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ABSTRACT
Drugs generally used in major depressive disorder are considered inappropriate for the more common milder forms. The efficacy 
of saffron extracts has been demonstrated in mild to moderate depression and in preclinical models of depression. However, 
evidence of saffron activity on reduced hedonic responsiveness and motivational anhedonia is limited. Since dopamine trans-
mission dysfunctions are crucially involved in anhedonia and saffron seems to positively modulate dopamine release, we studied 
the potential antidepressant and anti-anhedonic effects of a standardized formulation of saffron extract in preclinical models of 
anhedonia-like behaviors, and patients diagnosed with unipolar or bipolar depression. We tested saffron activity in a rat model 
of stress-induced motivational anhedonia using sucrose self-administration protocols and investigated the molecular underpin-
nings of this effect focusing on DARPP-32 phosphorylation pattern in response to a reinforcer and BDNF–TrkB signaling, in 
the nucleus accumbens and medial prefrontal cortex. In parallel, with a pilot double-blind placebo-controlled study we investi-
gated whether saffron add-on therapy reduced symptoms of depression and anhedonia, measured by the Montgomery–Åsberg 
Depression Rating Scale. Repeated saffron administration restored motivation and reactivity to reward-associated cues in anhe-
donic rats, likely modulating dopaminergic transmission and BDNF–TrkB signaling. In depressed patients, an 8-week saffron 
add-on therapy induced a global improvement in depressive symptoms and a significant reduction in anhedonia. The study 
supports a pro-motivational effect of saffron and suggests a potentially useful saffron-based augmentation strategy in anhedonic 
patients, albeit with limitations due to small sample size and short trial duration.

Abbreviations: ANH5, MADRS 5-item anhedonia subscale; BDNF, brain-derived neurotrophic factor; BP, breaking point; DARPP-32, dopamine and cAMP-regulated phosphoprotein, Mr 
32 kDa; FR, fixed ratio; MADRS, montgomery–Åsberg depression rating scale; mPFC, medial prefrontal cortex; NAc, nucleus accumbens; PKA, protein kinase A; PR, progressive ratio; SPT, 
sucrose preference test; SSA, sucrose self-administration; TrkB, tyrosine receptor kinase B.
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1   |   Introduction

Mild depression has received increasing attention being twice 
as common as major depressive disorder and highly prevalent 
in young people (Fergusson et al. 2005; Carrellas, Biederman, 
and Uchida 2017; Noyes et al. 2022). For these milder forms, 
drugs generally used in major depression are considered in-
appropriate, particularly due to their side effects that reduce 
adherence to therapy (Naber and Bullinger 2018). Therefore, 
research in this field is committed to finding novel therapeu-
tic approaches for patients suffering from mild to moderate 
depression. Among the herbal compounds proposed, saffron 
extracts, obtained from the dried stigmas of Crocus sativus 
L., demonstrated efficacy in mild to moderate depression 
(Lopresti and Drummond  2014; Tóth et  al.  2019). Saffron, 
largely used as a spice in cooking, is included in the European 
Pharmacopoeias, and is used in traditional medicine for its 
various healing properties, being endowed with a favorable 
safety profile. Indeed, studies in rodents demonstrated vir-
tually null acute toxicity for the extracts and their compo-
nents, except for extremely high doses (Bostan, Mehri, and 
Hosseinzadeh  2017). Four major bioactive compounds have 
been identified: crocins, crocetin, picrocrocin, and safranal. 
Randomized, controlled clinical trials and preclinical stud-
ies suggest that saffron is an effective treatment, or add-on 
treatment, for depression (Orio et al. 2020; Tóth et al. 2019). 
Moreover, different preclinical studies that examined the 
potential antidepressant and anxiolytic properties of saffron 
total extract and/or crocin indicate a correlation with a pos-
itive modulation of dopamine and serotonin concentrations 
in several brain regions, among different possible mecha-
nisms of action (Ettehadi et al. 2013; Monchaux De Oliveira 
et al. 2021). In light of these modulatory effects, as dopaminer-
gic transmission in the cortico-mesolimbic circuit plays a rel-
evant role in motivational responsiveness to hedonic stimuli, 
we hypothesized that saffron may be useful for the treatment 
of conditions characterized by reduced hedonic responsive-
ness and motivational anhedonia.

