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Double-Blind, Placebo-Controlled Study
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Australia

Objectives: There is preliminary evidence suggesting saffron may effectively treat menopausal symptoms. The aim of this study was to
examine the tolerability and efficacy of a standardised saffron extract (affron®) on menopausal complaints in perimenopausal women.
Methods: In this 12-week, parallel-group, double-blind, randomised controlled trial, 86 perimenopausal women experiencing
menopausal complaints received either a placebo or 14 mg of a saffron extract (affron®), twice daily. Outcome measures included the
Greene Climacteric Scale (GCS), Positive and Negative Affect Schedule (PANAS), and Short Form-36 Health Survey (SF-36).

Results: Based on data collected from 82 participants, saffron was associated with greater improvements in mood and psychological
symptoms compared to the placebo. Results from the GCS revealed a significantly greater reduction in the GCS psychological score (P
=0.032), characterised by a 33% reduction in anxiety and a 32% reduction in depression scores from baseline to week 12. There was
also a significantly greater reduction in the PANAS negative affect score (P = 0.043) compared to the placebo. However, compared to
the placebo, saffron was not associated with greater improvements in vasomotor symptoms, somatic symptoms, or other quality of life
measures. Saffron intake was well tolerated with no reported major adverse events.

Conclusions: The saffron extract, affron®, administered for 12 weeks at a dose of 14 mg twice daily was associated with greater
improvements in psychological symptoms. Further studies in perimenopausal women presenting with varying severity of menopausal
symptoms, using different doses of saffron will be useful to examine in future clinical trials.
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INTRODUCTION

Based on the Staging of Reproductive Aging Work-
shop (STRAW) criteria, perimenopause is defined as
the period between the first major variation in men-
strual cycle length (i.e., variations greater than seven
days from the individual's normal cycle length) and
the completion of 12 consecutive months without any
menses [1]. The menopausal transition is associated
with changes in sex hormones and reproductive func-
tion and is characterised by a range of menopause-spe-
cific complaints such as vasomotor symptoms (e.g., hot

flushes and cold or night sweats), sleep disturbances,
urogenital complaints (e.g., vaginal dryness, painful
intercourse, and recurrent urogenital infections), breast
pain, joint pain, changes in cognitive function and per-
formance, and mood disturbances including depressive
and anxiety-related symptoms [2,3]. The transition into
menopause is also associated with an increased risk of
osteoporosis [4], metabolic disturbances [5], and car-
diovascular disease [6].

Therapeutic options for the management of meno-
pausal symptoms include hormone replacement
therapy (HRT), pharmaceutical antidepressants, and
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physical activity and lifestyle changes [2,7]. Although
effective, treatments such as HRT are associated with
an increased risk of venous thromboembolism, stroke,
cardiovascular disease, gallstones, and breast cancer
[2,8-10]. Moreover, despite confirmed therapeutic
benefits from antidepressants on depressive symptoms
during and after the menopausal transition, it is as-
sociated with a high risk of discontinuation due to
adverse events [11]. The most common adverse events
identified in a meta-analysis by Wu et al. [11] included
vomiting, nausea, constipation, lethargy, dry mouth,
and headache, with serotonin-norepinephrine reuptake
inhibitors (SNRIs) exhibiting a greater adverse effect
profile compared to selective serotonin reuptake inhibi-
tors (SSRIs).

Saffron the species is derived from the stigmas of the
Crocus sativus flower. It has traditionally been used as
a treatment for complaints of the eye, skin, respiratory,
gastrointestinal, and genitourinary tracts, labour pains,
and for its mood-enhancing effects [12,13]. There is
also an increasing body of evidence supporting its
antidepressant and anxiolytic efficacy in adults with
depression and anxiety [14]. In these trials, saffron was
well-tolerated with minimal self-reported adverse ef-
fects. As a treatment for the alleviation of menopausal
symptoms during the menopausal transition, there is
preliminary evidence of efficacy. In a 6-week study on
post-menopausal women with hot flushes, it was as-
sociated with reductions in hot flushes and depressive
symptoms [15]. As a component of a multi-herbal for-
mula, saffron was also associated with improvements
in physical and mental symptoms in post-menopausal
women |[16], and an alleviation of physical, psycho-
logical, and urogenital symptoms in perimenopausal
women [17]. However, despite this preliminary positive
evidence, the efficacy and safety of saffron as a stand-
alone treatment on menopausal symptoms during peri-
menopausal has not been investigated. The aim of this
study was to examine the tolerability and efficacy of
a standardised saffron extract (affron®) administered
for 12 weeks to perimenopausal women experiencing
menopausal complaints.

MATERIALS AND METHODS

Study design

This was a two-arm, parallel-group, 12-week, ran-
domised, double-blind, placebo-controlled trial (Fig.
1). The trial protocol was approved by the Human

Research Ethics Committee at the National Institute
of Integrative Medicine (approval No. 0064E_2020)
and was prospectively registered with the Australian
New Zealand Clinical Trials Registry (Trial ID. AC-
TRN12620000350921). All participants gave their in-
formed consent for inclusion before they participated in
the study. The study was conducted in accordance with
the Declaration of Helsinki. An a priori power analysis
was undertaken to estimate the required sample size
(based on a single outcome variable). In a randomised,
controlled study examining the effects of saffron on
vasomotor symptoms in postmenopausal women, an
effect size of 0.6 compared to the placebo was identi-
fied [15]. Assuming a power of 80% and a type one
error rate (alpha) of 5%, the number of participants
required per group to find an effect on the Greene Cli-
macteric Scale (GCS) total score was estimated as 36.
We planned to recruit at least 40 participants per group,
which was hypothesised to give suitable power to find
an effect compared to the placebo, even after dropouts.

Recruitment and randomisation

Participants were recruited across Australia through
social media advertisements in April 2020. Interested
participants were directed to a website landing page
providing details about the study and a link to complete
an initial online screening questionnaire. This online
questionnaire screened for current climacteric symp-
toms, last menstrual cycle, changes in the menstrual
cycle, medication use, history of medical/psychiatric
disorders, alcohol, nicotine, and other drug use, supple-
ment and vitamin intake, and pregnancy/breastfeeding
status. If assessed as likely eligible, volunteers partici-
pated in a phone interview with an investigator. The
phone interview comprised a structured series of ques-
tions to further clarify details pertaining to the eligibil-
ity criteria and to obtain further demographic details.
Suitable participants were then required to complete
online versions of the GCS, Positive and Negative Af-
fect Schedule (PANAS), Short Form-36 Health Survey
(SF-36), and an informed consent form. Eligible and
consenting participants were randomly assigned to one
of two groups (saffron or placebo) using a randomisa-
tion calculator (http://www.randomization.com). The
randomisation calculator ensured sequence conceal-
ment. The randomisation structure comprised 8 ran-
domly permuted blocks, containing 10 participants per
block. The participant identification number was al-
located according to the order of participant enrolment
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Assessed for eligibility (n = 246)

Week 0
GCS, SF-36, PANAS

I
Randomized (n = 86)

l

Saffron (n = 43)

Discontinued (n = 2):
digestive complaints (n = 1),
no reason given (n = 1)

Excluded (n = 160)
———— - Did not meet eligibility criteria (n = 138)
- Did not complete initial questionnaires (n = 22)

Placebo (n = 43)

Discontinued (n = 2):
nausea (n = 1),
no reason given (n = 1)

Week 4 (n = 41)
GCS, SF-36, PANAS

Week 4
GCS, SF-36, PANAS

(n=41)

Discontinued (n = 2):
unrelated hospitalisation (n = 1),
no reason given (n = 1)

Discontinued (n = 3):
no reason given (n = 2),
jobloss (n=1)

Week 8 (n = 39)
GCS, SF-36, PANAS

Week 8
GCS, SF-36, PANAS

(n =38)

Discontinued (n = 1):

no reason given Fig. 1. Systematic illustration of study

design. GCS: Greene Climacteric Scale,

A

Week 12 (n = 39)
GCS, SF-36, PANAS

y

Week 12 (n = 37)
GCS, SF-36, PANAS

SF-36: Short Form-36 Health Survey,
PANAS: Positive and Negative Affect
Schedule.

in the study. All tablets were packed in identical bottles
labelled by two intervention codes (held by the study
sponsor until all statistical analyses were completed).
Participants and study investigators were blind to treat-
ment group allocation until all statistical analyses were
completed. No financial compensation was provided
to participants for volunteering in this study, although
at the end of the study participants allocated to the
placebo condition were given a free 12-week supply of
saffron tablets.

Participants

Inclusion criteria

Female participants aged between 40 to 60 years with
reports of changes in their menstrual cycle for at least 3
months were recruited for this study. Participants need-
ed to have a total score of greater than 16 on the GCS,
have an intact uterus and ovaries, a body mass index
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(BMI) between 18 and 35 kg/m’, were medication-free
for at least 3 months (apart from the contraceptive pill
and/or once weekly use of analgesics), were non-smok-
ers, and had no plan to commence new treatments over
the study period. Participants were also required to be
fluent in English and consented (via an online consent
form) to all pertinent aspects of the trial.

Exclusion criteria

Participants who did not have a period in the last 12
months, were consuming more than 14 standard drinks
of alcohol per week, had a current or illicit drug abuse
within the last 12 months, or were suffering from medi-
cal conditions including but not limited to: diabetes,
hyper/hypotension, cardiovascular disease, a gastroin-
testinal disease requiring regular use of medications,
gallbladder disease/gallstones/biliary disease, endo-
crine disease, psychiatric disorder (other than mild-to-
moderate anxiety), or neurological disease (Parkinson’s
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disease, Alzheimers disease, intracranial haemorrhage,
or head or brain injury) were ineligible to participate
in the study. Women who had any significant surgeries
over the last year, were taking supplements that may
affect menopausal symptoms, or were taking saffron
supplements were also ineligible to participate in the
study.

Interventions

Placebo and saffron tablets were identical in appear-
ance, being matched for colour coating, shape, and size.
The active treatment, supplied by Pharmactive Biotech
Products, SL, contained 14 mg of a standardised saffron
extract (affron”), derived from the stigmas of C. sativus
L. and standardised to contain > 3.5% Lepticrosalides®,
a measure of bioactive compounds present in saffron,
including safranal and crocin isomers. The saffron
stigmas were cultivated in Alborea (Albacete, Spain)
and extracted in the factory of Pharmactive Biotech
Products, SL in Madrid (Spain) to produce affron”
3.5% Lepticrosalides”. The placebo tablets contained
the same excipients as the active tablet (microcrystal-
line cellulose and calcium hydrogen phosphate). All
tablets were manufactured and packed in an Australian
Therapeutic Goods Administration registered plant.
All participants were mailed a 12-week supply of tab-
lets and were instructed to take one tablet, twice daily
(morning and evening), with or without food for 12
weeks. Medication adherence was measured by tablet
count by the participant at week 4, 8, and 12. Efficacy
of participant treatment blinding was examined by ask-
ing participants to predict group allocation (placebo,
saffron, or uncertain) at the end of the study. Directions
for use were provided on tablet bottles and participants
were also provided with an information sheet about
tablet intake and what to do if they missed a dose. This
information was also verbally conveyed to participants
during their initial telephone interview.

Outcome measures

Primary outcome measure

GCS total score: The GCS is a 21-item, validated, self-
report measure designed to assess physical and psycho-
logical symptoms associated with the transition into
menopause. Each question is rated from zero (“not at
all”’) to three (“extremely”) with a maximum total score
of 63. The GCS has been demonstrated to have good
psychometric properties [18] and is sensitive to treat-

ment for menopausal symptoms [19]. The GCS was
completed at baseline, week 4, 8, and 12.

Secondary outcome measures

GCS sub-scale scores: In addition to a total score, the
GCS has three sub-scale scores assessing psychological
symptoms, somatic/physical symptoms, and vasomotor
symptoms. There is also a single question assessing in-
terest in sex. Within the psychological sub-scale, there
are 6 questions assessing anxiety symptoms and 5 as-
sessing depressive symptoms.

PANAS: The PANAS is a validated self-report ques-
tionnaire that consists of two 10-item scales to measure
both positive and negative affect. Each item is rated
on a 5-point scale ranging from 1 (not at all) to 5 (very
much). Total scores for positive and negative symptoms
are calculated. The PANAS has robust psychometric
properties in the general population and clinical popu-
lations presenting with anxiety, depression, and adjust-
ment disorders [20,21]. The PANAS was completed at
baseline, week 4, 8, and 12.

SF-36: The SF-36 is a self-report, quality-of-life mea-
sure. Scores are calculated for eight areas including
(1) energy/fatigue, (2) physical functioning, (3) bodily
pain, (4) general health perceptions, (5) physical role
functioning, (6) emotional role functioning, (7) social
role functioning, and (8) emotional wellbeing. The SF-
36 is a commonly-used outcome measure with strong
psychometric properties [22,23]. Scoring for the SF-
36 was based on the algorithm developed by RAND
Health Care [24]. The SF-36 was completed at baseline,
week 4, 8, and 12.

Adverse events: Tolerability and safety of tablet in-
take by participants were assessed at week 4, 8 and 12
through an online question querying adverse effects
that were believed to be associated with tablet intake.
Participants were also requested to contact researchers
immediately if any adverse effects were experienced.

Statistical analysis

An independent samples t test was used to compare
demographic variables across the two treatment groups
for continuous variables, and Pearsons chi-square was
used to compare categorical data. To evaluate study
objectives, a repeated-measures ANOVA was used
to compare within-group changes over time, and the
group (saffron versus placebo) by time interaction ef-
fect was used to assess whether changes in outcome
scores over time were different between the two groups
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(saffron versus placebo). All questionnaire scores were
analysed for baseline, week 4, 8, and 12. A Cohen’s d
was calculated to examine effect sizes. An independent-
samples t test was also undertaken to examine the per-
centage change in the GCS total score (primary study
objective) from baseline to week 12. A further post-
hoc analysis using the independent-samples t test was
undertaken to examine the percentage change (baseline
to week 12) in the GCS psychological, anxiety, and de-

Table 1. Baseline demographic details of participants

pression sub-scale scores.

The Shapiro-Wilk normality test was conducted to
examine the normality of group data. This demon-
strated that data were not normally distributed, and
this was not corrected by data transformations. How-
ever, a repeated-measures ANOVA was considered the
most appropriate option for statistical analyses as it is
relatively robust to violations of normality [25]. Where
necessary, degrees of freedom were adjusted using the

Variable Placebo (n = 43) Saffron (n = 43) P value
Age (y) 48.63 + 0.54 49.86 + 0.49 0.095*
Body mass index (kg/m?) 25.78 = 0.61 25.34 + 0.66 0.623
Marital status Single 8(18.6) 6 (14.0) 0.559"
Married/de facto 35 (81.4) 37 (86.0)
Educational status Secondary 15 (34.9) 17 (39.5) 0.841°
Tertiary 18 (41.9) 18 (41.9)
Post-graduate 10(23.3) 8(18.6)
Exercise level Never/rarely 2(4.7) 8(18.6) 0.214°
1-2 times a week 3(7.0 4(9.3)
3-5 times a week 18 (41.9) 4(32.6)
> 6 times a week 20 (46.5) 7 (39.5)
Duration in menopausal symptoms Less than 6 mo 12 (27.9) 8(18.6) 0.474°
6-12 mo 10 (23.3) 7(16.3)
1-2y 14 (32.6) 17 (39.5)
More than 2 y 7(16.3) 1 (25.6)
GCS — total 21.98 =1.07 22.84 +1.15 0.585"
GCS — psychological 12.47 £ 0.71 12.58 +0.76 0.911°
GCS — somatic 467 +0.43 5.60 + 0.44 0.133"
GCS — vasomotor 3.21+0.23 2.88 £0.24 0.337°
PANAS - positive affect 25.81 £1.16 2572 +1.15 0.955°
PANAS - negative affect 20.42 +1.20 20.23 +1.19 0.912°
SF-36 — physical functioning 88.49 + 1.66 86.14 = 2.18 0.394°
SF-36 — role limitations due to physical health 69.19 + 5.63 71.51 £5.10 0.760°
SF-36 — role limitations due to emotional problems 56.53 + 6.53 54.26 + 6.19 0.801°
SF-36 — energy/fatigue 39.19 £ 3.30 40.70 = 2.85 0.730°
SF-36 — emotional well-being 61.95 +2.79 66.42 + 2.46 0.234°
SF-36 — social functioning 75.16 = 3.45 79.26 = 2.93 0.368°
SF-36 — pain 70.79 +3.19 66.88 + 2.74 0.355°
SF-36 — general health 63.14 = 2.72 66.40 = 2.49 0.380°

Data are presented as mean =+ standard error or n (%).

GCS: Greene Climacteric Scale, PANAS: Positive and Negative Affect Schedule, SF-36: Short Form-36 Health Survey.

“By independent samples ¢ test. "By chi-square test.
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Greenhouse-Geisser approach to correct for violations
of the sphericity assumption. Data from participants
were included in analyses of self-report outcomes if
questionnaire data were obtained at week 4 (last obser-
vation carried forward from week 4 for missing values).
All data were analysed using IBM SPSS Statistics (ver.
26; IBM, Armonk, NY, USA).

RESULTS

Study population

Baseline questionnaire and demographic

information

From 246 people who completed the initial online
screening questionnaire, 160 individuals were either
ineligible (n = 145) or did not complete the initial ques-
tionnaires (n = 15). The most common reasons for in-
eligibility were current medication intake, no menstrual
cycle for greater than 1 year, BMI greater than 35 kg/
m’, hysterectomy, or diagnosis of medical conditions
included in the exclusion criteria. Seventy-six people
completed all study requirements and self-report data
from 82 participants who completed at least week-4
questionnaires were used for statistical analyses of self-
report outcome measures. Seven participants (placebo
[n = 2] and saffron [n = 5]) failed to consume the mini-
mum number of required tablets (i.e., consumed < 80%
of tablets). However, data from these participants were
included in the statistical analyses as the removal of
their results did not significantly influence statistical
outcomes. Baseline data of these 86 participants are de-
tailed in Table 1. There were no statistically-significant,
between-group differences at baseline. Ten participants
withdrew from the study, 4 from the saffron group
and 6 from the placebo group. Reasons for withdrawal
included no reason given (placebo [n = 4] and saffron
[n = 2]), unexpected/unrelated hospitalisation (saffron
[n = 1]), digestive complaints (saffron [n = 1]), nausea
(placebo [n = 1]), and job loss (placebo [n = 1]).

Outcome measures

GCS total score (primary outcome measure)

Changes in the GCS total score across the placebo and
saffron groups over time, repeated measures ANOVA
significance levels, and the Cohens d effect size score
are detailed in Table 2 and Figure 2. There was a statis-
tically-significant reduction in the GCS total score over

time in both the saffron (F,;,, = 24.67, P < 0.001) and
placebo group (F,,4, = 6.50, P = 0.002). A between-
group analysis revealed there was a non-significant
difference in change in the total GCS score between
the placebo and saffron group (F, 4 = 2.58, P = 0.078,
Cohens d = 0.47). From baseline to week 12, there was
a 32% reduction in the total GCS score in the saffron
group and a 14% reduction in the placebo group. An
independent-samples t test revealed that this difference
was statistically significant (T[80] = 2.26, P = 0.027).

GCS sub-scale scores (secondary outcome
measure 1)

Changes in the GCS sub-scale scores across the pla-
cebo and saffron groups over time, repeated measures
ANOVA significance levels, and the Cohen’s d effect
size score are detailed in Table 2 and Figure 2. A be-
tween-group analysis revealed there was a statistically-
significant difference in the change in the GCS psycho-
logical score between the placebo and saffron groups
(Fy165 = 3.49, P = 0.032, Cohens d = 0.59). In both the
saffron (F,,,; = 20.85, P < 0.001) and placebo groups
(Fo76 = 20.85, P = 0.048) there were statistically-signif-
icant reductions in the GCS psychological score over
time.

In the saffron group, there were statistically-signifi-
cant reductions in the somatic (F,,,; = 7.72, P = 0.001)
and vasomotor (F,4,, = 10.74, P < 0.001) scores over
time. In addition, there were statistically-significant
reductions in the somatic (F,, 4 = 5.68, P = 0.003) and
vasomotor (F,, . = 5.70, P = 0.003) scores over time in
the placebo group. An examination of between-group
changes revealed there were no statistically-significant,
between-group differences in changes in the somatic
(F,1175 = 0.56, P = 0.589, Cohen’s d = 0.09) or vasomo-
tor (F,5,0, = 0.96, P = 0.401, Cohen’s d = 0.26) scores
over time.

A post-hoc analysis was undertaken to examine
changes in the GCS depression and anxiety scores over
time. In the saffron group, there was a 33% reduction
in the anxiety and a 32% reduction in depression score
from baseline to week 12. In the placebo group, there
was a 7% increase in the anxiety and a 9% reduction in
depression scores from baseline to week 12. An inde-
pendent samples t test revealed that changes in both the
anxiety (T[80] = 2.31, P = 0.023) and depression (T[80]
= 2.24, P = 0.028) scores were significantly greater in
the saffron group compared to the placebo group.
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Fig. 3. Change in Positive and Negative Affect Schedule (PANAS) scores. °P value, within group change; °P value, between-group difference.

PANAS scores (secondary outcome measure 2)
Changes in the PANAS negative and positive affect
scores across the placebo and saffron groups over time,
repeated measures ANOVA significance levels, and the
Cohen’s d effect size score are detailed in Table 2 and
Figure 3. A between-group analysis revealed there was

a statistically-significant difference in the change in the
PANAS negative score (F,, o, = 2.99, P = 0.043, Cohen’s
d = 0.55) but not the PANAS positive score (F, 4,0, =
1.74, P = 0.169, Cohen’s d = 0.29) between the placebo
and saffron group. In the saffron group, there was a
statistically-significant reduction in the PANAS nega-
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tive score (F,;,; = 8.07, P < 0.001) and statistically-sig-
nificant increase in the positive score (F,; o, = 9.33, P <
0.001) over time. However, there were no statistically-
significant changes in both the PANAS negative (F, 4,
= 0.66, P = 0.553) and positive (F, ; o, = 0.95, P = 0.408)
scores in the placebo group over time.

