Academic Sciences

International Journal of Pharmacy and Pharmaceutical Sciences

ISSN- 0975-1491 Vol 5, Suppl 3, 2013

Review Article

HYPERFORIN: A POTENT ANTI-DEPRESSANT NATURAL DRUG

LALA RAM JAT

Department of Pharmaceutical Chemistry, Mahatma Gandhi College of Pharmaceutical Sciences, ISI-15A, RIICO Institutional Area Sitapura
Tonk Road, Jaipur (Rajasthan), India. Email: lalaramjat@rediffmail.com

Received: 28 Feb 2013, Revised and Accepted: 12 May 2013

ABSTRACT

St. John’s wort (SJW) extracts, prepared from the aerial parts of Hypericum perforatum, contain numerous pharmacologically active ingredients,
including aphthodianthrones (e.g., hypericin and its derivatives) and phloroglucinols derivatives (e.g., hyperforin)[5]. Hyperforin is a structurally
novel anti-depressant isolated from Hypericum perforatum commonly known as St.John’s Wort. Hyperforin used as antidepressants by blocking the
reuptake of the neurotransmitters norepinephrine, serotonin, and dopamine. Recent study found that hyperforin, in high daily doses, is superior to
paroxetine[40] as a treatment for even severe depression. Hyperforin is photo and oxygen labile compound that is highly unstable and difficult to
isolate in pure form. The standardization of Hypericum perforatum is based on presence of both Hyperforin and Hypericin. It is designated in
percentile, meaning that if a 100mg dose of St. John’s Wort is extracted at a standardized 5%, we will get 5 mg of hyperforin from that dose.
However, relevant and, in some cases, life-threatening interactions have been reported, particularly with drugs which are substrate of cytochrome

P450 and/or P-glycoprotein.
Keywords: SJW, cytochrome P450, P-glycoprotein, Standardized.

INTRODUCTION

Hyperforin flower has been historically used as a treatment for a
wide variety of superstitions and nervous disorders. Its name,
Hypericum, comes from the Greek word meaning 'over an
apparition,' a link to the belief that St. John's Wort was such a
powerful plant that it could ward off evil apparitions or spirits.
Hyperforin is a structurally novel anti-depressant isolated from
Hypericum perforatum commonly known as St. John’s Wort [1]. The
chemical hyperforin was first identified in 1975 by the Institute of
Bio-organic Chemistry in the former Soviet Union while researching
the active ingredients in St. John’s wort. Hyperforin belongs to group
of compound known as acylphloroglucinols. The hyperforin has also
proved to be difficult to synthesize, making St. John’s wort, the only
plant containing high concentrations of the chemical, its only
commercially viable source.

The peculiarity of Hyperforin is that it is chemically unrelated to
synthetic antidepressants. Hyperforin is photo and oxygen labile
compound that is highly unstable and difficult to isolate in pure
form. Initially Hypericin a napthodianthrone compound was
considered to be the anti depressant principle of the herb, but now it
is better known as marker compound in Hypericum perforatum
extract and is used as identification standard in Hypericum samples.
The standardization of Hypericum perforatum is based on presence
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of both Hyperforin and Hypericin. Generally, it is designated in
percentile, meaning that if a 100mg dose of St. John’s Wort is
extracted at a standardized 5%, we will get 5 mg of hyperforin from
that dose.

The name of plant derives from its flowering around the time of St.
John’s Day, June 24. In recent years St. John’s wort has been studied
extensively as a treatment for depression. Most studies show that St.
John's wort may help treat mild-to-moderate depression, and has
fewer side effects than most other prescription antidepressants. But
it interacts with a number of medications, so it should be taken only
under the guidance of a health care provider.

Active principles in St. John’s Wort

(1R,5S,7R,85)-4-hydroxy-8-methyl-3,5,7-tris(3-methylbut-2-enyl)-8-(4-methylpent-3-enyl)-1-(2-methylpropanoyl)bicyclo[3.3.1]non-3-
ene-2,9-dione

The quantity and quality of active principles in Hypericin vary
according to geographical locale, climate, time of day and time of
year. St. John’s wort contains dianthrone derivatives, mainly in the
form of hypericin and pseudo-hypericin as well as flavonoids. Small

amounts of coumarins, phenolic carboxylic compounds,
phloroglucinol derivatives, monoterpenes, sesquiterpenes, n-
alkanes, n-alkanols, carotenoids and beta-sitosterol are present. The
roots contain xanthones.



