HYPERICUM AND THE BRAIN

Eric L. Yarnell, ND

ABSTRACT .

Various species of Hypericum, particularly H. perforatum, exert useful clinical activity in a

number of brain-related disorders. Patients with mild to moderate depression have been the
most extensively investigated in this regard. Other trials have looked at treating persons af-
fected by seasonal affective disorder as well as early investigations in brain neoplasms. A num-
ber of studies have attempted to define which constituents act in what ways to achieve ob-
served clinical outcomes, with no definitive answers yet being available in most cases. This
paper reviews the work already done in these areas, including the safety profile and clinical

application of Hypericum.

finally caught up with Hypericum

perforatum (St. John’s wort) in 1997. While
St. John’s wort products outsold fluoxetine
(Prozac®) by four times in Germany in late 1997
(1), this valuable herb remained relatively ob-
scure elsewhere in the world. This had changed
by December 1997, at least in the USA, because
of mass media articles and the recent publica-
tion of the American Herbal Pharmacopoeia’s
first official monograph, which was on Hyperi-
cum (2).

Most health care practitioners in the comple-
mentary medicine field have at least passing
familiarity with the use of Hypericum perforatum
to treat patients with depression. This effect has
been demonstrated repeatedly in clinical trials,
as will be reviewed below. This medicinal plant
clearly must have an impact on the nervous
system to be so consistently effective in treat-

Popular press attention in the United States

ing depression. Ongoing investigations are try- -

ing to determine exactly how Hypericum accom-
plishes what it does. These proposed mecha-
nisms of action of Hypericum and its constitu-
ents on the central nervous system related to
mood disorders and neoplasms remain to be
fully developed. This paper attempts to clarif;

what is currently understood. :
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Two important and more general issues
must be addressed first, as Hypericum illus-
trates dilemmas in the modern application
of phytomedicines. First, though much re-
search has focused on one species, H.
perforatum, mounting evidence suggests that
other species may be just as effective and
valuable (3). Among these alternate, poten-
tially effective species are H. calycinum (rose
of Sharon), H. hirsutum, H. olympicum and
H. patulum (3,4). Over 400 species of Hy- -
pericum exist worldwide. As yet the market
place has not achieved the level of quality in
which the actual source species for most
herbal medicines are identified in any rigor-
ous fashion. In the future this will become
more and more important, particularly if one
species is shown to be preferable to another
but they are difficult to differentiate. Hyperi-
cum is only the tip of this iceberg. The term
Hypericum will be used throughout to high-
light the fact that no single species can yet
be definitively identified as the best medi-
cine, though most research has been on H.
perforatum.

Hypericum also clearly shows why it is a
problem to fixate on single “active constitu-
ents” from medicinal plants. In a few cases it
may be that one compound out of the thou-
sands found in a plant species may provide
the vast majority of the direct therapeutic
activity. However, even if other constituents
in a plant do not have direct actions, they
may have important indirect effects such as
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jmproving absorption, reducing tox-
icity or altering metabolism of di-
rectly active chemicals. This remains
highly theoretical as almost no sci-
entific investigation of this hypoth-
esis has been carried out. What
study of Hypericum clearly high-
lights is that there is almost certainly
more than one group of active con-
stituents in the plant than just hy-
pericin and related dianthrones (4).
As has been stated elsewhere,
“Work in recent years, including
some human trials, has shown that
the whole-plant extract of St. John’s
wort is more effective than extracts
that just focus on the hypericin” (5).
Fortunately Hypericum extracts
standardized for hypericin did not
Jlead to severe reduction of the fla-
vonoids, another major group of
active compounds in the plant, at
least as far as the antidepressive
action goes. The same might not be
true in the future with other medici-
nal plants or extracts.

HYPERICUM AND THE
BRAIN IN HISTORY

When Hypericum came into use
as a mood-altering agent remains
unclear. Ancient medical texts in
Greek do not cite this plant for use
in any specific mental conditions
(6). However, it was often cited as
being beneficial in driving away “de-
mons” (7), which was sometimes a
way of describing various forms of
mental diseases before psychologic
or psychiatric science existed. Hy-
pericum perforatum is not native to
the Americas, but other indigenous
species of Hypericum were em-
ployed by the Native Americans for
their non-psychoactive properties.
These consisted primarily of using
the oil for wound healing, similar to
reports in the herbal literature of
Europe (7).

