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Abstract. The rising burden of depression, which will soon be the second most common
cause of disability in the world, is requesting new ways to treat and prevent it. Due to high
number of significant adverse drug reactions of the conventional treatment, the modern
pharmaceutical industry is more often turning their focus to novel plant-based solutions.
We performed literature research based on standard literature search engines — PubMed,
Google Scholar, Science Direct. A standard set of keywords related to our topic e.g. “De-
pression”, “Mesembrine type alkaloids”, “Narcissus” was used. The review describes the
classical monoamine theory of depression and connects it with the newly found biochemi-
cal, genetic and morphological alterations associated with the major depressive disorder.
The purpose of this review is to highlight the most important aspects of the pathophysiol-
ogy of depression and to explore the possibilities to use mesembrine-like alkaloids isolated
from Narcissus cv. Hawera in its treatment. We describe their effect on brain biochemistry
and possible future investigations.
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INTRODUCTION

s depression is becoming one of the leading
Acauses of disability, new ways for treatment

are sought after. The researchers are turning
their attention to different plant-derived substances.
Mesembrine type alkaloids (Fig. 1) have a long his-
tory of traditional use, but recently the attention of
scientists was concentrated on their possible use
as a mood stabilizer and antidepressant in people
with anxiety, stress and major depressive disorder.
These type alkaloids are found in high concentrations
in species of the genus Sceletium, some species of
the genus Narcissus (Amaryllidaceae) and cultivated
Narcissus cv. “Hawera” (Fig. 2). Literature data show

that mesembrine alkaloids exerted an antidepres-
sant-like effects on the brain. This leads to a hypoth-
esis that the mesembirine fraction from Narcissus cv.
“Hawera” (MZM) will exhibit the same anxiolytic and
antidepressant effects.

METHODOLOGY

We performed literature research based on standard lit-
erature search engines — PubMed, Google Scholar, Sci-
enceDirect. We used a set of keywords related to our
topic e.g. “Depression”, “Mesembrine type alkaloids”,
“Narcissus”. We aimed to make a systematic review of
the usage of mesembrine type phytochemicals in de-

pression and the novel sources for their acquisitions.
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Fig. 1. Chemical structure of mesembrine

CLINICAL DEPRESSION - EPIDEMIOLOGY
AND DEFINITION

Depression is affecting over 120 million people world-
wide. The epidemiological data suggests that in the
general populations there is a lifetime risk for develop-
ing depression between 10% to 15% [1]. Depression is
the second most important factor causing disability and
health issues in the world. It is also the leading cause
of suicide, causing more than 128 000 suicides just in
the European region. According to the WHO in 2015,
44.3 million people were suffering from depression in
Europe, with a frequency between 3.8% to 6.8% in dif-
ferent countries [2]. According to a survey conducted
by the Bulgarian National Center of Public Health and
Analysis (NCPHA), the most common psychiatric dis-
ease in Bulgaria is anxiety disorder (11.4%) and in the
second place — affective disorders (6.2%) [3].

Clinical depression is known for its broad spectrum of
symptoms and variable presentation. The three major
dimensions of the disorder, are (1) anxiety-physical
agitation-somatization; (2) depressed mood-motor
retardation; and (3) hostility-interpersonal sensitivity
[4, 5]. The diagnostic conundrum of depression lies in
the fact that in each affected individual those symp-
toms combine uniquely. The most commonly used
diagnostic criteria are collected in the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5).
The DSM-5 outlines the following criterion to make
a diagnosis of depression: “Depressed mood nearly
every day, diminished interest or pleasure in almost
all activities, significant weight loss when not dieting,
slowing down of thought and a reduction of physi-
cal movement, fatigue, feelings of worthlessness or
inappropriate guilt, diminished ability to think, recur-
rent thoughts of death, recurrent suicidal ideation”. To
receive a diagnosis of depression the individual must
be experiencing five or more symptoms during the
same 2-week period and at least one of the symp-
toms should be either (1) depressed mood or (2) loss
of interest or pleasure. In patients with depression,
the comorbidity of anxiety disorder (panic disorder,
generalized anxiety disorder), post-traumatic stress
disorder, OCD or personality disorder is common [6].