Anhedonia is a frequent symptom of depressive disorders associ-
ated with decreased quality of life and is considered a risk factor 
for the development of severe symptoms, treatment resistance 
and a chronic illness course (Vanderlind et  al.  2020; Lindahl 
et al. 2023). Moreover, individuals with bipolar disorders experi-
ence depressive episodes of high frequency, duration, and chro-
nicity, often with significant levels of anhedonia (Dev et al. 2024; 
Kupka et al. 2007; Machado-Vieira et al. 2023). Thus, the identifi-
cation of treatments that effectively target the domain of reduced 
motivation and anhedonia in mood disorders is of high clinical 
relevance. Since the effect of saffron on this domain was not yet 
specifically investigated, we focused the study on motivational 
anhedonia and examined the activity of a standardized formu-
lation of freeze–dried extract of saffron farmed in Tuscany in: (i) 
preclinical models of depressive-like behaviors in rats and (ii) pa-
tients diagnosed with mild unipolar or bipolar depression.

To this end, in the preclinical study, in order to evaluate the 
anti-anhedonic effect of saffron we used a reinforcement par-
adigm, sucrose self-administration (SSA) protocols, in a rat 
model of stress-induced motivational anhedonia (Scheggi 

et  al.  2018). Next, the molecular underpinnings of saffron 
pro-motivational effect were investigated. The dopaminergic 
mesolimbic pathway is involved in motivation toward rel-
evant stimuli (Treadway, Cooper, and Miller  2019) and the 
dopaminergic response to positive stimuli, characterized by 
dopamine D1 receptor/Protein Kinase A (PKA)/Dopamine 
and cAMP-regulated phosphoprotein Mr. 32 kDa (DARPP-32) 
signaling in the nucleus accumbens (NAc) and medial pre-
frontal cortex (mPFC), is dramatically blunted in anhedonia 
and is restored by compounds endowed with anti-anhedonic 
properties (Scheggi, De Montis, and Gambarana 2018). Thus, 
we examined whether saffron administration restored the 
DARPP-32 phosphorylation pattern in response to a reward-
ing stimulus in these brain regions. Moreover, since the con-
sequences on dopaminergic neurons of chronic exposure to 
unavoidable stress likely do not only result in a weakening 
of reward-related signaling, we analyzed brain-derived neu-
rotrophic factor (BDNF)-tyrosine receptor kinase B (TrkB) 
signaling in the same brain regions. Indeed, several stud-
ies implicated BDNF in the antidepressant effects of saffron 
(Ghasemi et al. 2015; Mohammadi et al. 2023), and the BDNF–
TrkB pathway activation in the NAc has been associated with 
recovery from emotional deficits (Li et al. 2023). TrkB has two 
different isoforms, the full-length TrkB that contains a tyro-
sine kinase domain and autophosphorylates at tyrosine 515 
and 816 upon BDNF binding (TrkB-FL), and the truncated 
isoform (TrkB-T), which lacks the tyrosine kinase domain 
(Minichiello  2009). We focused on phosphorylation at tyro-
sine 816, which is considered an index of activation of BDNF 
downstream signaling, critical for activity-dependent neuro-
nal plasticity (Enkavi et al. 2024).