SF-36 subscale scores (secondary outcome

measure 3)

Changes in the SF-36 sub-scale scores across the
placebo and saffron groups over time, repeated mea-
sures ANOVA significance levels, and the Cohens d
effect size score are detailed in Table 2. Between-group
analyses revealed there were no statistically-significant
differences in the change in any SF-36 sub-scale score
between the placebo and saffron groups. However, in
the saffron group, there were statistically-significant
improvements in the SF-36 role limitation due to emo-
tional problems (F,;, = 7.41, P = 0.001), energy/fa-
tigue (F,,0, = 6.55, P = 0.001), and emotional wellbeing
(Fy,00 = 8.11, P < 0.001) sub-scale scores over time. In
the placebo group, there was a statistically-significant
improvement in only the pain score (F,; o = 4.60, P =
0.007) over time.

Intake of supplements

At week 12, participants recorded their quantity of
remaining tablets. Ninety percent of participants who
completed the study reported taking more than 80% of
their tablets.

Efficacy of participant blinding

To evaluate the efficacy of condition concealment
over the study, participants were asked at the end of the
study to predict group allocation (i.e., placebo, saffron,
or uncertain). Efficacy of group concealment was high
as only 8% of people in the saffron group and 28% in
the placebo group correctly guessed treatment alloca-
tion.

Adverse events

No major adverse events were reported by participants
although there were two withdrawals from the study
due to mild adverse effects. One participant in the saf-
fron group withdrew due to mild digestive complaints/
bloating, and one in the placebo group withdrew due
to ongoing nausea. The frequency of reported adverse
effects is detailed in Table 3, which revealed an overall
similar frequency in reported adverse events between
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the two groups. However, there was a tendency to sug-
gest greater digestive complaints in the saffron group
(e.g., flatulence and nausea).

DISCUSSION

In this 12-week, randomised, double-blind, placebo-
controlled study, the administration of a saffron extract
(affron®) at a dose of 28 mg daily was associated with
greater improvements in psychological symptoms in
women experiencing perimenopause compared to the
placebo. Saffron was also associated with improve-
ments in vasomotor (e.g., hot flushes and night-time
sweating) and somatic symptoms, however, changes
were not significantly different from the placebo. Saf-
fron intake was well tolerated with no reported major
adverse events, although there was a greater number
of reports of mild digestive complaints (e.g., flatulence
and nausea).

The mood-enhancing effects of saffron have been
confirmed in several studies. In a meta-analysis com-
prising 23 studies, saffron administration had a large
positive treatment effect when compared with the
placebo on depressive and anxiety symptoms [14].
These studies have been conducted on adults of vary-
ing ages, with no trial specifically examining its mood-

Table 3. Frequency of adverse events

Saffron (n) Placebo (n)
Flatulence 3 -
Nausea/bloating 2 -
Constipation - 2
Reflux 1 -
Decreased appetite - 1
Body odour - 1
Migraine/headache 2 -
Dry mouth 1 -
Weight gain - 1
Pressure in head = 1
Joint pain 1 -
Nightmares = 1
Occasional hives 1 -
Fatigue - 1
Increased hot flushes - 1
Total 11 9
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enhancing effects during perimenopause. However, in
a study on post-menopausal women with hot flushes,
improvements in depressive symptoms were identified
after the 6-week administration of a saffron extract
[15]. In the current trial, saffron was associated with a
33 and 32 percent reduction in anxiety and depressive
symptoms, respectively, suggesting it had a generalised
mood-enhancing effect. This is further confirmed
by improvements in negative affective symptoms as
measured by the PANAS. The PANAS negative affect
score is based on ratings associated with the descriptors
such as stressed, upset, guilty, scared, hostile, irritable,
ashamed, nervous, jittery, and afraid. There was also
a trend to suggest improvements in the PANAS posi-
tive symptom score, although changes did no achieve
statistical significance compared to the placebo. Most
improvements in self-rated mood occurred in the first
4 weeks of the trial, with continued, albeit less pro-
nounced improvements from weeks 4 to 12. Depressive
and anxiety symptoms during the menopausal transi-
tion are typically treated with SSRIs and SNRIs. How-
ever, although effective, they are associated with several
adverse effects resulting in high rates of discontinua-
tion [11]. The positive mood-enhancing findings and
low frequency of self-reported adverse effects present
saffron as a promising natural mood treatment during
perimenopause.

The mechanisms associated with the antidepressant
and anxiolytic effects of saffron have not yet been de-
termined, although it is postulated to be multifactorial.
For example, saffron has been demonstrated to influ-
ence neurotransmitter activity, inflammation, hypotha-
lamic-pituitary-adrenal (HPA) axis activity, oxidative
stress, mitochondrial activity, and neuroplasticity [26].
Disturbances in these mechanisms have been regularly
identified in depression and anxiety [27,28]. Moreover,
it is plausible that saffron’s mood-enhancing effects
during perimenopause may be associated with its in-
fluence on sex hormones. In an animal study, the ad-
ministration of zearalenone (a mycotoxin with potent
estrogenic effects) plus saffron to 8-week old female
mice was associated with higher serum concentrations
in luteinising hormone (LH), follicle-stimulating hor-
mone (FSH), oestradiol, and progesterone compared
with zearalenone alone [29]. In a study on adult, female
rats, the administration of crocin (an active constitu-
ent of saffron) decreased estrogen and progesterone
concentrations but did not affect FSH or LH [30].
In a study conducted on female rats treated with the

menopause-inducing medication cyclophosphamide,
concentrations in oestrogen were altered by saffron
administration but only at the highest dose of 2 g/kg/
day [31]. Finally, the oral administration of an aqueous
saffron extract at a dose of 20 and 80 mg/kg/day for 30
days to adult female rats increased serum concentra-
tions in FSH and progesterone (both doses), and LH
and oestrogen (high-dose only) [32]. These animal
studies suggest saffron may alter sex hormone concen-
trations although its effects are influenced by dose, age,
and stressor exposure. The applicability of these animal
studies during the menopausal transition are also un-
certain as validated menopausal animal models were
not used [33] and the administered doses of saffron
required to have oestrogenic effects were well beyond
equivalent human doses used in previous human tri-
als on saffron. Whether the mood-enhancing effects of
saffron were due to its influence on sex hormone activ-
ity could not be determined in the current study as no
biological assessments were undertaken.

Despite previous studies demonstrating the positive
effects of saffron, either administered alone or in com-
bination with other herbal ingredients, on vasomotor
and somatic symptoms, such benefits were not identi-
fied in this study. In a 6-week, randomised, double-
blind, placebo-controlled trial, saffron delivered at a
dose of 30 mg daily was associated with significant im-
provements in hot flushes in post-menopausal women
experiencing >14 hot flushes per week [15]. In a 12-
week trial using multiple doses of a mixed herbal com-
bination containing saffron, fennel, and chamomile on
peri-menopausal women, there were greater improve-
ments in physical symptoms at the high dose only and
greater improvements in psychological and urogenital
symptoms (e.g., sexual problems, urinary complains,
and vaginal dryness) at the low dose only, compared to
the placebo [17]. In another study on post-menopausal
women, the herbal combination comprising saffron,
tribulus terrestris, zingiber officinale (ginger), and cin-
namonum zeylanicum (cinnamon) administered for
4 weeks was associated with greater improvements
in physical and mental, but not urogenital symptoms
compared to the placebo [16]. The inconsistency in
these findings may be due to differences in the popu-
lation examined (i.e., post-menopausal vs perimeno-
pausal women), and the administration of saffron as a
stand-alone compared to a multi-herbal combination.
Moreover, the severity and frequency of hot flushes in
participants recruited in the study by Kashani et al. [15]

https://doi.org/10.6118/jmm.21002 75



Adrian L. Lopresti and Stephen J. Smith

were significantly greater than the levels experienced
by the population recruited in the current trial.

Even though the results of this study add to the
existing literature, there are several limitations and
directions for future research. The assessment of peri-
menopause was based on self-reports of changes in
the menstrual cycle in women aged between 40 and 60
years. Because no formal medical assessment compris-
ing an evaluation of hormone concentrations and a
comprehensive examination of confounding medical,
lifestyle, and dietary factors was undertaken, it is pos-
sible that some women in other reproductive stages
were recruited in this study. Validation of these findings
in more comprehensively-evaluated perimenopausal
women will be useful in future trials.

Even though mood improvements from saffron ad-
ministration were identified, this was based on the GCS
psychological sub-scale score and the PANAS negative
affect score. These are validated self-report outcome
measures but were not specifically developed for the
assessment of depression and anxiety. Using validated,
self-report, and clinician-administered anxiety and
depression outcome measures will be important to use
in future trials. Moreover, in this recruited population,
women with severe depressive or anxiety symptoms, or
women currently receiving psychological or pharma-
cological treatment, were excluded from participating
in this study. The effects of saffron in women with a
formally-diagnosed depression or anxiety-related dis-
order, and with varying levels of severity, will be useful
to examine in future trials.

In this study, saffron was associated with improve-
ments in vasomotor and somatic symptoms; however,
changes were not significantly different from those
observed in the placebo condition. In the study by
Kashani et al. [15], a clearly-defined population of post-
menopausal women presenting with severe and fre-
quent hot flushes was recruited. However, participants
in this study were recruited based on self-reports of
difficulties in overall climacteric symptoms. Concern-
ing vasomotor symptoms, average ratings suggested
symptoms were of mild-to-moderate severity and the
frequency and severity of hot flushes were much lower
than levels experienced by women in the Kashani et al’s
study [15]. An examination of the effects of saffron in
perimenopausal women presenting with more severe,
specific climacteric symptoms will be important to ex-
amine in future trials. The safety and efficacy of saffron
administration in women currently receiving phar-
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macological treatment for menopausal symptoms also
require further investigation. In a previous trial, the
adjunct administration of saffron with pharmacological
antidepressants was associated with a greater reduction
in depressive symptoms [34]. Its co-administration in
perimenopausal women currently taking antidepres-
sants and/or on HRT will be important to evaluate in
future trials. Saffron used as a component of a multi-
herbal combination also requires further investigation,
particularly as there have been benefits identified in
two previous trials [16,17]. Moreover, the efficacy of
different saffron extracts should be examined. In this
study, the standardised saffron extract, affron”, was
used. Given the variability in the quality, purity, and
levels of active ingredients in saffron [35], the applica-
bility of these findings to different saffron extracts or
as a spice used in cooking is unknown. The efficacy
and safety of saffron at different doses and treatment
durations will also be helpful to determine whether
higher doses or longer treatment periods are required
for the alleviation of specific menopausal symptoms.
As saffron was only administered for 12 weeks, an ex-
amination of its safety as a long-term treatment for cli-
macteric symptoms will also be important. Therefore,
studies with longer follow-up are required. Finally, to
help understand the mechanisms of action associated
with saffron intake, assessment of changes in concen-
trations of sex hormones, and other pertinent markers
such as those associated with inflammation, oxidative
stress, HPA-axis activity, and neurotrophic activity will
be useful.

The results of this 12-week trial in perimenopausal
women provide evidence for the beneficial effects of a
standardised saffron extract, affron®, on depressive and
anxiety symptoms. However, its influence on vasomo-
tor or other somatic symptoms was not significantly
different from the placebo. Given the positive, mood-
enhancing findings, further investigations into the
benefits of saffron in more clearly-defined populations,
presenting with specific menopausal complaints; and
using validated self-report, clinician-administered, and
biological outcome measures, will be important to con-
duct in future trials.
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Study Objectives: Herbal medicines are frequently used by adults with sleep difficulties. However, evidence of their efficacy is limited. Therefore, the goal
of this study was to examine the sleep-enhancing effects of a standardized saffron extract (affron).

Methods: This was a 28-day, parallel-group, double-blind, randomized controlled trial. Sixty-three healthy adults aged 18-70 with self-reported sleep
problems were recruited and randomized to receive either saffron extract (affron; 14 mg twice daily) or a placebo. Outcome measures included the Insomnia Severity
Index (ISI; primary outcome measure) collected at baseline and days 7, 14, 21, and 28 and the Restorative Sleep Questionnaire (RSQ) and the Pittsburgh Sleep

Diary (PSD) collected on days -1, 0, 3, 7, 14, 27, and 28.

Results: Based on data collected from 55 participants, saffron was associated with greater improvements in IS| total score (P=.017), RSQ total score (P =.029),
and PSD sleep quality ratings (P =.014) than the placebo. Saffron intake was well tolerated with no reported adverse effects.

Conclusions: Saffron intake was associated with improvements in sleep quality in adults with self-reported sleep complaints. Further studies using

larger samples sizes, treatment periods, objective outcome measures, and volunteers with varying demographic and psychographic characteristics are required

to replicate and extend these findings.
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BRIEF SUMMARY

self-reported poor sleep.

is required to replicate and extend these findings in other populations.

Current Knowledge/Study Rationale: Research into the efficacy of herbal medicines as natural sleep-enhancing agents is limited. In this 8-week,
randomized, double-blind, placebo-controlled study, the sleep-enhancing effects of a standardized saffron extract (affron) were investigated in adults with

Study Impact: Saffron supplementation for 8 weeks was associated with improvements in insomnia, sleep quality, and restorative sleep. Further research

INTRODUCTION

Results from population-based surveys in Australia and
other developed countries indicate that 10-45% of adults
report regular difficulty either falling or staying asleep (here-
after, “poor sleep”).! This has significant health implications
as poor sleep quality can have a negative impact on both
mental and physical health and can interfere with daily
function.” In a cohort of almost 5,000 adults, poor sleep was
associated with a 29% increased risk of cardiovascular disease.’
Sleep problems, such as insomnia, are also associated with a
2.6 times greater risk of developing depression.® Insomnia is
also associated with reduced work productivity and increased
work absenteeism.”® In 2010, diagnosed sleep disorders in
Australia were estimated to cost $5.1 billion (Australian dol-
lars), comprising 5% from direct health care costs, 60%
from productivity losses, and 13% from informal care and

Journal of Clinical Sleep Medicine, Vol. 16, No. 6

other indirect costs, resulting from motor vehicle and
workplace accidents.’

Herbal medicines are one of the most frequently used
complementary and alternative treatments for insomnia. In
community-dwelling older adults with self-reported sleep
problems, use of a sleep product was reported by 35% of re-
spondents, with 22% using over-the-counter sleep aids and
12.5% using herbal or natural aids.'’ In a randomly selected
sample of almost 1,000 adults, 18.5% of participants reported
using a natural sleep aid over the past 12 months.'' However,
the safety and efficacy of many herbal medicines for the treatment
of sleep problems are uncertain. In a systematic review of 14
randomized controlled trials of herbal medicines (comprising
valerian, kava, and chamomile) and involving 1,600 partici-
pants with insomnia, it was concluded that, although these
treatments were generally safe and well tolerated, there was
insufficient evidence that they provided any benefit to adults with
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insomnia.'? This indicates that, despite their widespread use,
there is a paucity of data on the efficacy of natural herbal products.

Saffron, a spice derived from the stigmas of the Crocus
sativus flower, has been confirmed in several systematic reviews
and meta-analyses to be an effective natural agent for the
treatment of mild-to-moderate depression.'*™> As a sleep-

enhancing agent, there is preliminary evidence to suggest
it may also be an effective natural sleep aid. In a small pilot

study, the 4-week administration of a saffron extract (affron)
resulted in greater improvements in sleep quality, sleep latency,
and daytime dysfunction in a subset of poor sleepers com-

pared with placebo.'® As an adjunct to antidepressants in

adults with unremitted depression, symptomatic improvements
in sleep quality were also noted after saffron administration."”

In a randomized, double-blind, placebo-controlled, crossover

study, the 14-day administration of crocetin (an active con-
stituent in saffron) in adults with mild sleep complaints was
associated with increases in electroencephalography (EEG)

delta activity and self-reported improvements in sleepiness and
refreshment on rising. However, there were no significant

changes in other sleep parameters.'® Improvements in sleep
quality have also been reported in adults with type 2 diabetes

with comorbid depression and anxiety after an 8-week intake of

saffron.'” Although promising, the robustness of these findings
is hindered by small sample sizes, short treatment periods, use
of nonstandardized saffron extracts, and investigations in

Effects of saffron on sleep quality in healthy adults with self-reported poor sleep

populations where sleep is not the primary presenting com-
plaint. Therefore, the goal of this study was to investigate the
sleep-enhancing effects and safety of a standardized saffron
extract (affron) in adults with self-reported poor sleep.

METHODS

Study design

This was a 2-arm, parallel-group, 28-day, randomized, double-
blind, placebo-controlled trial (Figure 1). The trial protocol
was approved by the Human Research Ethics Committee at
the National Institute of Integrative Medicine (approval num-
ber 0054E_2019) and was prospectively registered with the
Australian New Zealand Clinical Trials Registry (Trial
ID: ACTRN12619000863134).

An a priori power analysis was undertaken to estimate the
required sample size (based on a single outcome variable). In
a recent randomized controlled pilot study, saffron had an ef-
fect size of 1.1 in adults with poor sleep compared with the
placebo.'® Sample size calculations were based on a more
conservative effect size of 0.8. Assuming a power of 80% and a
type 1 error rate (o) of 5%, the number of participants required
per group to find an effect for the Insomnia Severity Index (ISI)
was estimated as 21. After allowing for a 15% drop-out rate, we
aimed to recruit at least 25 participants per group.?’

DID NOT RETURN
RESPONSE
BOOKLET (n=5):
started medication
(n=2), no reason
given (n=2),
stopped taking
tablets (n=1)
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Figure 1—Systematic illustration of the study design.
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Day -5 to -3
I1SI, DASS-21, DBAS

| Randomized (n=63) |

T

| Day -1 (RSQ & PSD) |

| Day -1 (RSQ & PSD) |

I

‘ Day 0 (RSQ & PSD) |

| Day 0 (RSQ & PSD) ]

Started tablets

| Day 3 (RSQ & PSD) ‘

| Day 3 (RSQ & PSD) |

| DID NOT RETURN

| Day 7 (ISI, RSQ & PSD) }

| Day 7 (ISI, RSQ & PSD) | gl

l Day 14 (IS, RSQ & PSD) |

Ly BOOKLET (n=3):
1 started medication
| Day 14 (ISI, RSQ & PSD) I R e poen

I Day 21 (ISI, RSQ & PSD) |

| Day 21 (ISI, RSQ & PSD) I

I Day 27 (RSQ & PSD) |

| Day 27 (RSQ & PSD) I

Day 28 (ISI, RSQ & PSD,
DASS-21)

Day 28 (ISI, RSQ & PSD,
DASS-21)

Completed (n=28)

Completed (n=27)

DASS-21 = Depression, Anxiety, Stress Scale-21; DBAS = Dysfunctional Beliefs Associated with Sleep Questionnaire; ISI = Insomnia Severity Index;
PSD = Pittsburgh Sleep Diary; RSQ = Restorative Sleep Questionnaire.
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Recruitment and randomization

Participants were recruited across Perth, Western Australia,
through social media advertisements between July and August
2019. As interest to participate in the study was high, we were
able to recruit more than our minimum projected sample size of
50 prior to our projected timeline (n = 63). Interested partici-
pants were directed to a website landing page providing details
about the study and a link to complete an initial online screening
questionnaire. This online questionnaire screened for current
depressive and/or anxiety symptoms; any medication use;
history of medical/psychiatric disorders; alcohol, nicotine, and
other drug use; supplement and vitamin intake; and pregnancy/
breastfeeding status. If assessed as likely eligible, volunteers
participated in a phone interview with an investigator. The
phone interview comprised a structured series of questions to
further clarify details pertaining to the eligibility criteria (eg,
current and past mental health history, alcohol and other drug
use, supplement intake, current medical conditions, and med-
ication intake) and to obtain further demographic details.
Suitable participants were then required to complete online
versions of the ISI, Depression, Anxiety, and Stress Scale—21
(DASS-21), Dysfunctional Beliefs Associated with Sleep
Questionnaire (DBAS), and an informed consent form. Eligible
and consenting participants were randomly assigned to 1 of 2
groups (saffron or placebo) using a randomization calculator
(http://www.randomization.com). The randomization calcula-
tor ensured sequence concealment. The randomization structure
comprised 10 randomly permuted blocks, containing 6 par-
ticipants per block. The participant identification number was
allocated according to the order of participant enrollment in the
study. All tablets were packed in identical bottles labeled with 2
intervention codes (held by the study sponsor until final data
collection). Participants and study investigators were blinded to
treatment group allocation until all outcome data were collected.
No financial compensation was provided to participants for
volunteering in this study, although at the completion of the
study, participants allocated to the placebo condition were
offered a free 4-week supply of saffron tablets.

Participants

Inclusion criteria

Physically healthy male and female participants aged 18-70
years, with self-reported symptoms of poor sleep lasting more
than 4 weeks, were recruited for this study. Participants had an
ISI score of between 8 (subthreshold insomnia) and 21 (mod-
erate-severity insomnia). All participants were medication free
for at least 4 weeks apart from contraceptive pills and no more
than once per week use of pain-relieving medications. Vol-
unteers had a body mass index between 18 and 30 kg/m? and
typical bedtime between 9 pm and 12 Am. Participants were also
required to be fluent in English and to have consented (via an
online consent form) to all pertinent aspects of the trial.

Exclusion criteria

Participants employed in night-shift work or rotational-shift
work were ineligible to participate in the study. Individuals
experiencing a sleep disorder other than moderate insomnia
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(eg, sleep apnea, restless legs syndrome, periodic limb move-
ment disorder), chronic, severe sleep disturbance for more than
1 year, diagnosis of a mental health disorder (other than mild
depressive or anxiety symptoms as measured by the DASS-21),
coffee intake greater than 3 cups per day (or equivalent caffeine
intake from other caffeinated drinks, eg, tea, energy drinks), and
alcohol consumption greater than 14 standard drinks per week
were also ineligible for the study. Participants were also inel-
igible for the study if they were experiencing external factors
that may affect sleep patterns (eg, infants/children regularly
awakening, excessive noise, snoring partner), were currently
receiving nonpharmacological treatment for sleep disorders (eg,
cognitive behavioral therapy [CBT], relaxation therapy), had a
current or 12-month history of illicit drug abuse, were currently
taking supplements that may affect sleep, were taking saffron
supplements, or had a diagnosed medical condition including
but not limited to diabetes, hyper-/hypotension, cardiovascular
disease, gastrointestinal disease requiring regular use of med-
ications, gallbladder disease/gallstones/biliary disease, endo-
crine disease, psychiatric disorder, neurological disease
(Parkinson disease, Alzheimer disease, intracranial hemor-
rhage, head or brain injury), or acute or chronic pain affecting
sleep. Pregnant women, women who were breastfeeding, or
women who intended to become pregnant were also ineligible
to participate in the study.