Physical iliness is often accompanied by an increased
risk of depressive illness. There are two general mech-

anisms which can be the reason for that. The first one
is the psychological or cognitive mechanism. A severe
or chronic illness, with the threat it poses to one’s life,
may be the event that triggers a depressive episode in a
predisposed individual. There are both genetic and non-
genetic factors involved, as shown by twin studies [7,
8, 9]. As this mechanism is very nonspecific we should
also consider that there is a significant biological basis
behind depression, and biological alterations caused by
physical illness can affect the depressive reaction. In ad-
dition, minor depression, mood changes, and depressive
symptoms coexist with other manifestations of human
distress. Such somatic presentations test the conven-
tional distinction between physical and mental disorders
and are a perpetual source of controversy [10].

PATHOPHYSIOLOGY OF DEPRESSION

One of the first mechanisms for the pathogenesis of
depression proposed was the monoamine hypoth-
esis, from nearly 50 years ago [11]. This hypothesis
states that the patients with depression have de-
creased levels of serotonin (5-HT), noradrenaline
(NA) and dopamine (DA) in the central nervous sys-
tem (CNS) [12, 13, 14, 15]. The first empirical proof
of this hypothesis was the fact that some patients,
treated with reserpine, developed clinical depres-
sion. The depression diminished after cessation of
the treatment or electro-convulsive therapy [15]. This
presentation was replicated in laboratory animals,
treated with reserpine [13]. It was determined that re-
serpine significantly decreases the concentrations of
the monoamines — 5HT and catecholamines [16, 17,
18]. Alot of studies failed to find a confirmation for this
theory, by pinpointing the specific system affected.
The main problem was the inability to directly mea-
sure the brain monoamines. Even though the main
antidepressant groups are becoming increasingly
effective, the results are reversible. This is known
as antidepressant therapy (ADT) tachyphylaxis and
was at first recognized in patients treated with mono-
amine oxidase inhibitors (MAOIs). Those patients
responded poorly to the amendment of the therapy
and got worse after the relapse compared to the pre-
treatment period [19]. In 1995, Fava et al. [20] found
that one-third of the patients who had reached full re-
mission on SSRI experienced a relapse (ADT tachy-
phylaxis) between 3 months and 1 year later despite
following the therapeutic plan. Some studies even
show that major depressive disorder (MDD) patients
who developed ADT tachyphylaxis can become less
responsive to therapy [21]. At the same time, mono-
amine depletion does not increase the severity of the
symptoms of patients without treatment, nor does it
cause clinically significant depression in healthy vol-
unteers with no depressive illness. Those finding put
a question mark on the precise role that a deficiency
in the monoamine system may play in depression it-
self [14]. Today it is known that the pathobiochemis-
try behind depression is a significantly more complex
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problem affecting both the neurotransmitter systems
and the morphology of the brain.

In 1997, Drevets et al. [22] showed a link between
the affective disorders and reduced cortical volume.
This gave a reason for the investigation of the con-
nection between the pathogenesis of depression and
morphological alterations in the CNS [23]. In many
of the tested subjects, there was a repeated finding
— decreased thickness of the prefrontal cortex (PFC)
and decreased total number of neurons [24]. Further
studies have revealed a loss of synapses and den-
drite density in the PFC [25] and hippocampus [26]
of patients with depression. Pathologic changes in
the hippocampus (Fig. 2), a part of the limbic system
located in the medial temporal lobe, are often associ-
ated with various symptoms of depression such as
cognitive decline and memory impairment [27].