In parallel, as anhedonia is a specific clinical dimension that 
characterizes treatment-resistant depression in unipolar and 
bipolar patients (Kelly, Freeman, and Schumacher 2022), an 8-
week, double-blind placebo-controlled study was conducted in 
patients with a current depressive episode diagnosed with un-
ipolar or bipolar mood disorder to investigate whether saffron 
augmentation reduced symptoms of depression and anhedonia, 
measured by the clinicians-rated Montgomery–Åsberg depres-
sion rating scale (MADRS). Bipolar patients were enrolled in the 
study as saffron broad effects on neurotransmitter systems and 
its safety profile make it a reasonable option for bipolar depres-
sion despite the absence of bipolar-specific preclinical studies 
(Kell et al. 2017). The urgent need for novel, well-tolerated treat-
ments in bipolar depression justifies the exploration of saffron as 
an adjunctive therapy, particularly when other treatments have 
proven insufficient.

2   |   Material and Methods

2.1   |   Plant Material

Saffron samples originating from the Montalcino cultivation 
area, in Tuscany, Italy, were provided by Pura Crocus (Siena, 
Italy) and were classified as category I according to ISO 3632-
1/1993 and ISO 3632-2/2010, European Food Regulation, rela-
tive to crocin, picrocrocin, and safranal content and absence of 
additives and pesticides.
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Dried stigmas were standardized for the content of main com-
ponents (Phytolab-Pharmaceutical, Cosmetic, Food supplement 
Technology and Analysis, University of Florence, Italy) using 
high-performance liquid chromatography (HPLC) with a diode 
array detector (DAD).

2.2   |   HPLC/DAD/MS Analysis

Saffron stigmas were dried at 40°C, extracted with 70% etha-
nol, exposed to freeze–dry procedure and then analyzed by an 
HP 1260 liquid chromatograph equipped with a DAD detector 
and an atmospheric pressure ionization/electrospray ionization 
(API/ESI) interface (Agilent Technologies, Palo Alto, CA, USA) 
as detailed in Masi et al. (2016).

2.3   |   Animals

Experiments were carried out on male Sprague–Dawley rats 
(Charles River, Calco, Italy), 9–10 weeks old when the exper-
imental procedures began. Rats were group-housed in an en-
vironment maintained at a constant temperature (21°C–24°C) 
and humidity (40%–60%) with free access to food and water, 
and a 12 h reverse light/dark cycle. Rats were allowed 10 days 
of habituation to the animal colony, to handling and to the 
test rooms before the beginning of experimental procedures. 
Animal care and experimental procedures were in accordance 
with the European and Italian legislation on the use and care of 
laboratory animals (EU Directive 2010/63, and D.L. 2014/26). 
Experimental protocols were approved by the University of 
Siena Animal Welfare Body and by the Italian Ministry of 
Health (Authorization N. 874/2021-PR).

2.4   |   Elevated Plus Maze (EPM) Test

Exposure to unavoidable stressors induces in rodents 
an increase in anxious-like behaviors (Padovan and 
Guimarães 2000), and anxiety is often comorbid with depres-
sion and, in general, mood disorders (Saha et al. 2021). Thus, 
it was of interest to assess the possible effects of the extract 
on anxiety-related behaviors, as an anxiolytic activity could 
contribute to improve performance in the shock-escape test. 
To evaluate a potential anxiolytic effect, we used the EPM test 
that lasts 5 min (Pellow et  al.  1985). Rats were individually 
placed in the central platform of the maze and the time spent 
in the open and closed arms during the 5 min test was video-
recorded. The percentage of time spent in open or closed arms 
was calculated by the formula: (time in open or closed arms/
time in open + closed arms) × 100. Data were analyzed by 
trained experimenters, blinded to group assignment.

2.5   |   Induction of Acute Escape Deficit

An escape deficit was induced by exposure to an unavoidable 
stress session, as described (Gambarana et al. 2001; Scheggi, 
Pelliccia, et al. 2018). Rats were immobilized with a flexible 
wire-net and exposed to tail shocks (1 mA × 5 s, 1 every 30 s 
for 50 min). Twenty-four hours later, they were exposed to an 

avoidable stress session: the shock-escape test. The criterion 
for defining the escape deficit condition was a score of 0–6 
escapes out of 30 trials (Scheggi, Pelliccia, et al. 2018). A group 
of rats not exposed to the unavoidable stress session was only 
exposed to the shock-escape test to provide a within experi-
ment measure of the baseline reactivity to the test (Naive). The 
number of escapes was recorded by an experimenter blinded 
to group assignment.