Interventions

Placebo and saffron tablets were identical in appearance, being
matched for color coating, shape, and size. The active treat-
ment, supplied by Pharmactive Biotech Products SL, contained
14 mg of a standardized saffron extract (affron), derived from
the stigmas of Crocus sativus L. and standardized to contain
more than 3.5% Lepticrosalides, a measure of bioactive com-
pounds present in saffron, including safranal and crocin iso-
mers. The saffron stigmas were cultivated in Alborea (Albacete,
Spain) and extracted in the factory of Pharmactive Biotech
Products SL in Madrid (Spain) to produce affron 3.5% Lep-
ticrosalides. The placebo tablets contained the same excipients
as the active tablet (microcrystalline cellulose and calcium
hydrogen phosphate). All tablets were manufactured and
packed in an Australian Therapeutic Goods Administration—
registered plant. All participants were instructed to take 1 tablet,
twice daily, with or without food for 28 days. Medication ad-
herence was measured by tablet count by the participant on day
28. Efficacy of participant treatment blinding was examined by
asking participants to predict group allocation (placebo, saffron,
oruncertain) at the completion of the study. Saffron and placebo
tablets were mailed to participants with directions for use
provided on tablet bottles. Participants were also provided with
an information sheet about tablet intake and what to do if they
missed a dose. This information was also verbally conveyed to
participants during their initial telephone interview.

Outcome measures

Primary outcome measures

Insomnia Severity Index: The ISI is a self-report instrument
measuring respondents’ perception of both nocturnal and
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diurnal symptoms of insomnia. The ISI comprises 7 items
assessing the perceived severity of difficulties initiating sleep,
staying asleep, early morning awakenings, satisfaction with
current sleep pattern, interference with daily functioning,
noticeability of impairment attributed to the sleep problem, and
degree of distress or concern caused by the sleep problem. The
ISI has good psychometric properties and is sensitive to
treatment in clinical trials.>' The ISI was completed at baseline
(from days —5 to —3) and days 7, 14, 21, and 28.

Secondary outcome measures

Restorative Sleep Questionnaire: The Restorative Sleep
Questionnaire (RSQ) is a validated 11-item questionnaire that
assesses restorative sleep by asking respondents to rate on a
S-point scale feelings of tiredness, mood, and energy. The
RSQ has good psychometric properties and is able to distin-
guish between healthy controls, patients with primary insom-
nia, and insomnia patients with isolated nonrestorative sleep
complaints.?? The RSQ was completed atdays—1,0,3,7, 14,21,
27, and 28.

Pittsburgh Sleep Diary: The Pittsburgh Sleep Diary (PSD) is
a l4-item sleep diary that respondents complete upon awak-
ening. The PSD shows good retest reliability over a mean
inter-test interval of 22 months. Scores also correlate with cir-
cadian type, self-reported sleep quality, and objective actigraphy
measurements.”® Scores are calculated for total sleep time
(hours), sleep latency (minutes), number of awakenings after
sleep onset, sleep quality rating (5-point Likert rating ranging
from very bad [1] to very good [5]), mood rating at final
awakening (5-point Likert rating ranging from very calm [1] to
very tense [5]), and alertness rating at final awakening (5-point
Likert rating ranging from very sleepy [1] to very alert [5]). The
PSD was completed at days —1, 0, 3, 7, 14, 21, 27, and 28.

Depression, Anxiety, and Stress Scale-21: The DASS-21isa
validated self-report measure assessing symptoms of stress,
anxiety, and depression.** Twenty-one questions are rated on a
4-point scale (0-3), ranging from never to almost always (lower
scores indicate a reduction in symptoms). Subscale scores for
depression, anxiety, and stress are calculated. The DASS-21
was completed at baseline (days —5 to —3) and day 28.

Process measures

Dysfunctional Beliefs Associated with Sleep Questionnaire:
The DBAS is a 16-item questionnaire that assesses beliefs and
attitudes about sleep. The DBAS has good reliability as evidenced by
adequate internal consistency and temporal stability over a 2-week
period. Scores also correlate with other self-report measures of in-
somnia severity, anxiety, and depression.”> The DBAS was com-
pleted at baseline to examine the impact of dysfunctional beliefs
about sleep on change in sleep quality over time. If significant
dysfunctional beliefs about sleep present a potential barrier to suc-
cessful change, this will help to inform further interventional trials.

Adverse events

The tolerability and safety of supplement intake by partici-
pants was assessed at day 28 through an online question
querying adverse effects that were believed to be associated
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with supplement intake. Participants were also requested
to contact researchers immediately if any adverse effects
were experienced.

Data collection procedures

Initial screening questionnaires comprising the ISI, DASS-21,
and DBAS were completed online. A response booklet con-
taining copies of the required questionnaires and sleep di-
aries was then mailed to all participants. The dates for
completion of each questionnaire and diary were recorded in
the booklet. Participants were also advised to keep their response
booklet near their bed and to complete it within 30 minutes
after awakening.

Statistical analysis

An independent-samples ¢ test was used to compare demo-
graphic variables across the 2 treatment groups for continuous
variables, and Pearson’s chi-square was used to compare cat-
egorical data. To evaluate primary study objectives, a repeated-
measures analysis of variance (ANOVA) was used to compare
within-group changes over time and group (saffron versus
placebo) x time interaction effects. The ISI total score was
analyzed for baseline and mean score across days 7, 14, 21, and
28. Total scores on the RSQ and item scores on the PSD were
analyzed for mean baseline (days —1 and day 0) and mean score
across days 3, 7, 14, 21, 27, and 28. Eta-squared (n?) was
calculated to examine effect sizes.

The Shapiro-Wilk normality test was conducted to examine
the normality of group data. This demonstrated that data were
not normally distributed, and this was not corrected by data
transformations. However, a repeated-measures ANOVA was
considered the most appropriate option for statistical analyses as
it is relatively robust to violations of normality.”® Where nec-
essary, degrees of freedom were adjusted using the Greenhouse-
Geisser approach to correct for violations of the sphericity
assumption. To examine the influence of dysfunctional beliefs about
sleep on changes in sleep quality, a Pearson’s correlation coeffi-
cient was calculated between the baseline DBAS total score and
percentage change in ISI score (baseline to average ISI score from
days 7 to 28). Data from all participants who returned their re-
sponse booklets were included in analyses. All data were analyzed
using SPSS (version 24; IBM Corporation, Armonk, NY).

RESULTS

Study population

Baseline questionnaire and demographic information

From 118 individuals who completed the initial online
screening questionnaire, 55 individuals were either ineligible
(n =45) or did not complete the initial questionnaires (n = 10).
Sixty-three volunteers participated in the study and data from
55 participants who completed all questionnaires over the
28-day period were used for statistical analyses. Baseline data
of these 55 participants are detailed in Table 1 and baseline
demographic details of the total recruited sample are detailed
in Table S1 in the supplemental material. Eight participants
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Table 1—Baseline demographic characteristics
of participants.

Table 1—Baseline demographic characteristics
of participants. (continued)

Saffron Placebo P Saffron Placebo p
(n=28) | (n=27) (n=28) | (n=27)

Age, years PSD
Mean 47.86 52.63 058° Total sleep time, hours
SE 2.05 1.33 Mean 7.33 6.92 3072

BMI, kg/m? SE 0.28 0.28 )

Mean 25.24 25.64 6840 Sleep latency, minutes
SE 0.73 0.65 Mean 39.38 32.61 e

Sex, n (%) SE 7.16 497
Male 4 (86) 5(19) 671 Number of wakings after
Female 2414 | 2261 | sleep onset

Marital status, n (%) Mean 3.23 3.15 8267
Single 509 | 28@) | o, SE 0.26 0.28
Married 3 (1) 4015 |- Sleep quality

Educational level, n (%) Mean 246 278 1207
Secondary 39 (32) 8 (30) SE 0.11 0.16
Tertiary 15 (54) 17.(63) | .659° Mood on awakening
Postgraduate 4 (14) 2(7) Mean 2.88 272 4357

Exercise level, n (%) SE 0.11 0.16
Never/rarely 9 (32) 15 (56) Alertness on awakening
1-2 times a week 13 (46) 6(22) | 31 Mean 277 3.02 o54e
3-5 times a week 6 (21) 6 (22) SE 0.14 0.17

Duration of sleep problems, n (%) RSQ
<6 months 5 (18) 1(4) Mean 46.73 52.93 4540
6-12 months 3(11) 301 | g SE 246 3.54
1-2 years 8 (29) 8 (30) BMI=body massindex; DASS-21=Depression, Anxiety, Stress Scale-21;
22 years 12 (43) 15 (56) DBAS = Dysfunctional Beliefs Associated with Sleep Questionnaire; ISI =

1Sl Insomnia Severity Index; PSD = Pittsburgh Sleep Diary; RSQ = Restorative
Mean 15.75 1474 Sleep Questionnaire: 2Independent-samples t test. "Chi-square test.

SE 0.65 0.69 2%

DBAS withdrew or did not return the response booklets. There were no
Mean 74.50 78.59 significant differences in drop-out rates across groups. Reasons
SE 395 558 -550° for withdrawal included no reason given (n = 4), the com-

DASS-21 mencement of new medication (n = 3), and deciding to stop
Depression taking tablets (n=1). No participant reported withdrawing from

Mean 429 306 the study' due to reported adverse events associated with sup-
SE 192 105 5272 plement intake.

Anxiety Out
Mean 307 319 orr utcome measures
SE 0.69 0.84 ' Insomnia Severity Index (primary outcome measure)

Stress Changes in ISI total score across the 2 treatment groups and
Mean 8.64 8.15 7462 repeated-measures ANOVA significance levels are detailed
SE 1.04 1.1 in Table 2 and Figure 2. Reductions in the ISI score were

Total greater in the saffron group than in the placebo group (£ s3 =
Mean 16.00 14.59 6.07, P = .017, 0> = 10.3%). Saffron was associated with
SE 2139 240 679° a statistically significant reduction in ISI score over time

(continued in next column)
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(Fi127 = 26.32, P < .001). However, no significant change
was observed in the placebo group (F 56 = 2.65, P = .116).
Within-group contrasts suggest that the majority of changes
in ISI scores occurred in the first 7 days of saffron treatment
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Table 2—Change in sleep measures.

, Repeated-Measures ANOVA
Baseline | Follow-up Efc;hetnss. d . Between-Group | Time x Group | , ,
6¢t 9128 | Time Effects, P | yoin Effects, P | Interaction, P | 1
ISI (lower scores indicate
improved sleep)
Saffron (n = 28)
Mean® 15.75 11.74°
SE 0.66 0.81 107 000
Placebo (n = 27) 694 017 10.3
Mean® 14.74 13.46°
SE 0.67 0.83 0.31 16
PSD
Total sleep time, hours
Saffron (n = 28)
Mean® 7.33 7.49°
0.13 ATT
SE 0.28 0.20
Placebo (n = 27) 147 .763 0.2
Mean® 6.922 6.99°
SE 0.29 0.20 0.05 767
Sleep latency, minutes
Saffron (n = 28)
Mean® 39.38° 29.49° 032 149
SE 6.15 473
Placebo (n = 27) 702 298 2.0
Mean® 32.61° 31.06° 0.06 1
SE 6.26 4.81
Number of awakenings after sleep onset
Saffron (n = 28)
Mean® 3.23° 2.51°
SE 0.27 0.25 0.52 00t
Placebo (n = 27) 573 .053 6.9
Mean® 3.15° 2.98°
SE 0.27 0.25 0.13 443
Sleep quality (higher scores indicate
greater quality)
Saffron (n = 28)
Mean® 2.46° 2.99°
SE 0.14 0.12 0.88 000
Placebo (n = 27) 679 014 10.9
Mean® 2.78° 2.81°
SE 0.14 0.12 0.04 848
Mood on awakening (lower scores
indicate greater calmness)
Saffron (n = 28)
Mean® 2.88° 2.84°
SE 0.14 0.14 0.06 746
Placebo (n = 27) 757 270 2.3
Mean® 2.72° 2.88° 0.20 257
SE 0.14 0.14

(continued on following page)
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Table 2—Change in sleep measures. (continued)

, Repeated-Measures ANOVA
Baseline | Follow-up Ef?::tnssizz Time Effects. P Between-Group | Time x Group | , o
Ime ENECIS, ™ | Main Effects, P | Interaction, P | " 7
Alertness on awakening (higher scores
indicate greater alertness)
Saffron (n = 28)
Mean® 2777 3.07°
A4 .037
SE 0.15 0.12 0.4 0
Placebo (n = 27) .763 .061 6.5
Mean® 3.02° 2.92°
A .
SE 0.16 0.12 0.13 539
RSQ (high scores indicate greater
restorative sleep)
Saffron (n = 28)
Mean® 46.732 56.12°
ean 0.72 000
SE 3.00 2.69
Placebo (n = 27) 526 .029 8.6
Mean® 52.937 54.62°
SE 3.06 2.74 0.10 969

ANOVA = analysis of variance; ISI = Insomnia Severity Index; PSD = Pittsburgh Sleep Diary; RSQ = Restorative Sleep Questionnaire. ®Mean baseline score
from days -1 and 0. "Mean score from days 7 to 28. “Mean score from days 3 to 28.

Figure 2—Change in Insomnia Severity Index scores (error bars depict SEs).
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as there were statistically significant improvements from
days0to 7 (F 27=21.94, P<.001) butno statistically significant
changes from days 7 to 14 (F; ,7=12.89, P=.185),days 14 to 21
(F127=5.14,P=.352),ordays 21to 28 (Fy 57 =5.14, P=.422).

Restorative Sleep Questionnaire (secondary outcome
measure 1)

Changes in RSQ total score across the 2 treatment groups and
repeated-measures ANOVA significance levels are detailed
in Table 2. Reductions in the RSQ score were greater in the

Journal of Clinical Sleep Medicine, Vol. 16, No. 6

saffron group than in the placebo group (£ 53 =5.01, P=.029,
n?=8.6%). Saffron was associated with a statistically significant
reduction in RSQ score over time (/57 = 25.25, P < .001).
However, no significant change was observed in the placebo
group (F; 26 = 0.33, P =.569).

Pittsburgh Sleep Diary (secondary outcome measure 2)

Changes in PSD scores across the 2 treatment groups and
repeated-measures ANOVA significance levels are detailed in
Table 2. Improvements in sleep quality were greater in the
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saffron group than in the placebo group (/53 =6.51, P=.014,
1?=10.9%), and there were near-significant effects in number of
awakenings after sleep onset (F; 53 =3.92, P=.053,1>=6.9%)
and alertness upon awakening (F 53 = 3.66, P = .061, n° =
6.5%). Saffron was associated with statistically significant
improvements in the number of awakenings after sleep onset
(F127=14.65, P=.001), sleep quality (f; 7 =24.58, P <.001),
and alertness upon awakening (F ,; =4.82, P=.037). No other
significant changes were observed in other PSD sleep param-
eters. In the placebo group, there were no statistically significant
changes in any PSD sleep parameters over time.

Depression, Anxiety, and Stress Scale-21 (secondary
outcome measure 3)

Changes in DASS-21 subscores across the 2 treatment groups
and repeated-measures ANOVA significance levels are de-
tailed in Table 3. All baseline scores were within normal
levels and repeated-measures ANOVAs revealed no sta-
tistically significant changes in DASS-21 depression, anxiety, or
stress scores over time in either the saffron or placebo group.

Dysfunctional Beliefs Associated with Sleep Questionnaire
(process measure)

A statistically significant correlation between baseline DBAS
score and percentage change in ISI score was observed

Effects of saffron on sleep quality in healthy adults with self-reported poor sleep

(r = —.325, P = .015), indicating higher DBAS scores were
associated with lower change scores.

Intake of supplements
At day 28, participants recorded their quantity of remaining
supplements. All participants reported taking more than 70% of
their tablets, although consistency ofuse over the 28-day period
could not be ascertained.

Efficacy of participant blinding

To evaluate the efficacy of condition concealment over the
study, participants were asked at the completion of the study to
predict condition allocation (ie, placebo, saffron, or uncertain).
Efficacy of group concealment was high as 88% in the saffron
group, and 71% in the placebo group either incorrectly guessed
treatment allocation or were unsure.

Adverse events

No significant adverse events were reported by participants
and no participant withdrew from the study due to concerns as-
sociated with supplement intake. Further confirmation of the
tolerability and safety of saffron intake is provided by an exam-
ination of satisfaction ratings at the end of the study, which in-
dicated that 4% of participants in the saffron group (compared with
15% in the placebo group) were dissatisfied with their tablet intake.

Table 3—Change in DASS-21 scores.

. Repeated-Measures ANOVA, P Value
Baseline Day 28 - . - -
Time Effects Between-Group Main Effects Time x Group Interaction
Depression
Saffron
Mean 4.21 4.41
.852
SE 1.1 0.88 8
Placebo .305 467
M . .
ean 3.31 2.38 397
SE 1.17 0.93
Anxiety
Saffron
Mean 2.97 3.59
2
SE 0.74 0.69 8
Placebo 643 102
M . .
ean 3.31 2.38 228
SE 0.79 0.72
Stress
Saffron
M . .
ean 8.41 9.52 1
SE 1.05 1.31
Placebo .949 .995
M 8.38 9.50
ean 405
SE 1.1 1.38

ANOVA = analysis of variance; DASS-21 = Depression, Anxiety, Stress Scale-21.

Journal of Clinical Sleep Medicine, Vol. 16, No. 6

June 15, 2020



Downloaded from jcsm.aasm.org by 97.99.88.235 on October 21, 2021. For personal use only. No other uses without permission.

Copyright 2021 American Academy of Sleep Medicine. All rights reserved.

AL Lopresti, SJ Smith, AP Metse, et al.

DISCUSSION

In this parallel, randomized, double-blind, placebo-controlled
trial, the 28-day intake of a standardized saffron extract (affron)
was associated with a significant improvement in sleep quality
in adults with self-reported poor sleep. Compared with placebo,
affron taken at 14 mg twice daily was associated with greater
reductions in insomnia severity, as measured by the ISI,
and nonrestorative sleep, as measured by the RSQ. Based
on sleep diary recordings, saffron also significantly increased
ratings of sleep quality, and there were strong trends sug-
gesting improvements in ratings of alertness upon awaken-
ing and reductions in the number of awakenings after sleep
onset. An examination of changes in ISI scores over time
suggests that saffron was associated with relatively rapid
improvements in sleep quality as the bulk of sleep im-
provements occurred in the first 7 days of treatment, with
continued, albeit less pronounced, improvements thereafter.
It should be noted that, even though saffron was associated
with greater improvements in sleep quality compared with
the placebo, subthreshold (borderline) insomnia (mean ISI
score of 11.7) persisted at the end of the 28-day intervention.
An absence of insomnia on the ISI is a score of 7 or less,
whereas a score of 15 or more represents clinical (moderate or
severe) insomnia.?!

Saffron intake was well tolerated with no reported adverse
events and positive satisfaction ratings. Mood ratings as
measured by the DASS-21 also remained constant over the
28-day period, with pre- and postintervention levels remaining
within the normal ranges on all these subscales. Interestingly, in
this study, dysfunctional beliefs about sleep as measured by the
DBAS negatively impacted treatment outcomes in all partici-
pants. This suggests that dysfunctional sleep beliefs present as a
potential barrier to successful treatment.

The positive results of this study are congruent with pre-
vious research examining the sleep-enhancing effects of
saffron'®'®'?; however, this study adds to the body of evidence
by using an Australian population with self-reported sleep
disturbances and no comorbid medical or psychiatric condi-
tions. Moreover, validated outcome measures were used and
the average efficacy of saffron intake over a 28-day period
was examined. Unlike many of the previous studies, a stan-
dardized saffron extract (affron) was also investigated. Saffron
is subject to adulteration,”’ so the quality of extracts can vary
significantly. By investigating a standardized extract, the
quality and active constituents of saffron used in this study
(which undergo chromatographic profiling by the raw ingre-
dient manufacturer prior to commercial release) can be re-
examined in future studies.

The mechanisms associated with saffron’s potential sleep-
enhancing qualities are uncertain. The serotonergic, gluta-
minergic, and y-aminobutyric acid (GABA)—ergic systems that
are implicated in sleep and insomnia®*~° are influenced by
saffron administration.>' ** Saffron’s anti-inflammatory effects*
may also be associated with its sleep-enhancing and sleep-
restorative effects as insomnia is associated with increased
inflammatory markers.>® In animal models, the individual
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saffron constituents, comprising safranal, crocin, and crocetin,
are associated with increases in non-rapid eye movement
sleep.’’*® Saffron also modifies EEG activity by increasing
delta power.'® As saffron has positive effects on depressive
and anxiety symptoms, its sleep-enhancing effects may also
result from its impact on affective symptoms. However, in
this study, the recruited population had either no or very mild
affective distress and no change was noted in mood-related
symptoms, as measured by the DASS-21. While the sleep-
enhancing effects of saffron were unlikely to be due to
mood-related improvements, they might have been due to
distress-related perceptions associated with sleep, which
according to the DBAS were associated with reduced
treatment efficacy. As participants did not complete a post-
evaluation of the DBAS, changes in dysfunctional beliefs
about sleep associated with saffron intervention could not be
determined. Further research is required to elucidate these
findings and the primary mechanisms associated with saffron’s
sleep-enhancing effects.

Limitations and directions for future research

Despite positive improvements in sleep quality associated with
saffron intake, this study had several limitations. The recruited
sample comprised a population with a mild severity of sleep
problems (ISTscore <21) so the efficacy of saffron in individuals
with a greater severity of insomnia is unknown. Most participants
also were female (87%) and peri- or postmenopausal. Therefore,
the applicability of these findings in males, and younger or
older females, requires examination in future trials. Outcome
measures comprised validated, self-reported sleep measures;
however, no objective measure of sleep change was included.
Polysomnography and actigraphy assessments will be important
to include in future studies to help validate the results from self-
reported assessments. However, it is important to be aware that
while self-reported sleep measures do not always closely cor-
respond with objective measures of sleep,” they are equally
predictive of sleep-related morbidity and mortality.***!