One of the reasons for morphological changes in the
hippocampus is prolonged stress [28]. In PTSD pa-
tients the hippocampal volume is significantly smaller,
which correlated with deficits in short term memory [29].
A fairly recent imaging study in rats demonstrated that
chronic restraint stress (CRS) does cause a reduction
in hippocampal volume compared to the starting values
[30]. In models of CRS, there was a significant reduc-
tion of the dendritic spines and microstructural altera-
tions in the CA3 region [31] and suppresses the adult
neurogenesis in the dentate gyrus [32].

Some of those ultrastructural changes can be ex-
plained by dysregulation of the nerve neurotrophic
factors such as nerve growth factor, e.g. brain-de-
rived neurotrophic factor (BDNF). Studies are show-
ing that chronic mild stress causes downregulation
of the production of BDNF in the dentate gyrus [33],
which can be associated with the neuronal atrophy
and decreased cell division. Antidepressant therapy,
like serotonin and norepinephrine reuptake inhibitors
(SSRI or SNRI) upregulates the levels of BDNF in the
hippocampus [34, 35]. Also, BDNF has demonstrated
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Fig. 2. Hippocampus anatomy and differences in depression

antidepressant-like effects in behavioral rodent mod-
els of depression. This was shown after the infusion
of BDNF into certain brain regions such as the hip-
pocampus and PFC [36]. BDNF polymorphisms have
also been suggested to play a role in familial depres-
sion, but replication results were inconclusive [37].

Another important group of molecules with a pos-
sible role in the pathogenesis of depression are the
phosphodiesterases (PDE), especially PDE4, a highly
abundant in the brain isotype, which functions as an
important regulator of cAMP [38]. PDE4-targeted ther-
apy was first focused on the treatment of COPD and
respiratory disorders, but in vitro studies have shown
promise in neuroinflammation-related diseases. The
first CNS permeable PDE4 inhibitor is Rolipram, cre-
ated with the intent to target neuroinflammation. Rolip-
ram has shown promising results in in vivo models of
depression, Alzheimer’s disease, Parkinson’s disease,
and neuropathic pain [39, 40, 41]. PDE4 inhibitors
suppress neuroinflammation by increasing the level of
cAMP, promoting CREB phosphorylation, and inhibit-
ing NF-kB activation in the cortex and hippocampus
in mice subjected to LPS-induced neuroinflammation
[42]. Furthermore, a study in mice challenged by LPS
found that PDE4 inhibition caused anti-depressant ef-
fects as confirmed by the decrease in depressant-like
behaviors with the duration of immobility in the forced
swim and tail suspension tests [43].

TREATMENT OF DEPRESSION - HISTORY
AND NEW HORIZONS

In hospital settings, 50% of all psychiatric consulta-
tions and 12% of all hospitalizations are related to
clinical depression [44]. This is one of the reasons
why there is active research for new and effective
treatments. The contemporary pharmacotherapy for
affective disorders is mainly focused on the regula-
tion of the monoamine neuromediation. The main tar-
gets are 5-HT, NA, and DA.

The first drug of the antidepressant family was
created by accident in the laboratories of Hoff-
mann-La Roche Ltd., USA. In this lab, a few
years earlier was patented the very effective
tuberculosis antibiotic — isonicotinylhydrazide
(INH) [45]. In an attempt to increase the potency
of the drug, Fox and Gibas (1953) created a new
monoalkyl derivative — iproniazide, which in turn
was the catalyst for developing the modern an-
tidepressants [46]. During different clinical trials
of the drug, the doctors observed unusual and
unexpected adverse drug reactions (ADRs) — eu-
phoria, increased appetite, hypomania. In 1957
Loomer et al. conducted a systematic clinical trial
to test the effects of iproniazid on patients with
depression. In 70% of the cases, there was a sig-
nificant improvement in the symptoms [47]. Ipro-
niazide was the first monoamine oxidase inhibitor
in the history. Based on this monoamine theory
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during the following years, many more drug classes
were developed and refined. Another group of mol-
ecules with antidepressant effect were the tricyclic
antidepressants (TCAs). It was suggested that TCAs,
like MAQIs, excert their beneficial psychotropic effect
by increasing synaptic serotonin and catecholamine
concentrations [48].