2.6   |   Chronic Stress Protocol

Rats underwent the unavoidable stress session and the shock-
escape test to assess the development of escape deficit, as de-
scribed above. Beginning 48 h after the escape test, on alternate 
days rats were exposed for 10 min to unavoidable stressors: (a) 
tail shocks of 1 mA × 5 s, 1 every 30 s or (b) immobilization on 
a flexible wire-net restrainer, in order to maintain the escape 
deficit condition (Gambarana et  al.  2001; Scheggi, Pelliccia, 
et al. 2018).

2.7   |   Sucrose Self-Administration (SSA)

Self-administration experiments were conducted according 
to Scheggi, Pelliccia, et  al.  (2018) in operant chambers (MED 
Associates Inc., St. Albans, VT, USA) provided with two re-
sponse levers: the active lever delivered a sucrose pellet (unfla-
vored dustless precision pellets 45 mg, Bio-Serv, Frenchtown, NJ, 
USA) into the food receptacle, while the inactive lever produced 
no programmed result. Experimental events were scheduled, and 
data were recorded using the MED Associates software (MED 
Associates Inc.). In all the sessions, rats were non-food deprived, 
that is they had free access to standard food pellets before and 
after the self-administration sessions. Rats in the control and 
chronic stress-exposed groups were trained using the fixed ratio 
(FR) 1, FR5 and then progressive ratio (PR) schedules. FR1 and 
FR5 sessions are scheduled to last 15 min, whereas PR sessions, 
in which the number of responses required to receive a sucrose 
pellet was progressively increased with a step size of 3 (PR3), 
ended when 5 min elapsed without a response (breaking point, 
BP). BP was defined as the number of lever presses in the final 
completed ratio. The criterion for appetitive motivation deficit, 
induced by exposure to the chronic stress protocol, was a lever-
pressing rate lower than 60% of the control group rate in FR1 and 
FR5 schedules (Scheggi, Pelliccia, et al. 2018). Rats in the chronic 
stress group were exposed to stress sessions in the afternoon, 
3–4 h after the end of self-administration sessions.

2.8   |   Immunoblotting

The mPFC and NAc were excised from the slices that had been 
identified using the Atlas of Rat Brain corresponding to plates 
7–9 and 10–12, respectively (Paxinos and Watson 2007) and im-
munoblotting was performed as detailed in Scheggi et al. (2020). 
Briefly, brain tissues were sonicated in 10 volumes of RIPA 
buffer containing protease inhibitor cocktail (Sigma-Aldrich), 
50 mM sodium fluoride (NaF), 4 mM phenylmethylsulfonyl flu-
oride (PMSF), then centrifuged at 12,000 × g for 10 min at 4°C to 
remove cell debris.
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The samples, containing 30 μg of total protein, were loaded on 
precast polyacrylamide gels (4%–15% Criterion TGX Stain-Free 
Precast Gel; Bio-Rad Laboratories) and separated by electropho-
resis (SDS-PAGE) at 130 V for 60–90 min.

Subsequently, the proteins were transferred to a nitrocellulose 
membrane using the Trans-Blot Turbo Transfer system (Bio-
Rad Laboratories). The membranes were then blocked for 2 h 
at room temperature with 3% BSA (Sigma-Aldrich) in TRIS-
buffered saline (20 mM Tris Base, 150 mM NaCl) containing 
0.1% Tween 20, followed by overnight incubation with primary 
antibodies at 4°C.