A single dose of 14 mg of affron twice daily was used in the
study. The efficacy and safety of using differing doses require
further investigation. Dose-escalation studies may also be
helpful to examine the impact of dose on the magnitude of
treatment effects. As saffron is subject to adulteration and the
quality of extracts can vary significantly, the generalizability of
these findings to other saffron extracts should also be made
cautiously. Therefore, replication using other saffron extracts is
essential to assess the generalizability of findings.

In this study, dysfunctional sleep beliefs presented as a
barrier to successful treatment. Therefore, modifying dys-
functional beliefs via interventions such as CBT may be as-
sociated with greater treatment efficacy. It may be prudent
to investigate saffron as an adjunct to CBT compared with a
stand-alone intervention in future studies. Moreover, adjunct
interventions may increase the likelihood of complete symp-
tom remission as, on average, participants continued to present
with borderline insomnia. Finally, the sleep-enhancing effects
of saffron in differing populations require further investiga-
tion. This includes individuals with comorbid medical and/or
psychiatric conditions, chronic or severe sleep disturbances,
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and in participants with a range of demographic and
psychographic characteristics.

The results from this study indicate that a standardized
saffron extract (affron) at a dose of 14 mg twice daily for 28
days improved sleep quality in adults with self-reported poor
sleep, with most of these changes occurring in the first 7
days of treatment. Saffron was well tolerated with no reported
adverse effects. While positive, these findings require repli-
cation using a larger sample size and differing populations.

ABBREVIATIONS

ANOVA, analysis of variance

CBT, cognitive behavioral therapy

DASS-21, Depression, Anxiety, and Stress Scale—21

DBAS, Dysfunctional Beliefs Associated with
Sleep Questionnaire

EEG, electroencephalography

ISI, Insomnia Severity Index

PSD, Pittsburgh Sleep Diary

RSQ, Restorative Sleep Questionnaire
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ARTICLE INFO ABSTRACT

Background: In recent years phytotherapy has been explored as a source for alternative treatments for mood
disorders. One potential candidate is saffron (Crocus sativus L.), whose main bioactive components are crocins
and safranal.

Objectives: The aim of this study was to investigate the efficacy of affron’, a standardised stigmas extract from
Crocus sativus L. for improving mood, stress, anxiety and sleep quality in healthy adults.

Methods: In this 3 arm study, 128 participants self-reporting low mood but not diagnosed with depression, were
given affron” at 28 mg/day, 22 mg/day, or a placebo treatment in a randomized, double-blind, placebo-con-
trolled trial for 4 weeks. Mood was measured at baseline and at the end of the study, using the POMS (primary
outcome measure) and PANAS questionnaires, and the DASS-21 scale. Sleep was monitored using Sleep Quality
Index (PSQI).

Results: Analysis indicated a significant decrease in negative mood and symptoms related to stress and anxiety at
a 28 mg/day dose (with a significant difference between 28 mg/day and placebo on the POMS Total Mood
Disturbance scale, p < 0.001, d = —1.10), but no treatment effect at the 22 mg/day dose.

Limitations: The main weaknesses of this investigation were found in the self-reporting nature of both the
screening and the testing.

Conclusions: affron” increased mood, reduced anxiety and managed stress without side effects, offering a natural
alternative to standard treatments.

Keywords:
Clinical trial
Mood disorders
Saffron extract
Phytonutrient
Depression

1. Introduction The number of affected people increases further when including

those with subclinical depression, (i.e. those with low mood). These

Mental health disruptions are the leading cause of disability world-
wide.! In Australia, for example, 45% of the population experienced a
mental health condition in their lifetime (at least one of the selected
mental disorders: anxiety, mood or substance use disorders), with one
million adults suffering from depression, and over two million from
anxiety.” The two conditions often co-exist; nearly half of those diag-
nosed with depression are also diagnosed with an anxiety disorder.
Published prevalence figures for depression and anxiety only account
for diagnosed cases, and true figures are certainly higher.

conditions share many symptoms and can be regarded as existing on a
spectrum of disorder.

Depression, for example, is a medically defined pathology typically
graded from profound down through severe and moderate to mild;
whereas low mood describes a temporary emotional state characterized
by symptoms usually associated with depression but less severe and/or
prolonged,®® with sub-clinical depression occupying a somewhat
amorphous intermediate position.

While not considered a pathology, low mood is defined by many of

Abbreviations: POMS, Profile of Mood States; DASS-21, depression, anxiety and stress scale (21 question); PANAS, positive and negative affect scale; PSQI, Pittsburgh Sleep Quality

Index
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the same symptoms used to define depression and sub-clinical depres-
sion, including sadness, crying, fatigue, pessimism, changes in appetite,
changes in sleep patterns, and anhedonia. ®** Those who report such
symptoms often struggle to cope with daily life yet lack the treatments
available to those with a diagnosed disorder. Prescription medications
are not only inappropriate in these instances, they are often in-
effective.”'® The rates of remission tend to be low and the risk of relapse
high.’ Additionally, many find the adverse side effects of medications
intolerable.’® The search for alternative treatments has therefore be-
come a high priority in the management of low mood.

Further impetus derives from evidence that both subclinical and
chronic mild depression predispose to major clinical depression, ''*
and low mood is likely also a risk factor.'*'*

In recent years phytotherapy has been explored as a source for al-
ternative treatments for mood disorders and depression. One potential
candidate is saffron (Crocus sativus L.), whose main bioactive compo-
nents, crocins and safranal, are responsible for the spice’s aroma and
characteristic red color.'”

There is evidence that crocins act as reuptake inhibitors of dopa-
mine and norepinephrine, while safranal acts primarily on serotonin
reuptake.'®'° The antioxidant properties of saffron derivates may also
be relevant. Mood disorders are associated with elevated oxidative
stress and a deficit of exogenous antioxidants, *>*' affecting immune
and inflammatory responses in a way, which may promote neurode-
generation.”® There is good evidence that the antioxidants in saffron
extracts protect against oxidative stress in the central nervous system,
2324 constituting a second potential mechanism of therapeutic action.

The novel saffron extract affron” is characterized by HPLC-MS/ESI
and standardised to safranal and crocins. The aim of this research was
to measure the clinical efficacy of affron” for improving mood, reducing
the symptoms of anxiety, stress, and improving vigour and sleep quality
in healthy participants.

It was hypothesised that a change in mood scores (i.e., a decrease in
negative mood scores and an increase in positives mood scores) on the
POMS, PANAS, and DASS-21 over four weeks would be significantly
greater in the active treatment groups than in the placebo group. It was
also hypothesised that a change in these mood scores would be sig-
nificantly greater in the active treatment groups than in the placebo.

All previous studies of saffron’s effect on mood used 30 mg/day for
either six or eight weeks, without examining the efficacy of lower do-
sage rates and shorter intervention periods. The benefits of exploring
the minimal effective dose are not only therapeutic (to establish re-
quired dosage strength), they are also economic, especially for a spice
as expensive as saffron. This study therefore investigated two lower
dosage rates (22 mg/day, and 28 mg/day), and a shorter treatment time
(four weeks).

2. Methods
2.1. Saffron extracts

A total of N = 8 batches of affron” samples (Crocus sativus L.) ob-
tained from Pharmactive Biotech Products SL were employed for
characterization. The samples were packaged in vacuum and stored in
darkness at room temperature until analysis.

2.2. Reagents

Methanol and acetonitrile were purchased from Sharlau (Barcelona,
Spain). All of the solvents were of HPLC degree, and the water used was
bi-distilled and purified using a MilliQ Millipore system (Bedfore, MA).

Safranal and gallic acid reference substances, sodium carbonate and
Folin-Ciocalteu reagent were purchased from Sigma-Aldrich (San Luis,
USA), and trans-crocin-4 from Phytolab (Vestenbergsgreuth, Germany).
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2.3. HPLC-PAD

High Performance Liquid Chromatography (HPLC) analysis of af-
fron” samples was performed by means of an Agilent Technologies 1220
Infinity series system with photo-diode array detector (PAD), according
to Caballero-Ortega et al. > The bioactive compounds safranal and
crocins were quantified by means of safranal and trans-crocin-4 external
calibration curves.

2.4. HPLC-MS

In order to confirm the identity of each peak, mass spectrometry
(MS) was performed by means of Agilent series 1100 (Palo Alto,
California, USA), coupled to mass-quadrupole detector (Hewlett-
Packard, serie 1100 MSD), with electrospray ionization source (ESI),
operated in positive and negative modes, according to Lech et al. *°

2.5. Total phenolic compound content

Total phenolic compound content of affron” was performed by the
colorimetric method of Singleton and Rossi, *” using Folin-Ciocalteau
reagent.

Data were expressed as mean value * standard deviation of three
independent measurements.

2.6. Clinical trial

The study was conducted in Brisbane, Australia, revised and ap-
proved by Queensland Clinical Trials Network Human Research and
Ethics Committee, (Application number: HREC2014002). Australia, and
registered with the Australian New Zealand Clinical Trials Registry
(ACTRN12614001053617).

It was conducted in accordance with the Declaration of Helskinki,
revised in 1989, and principles of the Australian Regulations on
Medical Research involving Human Subjects (National Health and
Medical Research Council; Australia).

2.7. Participants

A total of 128 healthy adults, aged 18-77 years were recruited from
the CRO’s subject database and the public media (Table 1). Participants
were included for assessment if they were self-reporting low mood,
were not diagnosed with depression or another mood disorder, were
otherwise healthy (including BMI < 30). Participants were excluded if
they had been diagnosed with a mood disorder or had tested positive
for depression on the Beck Depression Inventory (BDI > 20). A
minimum BDI score was not set, but only those reporting with low
mood enrolled in the study.

Key exclusion criteria included: received and/or prescribed
Coumadin (Warfarin), Heparin, Dalteparin, Enoxaparin or other antic-
oagulation therapy; diagnosed with hypertension and receiving and/or
prescribed antihypertensive medications, diagnosed with severe renal
and/or hepatic insufficiency; had a history of chronic alcohol and/or
drug abuse; had participated in any other clinical trial during last
30 days; were currently participating in another clinical trial; diagnosed
with a mood disorder (major depressive disorder (MDD), bipolar dis-
order or substance-induced disorder); had tested positive for moderate
to severe depression on the Beck Depression Inventory; suffered from
insomnia or had night-shift employment and were unable to have a
normal night’s sleep; suffered severe Pre-Menstrual Syndrome (PMS)
with mood or pain that would change during the study period; suffered
from any neurological disorder such as multiple sclerosis; were cur-
rently taking supplements (nutrients, including herbs) that would im-
pact mood (St John’s Wort, Tryptophan, SAM-E, 5-hydroyxtryptophan,
Melatonin, GABA); were taking a saffron supplement or could not ex-
clude foods containing saffron or the use of saffron in cooking.
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Table 1
Participant Demographics at Baseline. Active treatment groups and placebo group
evenly matched at baseline in all demographics, with no significant differences between
groups.

Demographics Treatment group
Total 28 mg/day 22 mg/day Placebo
(N =121) (n = 41) n = 42) (n = 38)
Age
Mean (SD) 39.1 (13.77) 40.4 (12.71)  36.7 (14.59)  40.38
(13.97)
Range 18-77 21-68 18-77 23-68

Gender (Number,
%)

Female

Male

Status (Number,
%)

75 (62.0%)
46 (38.0%)

26 (63.4%)
15 (36.6%)

26 (61.9%)
16 (38.1%)

23 (60.5%)
15 (39.5%)

Partner 74 (61.2%) 25 (61.0%) 27 (64.3%) 22 (57.9%)
Single 47 (38.8%) 16 (39.0%) 15 (35.7%) 16 (42.1%)
Working
(Number, %)
Employed / 103 (85.1%) 34 (82.9%) 37 (88.1%) 32 (84.2%)
student
Unemployed / 18 (14.9%) 7 (17.1%) 5 (11.9%) 6 (15.8%)
retired
Weight
Mean kg (SD) 76.34 (17.22) 75.89 77.54 75.56
(16.48) (18.20) (17.39)
BMI
Mean (SD) 26.42 (6.33) 26.74 (5.90) 27.01 (7.91) 25.38 (4.77)
Smoking
(Number, %)
Yes 17 (14.0%) 8 (19.5%) 6 (14.3%) 3 (7.9%)
No 104 (86.0%) 33 (80.5%) 36 (85.7%) 35 (92.1%)

Alcohol (Number,
%)

3 or less per week

Over 3 per week

44 (36.4%)
77 (63.6%)

14 (36.1%)
27 (65.9%)

12 (28.6%)
30 (71.4%)

18 (47.4%)
20 (52.6%)

Note: No significant differences in demographics between treatments at baseline
(p > 0.05, two-tailed).

2.8. Design and intervention

The study was a parallel, double-blind placebo-controlled design.
The participants, self-reporting low mood but not diagnosed with de-
pression, were included and randomly assigned to groups receiving the
saffron extract (affron’, 22 or 28 mg/day), or placebo for 4 weeks.

The active treatment was a TGA listed coated tablet containing ei-
ther 11 mg or 14 mg of standardised saffron extract (affron”), derived
from the stigmas of Crocus sativus L. and standardised to contain >
3.5% Lepticrosalides” a measure of bioactive compounds present in
saffron, including safranal and crocin The placebo tablet contained the
same excipients as the active tablet (microcrystalline cellulose and
calcium hydrogen phosphate). The active and placebo tablets were
matched for size shape and coating color. Treatment containers were
randomised using Random Allocation Software version 1.0, and la-
belled with a code. Participants were allocated a corresponding code
(e.g., participant 15 received container 15). The randomisation code
was maintained by the sponsor to keep the investigators blind and to
facilitate code breaking in the case of adverse events. Placebo tablets
were identical in appearance to active tablets and contained carrot
extract instead of affron” (data not shown). The investigator was in-
formed of treatment group allocation post-trial for statistical analyses.

2.9. Outcomes
Mood was measured at baseline and at the end of the study, using

the following validated questionnaires: Profile of Mood States (POMS;
primary outcome), The Positive and Negative Affect Schedule, (PANAS)
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and Depression Anxiety Stress States (DASS-21). Sleep was monitored
using Pittsburgh Sleep Quality Index (PSQI).

POMS, “® consists of 65 items, adjectives describing an emotion
rated on a five-point scale, where 0 = not at all; 1 = a little;
2 = moderately; 3 = quite a lot; and 4 = extremely (except the items
relaxed and efficient, reverse scored). Participants were asked how they
felt at that moment, and answers were grouped into six subscales; five
negative: Tension (ranged from — 36 to 36), Depression (ranged from
—60 to 60), Anger (ranged from —48 to 48), Fatigue (ranged from — 28
to 28) and Confusion (ranged from —28 to 28) and one positive
(Vigour; ranged from —32 to 32). A Total Mood Disturbance (TMD)
score was calculated for each participant (Tension + Depression
+ Anger + Fatigue + Confusion — Vigour) to give an overview of
mood state. Change scores from baseline to the end of the study were
calculated for each subscale *° and for TMD, possible scores ranged
from —232 to 200.

PANAS, *° consists of 20 items; 10 positive and 10 negative words.
Scoring was on a five-point scale, where 1 = very slightly or not at all;
2 = a little; 3 = moderately; 4 = quite a bit; and 5 = extremely. Par-
ticipants were asked how they felt over the previous week and answers
were grouped into two subscales (Positive Affect, PA; and Negative
Affect, NA). The change scores across time (from baseline to the end of
the study), for both PA and NA were ranged from —40 to 40.

DASS-21, *' is designed to measure stress, anxiety, and depression.
It consists of 21 self-report items in the form of statements; seven
forming the subscale of Depression, seven forming the subscale of An-
xiety and seven forming the subscale of Stress. Participants were asked
how they felt over the past week and scored each item from 0 to 3,
where 0 = never; 1 = sometimes; 2 = often; and 3 = almost always.
The variance of the scores across time (from baseline to the end of the
study) was calculated for each subscale and each participant.

PSQL>? is designed to measure sleep quality using 19 self-rated
questions and five questions rated by a person who had close re-
lationship with the participant.

2.10. Procedure

Participants were provided with information about the product at
the baseline interview, where they gave written informed consent and
were advised that they could withdraw at any time. Medical details
were then recorded, exclusion criteria checked and demographic data
was gathered.

Participants completed the POMS, PANAS, DASS-21, and PSQI at
the baseline interview and at the week four interview in the clinic of the
investigator (Brisbane). The battery of tests took approximately 30 min
per participant.

Once assigned to groups, participants were allocated either 28 mg/
day or 22 mg/day of active treatment, or placebo. Each participant was
instructed to take two tablets daily for four weeks, one tablet with the
morning meal and one tablet with the midday meal. Product containers
were returned at the week four interview, and any remaining tablets
were recorded. Participants were asked at week 2 and the final inter-
view if there had been any changes to their lifestyle, weight, or if they
had noticed any adverse symptoms since starting treatment.

2.11. Statistical analyses

A priori power analyses conducted using G*Power version 3.1.9.2 **
determined a sample size of 93 was required to attain a power of 0.80
for two-tailed tests detecting a large effect size (31 per group). To allow
for exclusions and a 30% drop out the aim was to screen 140 partici-
pants. Therefore the final sample size of 121 was adequate for the a
priori power requirement. In order to control for family wise a con-
servative Bonferoni corrections was applied to all the data.

Clinical study analyses were completed using IBM Statistical
Package for Social Sciences (SPSS) version 23 at an alpha level of 0.05.
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Change scores from baseline to week four were calculated for each parti-
cipant in each mood measure, to reduce within group variance. *° The
group means of these change scores were used to assess the statistical
difference between groups by one-way independent ANOVA. Gabriel’s
pairwise test procedure was used for post-hoc analyses since this was a
three arm study with marginally different group sizes (28 mg/day, n = 41;
22 mg/day, n = 42; placebo, n = 38). Gabriel’s post hoc test was chosen
since it was designed to cope with slightly unequal group sizes.

3. Results
3.1. Chemical analysis

The HPLC-PAD/MS analysis of affron” identified six crocin isomers,
together with picrocrocin, safranal and one kaempferol diglucoside.
These results are in a good agreement with those obtained by Lech et al.
26

As can be observed in Table 3, affron” samples showed a minimum
content of safranal of 0.03%, whereas total crocin content was over
3.99% on average and a total phenolic compound content of 1.41%.

The sum of the bioactive components safranal and crocin isomers
analysed by HPLC, which are also responsible for the main organoleptic
properties, '° herein is referred as Lepticrosalides’. ** The proposed
expression of results by HPLC is more objective and is expected to be
more reproducible from laboratory to laboratory than the traditional
ISO 3632 methodology. *°

3.2. Clinical study results

After screening 137 potential participants for exclusion criteria, 128
healthy adults aged 18-77 years were randomised into three groups
(Table 1). Seven participants were lost to follow-up, leaving 121 partici-
pants at completion, allocated to three groups; 28 mg/day, 22 mg/day,
and placebo (Fig. 1). The mean age of participants was 39 years. The total
sample was 62% female and 38% male. The mean weight at baseline was

Table 2
Mean Change Scores (SD) for Each Scale and Subscale.

Treatment group

Baseline Mean (SD) 28 mg/day 22 mg/day Placebo
POMS Total Mood Disturbance 40.2 (38.3) 31.5 (36.2) 38.5 (27.8)
(-32 to 200)
PANAS Positive Affect Score 27.8 (9.3) 27.3 (7.4) 29.8 (10.4)
Baseline (10-50)
PANAS Negative Affect Score 20.8 (8.9) 19.3 (6.9) 18.6 (7.1)
Baseline (10-50)
DASS21 Depression Score 6.7 (5.8) 6.3 (5.6) 6.4 (6.3)
Baseline (0-21)
Change scores per Instrument
POMS
Tension —4.00 (4.65) —3.10 (4.749) —1.06 (4.80)
Depression —8.43 (7.66) —4.28 (7.43) —1.33 (6.22)
Anger —5.05 (5.05) —3.10 (6.91) —1.14 (4.80)
Fatigue —5.00 (5.34) —2.85 (4.58) —1.11 (6.31)
Confusion —4.35 (4.07) —2.65 (4.07) —0.83 (3.39)
Vigour 4.00 (5.46) 2.23 (5.71) —0.39 (6.58)
Total Mood Disturbance —30.83 —18.36 —5.37
(21.56) (27.62) (24.52)
PANAS
Positive Affect 4.32 (8.04) 3.13 (7.00) 0.91 (6.43)
Negative Affect —6.63 (5.24) —3.92 (5.84) —2.40 (3.65)
DASS
Depression —-11.22 —5.29 (8.53) —3.05 (5.86)
(7.48)
Anxiety —6.44 (6.94) —4.05 (5.65) —2.63 (5.58)
Stress -12.24 —5.62 (7.63) —3.26 (8.03)
(7.74)
PSQI Global Score —2.69 (2.61) —2.27 (3.04) —0.82 (2.77)
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76.3 kg. The mean BMI at baseline was 26. The majority of participants
had partners, were working or studying, were non-smokers, consumed
over 3 drinks per week, and reported undertaking regular exercise.

No significant differences between groups were observed at baseline
in any of the outcomes, and low mood scores for the average participant
at baseline were in the mild to moderate range, according to the DASS
(average scores; depression = 14.2, anxiety = 8.8, stress = 18.4).

Change scores from baseline to week four were calculated for each
participant in each mood measure for use in analyses. This reduced
within-group variability that results from individual response specifi-
city. The group means of the change scores were used to assess the
statistical difference between groups by one-way independent ANOVA
with a Gabriel’s post hoc comparison test. Table 2 shows the mean
change scores for each scale and subscale.

3.2.1. POMS

As shown in Fig. 2A, all subscales demonstrated a significant im-
provement as measured by the change scores by week 4 for the group
treated with 28 mg/day of affron” compared to the rest of groups stu-
died. In order to control for family wise error a conservative Bonferoni
corrections was applied where the new alpha was set at (p = 0.038).

For the POMS Tension, Depression, and Confusion subscales, a
significant treatment over time effect was observed (Tension, F (2,113)
= 3.82; p = 0.025; Depression, F (2,113) = 9.46,p < 0.001, & (effect
size) = 0.36; Confusion, F (2,113) = 7.81, p = 0.001, @ = 0.32).
Gabriel’s post hoc test revealed a significant decrease in the above
subscales, in the 28 mg/day group compared to the placebo group,
(Depression, p < 0.001, d = —1.02; and Confusion, p < 0.001,
d = —0.94; respectively, indicating a large effect size according to
Cohen’s conventions).