Mechanism of action

Hyperforin as antidepressants by blocking the reuptake of the
neurotransmitters norepinephrine, serotonin, and dopamine. An
imbalance of serotonin, norepinephrine, and/or dopamine may
cause depression, anxiety or fatigue. By reducing the activity of
reuptake transporters, hyperforin increases the levels of these
neurotransmitters in the brain, which may improve mood and
restore emotional balance. Hyperforin also inhibits the reuptake of
GABA, a neurotransmitter that increases relaxation and reduces
anxiety.
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Fig. 1: neurotransmitter reuptake blocking activity of
hyperforin

As a natural reuptake inhibitor, hyperforin is effective for treating
many conditions (such as depression and anxiety) that are treated
with reuptake inhibitor drugs. Unlike reuptake inhibitor drugs
(including SSRI antidepressants), hyperforin is a non-competitive
reuptake inhibitor. This means hyperforin does not actually bind to
and block the reuptake transporters. Rather, it affects the pre-
synaptic sodium channels that control reuptake transporter activity.
Due to this novel mechanism hyperforin not cause many of the side
effects associated with prescription SSRI drugs[6].

Pharmacokinetics of hyperforin

After administration of a 400mg tablet of St. John's wort extract
containing 14.8mg hyperforin, a maximum plasma level of
approximately 150ng/mL (280nM) hyperforin was reached after 3.5
hours. The oral bioavailability of Hyperforin in doses up to 30mg (i.e.
600mg St. John's wort extract) was high. The half-life of Hyperforin
was 9 hours and the mean residence time 12 hours. No
accumulation of Hyperforin occurred with repeated dosing.
Estimated steady state plasma concentrations with 3x300mg extract
per day were approximately 100ng/mL or 180nM. These data show
that the oral bioavailability of Hyperforin is high and that steady-
state plasma concentrations can easily be achieved and maintained
with a three times daily dosing schedule.

Comparative study
More Effective than Paroxetine

Table 1: Comparative treatment study between Hyperforin and
paroxetine[2]

Hyperforin vs.  paroxetine

71% vs. 60%  Patients responds to treatment
50% vs. 35%  Patients show complete remission
57% vs. 45%  Reduction in symptoms

A study on hyperforin (from SJW extract with minimum 3%
hyperforin) to paroxetine (Paxil®) in 251 patients with moderate-
severe depression. The patients in this randomized, controlled,
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double-blind trial took either paroxetine (Paxil®) or SJW extract for
a total of six weeks, starting with a daily dose of 20 mg paroxetine or
900 mg SJW extract. For patients who failed to respond after two
weeks (about 50% of each group), the doses were doubled to 40 mg
paroxetine or 1800 mg SJW extract.

At the end of the trial, the results showed the clear superiority of
hyperforin over paroxetine (Paxil®) as a treatment for severe
depression after six weeks of treatment, symptoms of depression
were reduced by 57% in the group taking hyperforin versus 45% in
the paroxetine group, a statistically significant difference. A greater
percentage of people taking hyperforin (71% vs. 60%) experienced
a positive response to treatment (defined as at least a 50%
reduction in symptoms of depression) and fifty percent (50%) of the
patients taking hyperforin showed remission (i.e. complete
recovery) compared to just 35% of those taking paroxetine.
Moreover, the incidence of side effects was 42% lower for people
taking hyperforin.

Significantly More Effective than Fluoxetine[3]

On comparing hyperforin rich Hypericum (St. John's wort) extract to
the antidepressant drug fluoxetine (Prozac®) and placebo again
confirmed the effectiveness of high-quality Hypericum extract for
depression. In this randomized, controlled, double-blind trial, the
135 patients with major depressive disorder were given either
fluoxetine 20mg/day, Hypericum extract 900mg/day, or placebo for
twelve weeks. By the end of the twelve weeks, the patients taking
Hypericum experienced a 48% greater reduction in symptoms of
depression than those taking fluoxetine (Symptoms were measured
using the HAM-D, the standard scale to measure depression. From
an average HAM-D score of 19.7 at the beginning of the study, HAM-
D scores dropped to an average of 10.2 in the Hypericum group and
13.3 in the fluoxetine group.). Moreover, a larger portion of those
taking Hypericum experienced complete remission of depression
than patients taking fluoxetine (38% vs. 30%). The researchers
concluded that “Overall St John's wort appeared to be safe and well
tolerated and significantly more effective than fluoxetine”.