The membranes were probed with the following antibodies: 
anti-DARPP-32 (Cell Signaling Technology, Beverly, MA, USA, 
#2302), anti-phospho-Thr34 DARPP-32 (PhosphoSolutions, 
Aurora, CO, USA, #p1025-34), anti-BDNF (Abcam, 
ab226843), anti-TrkB (Cell Signaling, #4603S), anti-phospho-
TrkB (Millipore, #ABN1381), and anti-β-actin (Invitrogen, 
MA5-11869).

Following three 10-min washes, the membranes were incu-
bated with HRP-conjugated secondary antibodies. Antibody 
binding was detected using Clarity ECL substrate (Bio-Rad 
Laboratories). Band intensities were quantified using the Image 
Lab software and Gel Doc XRS+ system. Phospho-protein lev-
els were normalized to those of total unphosphorylated protein, 
while total protein levels were normalized to β-actin levels. The 
values, expressed in arbitrary units, were then calculated as a 
percentage of the CTR group.

2.9   |   Drugs and Chemicals

The freeze–dried saffron extract was prepared daily in deion-
ized/distilled water and administered i.p. at the dose of 20 or 
40 mg/kg/die, in a final volume of 2 mL/kg rat body weight 
(Ghadrdoost et  al.  2011). Control groups received an intraper-
itoneal (i.p.) administration of saline solution, at the volume 
of 2 mL/kg rat body weight. Diazepam was purchased from 
Tocris Bioscience (Bristol, UK) and was suspended in distilled 
water with 0.3% Tween 80 (vehicle) and administered i.p. in a 

final volume of 1 mL/kg (Harada et  al.  2006). Authentic stan-
dards were purchased from Sigma-Aldrich (St. Louis, USA) or 
Extrasynthèse S.A. (Lyon, France).

3   |   Experimental Protocols

3.1   |   Experimental Protocol 1

3.1.1   |   Effects of Saffron Extract on Anxiety-Like 
Behaviors in the EPM Test

In order to evaluate whether long-term Crocus sativus L. extract 
administration decreased the expression of anxious-like behav-
iors, rats (n = 48) were divided into three groups that received 
daily i.p. administration of saline solution (n = 24) or saffron 
extract (20 mg/kg, n = 12 or 40 mg/kg, n = 12). On the 21st treat-
ment day, the EPM test was performed using: 16 saline-treated 
rats and 24 saffron-treated rats (SAFFRON 20 mg/kg and 
SAFFRON 40 mg/kg). Thirty min before the test, the saffron-
treated rats and 8 saline-treated rats (CTR group) received, an 
i.p. injection of vehicle (distilled water with 0.3% Tween 80) in 
the volume of 1 mL/kg, while the remaining 8 rats from the 
saline group received an i.p. injection of diazepam (1 mg/kg) 
(Diazepam group). Diazepam-treated rats represent the positive 
control group for anxiolytic activity and were not used in further 
experiments. The 8 CTR rats and the saffron-treated rats contin-
ued treatment (Figure 1).

3.1.2   |   Effects of Repeated Treatment With Saffron 
Extract on the Prevention of the Escape Deficit Induced 
by Exposure to Acute Unavoidable Stress

In order to evaluate the possible protective effect of the extract on 
the development of depressive-like behaviors induced by exposure 
to acute unavoidable stress, on day 23, the saline- and saffron-
treated rats tested in the EPM test on day 21 were exposed to the 
unavoidable stress session (pretest) and 24 h later (day 24) to the 
shock-escape test. In addition, 8 saline-treated rats were not ex-
posed to the pretest and were tested as the control group for reactiv-
ity to avoidable stress in the shock-escape test (NAIVE) (Figure 1). 

FIGURE 1    |    Schematic representation of treatments, group and subgroup assignment in the experimental protocol 1.
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This was a crucial experiment preliminary to the assessment of 
saffron ability to revert the behavioral modifications induced by 
rats' exposure to a more invasive chronic stress protocol.