A significant improvement for the POMS Fatigue subscale was also
observed (F (2.113) = 4.92, p = 0.009, @ = 0.25). Gabriel’s post hoc test
revealed a significant decrease in fatigue in the group treated with 28 mg/
day of affron” in comparison with the placebo group, (p = 0.007,
d = —0.67; a medium effect size according to Cohen’s conventions).

Furthermore, there was a significant positive improvement for the
POMS Vigour subscale (F (2.112) = 5.25, p = 0.007, ® = 0.26).
Gabriel’s post hoc test revealed a significant increase in vigour in the
28 mg/day group compared to the placebo group, (p = 0.005,
d = 0.73; a medium effect size according to Cohen’s conventions).

Overall, there was a significant treatment effect for the POMS Total
Mood Disturbance (TMD) scale (F (2.111) = 9.94, p < 0.001,
® = 0.37). Gabriel’s post hoc test revealed a significant decrease in
TMD in the group that consumed 28 mg/day of affron” compared to the
placebo group, (p < 0.001,d = —1.10; a large effect size according to
Cohen’s conventions), (Fig. 2B).

3.2.2. PANAS

Analysis revealed no significant between-group treatment effect on
the change scores during the study for Positive Affect (F (2.111)
= 2.13, p = 0.124), but it did show a significant improvement re-
garding the Negative Affect (F (2.111) = 6.97, p = 0.001, ® = 0.31).
Gabriel’s post hoc test revealed a significant decrease in negative affect
in the group treated with 28 mg/day of affron” compared to the placebo
group, (p = 0.001, d = —0.42) (Fig. 3).

3.2.3. DASS-21

There was a significant treatment effect on the change scores for the
DASS Depression subscale, F (2.118) = 12.96,p < 0.001, ® = 0.41 (a
large effect size). Gabriel’s post hoc test revealed that a decrease in
depression in the 28 mg/day group was significantly greater than in the
22 mg/day group and the placebo group, (p < 0.001, d = —1.22;
p = 0.001, d = —0.74) respectively. The 22 mg/day group did not
significantly differ in depression from the placebo group (p = 0 0.449).

There was no significant treatment effect on the change scores for the
DASS Anxiety subscale, F (2.118) = 4.33, p = 0.01, @ = 0.23. Gabriel’s
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Table 3
HPLC analysis (%, dry weight) of safranal and crocin isomers and spectrophotometric quantitative analysis (%, dry weight) of total phenolic compound content in affron” samples
(N = 8).
Analyte Mean *+ SD (%) Range (%) Proportion (%)
P10 P25 P50 P75 P90
safranal 0.04 + 0.01 0.03-0.07 0.03 0.03 0.04 0.05 0.07
trans-crocin-4 2.88 += 0.59 2.06-3.81 2.31 2.49 2.77 3.29 3.59
Total crocins 5.33 = 0.95 3.99-6.86 4.33 4.81 5.18 5.79 6.60
TPCC” 1.41 = 0.20 1.10 = 1.71 1.17 1.28 1.45 1.53 1.63

@ Total phenolic compound content by Folin-Ciocalteu reagent.

post hoc test revealed that a decrease in anxiety in the 28 mg/day group
was significantly greater than in the placebo group, p = 0.010,
d = —0.65. The 22 mg/day group did not significantly differ in anxiety
from the 28 mg/day group (p = 0.149), or the placebo group (p = 0.625).

There was a significant treatment effect on the change scores for the
DASS Stress subscale, F (2.118) = 14.29, p < 0.001, o = 0.42.
Gabriel’s post hoc test revealed that a decrease in stress in the 28 mg/

day group was significantly greater than in the placebo group and
22 mg/day group, (p < 0.001, d = —1.14; p = 0.001, d = —0.86)
respectively. The 22 mg/day group did not significantly differ in stress
from the placebo group (p = 0.445). (Fig. 4).

3.2.4. PSQI
The effect of the saffron extract on sleep quality was analysed by the
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Fig. 2. A) POMS mean change scores, subscales
tension, depression, anger, confusion and vigour,
and (B) Total Mood Disturbance Mean Change Scores
after 4 weeks of treatment with 22 or 28 mg/day
affron” or placebo.
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PSQ Index. There was no significant improvement in sleep quality in
any of the treatment groups (Fig. 5).

3.3. Safety and tolerability and compliance

The active treatment was well tolerated. Participants returned un-
used containers of product at the final interview, and compliance was
high and similar between all groups. Participants were monitored for
adverse effects at 2 weeks and the final interview. One participant in
the placebo group reported a singular event of symptoms of diarrhea.

4. Discussion

Results indicated a significant decrease in negative mood and
symptoms related to stress and anxiety at a 28 mg/day dose. No sig-
nificant differences were observed between the group treated with
22 mg/day of the saffron extract and the placebo group. Sleep quality
showed a slight improvement at 28 mg/day dose.

The mood elevating and anxiolytic effects of affron” were consistent
in both sexes, and achieved without adverse effects on any performance
or safety parameters. Our results are consistent with previous studies
undertaken on Crocus sativus L. that have shown effectiveness in alle-
viating the symptoms of mild to moderate depression, in some studies
as effectively as fluoxetine and imipramine. '©
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Fig. 3. PANAS Mean change scores, subscales positive affect (PA) and negative affect
(NA), after 4 weeks of treatment with 22 or 28 mg/day affron” or placebo.

63

While we studied a population with self-reported low mood but not
diagnosed with depression, our results bring new potential knowledge
to the clinical literature, showing that this new standardised saffron
extract exerts remarkably consistent positive effects across the POMS-
TMD, PANAS and DASS scales. Furthermore, our dosing schedule de-
monstrated a clear dose-dependent relationship across all scales,
making our study the first to identify a clinically appropriate and em-
pirically justified dosage scheme.

To our knowledge, this is the first time that a commercial saffron
extract obtained at industrial scale and objectively characterized has
been tested on healthy people with a positive effect on overall mood.
Given affron”s excellent safety profile, and data indicating that low
mood states may predispose to depressive illness, '*'* it may be con-
sidered a candidate for preventative use in subjects deemed to be at risk
of progressing to more severe and eventually clinical manifestations.

4.1. Limitations

The effect sizes on the outcomes in this study provided favourable
results and demonstrated good internal validity; however, the study
was not without its limitations. The main weaknesses of this in-
vestigation were found in the self-reporting nature of both the screening
and the testing, and the possibility of confounding variables.

First, the measurement of low mood as a construct was an inexact
process which relied on self-reporting of low mood at screening. The
subjective nature of self-reports may have impacted on the construct
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Fig. 4. DASS-21 mean change scores, subscales depression, anxiety and stress, after 4
weeks of treatment with 22 or 28 mg/day affron” or placebo.
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validity of the tests by including participants who may have been ex-
cluded if a more objective screening process was employed. It is pos-
sible that participants with an undiagnosed mood disorder were in-
cluded in a study that sought to exclude them.

Second, the self-reporting nature of the instruments used may have
led to imprecise measures due to the subjective interpretation of items.
The possibility of error could be reduced by using blood tests to mea-
sure stress hormones.

Third, while the possible confounds of BMI and gender were con-
sidered, this study did not control for other variables known to impact
the outcome of mood, such as personality. *°

Finally, to address low mood rather than clinically diagnosed disorders,
this study tested a healthy population. It therefore excluded participants
with a high BMI, severe PMS, insomnia, and those with a history of drug
and alcohol abuse. Since these conditions are often associated with low
mood, these exclusions may limit the generalisability of the study. This may
be addressed by future research into saffron’s efficacy for treating partici-
pants whose low mood is comorbid with more severe conditions.

5. Conclusion

Overall, the results demonstrated the effectiveness of affron’, a
botanical extract from saffron (Crocus Sativus L.) on improving low
mood, and stress in otherwise healthy participants.

Given the excellent safety profile of this food herb, the well-known
issues associated with the tricyclics and SSRI’s and the current absence
of management tools for low mood, there is now a strong case for using
saffron in the long-term and prophylactic management, where appro-
priate, of low mood states.
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ARTICLE INFO ABSTRACT

Keywords: Background: Saffron has antidepressant and anxiolytic effects in adults with mild-to-moderate depression.
Depression However, this is the first study examining its mood-related effects in teenagers.

Anxiety Methods: In this 8-week, randomised, double-blind, placebo-controlled study, youth aged 12-16 years, with
Saffron extract mild-to-moderate anxiety or depressive symptoms were given tablets containing placebo or a saffron extract
iz;tl:ger (affron’, 14 mg b.i.d). The youth and parent versions of the Revised Child Anxiety and Depression Scale (RCADS)

were used as outcome measures.

Results: 80 participants were enrolled and 68 completed the study. Based on youth self-reports, affron” was
associated with greater improvements in overall internalising symptoms (p = 0.049), separation anxiety
(p = 0.003), social phobia (p = 0.023), and depression (p = 0.016). Total internalising scores decreased by an
average of 33% compared to 17% in the placebo group (p = 0.029). However, parental reports of improvements
were inconsistent as mean improvements in RCADS scores were greater in the saffron group (40% vs 26%)
(p = 0.026), although no other significant differences were identified. affron” was well-tolerated and there was a
trend of reduced headaches in participants on the active treatment.

Limitations: The use of a self-report instrument, limited study duration, single treatment dose, and non-clinical
sample used in this study limit the generalisability of study findings.

Conclusion: The administration of a standardised saffron extract (affron”) for 8 weeks improved anxiety and
depressive symptoms in youth with mild-to-moderate symptoms, at least from the perspective of the adolescent.
However, these beneficial effects were inconsistently corroborated by parents.

Clinical trial

1. Introduction

According to the World Health Organization, psychiatric disorders
such as anxiety and depression are among the leading causes of dis-
ability worldwide in young people (World Health Organization, 2013).
Between 15% and 20% of youth experience an anxiety or depressive
disorder before the age of 18. The most common anxiety disorders in
youth include separation anxiety disorder (8%), specific phobias (10%),
and social phobia (7%). Depression has 1-year prevalence rates of 2.6%
in children and 5.7% in adolescents (Beesdo et al., 2009; Costello et al.,
2006; Merikangas et al., 2010).

Identifying effective treatments for children and adolescents are
important as experiencing a mental health disorder during childhood is
associated with a greater risk of suffering a psychiatric disorder during

* Correspondence to: A: 38 Arnisdale Rd Duncraig WA 6023, Australia.
E-mail address: a.lopresti@murdoch.edu.au (A.L. Lopresti).

https://doi.org/10.1016/j.jad.2018.02.070

adulthood (Copeland et al., 2009). Youth mental health disturbances
are also associated with poor academic performance (Sijtsema et al.,
2014), higher risk of unemployment in adulthood (Egan et al., 2016),
increased medical burden (Pape et al., 2012), socialisation difficulties
(Zwierzynska et al., 2013), greater drug and alcohol use (Essau et al.,
2014), and increased suicidality (Galaif et al., 2007). Currently, the
primary treatments for anxiety and depression in paediatric populations
comprise either psychological therapy or pharmaceutical interventions
(Cox et al., 2014; James et al., 2015). While these can be effective for
many youths, psychological therapy requires significant time commit-
ment and engagement of youth can often be difficult. Pharmaceutical
interventions may also be negatively perceived by youth and parents
and can be associated with adverse effects (Meredith et al., 2009;
Radovic et al., 2014).
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Interest in herbal and nutraceutical treatments for mental health
disorders is high and could represent a stand-alone or adjunct option for
youth suffering from mood-related disturbances. Unfortunately, in-
vestigations into these natural agents for youth are limited, char-
acterised by poor study designs (Lopresti, 2015). In adults, some effi-
cacy has been established for omega-3 fatty acids, S-adenosyl-
methionine and St John's Wort (Lakhan and Vieira, 2010; Ravindran
and da Silva, 2013; Sarris et al., 2011). The latter is commonly used as a
natural antidepressant for adults but is hampered by its interactions
with many pharmaceutical medications (Soleymani et al., 2017). There
is also a strong body of evidence supporting the antidepressant and
anxiolytic effects of saffron in adults (Hausenblas et al., 2013; Lopresti
and Drummond, 2014) which has the additional benefit of a strong
safety and reduced drug interaction profile.

Saffron, a spice derived from the stigmas of the Crocus sativus
flower, has several pharmacological actions including anti-in-
flammatory, anticancer, antioxidant, antiplatelet, and neuroprotective
properties. It has traditionally been used as an analgesic and sedative,
and as a treatment for gastrointestinal, respiratory and infectious dis-
eases (Hosseinzadeh and Nassiri-Asl, 2013). As an antidepressant agent,
saffron has been shown through several randomised-controlled trials to
be more effective than placebo (Akhondzadeh et al., 2005; Moshiri
et al., 2006) and of equivalent efficacy as the antidepressants fluoxetine
(Akhondzadeh Basti et al., 2007; Noorbala et al., 2005; Shahmansouri
et al., 2014), imipramine (Akhondzadeh et al., 2004), and citalopram
(Ghajar et al., 2017) for the treatment of mild-to-moderate depression.
Moreover, the antidepressant efficacy of saffron has been confirmed in
two meta-analyses and systematic reviews (Hausenblas et al., 2013;
Lopresti and Drummond, 2014). However, these studies comprise small
populations and have mostly been conducted on Iranian adults. To date,
there has also been no study examining the mood-enhancing efficacy of
saffron in paediatric populations. Hence, the aim of this study was to
examine the efficacy of a standardised saffron extract in youth aged
12-16 years presenting with mild-to-moderate anxiety and/or depres-
sive symptoms. Given the positive findings in adult populations, it was
hypothesised that 8-weeks of saffron supplementation would be asso-
ciated with significant improvements in internalising symptoms (i.e.,
symptoms of anxiety, depression, and withdrawal).

2. Materials and methods
2.1. Study design

This was a parallel, 8-week, randomised, double-blind, placebo-
controlled trial (Fig. 1). The trial protocol was approved by the Human
Research Ethics Committee at Murdoch University, Western Australia,
and was prospectively registered with the Australian New Zealand
Clinical Trials Registry (Trial ID. ACTRN12617000155392). Partici-
pants were recruited through social media advertisements and televi-
sion/ radio interviews between March and June 2017, across Australia.

Participants were randomly and equally allocated into two groups
(placebo or affron”) using a randomisation calculator (www.
randomization.com). The randomisation structure comprised 8 ran-
domly permuted blocks, containing 10 participants per block.
Participant identification number was allocated according to the order
of participant enrollment in the study. All capsules were packed in
identical containers labelled by two intervention code numbers.
Intervention codes were held by the sponsor and a university in-
vestigator not directly involved in study recruitment and data collec-
tion. Participants and study investigators were not informed of treat-
ment group allocation until all questionnaire data was collected.

An a priori power analysis was undertaken to estimate the required
sample size. In a meta-analysis by Hausenblas et al. (2013), an overall
effect size of 1.62 was demonstrated in saffron/ placebo-controlled
trials on adults with major depressive disorder. However, as there was
no study on child populations, we conservatively predicted a smaller
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effect size of 0.7. Assuming a power of 80% and a type one error rate
(alpha) of 5%, the number of participants per group to find an effect
was estimated as 34. After allowing for a 15% drop out rate, we aimed
to recruit 40 participants per group.

2.2. Participants

Inclusion criteria: physically healthy, male and female participants
aged 12-16 years, assessed as suffering from mild-to-moderate anxiety
or depressive symptoms were included in the study. The severity of
symptoms was assessed using the Revised Child Anxiety and Depression
Scale (RCADS), youth and adult versions. Participants were included if
a total or sub-scale raw score greater than the 60th percentile for re-
spective age and gender was obtained on either the youth or parent
measure, based on established normative data (Weiss and Chorpita,
2011). Both parent and youth were required to be fluent in English and
to have consented to all pertinent aspects of the trial. Participants were
also willing and able to swallow prescribed tablets.

Exclusion criteria: youth with a current or 12-month history of any
psychiatric disorder other than mild-to-moderate depression or anxiety
disorder, or who were currently receiving, or planning to receive a
mental health intervention were ineligible to participate in the study.
Participants were also excluded if a total or sub-scale raw score on the
RCADS (youth or parent score) was greater than the 90th percentile for
their respective age and gender, based on established normative data
(Weiss and Chorpita, 2011). Youth who were engaging in self-harm
behaviours and/or reported thoughts of suicide were also excluded
from the study. Participants currently taking any pharmaceutical
medication, apart from the occasional use (no more than fortnightly) of
analgesics (e.g., ibuprofen, paracetamol), or who were currently taking
saffron supplements and/or other herbal supplements were also ex-
cluded from the study. A current or history of a clinically significant
chronic medical condition including cardiovascular disease, organic
brain disorder, seizure, diabetes, use of illicit drugs, or any significant
learning disability affecting educational achievement also resulted in
exclusion from study participation.

Eligibility was initially assessed via the completion of an online
questionnaire that screened for current medication use, suicidal idea-
tion, self-harm behaviours, participation in psychological treatment,
history of medical/ psychiatric disorders, and current learning dis-
ability. This questionnaire was primarily completed by a parent. If
deemed as likely eligible, parents then participated in a phone inter-
view with the primary investigator (a clinical psychologist with 20
years of clinical experience). Youths were also interviewed if un-
certainty around psychiatric or medical history or consent to participate
in the study remained. The phone interview comprised a structured
series of questions examining the eligibility criteria specified above.

2.3. Interventions

Placebo and active tablets were identical in appearance, being
matched for size, shape and coating colour. The active treatment,
supplied by Pharmactive Biotech Products SL., contained 14 mg of a
standardised saffron extract (affron”), derived from the stigmas of
Crocus sativus L. and standardised to contain > 3.5% Lepticrosalides” a
measure of bioactive compounds present in saffron, including safranal
and crocin isomers.

The saffron stigmas were cultivated in Alborea (Albacete, Spain)
and extracted in the factory of Pharmactive Biotech Products SL in
Madrid (Spain) to produce affron” 3.5% Lepticrosalides’. The placebo
tablets contained the same excipients as the active tablet (micro-
crystalline cellulose and calcium hydrogen phosphate). All tablets were
manufactured and packed in an Australian Therapeutic Goods
Administration registered plant. Details of quantitative analyses of af-
fron” and placebo are included in the supplementary file.

All participants were instructed to take one tablet, twice daily, with
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Assessed for eligibility (n=144) ‘

h 4

Excluded (n=64)
- Not meeting inclusion criteria (n=56)
- Child refused to participate (n=9)

Randomised (n = 80)
Revised Child Anxiety and Depression Scale (RCADS)
(Child and parent version)

!

1

Allocated to placebo (n=40) ‘ ‘ Allocated to affron® (n=40)

DISCONTINUED (n=3)
Refused to take tablets

DISCONTINUED (n=2): <80%
tablet intake (n=1), commenced
4 therapy (n=1)

Week 2

>80% tablet intake and
questionnaires completed
(n=37)

Week 2
>80% tablet intake and
questionnaires completed
(n=38)

DISCONTINUED (n=3): refused
to take tablets (n=2), self-reported
nausea/ headache (n=1) J

DISCONTINUED (n=1):
commenced psychological
| intervention

.

Week 4
>80% tablet intake and
questionnaires completed
(n=33)

Week 4
>80% tablet intake and
questionnaires completed
(n=37)

DISCONTINUED (n=2): did not
complete questionnaires (n=1),
worsening anxiety (n=1) J

|

DISCONTINUED (n=1):
Worsening depressive
JV symptoms

Week 6
>80% tablet intake and
questionnaires completed
(n=32)

Week 6
>80% tablet intake and
questionnaires completed
(n=36)

1

1

Week 8
>80% tablet intake and
questionnaires completed
(n=32)

Week 8
>80% tablet intake and
questionnaires completed
(n=36)

Fig. 1. Systematic illustration of study design.

or without food for 8 weeks. Medication compliance was measured by
parent and child-reported pill count at weeks 2, 4, 6 and 8. Efficacy of
participant treatment blinding was examined by asking participants and
parent to predict group allocation (placebo, saffron or not sure) at the
completion of the study.

2.4. Outcome measure

2.4.1. Revised Child Anxiety and Depression Scale (RCADS), youth and
parent versions

The RCADS is a 47-item questionnaire with subscales including
separation anxiety, social phobia, generalised anxiety, panic, obses-
sions/compulsions, and depression. It also yields a Total Anxiety Scale
(sum of the 5 anxiety subscales) and a Total Internalising Scale (sum of
all 6 subscales). Items are rated on a 4-point Likert-scale from 0
(“never”) to 3 (“always”). The RCADS comprises both a self-report
youth version (primary outcome measure) and a parent-report version
(secondary outcome measure). Both versions are identical in question
content, number, and subscale classification. The RCADS has good
psychometric properties with high internal consistency and convergent
validity, and has been shown to accurately assess anxiety and depres-
sive symptoms both in clinical and school-based youth (Chorpita et al.,
2005; Ebesutani et al., 2010, 2011).

Change in youth scores, rather than parent scores, was selected as
the primary outcome measure, as youth scores correlated more highly
with other validated child mood measures such as the Child Depression

Inventory and the Revised Children's Manifest Anxiety Scale (Chorpita
et al., 2005). This suggests that youth self-reports may provide a better
reflection of outcome than the parental-reports, although assessing both
was considered appropriate.

2.5. Statistical analysis

An independent samples T-test was used to compare demographic
variables across the two treatment groups for continuous variables, and
Pearson's Chi-square was used to compare categorical data. RCADS
subscale scores (parent and youth versions) were analysed for time
(baseline, week 2, week 4, week 6, and week 8) and treatment (saffron
and placebo) effects using a mixed repeated-measures analysis of var-
iance (ANOVA). To avoid problems of collinearity, total scores for an-
xiety and internalising symptoms were not included in ANOVA analysis.
An independent samples t-test was conducted to compare between
group change in internalising score over time (week 0 to week 8) and, if
a significant multivariate interaction was found, to examine between
group differences at varying time points (weeks 2, 4, 6, 8) for all RCADS
measures.

There were no significant outliers in data as assessed by the visual
inspection of Q-Q plots. Although questionnaire data were not nor-
malised, repeated measures ANOVA was considered appropriate for
statistical analyses as it is relatively robust to violations of normality
(Tabachnick and Fidell, 2007). Where necessary, degrees of freedom
were adjusted using the Greenhouse-Geisser approach to correct for



A.L. Lopresti et al.

violations of the sphericity assumption.