Equally Effective to Sertraline[4]

A double-blind multi-center German study from 2005 found
Hypericum extract (612mg/day) to be equally effective to sertraline
(Zoloft®) (50mg/day) after 12 weeks and possibly more effective
after 24 weeks for the treatment of moderate depression. The
number of patients responding and the average reduction in
symptoms were nearly identical between the two groups after
twelve weeks and during week’s 13-24 symptoms in the patients
taking Hypericum actually dropped 160% more than in those taking
sertraline. Furthermore, the number of patients reporting adverse
events (side effects) was 28% lower in the hypericum group versus
the sertraline group.

Uses

1. Hypericum extract has been used to improve sleep, because it
increases the brain’s output of melatonin at night.

2. Topically hyperforin has anti-inflammatory properties. It is
used in the treatment of wounds, burns, combat ulcers and
hemorrhoids. It also helps in the treatment of vitiligo.

3. St. John’s Wort used in the treatment of diarrhoea due to high
tannin contents. It is also used for rheumatic pains, especially
gout and to deter bed-wetting.

4. An early study suggests that St. John's wort may help relieve
physical and emotional symptoms of Premenstrual syndrome
(PMS) in some women, including cramps, irritability, food
cravings, and breast tenderness.

5. Studies suggest that St. John's wort, combined with black
cohosh, helps improve mood and anxiety during menopause.

6. St. John's wort has improved mood in people with Seasonal
affective disorder (SAD), a type of depression that occurs
during the winter months because of lack of sunlight. SAD is
usually treated with light therapy, and there is some evidence
that using St. John's wort together with phototherapy works
even better.
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7.  St.John's wort 450 mg two times a day for 12 weeks improved
Obsessive compulsive disorder (OCD) and social phobia

symptoms.
Available Forms

St. John's wort can be obtained in many forms: capsules, tablets,
tinctures, tea, and oil-based skin lotions. Chopped or powdered
forms of the dried herb are also available. Most products are
standardized to contain 0.3% hypericin. The brand names are Kira,
Movana, Perika and Amoryn.

Patient medication
Pediatric

St. John's wort may be a safe and effective way of treating mild-to-
moderate symptoms of depression in children. St. John’s wort should
not be given without medical supervision. Children being treated
with St. John's wort should be carefully monitored for side effects,
such as allergic reactions or upset stomach. You should not try to
treat depression in a child without a doctor’s help, because
depression can be a serious illness.

Adult

® Dry herb (in capsules or tablets): The usual dose for mild
depression and mood disorders is 300 mg (standardized to 0.3%
hypericin extract), 3 times per day with meals. St. John's wort is

available in time-release capsules.

®  St.John’s Wort is also available as a liquid extract or a tea.

Adverse effects

Side effects from St. John's wort are generally mild and include
stomach upset, hives or other skin rashes, fatigue, restlessness,
headache, dry mouth, and feelings of dizziness or mental confusion.
St. John's wort can also make the skin overly sensitive to sunlight
called photo dermatitis.

Precautions

On sudden discontinuing St. John’s wort therapy, that may cause
unpleasant side effects. Gradually lower the dose before stopping. If
you have light skin and are taking St. John's wort, wear long sleeves
and a hat when in the sun, and use a sunscreen with at least SPF 15
or higher. Avoid sunlamps, tanning booths, and tanning beds. Since
St. John's wort can interact with medications used during surgery,
you should stop taking it at least 5 days or more before surgery.
Make sure your doctor and surgeon know you are taking St. John's
wort. Do not take St. John's wort if you have bipolar disorder. There
is concern that people with major depression taking St. John’s wort
may be at a higher risk for mania. Women who are pregnant, trying
to become pregnant, or breastfeeding should not take St. John’s
wort.

Drug interactions

Cytochrome P450 (CYP) enzymes are common sites of drug
interactions in human. Drugs may act as inhibitors or inducers of
CYPs, leading to altered clearance of a second drug[32]. Strong
evidence from animal studies as well as preclinical and clinical
studies suggests that SJW may modulate CYP activity. Using well-
established probe drugs (e.g., alprazolam and midazolam[38] for
CYP3A4, caffeine for CYP1A2, chlorzoxazone for CYP2E],
dextromethorphan[36,37] and debrisoquine for CYP2D6,
tolbutamide for CYP2C9[17-23], and omeprazole for CYP2C19), a
number of clinical trials have consistently shown that SJW induces
CYP3A4, CYP2E1, and CYP2C19, with no effect on CYP1A2, CYP2D6,
or CYP2C9.