The first references to using Hy-
pericum for depression began to
appear in North America in the late
1800s. The Eclectic physicians of
the United States employed quite a
number of botanical remedies,
though they used Hypericum only
occasionally. For example, King
mentions the use of Hypericum for
depression (8). It is simply unknown
how this use was discovered. What-
ever the means, it has now been
firmly established in human clinical
trials and whoever made the initial
observation deserves hearty thanks
for setting medicine on the trail of
this useful treatment.

CLINICAL TRIALS OF ST.
JOHN’S WORT FOR
DEPRESSION

Two extensive reviews of the clini-
cal trials performed using a variety
of standardized extracts of Hyperi-
cum have been published. The first
of these concluded from an analy-
sis of eleven studies, eight placebo-
controlled and three comparing the
extracts to drug antidepressants,
that Hypericum is an effective treat-
ment for mild to moderate depres-
sion with fewer adverse effects than
drugs (9). A more advanced meta-
analysis found that in 15 placebo-
controlled and eight antidepressant
drug-controlled trials, Hypericum
extracts were more effective than
placebo and as effective as standard
drugs (10). The total number of pa-
tients studied was 1,757. While
19.8% of patients taking Hypericum
extracts reported side effects,
35.9% of those taking drugs did
also. A total of 0.8% of patients ran-
domized to take Hypericum
dropped out due to adverse effects
compared to 3% of those random-
ized to antidepressant drugs.
Extracts of Hypericum standard-
ized to provide 0.5-2.7 mg of hyperi-
cin daily were utilized in the clinical
trials for depression. One such ex-
tract was also shown to have ben-
efit in combination with photo-
therapy for patients with seasonal
affective disorder (11). As there was

- no placebo control in this trial, the

results are not definitive. This trial
has not been confirmed by other
groups to the author’s knowledge.
An interesting side note here regards
the concern about inducing photo-
sensitivity with hypericin-rich ex-
tracts. No patient in the study, some
having been exposed to as much as
3,000 lux for two hours daily in com-
bination with the extract, developed
any sign of photosensitivity over four
weeks time.

THE PHOTOSENSITIVITY
QUESTION
The initial trials of intravenous hy-
pericin in patients infected with hu-
man immunodeficiency virus (HIV)
suggested that a sufficient dose for
antiviral effects could not be
achieved without inducing severe
reactions to daylight (12). A dosing
trial involving four white HIV+ pa-
tients found that injection of 0.5
mg/kg of hypericin led to develop-
ment of acute facial pain and
erythema in two of the volunteers
after 2-3 doses (13). The problem

occurred once sunlight was encoun-
tered directly or through glass. One
patient receiving 0.25 mg/kg for 13
weeks eventually developed hand
pain and erythema when exposed
to sunlight. The fourth patient had
his minimal erythema dose deter-
mined before and after hypericin,
and hypericin definitely lowered it.

Surprisingly, other, larger trials of
intravenous (IV) hypericin combined
with orally administered Hypericum
standardized extracts did not en-
counter any such adverse effects
(14, 15). The IV doses used were
similar to those in the dosing trial
mentioned above (13). There were
significant improvements in CD4+
cell counts in 16 of 18 patients in
one study involving twice weekly
injections of 2 ml of hypericin (sup-
plying 0.4-0.6 mg of hypericin) and
three caps of Hypericum extract
twice daily (14). No opportunistic
infections were noted over the 40
months of the study. Another trial
showed that intravenous hypericin
combined with oral dosing could
lead to reductions in HIV viral load in
many patients over three years (15).

One trial looking at orally admin-
istered hypericin did not encounter
photosensitivity reactions. An obser-
vational study of 31 HIV+ patients
taking 1 mg hypericin per day found
all those who had never taken
zidovudine had consistently main-
tained elevations in CD4+ cell
counts over five months (16). Five
subjects experienced reversible el-
evations of serum liver enzyme lev-
els in this study, an adverse effect
not noted elsewhere. Another study
of oral intake of a high-hypericin
extract in healthy volunteers found
no increase in photosensitivity at
usual anti-depressant doses (<5 mg
hypericin daily) (17). :

From these data it seems appar-
ent that the vast majority of persons
taking even high doses of hypericin
will not develop phototoxic reac-
tions. Nevertheless, light-skinned
persons are advised to use caution
when taking hypericin-containing
products, particularly for the first
time, and to avoid strong sun and
ultraviolet light (e.g., tanning booth)
exposure.