To examine the clinical relevance from of the saffron treatment, a
further analysis was undertaken to compare percentage of responders
across treatment conditions (Snapinn and Jiang, 2007). Based on the
most-commonly accepted definition, greater than a 50% reduction in
RCADS total internalising score (sum of all subscale measures) was
defined as a treatment response and was used for statistical compar-
isons across treatment conditions (Macher and Crocq, 2004; Nierenberg
and DeCecco, 2001). Clinical relevance was also examined by calcu-
lating Cohen's d effect size for total and subscale scores of the RCADS.
Data from participants were included in analyses if questionnaire data
were obtained at week 2 (intention to treat, with last observation car-
ried forward for missing values). For all the tests, statistical significance
was set at P < 0.05 (two-tailed). All data were analysed using SPSS
(version 24; IBM, Armonk, NY).

3. Results
3.1. Study population

3.1.1. Baseline questionnaire and demographic information

144 people were screened for participation in the study and 80 met
inclusion/ exclusion criteria and were enrolled to participate. 68 par-
ticipants complied with all necessary treatment requirements (i.e.,
consumed > 80% of capsules and completed all self-report inventories)
over the 8-week trial. Eight dropped out of the placebo condition and 4
dropped out of the active treatment condition. There were no sig-
nificant differences between the dropout rates across groups. Reasons
for withdrawal included inconsistent tablet intake (n = 1), refusal to
take tablets (n=5), failure to complete questionnaires (n = 1), wor-
sening mental health (n = 2), and commencement of psychological
intervention (n = 2). One participant withdrew from the study due to
self-reported nausea/headaches believed to arise from tablet intake
(placebo condition).

As shown in Table 1, there were no significant differences between
the groups on any baseline mood questionnaire scores or demographic
variables.

3.2. Outcome measures

3.2.1. RCADS - Youth Scores (Primary Outcome Measure)

Changes in RCADS sub-scale scores (youth version) across the two
treatment groups and repeated measures ANOVA significance levels are
detailed in Table 2 and Fig. 2. The multivariate test confirmed there
was a significant time by group interaction (Fa41002 = 1.532,
p = 0.049). Significant univariate time X group interactions were
found for the following sub-scale scores: Separation anxiety (Fygs 196
= 5.03, p = 0.003), social phobia (F292213 = 3.27, p = 0.023), de-
pression (F2 65206 = 3.70, p = 0.016), and near significance for gen-
eralised anxiety (F3 79204 = 2.48, p = 0.067). An independent samples
T-test confirmed significant between group differences at varying time
points for generalised anxiety, and obsessions/ compulsions. These are
depicted by asterisks in Fig. 2.

As demonstrated in Fig. 2, percentage improvements in RCADS
youth scores (from baseline to week 8) were greater in the saffron
condition with an average reduction in total internalising symptoms of
33% compared to an average reduction of 17% in the placebo group
(p = 0.029). A Pearson's Chi-Square analysis also confirmed a greater
percentage of treatment responders (defined as greater than 50% re-
duction in total internalising symptoms) in the saffron group compared
to placebo, as evidenced by rates of 37% and 11% respectively
(x2(1) = 6.96, p = 0.014, 95% CI [.012, .017], OR = 4.81) (Fig. 3). As
depicted in Table 2, Cohen's d effect sizes ranged from a small effect
size of 0.26 on the obsessions/compulsions subscale to a moderate ef-
fect size of over 0.6 on the total internalising score, and separation
anxiety subscale score.

Journal of Affective Disorders 232 (2018) 349-357

Table 1
Mean Baseline & Demographic Details of Participants.

Placebo Saffron p-value

Sample Size (n) 40 40

Gender Female 62% 75% 0.228"
Male 38% 25%

Age Mean 13.93 14.08 0.642"
SE 0.24 0.21

Weight Mean 54.30 59.29 0.136"
SE 2.25 2.39

YOUTH RCADS Baseline Scores

Separation Anxiety Mean 6.08 6.80 0.404"
SE 0.58 0.64

Generalised Anxiety Mean 8.15 8.45 0.674"
SE 0.50 0.50

Panic Mean 9.30 10.18 0.485"
SE 0.90 0.87

Social Phobia Mean 16.48 17.20 0.513"
SE 0.76 0.80

Obsessions/Compulsions Mean 6.10 5.20 0.171°
SE 0.43 0.49

Depression Mean 12.73 13.93 0.289"
SE 0.61 0.95

PARENT RCADS Baseline Scores

Separation Anxiety Mean 6.65 6.23 0.606"
SE 0.59 0.57

Generalised Anxiety Mean 7.80 6.95 0.180"
SE 0.42 0.47

Panic Mean 6.73 7.63 0.342°
SE 0.62 0.71

Social Phobia Mean 17.08 16.55 0.650”
SE 0.81 0.82

Obsessions/Compulsions Mean 3.70 2.95 0.150°
SE 0.35 0.38

Depression Mean 12.45 12.23 0.817"
SE 0.54 0.80

@ Pearson Chi-Square test.
" Independent samples T-Test.

3.2.2. RCADS - Parent Scores (Secondary Outcome Measure)

Changes in RCADS sub-scale scores (parent version) across the two
treatment groups and repeated measures ANOVA significance levels are
detailed in Table 2 and Fig. 2. The multivariate test indicated a non-
significant time by group interaction (Fz41002 = 0.793, p = 0.749).
However, an independent samples T-test confirmed significant between
group differences at varying time points for generalised anxiety, social
phobia, and obsessions/ compulsions. These are depicted by asterisks in
Fig. 2. Mean improvements in RCADS parent scores were also sig-
nificantly different in the saffron (40%) and placebo (26%) conditions
(T,3= 2.27; p = 0.026). However, a Pearson's Chi-Square analysis re-
vealed no differences in percentage of treatment responders in the
saffron and placebo conditions (29% vs 24%) (y2(1)= 0.205,
p = 0.424, 95% CI [.787, .802], OR= 1.27). As depicted in Table 2,
Cohen's d effect sizes ranged from small effect size of 0.25 on the ob-
sessions/compulsions subscale to a moderate effect size of over 0.57 on
the panic subscale score.

3.2.3. Adverse events

The majority of reported adverse events were of minor severity,
although one participant in the placebo condition withdrew from the
study due to complaints of nausea and stomach pain. There were no
significant differences in reported adverse events between placebo and
active drug treatment groups, although there was a trend suggesting an
increased frequency of headaches in the placebo (n = 5) compared to
saffron group (n = 1).

3.2.4. Efficacy of participant blinding

To evaluate the efficacy of condition concealment over the study,
parents and youth were asked at the completion of the study to predict
condition allocation (i.e., placebo, saffron or uncertain). Efficacy of
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RCADS - Youth Version
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Fig. 2. Change in RCADS Youth & Parent raw scores over 8-week intervention. Vertical bars depict standard errors; Asterisks depict between group difference at specified time point

(*p < 0.05; **p < 0.01).

group concealment was high as only 41% of youths and 36% of parents
correctly guessed treatment allocation. Approximately 35% of parents
and youths were uncertain of treatment allocation, and the remaining
incorrectly guessed group allocation.

4. Discussion

The results of this study provide first evidence supporting the ben-
eficial effects of a standardised saffron extract (affron”) for the treat-
ment of anxiety and depressive symptoms in teenage youth. In several
randomised-controlled studies, saffron has been shown to be an effec-
tive antidepressant and anxiolytic agent in adults with mild-to-mod-
erate depression, with several studies confirming greater efficacy than

placebo (Akhondzadeh et al., 2005; Moshiri et al., 2006) and an
equivalent efficacy to the antidepressants fluoxetine (Akhondzadeh
Basti et al., 2007; Noorbala et al., 2005; Shahmansouri et al., 2014),
imipramine (Akhondzadeh et al., 2004), and citalopram (Ghajar et al.,
2017); however, prior to this study, there was no research examining its
efficacy in youth (Hausenblas et al., 2013; Lopresti and Drummond,
2014). In this 8-week, randomised, double-blind, placebo-controlled
study, saffron was effective in reducing overall internalising symptoms
and exhibited greatest benefits on symptoms associated with separation
anxiety, depression, and social phobia. However, these positive im-
provements were primarily reported by youth directly, as inconsistent
benefits were noted by parents. Overall, from the adolescents’ per-
spective, saffron treatment was associated with an average 33%
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Fig. 3. Percentage of treatment responders (i.e., > 50% reduction in total internalising
score) and mean percentage improvement in RCADS total internalising score (from
baseline to week 8). Asterisks depict between significant group difference at specified
time point, based on independent samples T-test (*p < 0.05; * *p < 0.01).

reduction in total internalising symptoms, compared to a 17% im-
provement in the placebo condition. Thirty-seven percent of youth also
experienced a response from saffron treatment (defined as at least a
50% reduction in internalising symptoms), compared to only 11% of
youth on placebo. From the parent's perspective, there was a statisti-
cally significant difference in overall internalising symptoms between
the saffron and placebo conditions over time (average improvements of
40% and 26%, respectively); however, no difference in percentage of
treatment responders and sub-scale scores were found.

Saffron administration was well-tolerated as there were no sig-
nificant differences in reported adverse events over the 8-week inter-
vention between saffron and placebo intake. In fact, there were trends
to suggest reduced adverse effects in individuals taking affron®, parti-
cularly in relation to the frequency of headaches. However, this ob-
servation requires further investigation through larger-scale studies.

The exact mechanisms behind saffron's antidepressant and anxio-
lytic efficacy are uncertain, although several options are proposed. In
adults, depression and anxiety is associated with several physiological
disturbances. These include disturbances in monoaminergic activity
particularly associated with serotonin and dopamine; dysregulation in
hypothalamus-pituitary-adrenal (HPA) activity; chronic, low-grade in-
flammation; increased oxidative and nitrosative stress; and neuropro-
gression (Maes et al., 2011; Miller and Raison, 2015; Moylan et al.,
2013). There is evidence to suggest that saffron has a positive effect on
several of these mechanisms (Lopresti and Drummond, 2014). For ex-
ample, saffron and its constituents, crocin, crocetin and safranal, are
potent antioxidants and can increase antioxidant activity and lower
oxidative stress, as demonstrated via animal and in vitro models
(Boskabady and Farkhondeh, 2016; Broadhead et al., 2016;
Samarghandian et al., 2017). Saffron also has anti-inflammatory
properties (Poma et al., 2012) and may modulate HPA activity in an-
imal stress models by reducing levels of plasma corticosterone (Halataei
et al., 2011; Hooshmandi et al., 2011). Finally, there is preliminary
evidence to suggest that saffron may also influence monoaminergic
activity. Georgiadou et al. (2012) demonstrated that the administration
of crocin lowered obsessive-like behaviours in rats exposed to the non-
selective serotonin receptor agonist meta-Chlorophenylpiperazine. In
another study, the administration of a saffron extract dose-dependently
increased brain concentrations of dopamine, and at high doses in-
creased glutamate levels; however, it had no effect on serotonin or
norepinephrine concentrations (Ettehadi et al., 2013). The mono-
aminergic activity of pharmaceutical antidepressants such as serotonin
reuptake inhibitors is well recognised; however, recent evidence sug-
gests that they may also have antioxidant and anti-inflammatory effects
(Jimenez-Fernandez et al., 2015; Wiedlocha et al., 2017). Saffron as an

355

Journal of Affective Disorders 232 (2018) 349-357

adjuvant agent may be particularly pertinent as there are adult studies
suggesting that lower premorbid antioxidant levels (Baek et al., 2016),
and higher inflammation are associated with increased non-response
from antidepressant treatment (Eller et al., 2008).

4.1. Limitations and directions for future research

Youth recruited for this study comprised a population with a mild-
to-moderate severity of anxiety and depressive symptoms. As no formal
psychiatric assessment was undertaken, the efficacy of saffron in ado-
lescents with a diagnosed mood disorder, or with severe depression or
anxiety is unknown. Moreover, our participants were unmedicated and
were not receiving any psychiatric intervention so the safety and effi-
cacy of saffron as an adjuvant agent is uncertain. The efficacy of saffron
was also only compared to placebo; therefore, its efficacy compared to
standard treatments for children and adolescents such as psychological
therapy or pharmacotherapy are also unknown and require investiga-
tion in future studies.

In this study, we used a saffron extract (affron”), derived from the
stigmas of Crocus sativus L., and standardised to contain > 3.5%
Lepticrosalides” (a measure of bioactive compounds present in saffron,
which includes safranal and crocin isomers). This standardisation is
important as the compounds in saffron such as crocin, crocetin, and
safranal are responsible for its antidepressant effects (Amin et al., 2015;
Hosseinzadeh et al., 2004; Talaei et al., 2015; Vahdati Hassani et al.,
2014). Moreover, as saffron is the most expensive spice in the world it
can be subject to adulteration, further highlighting the importance of
standardisation. The quality of saffron extracts may also be influenced
by the geographic location it is grown in and cultivation practices used.
It is therefore important that the antidepressant and anxiolytic effects of
differing saffron extracts be examined for efficacy, safety, and potency.

In this study, we only examined the effects of a fixed 28 mg daily
dose of affron” standardised by High Performance Liquid
Chromatography to 3.5% Lepticrosalides’. Thus, the influence of
varying the initial dose and titrating levels for non-responders also re-
quires investigation. In a recent study on healthy adults, a daily dose of
28 mg was found to have greater mood-enhancing effects than 22 mg
over a 4-week period (as measured by the Profile of Mood Scale,
Positive and Negative Affect Schedule, and Depression Anxiety Stress
Scale) (Kell et al., 2017); however, efficacy in a younger population is
uncertain.

The majority of studies investigating the mood-enhancing effects of
saffron have been conducted over an 8-week period, although benefits
have been identified in as little as 4 weeks (Kell et al., 2017). There is
currently no study on the antidepressant and anxiolytic effects of saf-
fron greater than 12 weeks, so the safety and efficacy of saffron over a
longer duration requires examination. In one study on adults with
Alzheimer's disease, the 12-month administration of 30 mg of saffron
daily was well-tolerated (Farokhnia et al., 2014). In another study on
adults with anxiety and depression, a higher dosage of 50 mg of saffron
daily for 12 weeks was also well tolerated (Mazidi et al., 2016). The
effects of both the acute and chronic administration of saffron, at
varying doses, will be important to help identify optimal doses and
treatment duration.

In this study, the beneficial effects of saffron were reported from
youth self-reports. While some positive trends were seen in parental
reports as evidenced by an overall greater symptomatic reduction in
internalising symptoms over time, improvements from a parental per-
spective were inconsistent. This might reflect a weakness in the use of
self-report questionnaires as a sole measure of treatment efficacy.
Validation via clinician-rated measures may, therefore, be prudent in
future studies. It is also plausible that the lack of significant findings
from parental reports may reflect parent's own mental health. As a
strong familial mental health association is common, the lower saffron
to placebo differences as noted by parents may reflect a lack of change
in parents own mental health, making it difficult for them to accurately
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identify a positive change in their child. Moreover, it has been shown
that scores on the youth version of the RCADS exhibited higher corre-
lations than the parent version to other validated child mood measures
such as the Child Depression Inventory and the Revised Children's
Manifest Anxiety Scale (Chorpita et al., 2005). This suggests that youth
self-reports may provide a better reflection of outcome than the par-
ental-reports, although this is yet to be adequately investigated. To
validate these findings in future studies, the examination of objective
outcome measures including physiological markers such as cortisol and
peripheral markers of inflammation and oxidative stress may also be
important to support outcomes derived from questionnaire and clin-
ician-rated instruments. Collection of these biological markers may also
help to decipher saffron's mechanisms of action.

When compared to placebo-controlled studies on adult populations
with depression, the magnitude of improvement after saffron intake in
this study was substantially lower. Based on the youth version of the
RCADS, a Cohen's d effect size of 0.61 was found for total internalising
symptoms, while a smaller effect size of 0.43 was identified in parental
reports. Although positive, the magnitude of these effects compares
unfavourably to the mean effect size of 1.62 in the meta-analysis by
Hausenblas (2013). In this meta-analysis, data from 5 adult studies on
patients with diagnosed major depressive disorder was examined. The
discrepancy in findings could be due to saffron having greater effects in
adults compared to adolescents, possibly due to differing influences of
environmental, psychological, and biological factors. However, it is also
possible that larger effects occur in people with clearly defined and
diagnosed major depressive disorder, rather than individuals suffering
from ‘anxiety and depressive symptoms.’ The populations used in adult
studies were recruited in Iran whereas we recruited an Australian
adolescent population. Cultural differences may therefore account for
the discrepancy in the magnitude of positive effects. Further studies are
required to clarify factors that influence the magnitude of treatment
outcomes.

Other study design limitations that need to be noted include the use
of self-report pill count as a measure of medication adherence. In future
studies, researcher assessment of medication adherence would be pre-
ferable. As all study participants were recruited through social media or
television/ radio interviews, this may have led to self-referral bias; thus,
further examination using alternate recruitment options may be helpful
to validate our findings in wider populations. Finally, the participants
in this study were aged between 12 and 16 years. This likely includes
both pre- and post-pubertal adolescents and the efficacy of saffron may
differ across these developmental stages.

In conclusion, this is the first study examining the efficacy of a
standardised saffron extract for the treatment of anxiety and depressive
symptoms in youth. Findings suggest that saffron extract administration
over an 8-week period was beneficial in improving anxiety and de-
pressive symptoms in youth presenting with mild-to-moderate symp-
toms, at least from the perspective of the adolescent. However, these
beneficial effects were inconsistently corroborated by parental ob-
servations. Future investigation into the mood-enhancing effects of
saffron in youth is therefore important to help substantiate these initial
positive findings and overcome the limitations inherent in this current
study design.
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Abstract: Anxiety and depression have high prevalence in the general population, affecting millions of
people worldwide, but there is still a need for effective and safe treatments. Nutritional supplements
have recently received a lot of attention, particularly saffron. Thus, several pre-clinical studies support
a beneficial role for bioactive compounds, such as saffron, in anxiety and depression. Here we used an
animal model of depression based on social isolation to assess the effects of affron®, a standardized
saffron extract containing >3.5% of total bioactive compounds safranal and crocin isomers. Affron®
was administered both through the oral and the intraperitoneal routes, and several tasks related to
anxiety and depression, such as the elevated plus maze, the forced swimming test or the sucrose
preference test, were assessed. These tasks model key features of depressive states and anxious
states relating to fear, behavioral despair or anhedonia, the lack of motivation and/or pleasure from
everyday activities, respectively. Animals receiving oral affron® displayed behaviors congruent
with improvements in their anxious/depressive state, showing the enhanced consumption of a sweet
solution, as well as an increase in certain escape responses in the forced swimming test. Our data
support a beneficial role for oral saffron in anxious/depressive states.

Keywords: saffron; affron®; depression; anxiety; antioxidant

1. Introduction

Anxiety and depression are widely acknowledged as psychiatric disorders of global concern that
could compromise human welfare [1], thus, the two conditions often co-exist; between 40% and 60% of
patients with a common mental health disorder meet criteria for both anxiety and depression [2,3].
According to the World Health Organization data, there is high prevalence for depression and anxiety,
affecting more than 300 million people worldwide, and they include the mixed depressive and anxiety
disorder in their International Classification of Diseases [4]. These two conditions share common risk
factors and many symptoms that can be regarded as existing on a spectrum of the disorder [5].

Mood alterations, including clinical depression, range from non-clinical low mood to major
depression [6-8]. This low mood can include many of the symptoms characteristic of depression,
such as sadness, crying, fatigue, pessimism, changes in appetite, changes in sleep patterns and
anhedonia [6,7,9]. Currently there is no pharmacological treatment for low mood, and prescription
medications are not only deemed inappropriate but also ineffective [10,11].

The conventional management of depression and anxiety disorders includes cognitive behavioral
therapy, pharmacotherapy or electroconvulsive therapy [8,12]. However, despite the availability of
numerous classes of drugs for the treatment, full remission of disease symptoms has remained elusive.
Nevertheless, the clinical use of these drugs is limited by their characteristic side effects and poor
tolerability profile [13]. Several natural compounds are being considered for their possible role in the
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treatment of mood disorders, including saffron, St John’s wort, tryptophan and omega-3 fatty acids,
among others [14-16].

Saffron dried stigmas from Crocus sativus L. are conventionally used as a spice, textile dye or even
as a perfume, due to its organoleptic properties. In addition, it is also widely known in traditional
medicine for eye problems, headaches, genitourinary complications and other illnesses in different
cultures [17-20]. The quality of saffron is determined by its secondary metabolites, such as picrocrocin,
which is responsible for the bitter taste, safranal, which is related to saffron aroma, and crocins, which
provide the color [21-23]. These compounds, mainly safranal and crocin isomers, as well as their
metabolic derivate, crocetin, are related to antioxidant [24,25], anxiolytic [26,27], neuroprotective [28],
anti-inflammatory [29-31] antidepressant [32-34] and anti-Alzheimer properties, which have been
proven in several clinical trials [35].

As with most psychiatric disorders, the etiopathology of depression appears to be complex and
multifactorial, including genetic, social and mood regulation mechanisms, among others. Alterations
in neurotransmitter levels, including the abnormal regulation of cholinergic, catecholaminergic
(noradrenergic or dopaminergic), glutamatergic and serotonergic (5-HT) neurotransmission have been
observed in depressed patients [36]. Neuroendocrine dysregulation may also be a factor, with emphasis
on three axes: hypothalamic-pituitary—adrenal and hypothalamic—pituitary—thyroid [37]. A molecular
imbalance, characterized by increased levels of oxidative stress and low antioxidant status, has also
been observed in patients with depression [38]. This would favor the appearance of immune responses
and a pro-inflammatory environment, thus contributing to the pathology of depression [39]. Recently
the relation between alterations in neuroplasticity and depression has received considerable attention.
The term refers to the ability of the neural system to adapt to the internal and external stimuli and to
respond adaptively to future stimuli. Neuroplasticity is of key significance in the brain’s adaptation to
stress, which may underlie various psychiatric disorders, such as depression, post-traumatic stress
disorder, etc., and is the basis of the so-called neuroplasticity theory, which suggests a decrease in
neuroplasticity in the hippocampus and prefrontal cortex in depressed patients, as well as a decrease
in the concentration of neurotrophic factors, such as brain-derived neurotrophic factor (BDNE),
in subjects with depression. According to this theory, antidepressants would elevate the concentration
of neurotrophic factors and improve neuroplasticity in the hippocampus and PFC [40].

