety of St. John’s wort” Lancet 354, 2014-2015, 1999.

28. Greeson, J.M., Sanford, B., Monti, D.A., “St. John’s wort (Hypericum perforatum): a review
of the current pharmacological, toxicological, and clinical literature” Psychopharmacology
153, 402-414, 2001.

29. Arold, G., Donath, F., Maurer, A., Diefenbach, K., Bauer, S., Henneicke-von Zeppelin,
H-H., Friede, M., Roots, 1., “No relevant interaction with alprozalam, caffeine, tolbutamide,
and digoxin by treatment with a low-hyperforin St John’s extract” Planta Med. 71, 331-337,
2005.

30. Zewin, S., Benowitz, N.L., “Drug interactions with tobacco smoking. An update” Clin.
Pharmacokinet. 36, 425-438, 1999.

received: 06.06.2005
accepted: 02.12.2005

39K