Research has shown that taking St. John’s wort can limit the
effectiveness of some prescription medicines including:

Antidepressants

Antidepressant medicines SJW interacts with 5-HT reuptake
inhibitors such as paroxetine, sertraline, venlafaxine, and

Jatetal.
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nefazodone resulting in symptoms of a central serotonin syndrome.
Characteristic symptoms observed include mental status changes,
tremor, autonomic instability, gastrointestinal upset, headache,
myalgia and motor restlessness. SSRI do not appear to be
metabolized by CYP enzymes or P-glycoprotein. In these cases, a
pharmacodynamic mechanism is postulated to be involved since
both SJW and SSRI inhibit 5-HT reuptake.

Immunosuppressants

A number of heart, renal, or liver transplant patients stabilized on
cyclosporine showed decreased blood levels (associated in some
cases with acute rejection episodes) after taking SJW at therapeutic
dosage. Cyclosporine is a substrate of P-glycoprotein and it is also
metabolized by CYP3A4.

Birth control pills

Both intermenstrual bleeding and reduced efficacy are believed to
be due to the reduced plasma concentration of the components of
oral contraceptive pills by SJW. It is well known that drugs inducing
CYP3A4[39] such as rifampicin may cause reduced efficacy of oral
contraceptives and breakthrough bleeding[[22,30]1.

Anticoagulants

The anticoagulant exists as a racemic mixture of R- and S-
enantiomers, with R-warfarin being metabolized mainly by CYP1A2
and CYP3A4 and S-warfarin which is more potent, predominantly by
CYP2C19A[26]. SJW significantly induced the apparent clearance of
both S-warfarin and R-warfarin which in turn, resulted in a
significant reduction in the pharmacological effect of racemic
warfarin[27]. Similarly, another trial found that SJW decreased
plasma levels of phenprocoumon (a coumarin anticoagulant
chemically related to warfarin)[28].

Antihyperlipidemic Drugs

The statins simvastatin and atorvastatin are metabolized by CYP34
and are also substrates for P-glycoprotein. SJW decreased plasma
levels of simvastatin (but not pravastatin[29], which is not a
substrate for CYP3A4 or P-glycoprotein) and reduced the efficacy of
atorvastatin in hypercholesterolemic patients. Specifically, SJW
significantly increased the serum level of LDL cholesterol compared
with control and increased the total cholesterol level.

Calcium Blockers

Nifedipine and verapamil, metabolized by CYP3A and the effect of
SJW on verapamil bioavailability is caused by induction of first-pass
CYP3A4 metabolism most likely in the gut[25].

Beta Adrenergic Blockers

SJW affected only renal and nonrenal clearance (CLNR), of iv.
talinolol. The effects of SJW on oral talinolol pharmacokinetics were
associated with increased MDR1 messenger ribonucleic acid
(mRNA) as well as P-glycoprotein levels in the duodenal mucosa.

Antianginal Drugs

Ivabradine a new class of antianginal drugs is extensively
metabolized by intestinal and hepatic CYP3A4. SJW significantly
decreased ivabradine maximal plasma concentration (33 vs 15
ng/mL) and AUC (144 vs 44 ng h/mL)[24].

Cardiac Inotropic Drugs

Digoxin is a substrate of P-glycoprotein decreased in plasma
concentration of digoxin[34] by SJW administration.

Benzodiazepines

The benzodiazepines alprazolam and midazolaml[[17,20,23]! are
used experimentally as probe for CYP3A4 activity because they are
entirely metabolized by intestinal and hepatic CYP3A4. SJW
decreased plasma levels of alprazolam[19] and midazolam.

Anti-HIV Drugs

SJW may interact with antiretroviral drugs leading to drug failure.
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Anticancer Drugs

Irinotecan (a known substrate for CYP3A4 employed in the
treatment of colorectal cancer) in the presence of SJW the degree of
myelosuppression was substantially worsen[15].

Antiepileptic Drugs

The antiepileptic agent mephenytoin is primarily metabolized by
CYP2C19[35] to hydroxymephenytoin. SJW increased the urinary 4'-
hydroxymephenytoin excretion.

Drugs Used in Addicted Patients

Methadone is used in the controlled withdrawal of addicts from
heroin. Methadone is mainly metabolized by CYP3A4, which is
induced by St John’s wort[14].