Kell and colleagues found positive effects in subjects self-reporting low mood but not diagnosed
with depression or another mood disorder and who were otherwise healthy [33]. Additionally,
there is also growing evidence supporting the antidepressant and anxiolytic effects of saffron in
humans suffering from depression and anxiety. Thus, saffron extracts can relieve the severity of
symptoms of depression and the effect of saffron extracts resemble those of tricyclic (TCA), Selective
Serotonin Reuptake Inhibitors (SSRI) and Selective Noradrenaline Reuptake Inhibitors antidepressants
in depressed patients [41,42]. Saffron extracts, when administered in combination with pharmacological
antidepressants, were also shown to improve some scores related to depression, even in subjects who
had been using the antidepressants with no improvement [43]. In this case, the affron® dose used was
14 mgb.i.d.

The active principles contained in saffron extracts, which account for the active antidepressants,
are basically safranal and crocin isomers [44-46]. However, there is a wide variety of presentations that
do not control the content of these bioactive molecules, making it very difficult to compare commercial
brands in terms of pharmacological effectiveness. The safety and efficacy of safranal and crocin
bioactive components have been described elsewhere, showing an exceptionally low toxicity, with an
LD50 for normal cells of 20.7 g/kg [47]. In living animals, doses of the ethanolic extract up to 5 g/kg
did not produce any demonstrable acute toxic effects in mice, and thus saffron is considered to have
practically no acute toxic effect [48]. In our experiment, affron®, a standardized extract from Spanish
C. sativus stigmas, was used.

Although there are a number of favorable clinical studies regarding the effects of affron® on the
modulation of the symptoms of depression and anxiety in humans [43,49-59], it is necessary to observe
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its acute and chronic effects in more controlled animal studies to further explore and understand the
mechanisms of action of affron® on mood, its safety and the role that the route of administration plays
on those effects. The present study is intended to address this scientific need.

2. Results and Discussion

2.1. Effects of Affron® in the Elevated Plus Maze Test

Affron® was shown to be equally as ineffective either orally administered or by the intraperitoneal
route. A one-way ANOVA showed that neither dose of affron® (200 mg/kg p.o. and 50 mg/kg ip)
produced changes in any of the anxiety-related parameters (time spent in the open arms and number of
entries into open arms of the EPM) (p > 0.05, not significant (ns)). Bonferroni’s post hoc test confirmed
that no statistically significant differences existed between treated and placebo groups (p > 0.05, ns) in
acute and chronic treatments. No differences were observed for the time in open arms variable in any
of the groups, as shown in Figure 1C,D. Values represent the mean + SEM (n = 10 animals per group).

Time on Open Arms Time on Open Arms
25 104 ns
ns
o 201 s ¥
- E
= 154 s =
" []
IE -
< 104 T ;_E’
[=] =]
G &
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o # o
3 5 o &
A ":'P¢ -\Q'Q‘ D‘QF B HQ?* d‘é
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C & o« o

< £ G.;i"r D
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Figure 1. Effects of affron in the Elevated Plus Maze. (A,B): Percentage of time spent in open arms over
the total in the acute and chronic treatment groups, respectively. (C,D): Percentage of entries in the
open arms in the acute and chronic treatment, respectively. No significant effects were found between
any of the groups in any condition (ns). The tests were administered on day one of treatment and on
day 21 for the chronic group, 30 min after drug administration.

2.2. Effects of Affron® in the Forced Swimming Test

A one-way ANOVA revealed that affron® (200 mg/kg, oral) administered 30 min before the FST
significantly increased swimming time [F (2.27) = 7.37, p < 0.01], as shown in Figure 2A] but had no
impact on climbing time or immobility time (ns) (data not shown). The post-hoc Bonferroni’s test
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showed that affron®, given at a dose of 200 mg/kg significantly increased the time of swimming in the
oral group compared to the control and ip groups (p < 0.05 and p < 0.01, respectively). Concerning
the antidepressant-like activity of affron®, after 20 days of treatment, an increase in climbing time
was observed in the oral group [F (2,27) = 4.91, p < 0.05], as shown in Figure 2D. A one-way ANOVA
did not find any statistically significant difference in the rest of the variables (ns); however, affron®
treatment, both oral and intraperitoneal, tended to decrease immobility time compared to the control
group, which led to a possible antidepressant effect of this compound, as shown in Figure 2D. The post
hoc test revealed a significant increase in climbing time in the oral group compared with the control
group (p < 0.05), but there were no significant differences in the remaining groups (ns).
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Figure 2. (A,B): Average time spent in immobility or swimming in the Porsolt test in animals receiving
either an acute or a chronic treatment with affron through the intraperitoneal (gray column) or the oral
(black column) route, respectively (** p < 0.01). (C,D): Average time climbing in the acute and chronic
treatments, respectively (* p < 0.05; ns = Non Significant). The tests were administered on day one of
treatment and on day 21 for the chronic group, 40 min after drug administration.

2.3. Effects of affron® in the Sucrose Preference Test

Repeated-measures two-way ANOVA found an overall interaction between time and treatments
[F (6,78) = 12.30, p < 0.0001] and main effects of time [F (3,78) = 318.7, p < 0.0001] and treatment
[F (2,26) = 19.20, p < 0.0001]. Subsequent analysis revealed that, as reflected in Figure 3, after an
hour, a significant increase in the sucrose preference was found in the oral group with respect to the
intraperitoneal group (p < 0.05), but there were no differences between the oral and intraperitoneal
groups compared to the control group (ns). Statistically significant differences were observed in the 3 h
measure in sucrose consumption between the oral group with respect to the control and intraperitoneal
groups (p < 0.0001), but there was no difference between the control and the intraperitoneal groups (ns).



Molecules 2020, 25, 3207 5o0f 14
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Figure 3. Sucrose preference test. Sucrose preference was calculated as the quantity of sucrose solution
drunk/total fluid intake and is considered an index of the motivational state of the animal, (n = 10 per
group) represented as mean + SEM. Repeated-measures two-way ANOVA with Bonferroni post-hoc

test: ** p < 0.001; differences between the oral group and the control group. The tests were administered
on day one of treatment and on day 21 for the chronic group, 50 min after drug administration.

The results showed that the oral administration of affron® may ameliorate some depressive-like
behaviors both acutely and after long-term treatment. Interestingly, no effects were observed with the
intraperitoneal administration. Additionally, repeated oral administration reduced anhedonic behavior,
assessed in the sucrose preference test—an effect that was not observed under ip administration.
Overall, these results are congruent with reports describing the beneficial effects of saffron extract
consumption in patients suffering from anxiety or depression [41,42].

Considering the fact that drugs used to treat mental disorders are best studied in models of the
disease, we used a rat model of depression, based on isolation [60]. Thus, individual housing has been
shown to induce depressive-like behavior [61]. For that, animals were individually housed from arrival
at the facilities until the end of the experiments, which allowed us to monitor any possible improvement
or amelioration in behaviors related to anxiety, depression or anhedonia after affron® supplementation.

Regarding the anxiolytic effects in the elevated plus maze, no significant differences were found
between any of the groups in our study. In other studies, higher doses of saffron ip (56 and 80 mg/kg)
showed anxiolytic effects in the EPM with a single dose, and a dose-dependent effect that decreased
with doses up to 300 mg/kg [62]. It is possible that the lower dose used in our study limited the
expression of the anxiolytic potential of affron®. It is also possible that differences in the source of
plant material could explain the different findings in our study.
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Data on the forced-swimming test assessing depressive-like behavior were clearer. On the one
hand, affron® did not affect immobility time or latency to the immobility period. However, a clear
effect in the escape behavior (swimming and climbing) with the oral administration of affron® can be
observed. Our data are interpreted in line with the presence of antidepressant effect, since the animals
clearly show more motivation to fight against the adverse conditions of being exposed to the water
environment. These data appear relevant as they highlight the ability of saffron extracts to acutely
improve depressive-like behavior.

To our knowledge, the antianhedonic effects of affron® in the sucrose preference test have not
been previously reported in animal studies. This is the clearest effect found with affron® in the
study. Oral dose was able to increase the preference for the sweet drink, which is indicative of a
positive motivational state. Again, in this situation, oral administration was effective instead of
intraperitoneal injection. Interestingly, intraperitoneal administration may even induce the opposite
effect (i.e., anhedonia, indicative of desensitization of the brain reward system). It is worth mentioning
that the antianhedonic response, measured by sucrose preference, differs in response to antidepressants
with different mechanisms of action, such as SSRI and TCA [63].

The fact that the oral administration of affron® was the effective route to observe the positive
effects of this compound, and not ip administration, may be related to the fact that the active
form of crocin isomers from saffron extract is crocetin, which is formed in the intestinal tract by
glycosidases of enterocytes [64—66]. Thus, the saffron extract must, apparently, be taken orally to
induce its antidepressant effect. In any case, oral administration is the preferred route for any potential
nutraceutical since the majority of nutraceuticals are intended for this route of administration.

The neurobiological mechanisms that explain affron’s antianhedonic effect and possible
antidepressant effect have not been directly assessed yet. Regulation of mood was initially attributed
to downregulations in monoamines, such as dopamine, serotonin or noradrenaline [67-69]. Whereas
anhedonia is associated with low levels of dopamine, anxiety and depression appear to be more
associated with the decreased activity of both serotonin and dopamine. The clear actions of affron®
in the amelioration of anhedonia suggest a more potent action in the regulation of dopamine than
serotonin or other monoamines. Indeed, regarding dopamine modulation, it has been proven that
saffron affected monoamine oxidases MAO-A and MAO-B in the brain [68], and the administration
of C. sativus and its constituents increased brain dopamine levels in a dose-dependent manner [68].
These effects of C. Sativus in dopamine, together with the modulation of the excitatory amino acid,
glutamate, and interactions with the opioid system have been reported to reduce withdrawal syndrome
and may contribute to the amelioration of behavioral symptoms observed here [68].

However, the regulation of mood has been more recently associated with other factors, such as the
alteration of neurotrophic factors, dysregulation in the hypothalamus-hypophysis-adrenal axis (HPA),
low-grade inflammation or increased oxidative stress [70-72]. Certain evidence suggests that saffron
regulates some of these mechanisms [73]. Indeed, saffron and its constituents, crocin and safranal,
as well as crocetin, are potent antioxidants that can reduce oxidative stress, as demonstrated in animal
models [74-76]. Its anti-inflammatory properties [77,78] and the modulation of the activity HPA in
animal models of stress (i.e., by reducing levels of plasma corticosterone [79,80]) have also been proven.
Future studies are needed to explore the specific actions of different doses of affron® in these processes.

3. Material and Methods

3.1. Materials

Affron® is a patented compound (ES2573542A1) and has been previously characterized [33].
Samples of saffron stigma extracts marketed under the brand name affron® were provided by
Pharmactive Biotech Products SL, standardized to >3.5% Lepticrosalides®, a term which characterizes
the sum of the bioactive compounds safranal and crocin isomers, analyzed by HPLC [33]. The compound
was presented in powder form and stored in darkness until the experiment was performed.



Molecules 2020, 25, 3207 7 of 14

3.2. Animals

A total of 30 adult male Wistar rats (ENVIGO, Barcelona, Spain) weighting 300-350 g at the
beginning of the experiments were kept under a 12-h light/dark cycle (lights off at 12:00 p.m.) in
conditions of constant temperature (23 + 1 °C). Standard food and tap water were available ad libitum
at the home-cage outside the schedules assigned to experimental manipulation.

All experimental protocols adhered to the guidelines of the Animal Welfare Committee of the
Universidad Complutense of Madrid, following European legislation (European Directive 2010/63/UE).

3.3. Experimental Design

Animals had an acclimation period of one week, after which they were habituated to manipulation
for several days before the experiment started. Upon arrival at the facilities, animals were housed in
isolation for the duration of the study, according to a social isolation model of anxious/depressive-like
behavior [81]. Animals” weights were recorded every two days during the experiment. Rats were
randomly assigned to one of the three of the following experimental groups: Oral affron® (Oral),
Intraperiotoneally administered affron® (ip) and Vehicle (10 rats per group). In the Oral group, affron®
was dissolved in their tap water and the rats were monitored to ensure they consumed an adequate dose
during the first hours of the morning (See Figure 4 for a schematic representation of the experimental
schedule used).

. Oral group = affron intragastric route

day 1 : Control group = normal saline ip
14 days acute treatment * Ip group = affron intraperitoneally
& v v
LY habituation and
A% : : 1st. EPM 2nd. FST
manipulation
period
, Oral group = affron self-administration
day 21 » Control group = normal saline ip
chronic -tl‘eatmt‘nt » Ip group = affron intraperitoneally
| —
16 days 17th 18th 19th day of
oo z 1st. EPM 2nd. FST
of treatment treatment

SPT

Figure 4. Schematic representation of the treatment schedule.

Behavioral tests were performed on the first day of the experiment in order to assess the acute
effects of the treatment, and also after the chronic treatment. The tests used were the elevated plus
maze (EPM), the Forced swim test (FST) and the sucrose preference test (SPT).

3.3.1. Treatment

The animals received a single dose of affron® dissolved in distilled water at the beginning of
the experiment. Rats in the oral group received 200 mg/kg affron®, which was delivered via the use
of an intra-gastric cannula in a volume of 2 mL/kg. The control group was treated with 0.9% saline
solution via intraperitoneal injection (ip) in a volume of 2 mL/kg. The ip group received 50 mg/kg
affron® dissolved in saline. Thirty minutes after each administration, the animals were tested on the
elevated plus maze (EPM) and 30 min later they were assessed in the forced swim test (FST). For the
next 20 days, rats in the oral group had free access to 200 mg/kg affron dissolved in their drinking water
until they consumed the whole daily dose, which took place in less than 4 h, after which tap water
was reintroduced. The rest of the animals received their daily dose via ip. The animals underwent
the sucrose preference test on the 17th day of the experiment 30 min after affron® administration.
Likewise, on the 21st day of the experiment, the animals were assessed at the elevated plus maze,
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and 30 min later, at the forced swimming test. All treatments were prepared and administered daily,
and all tests took place between 9:00 and 14:00.

3.3.2. Anxiety and Depression-Like Behavior

Several different models were used for the assessment of anxiety- and depression-related behaviors
in rodents [82]. The Forced Swim Test and the Sucrose Preference Test were employed to assess any
depressive-like behavioral responses, being some of the most commonly used tests to assess this kind
of behavior in animal models [83,84]. The elevated plus maze test was chosen to assess anxiety-related
behavior. In addition, in the chronic study, sucrose preference was used as a complementary test for
anhedonia [63,85]. Anhedonia is defined as the inability to experience pleasure from rewarding or
enjoyable activities and constitutes a core symptom of depression in humans [86]. The order of the tests
was chosen to minimize any possible interference. Considering the relative distance and difference in
environments between the animal facilities and the testing room, 10 min of acclimation were granted
prior to the behavioral tests.

3.3.3. Elevated Plus Maze Test

The elevated plus maze (EPM) is based upon the conflict between an innate aversion to open
spaces and a tendency to explore new environments (Suo et al., 2013). The apparatus consisted of
two open arms (50 x 10 cm), two closed arms (50 X 10 x 20 cm) and a central platform (10 X 10 cm),
which raised to a height of 50 cm. The maze was placed in the center of a quiet room and testing was
performed under dim light. Each animal was gently placed on the central platform facing one of the
closed arms and allowed to explore the maze for 5 min. The light of the test room was adjusted at
350 lux at the center of the maze. Then, the animals were removed and the EPM was cleaned with 30%
ethanol between each test to prevent interference resulting from any residual odors of the previous rat.
Data were registered automatically using the Mazesoft software. The analysis of exploratory activity in
rats included four parameters: number of entries into open arms; number of entries into closed arms;
time spent in open arms; time spent in closed arms.

3.3.4. Forced Swim Test (Porsolt Test)

The forced swimming test (FST) was originally introduced in 1977 by Porsolt and has since
become a standard for the evaluation of antidepressant drugs [87]. In preparation, 24 h prior to the
test, animals were placed in the testing apparatus for 10 min in order to become familiar with the
testing environment and to minimize novelty effects [82,88]. Briefly, the rats were individually placed
in a transparent methacrylate cylinder (height 50 cm, diameter 30 cm) filled with water (23 + 1 °C) to
a height of 40 cm (a modified version of the FST was used to increase water depth to 40 cm, so the
rats were unable to touch the bottom of the tank). Water was replaced for each test. Following each
test session, rats were dried using cotton towels and returned to their home cages. All sessions were
recorded with a video camera (SONY HDR-CX115, New York, NY, USA). Afterwards, four behavioral
categories were quantified using the freeware for behavioral quantification, Raton Time 1.0 (Fixma SL,
Valencia, Spain), including immobility latency (latency to immobility), immobility (rat floating in the
water with only movements necessary to keep the nose above water), swimming (active horizontal
movements around the cylinder) and climbing (upward-directed movement of the forepaws, usually
directed against the walls). Animals underwent the test 30 min after the elevated plus maze.

3.3.5. Sucrose Preference Test

The sucrose preference test (SPT) is a reward-related test commonly used as an indicator of
anhedonia [89]. No previous food or water deprivation was applied before the test. During the
adaptation period, the animals were presented in their home cages with two bottles of the type used
for the test, in order to habituate them to testing conditions. The rats were allowed simultaneous access
to two identical drinking bottles that contained a 1% sucrose solution for 3 h. The sucrose solution was
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prepared daily before the experiment and kept at 4 °C for no longer than 24 h. The position of the
drinking bottles was changed after each measurement to exclude the effect of place preference [89,90].
The consumption of water and sucrose solution was calculated by weighing each bottle before, during
and after the test. Sucrose preference was calculated as the quantity of sucrose solution drunk;/total
fluid intake [2]. The sucrose preference test was performed on the 17th day of treatment in order to
avoid interferences with the other tests.

3.4. Statistical Analyses

The data are expressed as mean + standard error of mean (SEM). Normality data were assessed
by D’Agostino and Pearson test. Data were analyzed using GraphPad Prism version 6.0. In order
to detect significant differences among the experimental groups, depending on the behavioral test,
either one-way analysis of variance with one factor (treatment) or two-way ANOVA comparing two
factors—treatment (oral, intraperitoneal, control) and time—was used. Data of the behavioral tests
were analyzed as dependent variables, and the Bonferroni post-hoc test for multiple comparisons was
used when appropriate. Values of p < 0.05 were considered statistically significant.

4. Conclusions

In conclusion, this study provides evidence of the antianhedonic, and mild antidepressant actions
of a 50 mg/kg acute ip dose and a 200 mg/kg oral dose of affron®, a standardized saffron extract,
when administered acutely or repeatedly, orally. Future studies are required to ascertain the specific
mechanisms of this action. Anyhow, these results open new fields for the possible application of
affron® to prevent negative emotional states or as a co-adjuvant therapy in the treatment of depression.
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ABSTRACT

INTRODUCTION

Results from population-based surveys have indicated that 10 to 30% of adults report regular
difficulty either getting to or staying asleep (Buysse et al., 2008; Schutte-Rodin et al., 2008). This has
significant health implications as poor sleep quality can have a negative impact on both mental and
physical health and can interfere with daily function (Medic et al., 2017). In a cohort of 27 studies,
comprising more than 70,000 elderly individuals, long and short sleep duration was associated with a
33% increased risk of all-cause mortality (da Silva et al., 2016). Insomnia is also associated with reduced
work productivity and increase work absenteeism (Daley et al., 2009; Espie et al., 2018).

Herbal medicines are one of the most frequently used complementary and alternative treatments for
insomnia. In community-dwelling older adults with self-reported sleep problems use of a sleep product
was reported by 35% of respondents, with 22% using over-the-counter sleep aids, and 12.5% using
herbal or natural aids (Maust et al., 2019). In a randomly selected sample of almost 1,000 adults, 18.5%
of participants reported using a natural sleep-aid over the last 12 months (Sanchez-Ortuno et al., 2009).
However, the safety and efficacy of many herbal medicines for the treatment of sleep problems is
uncertain. In a systematic review of 14 randomised-controlled trials, involving 1600 participants with
insomnia, it was concluded that there was no statistically significant difference between any herbal
medicine and placebo for the treatment of insomnia (Leach and Page, 2015). This indicates that despite
their widespread use, there is a paucity of data on the efficacy and safety of natural herbal products.

Saffron, a spice derived from the stigmas of the Crocus sativus flower, has been confirmed in several
systematic reviews and meta-analyses to be an effective natural agent for the treatment of mild-to-
moderate depression (Lopresti and Drummond, 2014; Marx et al., 2019; Toth et al., 2018). As a sleep-
enhancing agent, there is preliminary evidence to suggest it may also be an effective natural sleep aid
(Milajerdi et al., 2018; Nishide et al., 2018; Umigai et al., 2018). However, further robust clinical trials are
required to validate these findings. Therefore, the goal of this study was to investigate the sleep-
enhancing effects and safety of a standardised saffron extract (affron®) in adults with self-reported

unsatisfactory sleep.



MATERIALS AND METHODS

Study design

This was a parallel, 28-day, randomised, double-blind, placebo-controlled trial (Figure 1). The trial
protocol was approved by the Human Research Ethics Committee at the National Institute of
Integrative Medicine, and was prospectively registered with the Australian New Zealand Clinical Trials
Registry (Trial ID. ACTRN12619000863134).

An a priori power analysis was undertaken to estimate the required sample size (based on a single
outcome variable). In a recent randomised, controlled trial pilot study, saffron had an effect size of 1.1
in adults with poor sleep compared to the placebo (Nishide et al., 2018). Sample size calculations were
based on a more conservative effect size of 0.7. Assuming a power of 80% and a type one error rate
(alpha) of 5%, the number of participants required per group to find an effect for the ISI was estimated
as 26. After allowing for a 15% drop out rate, we aimed to recruit 30 participants per group (Soper,

2019).

Recruitment and randomisation

Participants were recruited across Perth, Western Australia through social media advertisements
between July and August 2019. Interested participants were directed to a website landing page
providing details about the study and a link to complete an initial online screening questionnaire. This
online questionnaire screened for current depressive and/or anxiety symptoms, medication use, history
of medical/ psychiatric disorders, alcohol, nicotine, and other drug use, supplement and vitamin intake,
and pregnancy/breastfeeding status. If assessed as likely eligible, volunteers participated in a phone
interview with an investigator. The phone interview comprised a structured series of questions
examining the eligibility criteria specified below.