Based on the results of this experiment, we selected the higher dose 
of the extract (40 mg/kg) to be used in the following experiments.

3.2   |   Experimental Protocol 2 Effects of Saffron 
Extract on Motivational Anhedonia Induced by 
Exposure to the Chronic Unavoidable Stress Protocol

In order to assess the potential effects of long-term saffron admin-
istration on motivational anhedonia and escape deficit in rats ex-
posed to a chronic unavoidable stress protocol, in a preliminary 
experiment we investigated whether saffron administration per se 
affected the acquisition of SSA. After 1 week of treatment, saline-
treated control rats (n = 5) and saffron-treated rats (n = 6) were 
trained in SSA protocols (FR1, FR5 and PR3), while continuing 
treatment. Thus, the BP was evaluated in rats exposed to treat-
ment for about 23–25 days, considering that FR1 and FR5 sessions 
last approximately 6–7 and 5–6 days are necessary to perform PR. 
Long-term saffron treatment did not induce gross behavioral mod-
ifications and did not affect motor activity or performance in the 
self-administration protocols, indicating that the extract did not 
modify cognitive and learning abilities or reward threshold. We 
then proceeded to evaluate the effects of the extract on the moti-
vational deficits induced by chronic unavoidable stress exposure.

A total of 38 rats were used in this experiment: 20 rats (Chronic 
stress group) were exposed to the sequence of unavoidable stress 
session (pretest, day 1) and shock-escape test (day 2), 8 rats 
(NAIVE) were only exposed to the shock-escape test, and 10 
rats (control group, CTR) were exposed neither to the unavoid-
able stress session nor to the shock-escape test. To maintain the 
depressive-like phenotype, the Chronic stress group was exposed 
to the unavoidable stress protocol until the end of the experiment. 
On day 14, when the Chronic stress group had already been ex-
posed to stress sessions for 12 days, all rats began the training for 
SSA (FR1 and FR5 protocols). On day 28, after the fifth FR5 ses-
sion, treatments began: the CTR group (n = 10) received saline; 
rats in the Chronic stress group were divided into a saline-treated 
group (Chronic stress, n = 10) and a saffron-treated group (Chronic 
stress + SAFFRON, n = 10). After 10 days of saline or saffron ad-
ministration, all rats, exposed or not to stress sessions, resumed 
training in the SSA protocols (FR5 and PR3), while continuing sa-
line or saffron treatment and stress exposure.

Two days after the end of the SSA experiment, rats in the Chronic 
stress, Chronic stress + SAFFRON, and NAIVE groups were ex-
posed to the escape test, 18 h after the last treatment.

3.3   |   Experimental Protocol 3 Effects of Saffron 
Extract on Neurochemical Modifications Induced 
by Chronic Unavoidable Stress Exposure

We used the same design as in the previous experiment, with the 
exception of the SSA protocol, in order to study the neurochemi-
cal underpinnings of saffron anti-anhedonic effects without the 
possible confounding effects of SSA training. Thus, 32 rats were 

exposed to the unavoidable stress protocol (Chronic stress) and 
16 rats were not exposed to the unavoidable stress protocol, con-
trol group (CTR). After 12 days of exposure to the stress protocol 
or not, treatments began for 14 days with saline (CTR, n = 16, and 
Chronic stress, n = 16) or saffron (Chronic stress + SAFFRON, 
n = 16). Then, 18 h after the last treatment, rats in each group 
were subdivided into two subgroups, one sacrificed at time 0 
(baseline, n = 8/group) and the other 30 min after the consump-
tion of sucrose pellets (n = 8/group), to analyze possible modifi-
cations in the dopamine D1 receptor-PKA-DARPP-32 pathway 
in response to the hedonic stimulus. The BDNF/TrkB signaling 
was examined only in the subgroups of rats sacrificed at base-
line. The time point for sacrifice was chosen because the previ-
ous experiment showed that around this time, after 10 days of 
treatment alone and 3–5 days of treatment plus FR5 training, 
saffron started to show its anti-anhedonic effects.