Central Muscle Relaxant Agents

Chlorzoxazone is a centrally acting muscle relaxant used to treat
muscle spasms and the resulting pain or discomfort. An increase in
hydroxychlorzoxazone/chlorzoxazone serum ratios due to
SJW[17,18].

Drugs Acting on the Respiratory System

Theophylline is mainly metabolized by CYP1A2, CYP2E1, and
CYP3A4. Plasma levels of theophylline decreased after taking
SJW[12]. This resulted in an increased dosage of theophylline to
achieve therapeutic concentration[13].

Hypoglycemic Drugs

SJW significantly altered gliclazide pharmacokinetics by a decreased
gliclazide AUC, t1/2, and apparent oral clearance. There were no
significant changes in glucose or insulin AUC after SJW treatment
and no significant differences according to CYP2C9 genotype. Thus,
treatment with SJW significantly increases the apparent clearance of
gliclazide which is independent of CYP2C9 genotype[11].

Drugs Acting on the Gastrointestinal Tract

In vivo, omeprazole is metabolized mainly by CYP3A4 and CYP2C19
to two major metabolites, 5-hydroxyomeprazole and omeprazole
sulfate. CYP2C19 is the predominant enzyme involved in the 5-
hydroxylation reaction, whereas CYP3A4 is the major enzyme-
mediating sulfoxidation of omeprazole. SJW, substantial decreases in
plasma concentrations of omeprazole. SJW induced both CYP3A4-
catalyzed sulfoxidation and CYP2C19-dependent hydroxylation of
omeprazole[9,10].

Antimicrobials

Voriconazole is a triazole antifungal developed for the treatment of
life-threatening fungal infections in immunocompromised patients.
The extensive metabolism of voriconazole is primarily mediated by
CYP2C19 and CYP3A as well as by CYP2C9 to a lesser extent. SJW
slightly increased (after 10-h SJW intake) and strongly reduced
(after 15-day SJW intake) voriconazole AUC[8].

DISCUSSION

This plant has often been referred to as a kind of "wonder herb" for
its uses in treating depression, mental anxiety and even addiction as
well as aiding the immune system and helping to improve the body's
healing capabilities. St. John's Wort has been proven to be effective
against depression in clinical trials. The results seen with properly
graded St. John's Wort when used with moderately severe
depression is comparable to tricyclic antidepressants and SSRIs, but
without the nasty side effects those prescription antidepressants are
known for. It causes some of the same dizziness, fatigue and
headache common to prescription antidepressants, but it's generally
not as severe as that caused by harsher prescription drugs. This
supplement can react badly with other medications and
supplements including prescription antidepressants, birth control
pills and more, so be sure to mention anything you are taking to
your doctor when asking about St. John's Wort. While the efficacy
data appear impressive, it should be emphasized that the
methodological standards and sample sizes of published trials would
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not satisfy the criteria for marketing approval required by
government regulatory authorities such as the Therapeutic Goods
Administration in Australia or F.D.A. in USA.

The medical profession must remain circumspect in its judgment of
St. John's Wort until confirmatory data from large, methodologically
strict trials become available.

ACKNOWLEDGEMENTS

I thankful to Dr. Amit Gupta (Principal) and Mr. Ajay Agarwal
(Director) of Mahatma Gandhi College of Pharmaceutical Sciences,
Sitapura, Jaipur for providing necessary facilities.

REFERENCES

1. Gharge D, Pavan T, Sunil B, Dhabale P. Hyperforin as a natural
antidepressant: an overview Journal of Pharmacy Research
2009, 2(9), 1373-1375.

2. Szegedi A, Kohnen R, Dienel A, Kieser M. Acute treatment of
moderate to severe depression with hypericum extract WS
5570 (St John's wort): randomised controlled double blind
non-inferiority trial versus paroxetine. British Medical Journal
2005 Mar; 330: 503-7.

3. Fava M, Alpert ], Nierenberg AA, Mischoulon D. A double-blind,
randomized trial of St. John's wort, fluoxetine, and placebo in
major depressive disorder. ] Clin Psychopharmacol 2005 Oct;
25(5):441-7.

4. Gastpar M, Singer A, Zeller K. Efficacy and tolerability of
hypericum extract STW3 in long-term treatment with a once-
daily dosage in comparison with sertraline.
Pharmacopsychiatry 2005 Mar; 38(2):78-86.