Eligible and consenting participants completed baseline assessments and were randomly assigned to
one of two groups (saffron or placebo) using a randomisation calculator
(http://www.randomization.com). The randomisation calculator ensured sequence concealment. The
randomisation structure comprised 10 randomly permuted blocks, containing 6 participants per block.
The participant identification number was allocated according to the order of participant enrolment in
the study. All tablets were packed in identical bottles labelled by two intervention codes (held by the
study sponsor until final data collection). Participants and study investigators were not informed of

treatment group allocation until all questionnaires were completed.



Participants

Inclusion criteria: physically healthy, male and female participants aged 18 to 70 years, with self-

reported symptoms of unsatisfactory sleep lasting greater than 4 weeks were recruited for this study.
Participants had an ISI score of between 8 (subthreshold insomnia) and 21 (moderate-severity
insomnia). All participants were medication-free for at least 4 weeks apart from the contraceptive pill
and no more than once a week use of pain-relieving medications. Volunteers had a body mass index
(BMI) between 8 and 30 and typical bedtime between 9pm and 12am. Participants were also required to
be fluent in English and to have consented (via an online consent form) to all pertinent aspects of the
trial.

Exclusion criteria: Participants employed in night shift work or rotational shift work were ineligible to

participate in the study. People experiencing a sleep disorder other than moderate insomnia (e.g, sleep
apnoea, restless legs syndrome, periodic limb movement disorder), chronic, severe sleep disturbance
greater than 1 year, diagnosis of a mental health disorder (other than mild depressive or anxiety
symptoms as measured by the Depression, Anxiety and Stress Scale-21), coffee intake greater than 3
cups a day (or equivalent caffeine intake from other caffeinated drinks e.g., tea, energy drinks), and
alcohol consumption greater than 14 standard drinks per week were also ineligible for the study.
Participants were also ineligible for the study if they were experiencing external factors that may affect
sleep patterns (e.g., infant/children regularly awakening, excess noise, snoring partner); were currently
receiving non-pharmacological treatment for sleep disorders (e.g., cognitive behavioural therapy,
relaxation therapy); had a current or 12-month history of illicit drug abuse; were currently taking
supplements that may affect sleep; were taking saffron supplements; or had a diagnosed medical
condition including but not limited to: diabetes, hyper/hypotension, cardiovascular disease,
gastrointestinal disease requiring regular use of medications, gallbladder disease/gallstones/biliary
disease, endocrine disease, psychiatric disorder, and neurological disease (Parkinson’s, Alzheimer’s
disease, intracranial haemorrhage, head or brain injury), or acute or chronic pain affecting sleep.
Pregnant women, women who were breastfeeding or women who intended to fall pregnant were also

ineligible to participate in the study.

Interventions

Placebo and saffron tablets were identical in appearance, being matched for colour coating, shape, and
size. The active treatment, supplied by Pharmactive Biotech Products SL., contained 14mg of a

standardised saffron extract (affron®), derived from the stigmas of Crocus sativus L. and standardised to



contain >3.5% Lepticrosalides®, a measure of bioactive compounds present in saffron, including safranal
and crocin isomers.

The saffron stigmas were cultivated in Alborea (Albacete, Spain) and extracted in the factory of
Pharmactive Biotech Products SL in Madrid (Spain) to produce affron® 3.5% Lepticrosalides®. The
placebo tablets contained the same excipients as the active tablet (microcrystalline cellulose and calcium
hydrogen phosphate). All tablets were manufactured and packed in an Australian Therapeutic Goods
Administration registered plant.

All participants were instructed to take one tablet, twice daily, with or without food for 28 days.
Medication adherence was measured by tablet count by the participant on day 28. Efficacy of
participant treatment blinding was examined by asking participants to predict group allocation
(placebo, saffron, or uncertain) at the completion of the study.

Saffron and placebo tablets were posted to participants with directions for use provided on tablet
bottles. Participants were also provided with an information sheet about tablet intake and what to do if
they missed a dose. This information was also verbally conveyed to participants during their initial

telephone interview.

Outcome Measures

Primary Outcome Measures:

Insomnia Severity Index (ISI): The ISl is a self-report instrument measuring respondents” perception of
both nocturnal and diurnal symptoms of insomnia. The ISI comprises seven items assessing the
perceived severity of difficulties initiating sleep, staying asleep, and early morning awakenings,
satisfaction with current sleep pattern, interference with daily functioning, noticeability of impairment
attributed to the sleep problem, and degree of distress or concern caused by the sleep problem. The ISI
has good psychometric properties and is sensitive to treatment in clinical trials (Morin et al., 2011). The

ISI was completed at baseline (from days -5 to -3), day 7, 14, 21, and 28.

Secondary Outcome Measures:

Restorative Sleep Questionnaire (RSQ): The RSQ is a validated 11-item questionnaire that assesses
restorative sleep by asking respondents to rate on a 5-point scale feelings of tiredness, mood, and
energy. The RSQ had good psychometric properties and is able to distinguish between healthy controls,
patients with primary insomnia, and insomnia patients with isolated non-restorative sleep complaints

(Drake et al., 2014). The RSQ was completed at day -1, 0, 3, 7, 14, 21, 27 and 28.



Pittsburgh Sleep Diary (PSD): the PSD is a 14-item sleep diary that respondents complete upon
awakening. The PSD shows good retest reliability over a mean inter-test interval of 22 months. Scores
also correlate with circadian type, subjective sleep quality, and objective actigraphy measurements
(Monk et al., 1994). Scores are calculated for total sleep time (hours), sleep latency (minutes), number of
awakenings after sleep onset, sleep quality rating [5-point Likert rating ranging from very bad (1) to
very good (5)], mood rating at final awakening [5-point Likert rating ranging from very calm (1) to very
tense (5)], and alertness rating at final awakening [5-point Likert rating ranging from very sleepy (1) to
very alert (5)]. The PSD was completed at day -1, 0, 3, 7, 14, 21, 27 and 28.

Depression, Anxiety, and Stress Scale — 21 (DASS-21): The DASS-21 is a validated self-report

measure assessing symptoms of stress, anxiety, and depression (Brown et al., 1997). Twenty-one
questions are rated on a 4-point scale (0-3), ranging from never to almost always (lower scores indicate
a reduction in symptoms). Sub-scale scores for depression, anxiety, and stress are calculated. The

DASS-21 was completed at baseline (days -5 to -3) and day 28.

Process Measures

Dysfunctional Beliefs About Sleep (DBAS): The DBAS is a 16-item questionnaire that assesses beliefs and
attitudes about sleep. The DBAS has good reliability as evidenced by adequate internal consistency and
temporal stability over a 2-week period. Scores also correlate with other self-report measures of
insomnia severity, anxiety, and depression (Morin et al., 2007). The DBAS was completed at baseline to
examine the relationship between dysfunctional beliefs about sleep and change in sleep quality over
time.

Adverse events: Tolerability of supplement intake by participants was assessed at day 28 through an
online question querying adverse effects that were believed to be associated with supplement intake.
Participants were also requested to contact researchers immediately if any adverse effects were
experienced.

Initial screening questionnaires comprising the ISI, DASS-21, and DBAS were completed online. A
response booklet containing copies of the required questionnaires and sleep diaries were then posted to
all participants. The dates for completion of each questionnaire and diary was recorded in the booklet.
Participants were also advised to keep their response booklet near their bed and to complete them

within 30 minutes after awakening.

Statistical analysis

An independent samples T-test was used to compare demographic variables across the two treatment

groups for continuous variables, and Pearson’s Chi-square was used to compare categorical data. A



repeated-measures analysis of variance (ANOVA) was used to compare within-group changes over
time and group (saffron versus placebo) x time interaction effects. The ISI total score was analysed for
baseline and mean score across days 7, 14, 21, and 28. Total scores on the RSQ and item scores on the
PSD were analysed for mean baseline (days -1 and day 0) and mean score across days 3, 7, 14, 21, 27,
and 28. Eta-squared (n?) was calculated to examine effect sizes.

The Shapiro-Wilk normality test was conducted to examine the normality of group data. This
demonstrated that data were not normally distributed, and this was not corrected by data
transformations. However, a repeated-measures ANOV A was considered the most appropriate option
for statistical analyses as it is relatively robust to violations of normality (Tabachnick and Fidell, 2007).
Where necessary, degrees of freedom were adjusted using the Greenhouse-Geisser approach to correct
for violations of the sphericity assumption.

To examine the influence of dysfunctional beliefs about sleep on changes in sleep quality, a Pearson’s
correlation coefficient was calculated between the baseline DBAS total score and percentage change in
ISI score (baseline to average ISI score from days 7 to 28).

Data from all participants who returned their response booklets were included in analysis. All data

were analysed using SPSS (version 24; IBM, Armonk, NY).

RESULTS

Study Population
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Figure 1. Systematic Illustration of Study Design

Baseline questionnaire and demographic information

From 118 people completing the initial online screening questionnaire, 63 volunteers participated in the
study. A total of 55 individuals were either ineligible (n=45) or did not complete the initial
questionnaires (n=10). Data from 55 participants who completed all questionnaires over the 28-day
period were used for statistical analyses. Eight participants withdrew or did not return response
booklets. There were no significant differences in dropout rates across groups. Reasons for withdrawal
included no reason given (n=4), the commencement of new medication (n=3), and deciding to stop
taking tablets (n=1). No participant reported withdrawing from the study due to reported adverse

events associated with supplement intake.

Table 1. Baseline Demographic Details of Participants



Saffron Placebo
p-value
n=33 n=30
Mean 48.79 51.10
Age 354 @
SE 1.87 1.59
Mean 2497 25.55
BMI 5412
SE 0.69 0.62
Male 5 5
Gender (n) .869°
Female 28 25
. Single 30 25
Marital Status (n) - .367°
Married 3
Secondary 12
Educational Level (n) Tertiary 17 19 .633°
Post-graduate 4 3
Never/Rarely 11 16
Exercise Level (n) 1 to 2 times a week 15 7 157°
3 to 5 times a week 7 7
< 6 months 6 1
6 to 12 months 3 3
Duration of sleep problems (n) 3122
1-2 years 10 10
2+ years 14 16
Mean 15.73 14.57
ISI 1972
SE 0.61 0.65
Mean 75.27 80.03
DBAS 4652
SE 3.54 5.57
Mean 4.73 3.20
DASS - Depression 3122
SE 1.13 0.95
Mean 3.58 2.93
DASS - Anxiety 5402
SE 0.71 0.77
Mean 9.15 8.27
DASS - Stress 56562
SE 1.10 1.00
Mean 17.45 14.40
DASS - Total .356°
SE 2.43 2.17
n=28 n=27
Mean 7.33 6.92
PSD - Total sleep time (hrs) .3072
SE 0.28 0.28
Mean 39.38 32.61
PSD - Sleep latency (min) 4442
SE 7.16 4.97
Mean 3.23 3.15
PSD - Number of wakings after sleep onset .826°
SE 0.26 0.28
Mean 2.46 2.78
PSD - Sleep quality 1202
SE 0.11 0.16
Mean 2.88 2.72
PSD - Mood on awakening 4352
SE 0.11 0.16
Mean 2.77 3.02
PSD - Alertness on awakening 2542
SE 0.14 0.17
Mean 46.73 52.93
RSQ 1542
SE 2.46 3.54

SE=standard error; a = Independent samples t-test; b = Chi-squareTest.

Outcome Measures

Table 2. Change in Sleep Measures



Repeated Measures ANOVA

. During p-value
Basel . ’ -
NS | intervenion | PSR e | time x group | ()
interaction
Saffron Mean? 15.75 11.74° 000
Insomnia Severity Index (n=28) SE 0.66 0.81 '
Total Score (lower scores N .017 10.3
indicate improved sleep) Placebo | Mean® 14.74 13.46 116
(n=27) SE 0.67 0.83 '
Saffron Mean® 7.332 7.49¢ 477
(n=28) SE 0.28 0.20 '
PSD - Total sleep time (hrs) - .763 0.2
Placebo Mean 6.922 6.99¢ 267
(n=27) SE 0.29 0.20 '
Saffon | Mean® 39.38 29.49° .
(n=28) SE 6.15 4.73 '
PSD - Sleep latency (min) .298 2.0
Placebo | Mean® 32,612 31.06° N
(n=27) SE 6.26 4.81 '
Saffron Mean® 3.23° 2.51°¢ o
PSD - Number of wakings (n=28) SE 0.27 0.25 053 6.9
after sleep onset Placebo Mean® 3.152 2.98¢ w4 ) )
(n=27) SE 0.27 0.25 '
Saffron Mean® 2.462 2.99° 000
PSD - Sleep quality (higher | (n=28) SE 0.14 0.12 '
scores indicate greater - .014 10.9
quality) Placebo Mean 2.782 2.81¢ 848
(n=27) SE 0.14 0.12 '
Saffron Mean® 2.882 2.84¢ 746
PSD - Mood on awakening (n=28) SE 0.14 0.14 '
(lower scores indicate - .270 2.3
greater calmness) Placebo Mean 2.72° 2.88°¢ 057
(n=27) SE 0.14 0.14 '
Saffron Mean® 2.77° 3.07¢
PSD - Alertness on (n=28) SE 0.15 0.12 037
awakening (higher scores 5 .061 6.5
indicate greater alertness) Placebo | Mean 3.02# 2.92° 539
(n=27) SE 0.16 0.12 '
Mean® 46.732 56.12¢
Restorative Sleep (Snazf;rg)n .000
Questionnaire (high scores SE 3.00 2.69 029 8.6
indicate greater restorative Placebo Mean® 52932 54.62° ) )
sleep) —07 .569
(n=27) SE 3.06 2.74

a = mean baseline score from days -1 and 0; b= mean score from days 7 to 28; ¢ = mean score from days 3 to 28




ISI (Primary Outcome Measure)
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Figure 2: Change in ISI Scores (error bars depict standard error)

Changes in ISI total score across the two treatment groups and repeated measures ANOV A significance
levels are detailed in Table 2 and Figure 2. Saffron was associated with a statistically-significant
reduction in ISI score over time (F1,27=26.32, p<.001). However, no significant change was observed in
the placebo group (F126=2.65, p=.116). A between-group analysis revealed a statistically-significant time
x group interaction (F1,5=6.07, p=.017, N>=10.3%) with greater reductions in ISI score in the saffron

group compared to the placebo.

RSQ (Secondary Outcome Measure 1)

Changes in RSQ total score across the two treatment groups and repeated measures ANOVA
significance levels are detailed in Table 2. Saffron was associated with a statistically-significant
reduction in RSQ score over time (F1,27=25.25, p<.001). However, no significant change was observed in
the placebo group (F1,26=0.33, p=.569). A between-group analysis revealed a statistically-significant time
x group interaction (F15:=5.01, p=.029, n?=8.6%) with greater improvements in RSQ score in the saffron

group compared to the placebo.



PSD (Secondary Outcome Measure 2)

Changes in PSD scores across the two treatment groups and repeated measures ANOV A significance
levels are detailed in Table 2. Saffron was associated with statistically-significant improvements in the
number of awakenings after sleep onset (F1,27=14.65, p=.001), sleep quality (F127=24.58, p<.001), and
alertness upon awakening (F1,27=4.82, p=.037). No other significant changes were observed in other PSD
sleep parameters. In the placebo group, there were no statistically-significant changes in any PSD sleep
parameters over time. Between-group analyses revealed statistically-significant time x group
interactions in sleep quality (F1,5=6.51, p=.014, n>=10.9%), and near-significant effects in number of
awakenings after sleep onset (F153=3.92, p=.053, 1%=6.9%), and alertness upon awakening (F1,53=3.66,
p=-061, n?=6.5%).

DASS-21 (Secondary Outcome Measure 3)

Table 3. Change in DASS-21 Scores

Repeated Measure
ANOVA
Baseline Day 28 p-value p-value time
time X group
effects interaction
Mean 4.21 4.41
Saffron .852
) SE 1.11 0.88
Depression 467
Mean 3.31 2.38
Placebo 397
SE 1.17 0.93
Mean 2.97 3.59
Saffron .286
SE 0.74 0.69
Anxiety .102
Mean 3.31 2.38
Placebo .228
SE 0.79 0.72
Mean 8.41 9.52
Saffron 411
SE 1.05 1.31
Stress .995
Mean 8.38 9.50
Placebo 405
SE 1.11 1.38

Changes in DASS-21 sub-scores across the two treatment groups and repeated measures ANOVA
significance levels are detailed in Table 3. A repeated-measures ANOVA revealed there were no
statistically-significant changes in DASS-21 depression, anxiety, or stress scores over time in either the
saffron or placebo group. Between-group analyses also revealed no statistically-significant time x group

interactions in depression (F1,5:=0.54, p=.467), anxiety (F15=2.76, p=.102), or stress (F1,53=0.00, p=.995).



DBAS (Process Measure)

A Pearson’s correlation coefficient was calculated to examine the relationship between the baseline
DBAS total score and improvement in sleep quality as measured by the percentage change in ISI. A
statistically-significant correlation between baseline DBAS score and percentage change in ISI score was

observed (r=-.325, p=.015)

Intake of supplements

At day 28, participants recorded their quantity of remaining supplements. All participants reported

taking greater than 70% of their tablets.

Adverse events

No significant adverse events were reported by participants, with similar dropout rates across the two
conditions. No participant withdrew from the study due to concerns associated with supplement
intake. Further confirmation of the tolerability of saffron intake is provided by an examination of
satisfaction ratings at the end of the study which indicated that 4% of participants in the saffron group

(compared to 15% in the placebo group) were dissatisfied with their tablet intake.

DISCUSSION

In this parallel, randomised, double-blind, placebo-controlled trial, the 28-day intake of a
standardised saffron extract (affron®) was associated with a significant improvement in sleep quality in
adults with self-reported unsatisfactory sleep. Compared to the placebo, affron® delivered at 14mg
twice daily was associated with greater reductions in insomnia severity, as measured by the ISI, and
non-restorative sleep, as measured by the RSQ. Based on sleep diary recordings, saffron also
significantly increased ratings in sleep quality, and there were strong trends to suggest improvements
in ratings of alertness upon awakening, and reductions in the number of awakenings after sleep onset.
Saffron intake was well tolerated with no reported adverse events and positive satisfaction ratings by
participants. Mood ratings as measured by the DASS-21 also remained constant over the 28-day period,
with pre and post-intervention levels remaining within the normal ranges on all these subscales.

Saffron has an increasing body of evidence supporting its benefits in reducing depressive and
anxiety symptoms (Marx et al., 2019) although evidence of its sleep-enhancing benefits is limited. In a
small, pilot study, the 4-week administration of the identical saffron extract used in this study (affron®)
resulted in greater improvements in sleep quality, sleep latency, and daytime dysfunction in a subset of

poor sleepers compared to the placebo (Nishide et al., 2018). As an adjunct to antidepressants in adults



with unremitted depression, symptomatic improvements in sleep quality were also noted after saffron
administration (Lopresti et al., 2019). In a randomised, double-blind, placebo-controlled, crossover
study, the 14-day administration of crocetin (an active constituent in saffron) in adults with mild sleep
complaints was associated with increases in electroencephalography (EEG) delta activity and subjective
improvements in sleepiness and refreshment on rising. However, there were no significant changes in
other sleep parameters (Umigai et al., 2018). Improvements in sleep quality have also been reported in
type-2 diabetic adults with comorbid depression and anxiety after the 8-week intake of saffron
(Milajerdi et al., 2018).

The mechanisms associated with saffron’s potential sleep-enhancing qualities are uncertain although
several possibilities are speculated. The serotonergic, glutaminergic and GABAergic system which are
both implicated in sleep and insomnia (Gottesmann, 2002; Meyerhoff et al., 2014; van Dalfsen and
Markus, 2019) have been influenced by saffron administration (Berger et al., 2011; Georgiadou et al.,
2012; Hosseinzadeh and Sadeghnia, 2007; Sadeghnia et al., 2008). Saffron’s anti-inflammatory effects
(Zeinali et al., 2019) may also be associated with its sleep-enhancing and sleep restorative effects as
insomnia is also associated with increased inflammatory markers (Slavish et al., 2018). In animal
models, the individual saffron constituents comprising safranal, crocin and crocetin, have been
associated with increases in non-rapid eye movement sleep (Liu et al., 2012; Masaki et al., 2012). Saffron
also modified EEG activity by increasing delta power (Umigai et al., 2018). Further research is required

to elucidate these findings and primary mechanisms associated with saffron’s sleep-enhancing effects.

Limitations and Directions for Future Research

Despite positive improvements in sleep quality associated with saffron intake, there are several
limitations associated with this study. Outcome measures comprised validated, subjective sleep
measures; however, no objective measure of sleep change was included. Polysomnography and
actigraphy assessments will be important to include in future studies to help validate the results from
subjective assessments. A single dose of 14mg of affron® twice daily was used in the study. The efficacy
and safety of using differing doses require further investigation. Dose-escalation studies may also be
helpful to examine its impact on the magnitude of treatment effects and in treatment non-responders.
As saffron is subject to adulteration and the quality of extracts can vary significantly (Khilare et al.,
2019), the generalisability of these findings to other saffron extracts should also be done cautiously.
Therefore, replication using other saffron extracts is essential to assess the generalisability of findings.
Dysfunctional beliefs about sleep as measured by the DBAS negatively impacted on treatment
outcomes in all participants. This suggests that dysfunctional sleep beliefs present as a barrier to

successful treatment. Therefore, modifying dysfunctional beliefs via interventions such as cognitive-



behaviour therapy (CBT) may be associated with greater treatment efficacy. Saffron as adjunct to CBT
compared to a stand-alone intervention may be prudent to investigate in future studies. Finally, the
sleep-enhancing effects of saffron in differing populations require further investigation. This includes
individuals with comorbid medical and/or psychiatric conditions, chronic or severe sleep disturbances,
and in participants with a range of demographic and psychographic characteristics.

The results from this study have demonstrated that a standardised saffron extract (affron®) at a dose
of 14mg, twice daily for 28 days improved sleep quality in adults with self-reported unsatisfactory
sleep. Saffron was well tolerated with no reported adverse effects. While positive, these findings

require replication using a larger sample size and differing populations.
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