As we mentioned the inflammatory processes can
have significant role in the aetiology of depression,
as shown by animal models, and this was again sup-
ported with new literature data demonstrating that the
SSRIs possess significant anti-inflammatory activi-
ties by reducing pro-inflammatory cytokines, and also
a role in promoting neurogenesis [49]. Based on this
monoamine theory during the following years, many
more drug classes were developed and refined. SS-
RIs remain the primary pharmacological option for
clinicians in the treatment of depression.

Despite the higher specificity and better safety pro-
file, the conventional psychopharmacotherapy is
still associated with a high number of ADRs, which
is especially significant in the patients with depres-
sion, because they often have co-morbidities. The
frequencies of chronic disorders in depression are as
follows: asthma — 27% [50], atopic dermatitis — 5%
[51], COPD — 24.6% [52], gout associated arthritis —
20% [53], rheumatoid arthritis — 15% [54], systemic
lupus — 22% [53], and stroke — 30% [55]. The already
mentioned high rate of ADT tachyphylaxis (33%) is
another problem that should be addressed, in the
search for new, more effective and complex treat-
ment options.

It is not always possible to find the balance between
the positive therapeutic effect and its ADRs, which is
the reason why many patients are seaking for alter-
native treatment options such as phytomedicine as
an addition to the conventional drugs. Some of those
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Fig. 3. Presynaptic cleft. 5-HT — 5-hydroxytryptamine; COMT — Catechol-O-meth-
yltransferase; NA — noradrenaline; MAO — monoamine oxidase; SNRI — serotonin-
norepinephrine reuptake inhibitors e.g. Duloxetine; SSRI — selective serotonin

reuptake inhibitor e.g. Paroxetine

“alternative” plant-based treatments were described
in the ancient times, ever since Hippocrates (460-
379 BC) described depression for the first time, as
“melancholia”, derived from the Ancient Greek melas,
“black”, and kholé, “bile” [56].

Today there is a significant increase in the usage of
phytomedicine. A survey conducted in the lates 90s
showed that 57% of the anxiety patients and 54% of
those with depression have used plant-based drugs
or alternative medicine in the last 12 months [57].

The modern phytotherapy is still a very young
branch of pharmacology, but there is an exponen-
tial increase in the number of studies and break-
throughs in recent years. Besides the classic pow-
erful alkaloids isolated from plants like Erythroxylon
coca — cocaine, Papaver somniferum — morphine,
Areca catechu — arecoline, in the last decades many
more plants show potential for becoming a source
of therapeutic molecules e.g. St John’s wort (Hy-
pericum perforatum), Sceletium tortuosum and the
genus Narcissus [57, 58].

An important aspect of phytotherapy is the fact that
often it is impossible to isolate a single active mol-
ecule defining the pharmacodynamics of the extract.
The action is frequently attributed to the synergistic
effects of different molecules found in the plant [60].

Some plants are known for their effectiveness in modi-
fying the course of the depression by acting on the
monoamine neurotransmission, such as H. perforatum,
Rhodiola rosea, Crocus sativus [61, 62]. Others act on
GABA, cytokines and even — opioid and cannabinoid
systems [62]. A meta-analysis from 2009 showed that
H. perforatum is more effective than placebo, and also
showed a better safety profile compared to a conven-
tional SSRIs — significantly less treatment seizing due
to adverse drug reactions [63].