5. Francesca Borrelli, and Angelo A. Izzo. AAPS Journal, Vol. 11,
No. 4, December 2009.

6. Teufel-Mayer R, Gleitz ]. Effects of long-term administration of
hypericum extracts on the affinity and density of the central
serotonergic 5-HT1 A and 5-HT2A receptors.
Pharmacopsychiatry 1997 Sep; 30 Suppl 2:113-6.

7. Calapai G, Crupi A, Firenzuoli F. Effects of Hypericum
perforatum on levels of 5-hydroxytryptamine, noradrenaline
and dopamine in the cortex, diencephalon and brainstem of the
rat. ] Pharm Pharmacol 1999 Jun; 51(6):723-8.

8. Rengelshausen ], Banfield M, Riedel KD, Burhenne ], Weiss
J,Thomsen T. Opposite effects of short-term and long-term St
John’s wort intake on voriconazole pharmacokinetics. Clin
Pharmacol Ther. 2005; 78:25-33.

9. Shi S, Klotz U. Proton pump inhibitors: an update of their
clinical use and pharmacokinetics. Eur J Clin Pharmacol.2008;
64:935-51.

10. Wang LS, Zhou G, Zhu B, Wu ], Wang ]G, Abd El-Aty AM. St
John’s wort induces both cytochrome P450 3A4-catalyzed
sulfoxidation and 2C19-dependent hydroxylation of
omeprazole.Clin Pharmacol Ther. 2004; 75:191-7.

11. Xu H, Williams KM, Liauw WS, Murray M, Day RO, McLachlan
A]. Effects of St John’s wort and CYP2C9 genotype on the
pharmacokinetics and pharmacodynamics of gliclazide.Br ]
Pharmacol. 2008; 153:1579-86.

12. Nebel A, Schneider BJ, Baker RK, Kroll DJ. Potential metabolic
interaction between St. John’s wort and theophylline.Ann
Pharmacother. 1999; 33:502.

13. Morimoto T, Kotegawa T, Tsutsumi K, Ohtani Y, Imai H, Nakano
S. Effect of St. John's wort on the pharmacokinetics of
theophylline in healthy volunteers. ] Clin Pharmacol
2004;44:95-101.

14. Eich-Héchli D, Oppliger R, Golay KP, Baumann P, Eap CB.
Methadone maintenance treatment and St. John’s wort—a case
report. Pharmacopsychiatry. 2003; 36:35-7.

15. Mathijssen RH, Verweij ], de Bruijn P, Loos W], Sparreboom A.
Effects of St. John’s wort on irinotecan metabolism. J Natl
Cancer Inst. 2002; 94:1247-9.

16. Van den Bout-van den Beukel CJ], Koopmans PP, van der Ven 4],
De Smet PA, Burger DM. Possible drug-metabolism
pharmacokinetics in healthy volunteers. Clin Pharmacol Ther.
2000; 68:605-12.

17. Gurley B]J, Gardner SF, Hubbard MA, Williams DK, Gentry WB,
Cui Y. Clinical assessment of effects of botanical

12



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

supplementation on cytochrome P450 phenotypes in the
elderly: St John’s wort, garlic oil, Panax ginseng and Ginkgo
biloba. Drugs Aging. 2005; 22:525-39.

Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB,
Cui Y. Cytochrome P450 phenotypic ratios for predicting herb-
drug interactions in humans. Clin Pharmacol Ther. 2002;
72:276-87.

Markowitz ]S, Donovan JL, DeVane CL, Taylor RM, Ruan Y,
Wang JS. Effect of St John’s wort on drug metabolism by
induction of cytochrome P450 3A4 enzyme. JAMA. 2003;
290:1500-4.

Wang Z, Gorski JC, Hamman MA, Huang SM, Lesko L], Hall SD.
The effects of St John’s wort (Hypericum perforatum) on
human cytochrome P450 activity. Clin Pharmacol Ther. 2001;
70:317-26.

Dresser GK, Schwarz Ul, Wilkinson GR, Kim RB. Coordinate
induction of both cytochrome P4503A and MDR1 by St John'’s
wort in healthy subjects. Clin Pharmacol Ther. 2003; 73:41-50.
Hall SD, Wang Z, Huang SM, Hamman MA, Vasavada N, Adigun
AQ. The interaction between St John’s wort and an oral
contraceptive. Clin Pharmacol Ther. 2003; 74:525-35.