HYPERICUM: HOw DoOES IT
INHIBIT DEPRESSION?
The question of how Hypericum and
its many active compounds can al-
ter brain chemistry to bring about
its clinical effects continues to be
debated (see Table 1). There were
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initially reports that Hypericum ex-
tracts might be significant monoam-
ine oxidase (MAO) inhibitors (18).
Though these authors believed the
result was due to hypericin, the ex-
fract they employed was only 80%
hypericin. Further investigations
have confirmed that hypericin does
not inhibit MAO, though the fla-
vonoids and possibly other com-
pounds in Hypericum may have in
vitro anti-MAO activity (19,20). Un-
fortunately, the xanthones and fla-
vonoids found to inhibit MAO-A are
present in such small quantities in
Hypericum it is very unlikely they
would have a significant effect along
these lines in vivo (20,21).

Flavonoids and xanthones also
appear to inhibit catechol-o-methyl-
transferase (COMT), an enzyme
which performs a similar function
in the central nervous system to
MAO, but again the concentrations
necessary virtually preclude this as
a significant effect in humans (21).
These findings, combined with the
virtual absence of any reports of
people taking Hypericum develop-
ing the types of adverse effects one
expects from MAO inhibiting drugs,
have more-or-less put to rest the
theory that Hypericum elevates
mood by acting on MAO alone.

Another theory of the antidepres-
sant action of Hypericum involves
serotonergic neurons, which are well
known to be involved in mood. In
vitro studies have shown that crude
extracts of Hypericum inhibit sero-
tonin reuptake (22). Furthermore,
Hypericum extracts standardized on
hypericin can suppress serotonin
receptor expression, particularly
when interleukin-1 (II-1) is added
(23). Unfortunately, both of these
studies employed concentrations far
beyond what can be realistically
achieved in humans. Thus it seems
unlikely, as far as research has de-
termined, that serotonin-mediated
effects alone are significant in
Hypericum’s mood elevating activity.

This leaves four main hypotheses
about how Hypericum can affect
depression. First, it may be that
Hypericum acts by a number of dif-
ferent routes, with multiple constitu-
ents responsible. This possibility
was suggested by an in vitro study
in which an Hypericum extract mod-
erately reduced serotonin and nore-
pinephrine reuptake and weakly in-
hibited MAO (24). Even very weak
MAO and serotonin reuptake inhibi-
tors may have synergistic effects
sufficient to explain in vivo efficacy.
As yet this remains unproven.

Second, Hypericum may act by
affecting gamma-aminobutyric acid
(GABA) receptors. In vitro evidénce
suggests that concentrations achiev-
able from tinctures may be sufficient
to affect GABA receptors in humans
(2). Hypericin-standardized extracts
were previously reported to inhibit
uptake of GABA in synapses as well
as to inhibit GABA-A receptor bind-
ing (2). GABA is definitely involved
in depressive illness (25), but as yet
it is unclear if depressed patients
who improve while taking Hyperi-
cum do so solely because of GABA-
related actions of the plant.

A third hypothesis involves cyto-
kines such as interleukin-6 (I1-6)
which, as messenger molecules in
the communication network be-
tween the brain and the immune
system, are involved in the patho-
physiology of depression (26). In
vitro, Hypericum standardized ex-
tracts can clearly suppress I1-6 se-
cretion in response to phytohemag-
glutinin stimulation using blood ob-
tained from healthy and depressed
persons (27). -1 secretion was also
suppressed in the blood of two of
four depressed patients, but in none
of the blood samples from healthy
people (27). Further research, both
laboratory and clinical, will be nec-
essary to sort out the mode of ac-
tion of Hypericum in depression.