NARCISSUS PLANTS IN MEDICINE

Narcissus is a member of the Amaryillida-
ceae family, which comprises 65 genera
and more than 860 species. These species
are broadly dispersed in tropical, subtropi-
cal, and temperate areas of the northern
and southern hemispheres [59, 64, 65].
They are praised for their decorative value
and have been used in medicine since an-
cient times [66, 67]. The genus Narcissus
has been targeted by researchers as a new
source of biomedically active alkaloids,
and isolate more than 200 alkaloids from
the plants of this family [59, 65]. Within this
group, the genus Narcissus is used in tra-
ditional medicine to treat a variety of health
problems. A range of pharmacological ef-
fects has been attributed to these alkaloids,
and include antiviral, antifungal, and antitu-
mor activity [68, 65]. There is a large num-
ber of phytochemical studies on Narcissus
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evaluating their possible use as a source for neuro-
active substances, for example as a source of galan-
tamine [59], an alkaloid with acetylcholine esterase
inhibitory activity, used as a treatment for cognitive
decline in mild Alzheimer’s disease [69]. In our stud-
ies, the focus was pointed at the mesembrine alka-
loids isolated from Narcissus cv. Hawera, and their
potential antidepressant properties.

MESEMBRINE ALKALOIDS

This interesting group of compounds was first discov-
ered around the same time iproniazide was synthe-
sized, in 1957 [70]. Plants containing mesembrine al-
kaloids have been used for centuries. The most popular
plant is Sceletium tortuosum, which has a long history
of use in traditional South African medicine as a mood-
altering substance from prehistoric times [58]. It was first
described on paper in 1662 by Jan van Riebeeck. The
Sceletium plant was chew, made in teas and tinctures,
used as a snuff and smoked [71]. Through the use of
in vitro studies, mesembrine-like alkaloids demonstrat-
ed SSRI activity, which suggested the possible use in
depression, mood disorders and OCD [72]. Synthetic
mesembrine alkaloids have prominent inhibitory activ-
ity on the serotonin transporter, with possible modula-
tory effects on norepinephrine and dopamine [73]. Ad-
ditionally, mesembrine has also been shown to inhibit
phosphodiesterase-4 (PDE4) [74]. As mentioned ear-
lier, PDE4 inhibitors are currently a new and promising
area for research for a new treatment for depression.
By altering the levels of cyclic AMP (cAMP), the PDE4
family of enzymes has a direct role in the pathogenesis
of MDD and it has been shown that selective inhibition
of these enzymes can demonstrate noticeable antide-
pressant activity [75]. It was also shown that PDE4 in-
hibitors enhance the induction of BDNF mRNA in rat
hippocampus [76], thus, as we discussed previously, by
promoting this neurotrophic factor we can have a posi-
tive antidepressant effect in affected individuals.

Until now there were no ADRs reports concerning me-
sembrine alkaloids preparations. In a study conducted
to test their safety, extract from Sceletium was given
to seven healthy beagles and one dog with demen-
tia at a dose of 10 mg/kg twice per day for six days.
After extensive clinical and paraclinical investigation,
including CBC, biochemistry, and kidney function tests
it was reported that there were no significant changes
and no behavioral abnormalities.

A study conducted to analyze the effects of Zem-
brin, a drug that contains a standardized extract of
Sceletium tortuosum, showed that after treatment
with one dose of 25 mg the amygdala’s reaction to
fearful facial expressions was ameliorated. This was
visualized with functional-MRI, which also showed an
attenuation of the amygdala-hypothalamus coupling.
This proves that the SSRI capabilities combined with
the PDE4 action of Sceletium may be used not only
for the treatment of depression but also in anxiety
disorders, which often accompanies MDD.

CONCLUSION

Maijor depressive disorder is one of the leading cause
of disability in the world. The cause is believed to be a
combination of genetic, environmental, and psychologi-
cal factors. This is the reason why rational treatment is
still a significant medical conundrum, and the effective-
ness varies between patients. This review covers the
general pathophysiological mechanisms of depression
and summarizes the usage of mesembrine-like alka-
loids — plant-derived substances, as antidepressants.
Additionally, we report the possible use of the mesem-
brine alkaloids isolated from Narcissus cv. Hawera, and
their potential antidepressant properties.
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