Imai H, Kotegawa T, Tsutsumi K, Morimoto T, Eshima N,
Nakano S. The recovery time-course of CYP3A after induction
by St John’s wort administration. Br ] Clin Pharmacol. 2008;
65:701-7.

Portolés A, Terleira A, Calvo A, Martinez I, Resplandy G. Effects
of Hypericum perforatum on ivabradine pharmacokinetics in
healthy volunteers: an open-label, pharmacokinetic interaction
clinical trial. ] Clin Pharmacol. 2006; 46:1188-94.

Tannergren C, Engman H, Knutson L, Hedeland M, Bondesson
U, Lennernds H. St John’s wort decreases the bioavailability of
R- and S-verapamil through induction of the first-pass
metabolism. Clin Pharmacol Ther. 2004; 75:298-309.

O’Reilly RA. Studies on the optical enantiomorphs of warfarin
in man. Clin Pharmacol Ther. 1974; 16:348-54.

Jiang X, Williams KM, Liauw WS, Ammit A]J, Roufogalis BD, Duke
CC. Effect of St John's wort and ginseng on the
pharmacokinetics and pharmacodynamics of warfarin in
healthy subjects. Br ] Clin Pharmacol. 2004; 57:592-9.

Donath F, Roots I, Langheinrich M. Interaction of St John’s wort
extract with phenprocoumon. Eur ] Clin Pharmacol. 1999; 55:A22.

Jatetal.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Int ] Pharm Pharm Sci, Vol 5, Suppl 3, 9-13

Sugimoto K, Ohmori M, Tsuruoka S, Nishiki K, Kawaguchi A,
Harada K. Different effects of St John’s wort on the
pharmacokinetics of simvastatin and pravastatin. Clin
Pharmacol Ther. 2001; 70:518-24.

Skolnick JL, Stoler BS, Katz DB, Anderson WH. Rifampin, oral
contraceptives, and pregnancy. JAMA. 1976; 236:1382.
Trepanier LA. Cytochrome P450 and its role in veterinary drug
interactions. Vet Clin North Am Small Anim Pract. 2006;
36:975-85.

Gurley BJ, Swain A, Hubbard MA, Williams DK, Barone G,
Hartsfield F. Clinical assessment of CYP2D6-mediated herb-
drug interactions in humans: effects of milk thistle, black
cohosh, goldenseal, kava kava, St. John’s wort, and Echinacea.
Mol Nutr Food Res. 2008; 52:755-63.

Markowitz JS, DeVane CL, Boulton DW, Carson SW, Nahas Z,
Risch SC. Effect of St. John’s wort (Hypericum perforatum) on
cytochrome P-450 2D6 and 3A4 activity in healthy volunteers.
Life Sci. 2000; 66:PL133-9.

Arold G, Donath F, Maurer A, Diefenbach K, Bauer S, Henneicke-
von Zepelin HH. No relevant interaction with alprazolam,
caffeine, tolbutamide, and digoxin by treatment with a low-
hyperforin St John’s wort extract. Planta Med. 2005; 71:331-7.
Wang LS, Zhu B, Abd El-Aty AM, Zhou G, Li Z, Wu ]. The
influence of St John’s Wort on CYP2C19 activity with respect to
genotype. ] Clin Pharmacol. 2004; 44:577-81.

Wenk M, Todesco L, Krahenbiihl S. Effect of St John’s wort on
the activities of YP1A2, CYP3A4, CYP2D6, N-acetyltransferase
2, and xanthine oxidase in healthy males and females. Br ] Clin
Pharmacol. 2004; 57:495-9.

Roby CA, Dryer DA, Burstein AH. St. John’s wort: effect on
CYP2D6 activity using dextromethorphan-dextrorphan ratios. |
Clin Psychopharmacol. 2001; 21:530-2.

Xie R, Tan LH, Polasek EC, Hong C, Teillol-Foo M, Gordi T.
CYP3A and P-glycoprotein activity induction with St. John’s
Wort in healthy volunteers from 6 ethnic populations. ] Clin
Pharmacol. 2005; 45:352-6.

Hall SD, Wang Z, Huang SM, Hamman MA, Vasavada N, Adigun
AQ. The interaction between St John’s wort and an oral
contraceptive. Clin Pharmacol Ther. 2003; 74:525-35.

Gordon ]B. SSRIs and St John’s wort: possible toxicity? Am Fam
Phys. 1998; 57:950.

13