The final theory is that Hypericum
may act by a mechanism no one has
even begun to explore yet. Because
the mechanisms behind depression
are extremely complex and individu-
ally variable, it seems likely that the
full reason for the effect of even the
most common pharmaceutical an-
tidepressants is not completely
known. Only by further clarifying
why people become depressed will
potentially unknown mechanisms of
action be revealed. A hint in this
direction was the finding that, in
healthy volunteers, after three
weeks of supplementation with an
Hypericum extract there was a sig-
nificant elevation in melatonin lev-
els (28). The possible role of mela-
tonin in depression is unknown but
intriguing. For the time being, it is
not known how Hypericum acts,
though there are several possibili-
ties that are being pursued.

HYPERICIN AGAINST BRAIN
TUMORS

Another central nervous system dis-

ease, though not primarily psychi-

atric in its dimensions, is brain can-

cer. In this section, the potential for

treating various types of brain can-

cer using hypericin-containing ex.
tracts will be reviewed.

Hypericin and pseudohypericin
derived from Hypericum erectum
inhibit protein kinase C (PKC) in vitro
(29). Hypericin has been shown to
significantly inhibit the growth of
glioma cell cultures, though it was
unclear in this study if this was due
to PKC inhibition (30). In fact, this
study suggested hypericin acted by
inducing apoptosis in the glioma
cells. Hypericin was as effective as
tamoxifen in comparable concentra-
tions in this study. When the glioma
cells were exposed to light, hyperi-
cin was marginally (13%) more ef-
fective than when the cells were kept
in the dark.

In contrast, previous studies in-
dicated that light significantly con-
tributed to the tumor destroying (31)
and antiviral (32) effects of hyperi-
cin. This may be because part of
hypericin’s action is to produce sin-
glet oxygen radicals when exposed
to visible light (33). Animal studies
involving squamous cell carcinoma
strongly suggested light was neces-
sary for the anticancer action of hy-
pericin (34). Light and oxygen were
both necessary for in vitro killing of
mouse mammary cancer cells (35).
Light was also considered very im-
portant in the PKC inhibition of hy-
pericin related to its antiretroviral
effects in mice (36).

Hypericin also inhibits the growth
of neuroblastoma cells in vitro by
stimulating apoptosis (37). It was
not effective in an assay involving
human leukemia cells (38), suggest-
ing a specific effect for hypericin in
brain but not other cancers. Hyperi-
‘cin also effectively inhibits PKC and
induces apoptosis in minute levels
(100 nM) in pituitary adenoma cells
(39). Even at much higher concen-
trations in this study, normal fibro-
blasts were not harmed in any way
by hypericin. This provides evidence
for the specificity of the cytotoxicity
of hypericin in aplastic but not
healthy cells.

Hypericin may also exert antine-
oplastic activity by inhibition of re-
ceptor tyrosine kinase (40). It ap-
pears to enhance radiosensitivity of
glioma cells in vitro, without ham-
pering growth of or increasing radi-
osensitivity of normal fibroblasts
(41). All these effects, together with
PKC inhibition, may contribute to
hypericin’s anti-brain cancer action.

So far, clinical data on the effi-
cacy of hypericin or Hypericum in
patients with brain cancer are
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scanty. One case study reported that
a patient with malignant glioma un-
derwent surgical removal of the tu-
mor followed by a course of radia-
tion therapy and then tamoxifen
administration (42). Eventually the
tumor recurred and was shown to
be resistant to tamoxifen. However,
it was sensitive to hypericin. It is
unclear why a tumor which was re-
sistant to one PKC inhibitor wouldn’t
be to another, but it suggests hyperi-
cin may act by mechanisms differ-
ent from those of tamoxifen. Due
to Food and Drug Administration
(FDA) regulations, hypericin was not
given to this patient. A clinical frial
is currently ongoing in California,
but it has run into difficulties, ap-
parently because light is important
for the in vivo, anti-cancer effect of
hypericin (43).