3.4   |   Clinical Study

3.4.1   |   Design

An 8-week, double-blind, placebo-controlled pilot study was con-
ducted at the Division of Psychiatry, University of Siena Medical 
Center (AOUS), to evaluate the effect of saffron as an add-on ther-
apy to antidepressants (AD) in patients with mild to moderate de-
pression. Treatment was assigned using a 1:1 randomization ratio. 
The sample size was calculated based on a power analysis to detect 
a clinically significant change in the MADRS. Participants were 
randomized into 2 study arms: one arm (20 subjects) received anti-
depressant therapy + saffron 30 mg/die (AD + SAFFRON) and the 
other arm (20 subjects) received antidepressant therapy + placebo 
(AD + placebo) for 8 weeks.

Saffron extract or placebo was provided in gelatin capsules admin-
istered twice a day, 2 capsules for each administration. Saffron 
capsules contained 7.5 mg of extract, for a daily dose of 30 mg, ac-
cording to (Akhondzadeh et al. 2005); placebo capsules contained 
the same excipients as the saffron capsules, except the extract that 
was substituted by 7.5 mg of calcium phosphate (Table S1).

Overall depression severity was assessed at baseline and weekly 
for 8 weeks using the MADRS total score by an independent psy-
chiatrist who conducted the clinical interviews. Anhedonia was 
assessed using the MADRS 5-item Anhedonia Subscale (ANH5) 
score, which is based on the following items: (1 obvious sadness; 
2 reported sadness, 6 difficulty concentrating, 7 fatigue, 8 inabil-
ity to feel; McIntyre, Loft, and Christensen  2021). The reduc-
tion in MADRS total score at week 8 was the primary efficacy 
endpoint, with a clinically relevant response defined as a 50% 
reduction in MADRS total score.

All participants gave written informed consent, and the study was 
approved by the Institutional Review Board-Ethics Committee 
of the University of Siena (protocol code: NAT-DEP-ZAFF).

3.4.2   |   Patients

Eligible subjects aged 18 years or older, had major depres-
sive disorder (MDD) or bipolar disorder (BD) with a current 
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depressive episode. Subjects were referred to the study after 
a partial response to an antidepressant, suggesting that the 
current and partially effective antidepressant should not be 
discontinued, but could benefit from augmentation. Inclusion 
criteria were (1) a MADRS score > 16 and (2) the absence of 
psychiatric comorbidity. Patients with gastrointestinal or he-
patic diseases, that may affect saffron absorption, were ex-
cluded (Figure 1).

3.5   |   Statistical Analysis

Statistical analyses were performed using Prism GraphPad 
Software 8.0. Multiple ANOVAs as appropriate were performed 
as described in figure legends; post hoc testing using Sidak's 
or Dunnett's multiple comparison test was used to compare all 
pairs of mean or each condition to a control group, respectively. 
To compare the effect of AD + SAFFRON versus AD + placebo at 
the endpoint, data were calculated using the independent sam-
ples t test. The log-rank test was used to test the difference be-
tween the times required to achieve a MADRS score < 12. Data 
are presented as mean ± SEM. Significance was set at p < 0.05. 
All statistical details are provided in Table S2.

4   |   Results

4.1   |   Qualitative and Quantitative Analysis 
of Saffron Freeze–Dried Stigmas Hydroalcoholic 
Extract

The chromatographic profile, acquired at 440 and 350 nm by 
HPLC-DAD, of saffron freeze–dried hydroalcoholic extract 
identified the compounds listed in Figure 2A. Their qualitative 
and quantitative analysis are shown in Figure  2B. The total 
content of crocins was 479.21 mg/g; trans-crocin 4 and trans-
crocin 3 were the main crocin derivatives present (Vignolini 
et  al.  2008). Among flavonoids, kaempferol-3-O-sophoroside 
was the main compound.