CONCLUSIONS

Hypericum spp. constitute a valu-
able remedy for patients with sev-
eral central nervous system disor-
ders, particularly mild to moderate
depression. Ongoing research will
help clarify other indications, includ-
ing for patients with seasonal affec-
tive disorder or brain neoplasms.
Hypericum also has potential uses
for people with conditions affecting
systems other than the brain and
spinal cord not addressed here. Sev-
eral classes of active constituent are
present in Hypericum including the
highly-touted hypericin and
pseudohypericin, but also fla-
vonoids and xanthones at the very
least. The actions of these com-
pounds in the human nervous sys-
tem will require further testing to
clarify, but it is likely they have sev-
eral different actions which combine
to give the final clinical result.
Regarding toxicity, there are no
nervous system-specific problems
other than the potential for interac-
tion with antidepressant drugs with
similar actions. There are no pub-
lished reports of serotonin syn-
drome occurring when Hypericum
crude or standardized extracts are
combined with selective serotonin
reuptake agents. There are also no
available reports of toxicity from
combining Hypericum and MAO in-
hibitors or tricyclic antidepressants.
Though such interactions may have
occurred but not been reported,
they are likely few and far between.
Phototoxicity is an extremely rare
complication of oral therapy with
Hypericum but practitioners should
be aware of the potential. As with

any medicinal herb, Hypericum can
cause gastrointestinal upset and
hypersensitivity reactions in suscep-
tible patients. There is presently no
information as to whether Hyperi-
cum is safe in pregnancy or lacta-
tion, so it is probably best avoided
unless absolutely necessary. If prac-
titioners are aware of potential ad-
verse effects and interactions they
can help patients avoid them, or
better understand the origin of them
if patients present with complica-
tions. ‘

Typical dosing of extracts stan-
dardized to 0.3% hypericin is 300
mg three times a day (10). The goal
is to provide approximately 1 mg of
hypericin daily using such extracts,
though this may not be the best
approach in light of research re-
viewed above casting doubt on the
importance of hypericin alone. Up
to two or three times that dose is
likely to be entirely safe in most
people, though above that thresh-
old phototoxicity starts to become
more and more likely.

Traditionally 1-4 mi of tincture are
used three times daily. Tinctures of
dried herb in 70% ethanol and mod-
erately heated (to at most 80° Cor
176° F) for 20 min leads to the best
hypericin extraction, though the
exact level of extraction was not re-
ported (2). An infusion is made by
adding 2 tsp dried herb to 1 cup
boiling water and allowing to steep
for 15-20 min. According to analy-
ses of infusions made in 60-80° C
(140-176° F) water there was extrac-
tion of at most 10% of the hyperi-
cin and 35% of the pseudohypericin
from fresh herb (2).

Frontiers for future research in-
clude the exact, in vivo mechanisms
of Hypericum and its many constitu-
tents, comparison of crude and stan-
dardized extracts in clinical trials,
and the effect of combining Hyperi-
cum with other mood-altering and
centrally active botanicals and
drugs. Some of this work is already
underway, including two clinical tri-
als showing a combination of Hy-
pericum and Valeriana officinalis
(valerian) to be more effective than
amitriptyline (44) and desipramine
(45). Safety data need to be ob-
tained, particularly during preg-
nancy and lactation. This is because
post-partum depression is a signifi-
cant problem for many women and
there is potential for applying Hyperi-
cum in mildly to moderately affected
patients if it is safe.
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. = "Proposed .- | "7 -Responsible Problems Reference(s)
- “Mechanism: .- Constituents : ,
MAO Inhibition hyperlcin inhibitory activity 19, 20
extremely low
MAO inhibition flavonolids (e.g., constituent levels |20, 21
campherol, luteolin, too low for
quercetin) significant in vivo
effect alone
MAO inhibition xanthones (e.g., tetra- |constituent levels |20, 21
hydroxyxanthone) too low for
significant in vivo
effect alone
COMT inhibition flavonoids constituent levels |21
too iow for
significant in vivo
effect alone
serotonin reuptake hypericin & crude concentrations 22
inhibttion extracts used were higher
than can be
achieved in vivo for
equivalent effect
suppression of hypericin concentrations 23
serotonin receptor used were higher
expression than can be
achieved in vivo for
equivalent effect
combined MAO standardized extracts not confirmed in 24
inhibition, serotonin and vivo
norepinephrine
reuptake inhibition
elevation of melatonin  |standardized extract exact mechanism |25
levels unclear
inhibit GABA binding to |hypericin & not confirmed in 2
GABA-A receptors standardized extracts vivo
suppress -6 secretion |standardized extracts not confirmed in 28
Vivo

Abbreviations: COMT = catechol-o-methyltransferase, GABA = gamma-amincbutyric acid,

II-6 = interleukin 6, MAO = monoamine oxidase
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