4.2   |   Effects of Saffron Extract on Anxiety-Like 
Behaviors in the EPM Test

This experiment aimed to evaluate whether the saffron extract 
was endowed with anxiolytic activity (Figure  3A). As depres-
sion and anxiety are distinct but closely related phenomena, it 
was relevant to distinguish an anxiolytic effect in rats not yet 
exposed to unavoidable stress from the ability to improve coping 
strategies in rats exposed to stressful cues.

Saffron, at both doses, did not modify the responses in the 
EPM test compared to the CTR group. Diazepam-treated 
rats showed an increase in the time spent in the open arms 
(p < 0.05) and a decrease in the time spent in the closed arms 
(p < 0.05) in comparison to the vehicle-treated rats, CTR 
group (Figure  3B,C). Furthermore, the number of total arm 
entries was similar between groups, suggesting that long-term 
administration of the extract did not affect locomotor activity 
(Figure 3D).

4.3   |   Effects of Repeated Treatment With Saffron 
Extract on the Prevention of the Escape Deficit 
Induced by Exposure to Acute Unavoidable Stress

This experiment aimed to evaluate whether the saffron extract 
prevented the escape deficit induced by acute exposure to un-
avoidable stress (Figure 3A).

In the escape test, rats never exposed to unavoidable stress 
(NAIVE) showed normal responsiveness to avoidable noxious 
stimuli while saline-treated rats exposed to the pretest session 
(STRESS) developed a clear-cut escape deficit (STRESS vs. 
NAIVE, p < 0.01). The administration of saffron extract was 
effective in preventing the escape deficit at the 40 mg/kg dose 
(vs STRESS, p < 0.05), while at the 20 mg/kg dose only par-
tially increased the reactivity to avoidable nociceptive stimuli, 
(Figure 3E). Thus, in the following experiments only the 40 mg/
kg dose was used.

FIGURE 2    |    Qualitative and quantitative analysis of saffron freeze–dried stigmas hydroalcoholic extract. (A) Chromatographic profile, acquired 
at 440 and 350 nm by HPLC-DAD, of a hydroalcoholic extract from saffron stigmas at relative maximum absorbance of crocins and flavonoids. 
Identified compounds: (1) kaempferol-3-sophoroside-7-glucoside, (2) picrocrocin, (3) kaempferol-3-sophoroside, (4) trans-crocin 5, (5) trans-crocin 4, 
(6) trans-crocin 3, (7) trans-crocin 2′, (8) cis crocin 4, (9) cis crocin 2, (10) cis crocin 1, (11) safranal, c = crocin derivative. (B) Quali-quantitative analysis 
of freeze–dried stigmas. Data are expressed as mg/g dry sample. Data are the mean of three determinations (standard deviation 5%). K = kaempferol.
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This was a necessary preliminary experiment in order to step 
up to the assessment of saffron ability to revert the behavioral 
modifications induced by exposure to a more invasive chronic 
stress protocol.

4.4   |   Repeated Treatment With Saffron Extract 
Rescued Motivational Anhedonia Induced by 
Exposure to a Chronic Unavoidable Stress Protocol

In order to further assess the potential antidepressant activity 
of saffron extract, we exposed rats to chronic unavoidable stress 
and studied saffron ability to reverse motivational anhedonia-
like behavior and escape deficit.

In a preliminary experiment, aimed at evaluating whether saf-
fron affected the performance in SSA protocols, we observed 
that saffron did not induce gross behavioral modifications and 
did not affect motor activity, nor did modify SSA acquisition. 
Responding under FR1, FR5 and PR3 schedules was similar in 
the CTR and SAFFRON groups (Figure S1).

Next, we used an unavoidable Chronic stress protocol to in-
duce in rats a condition of motivational anhedonia, measured 
in terms of impaired performance in SSA schedules, in order to 
evaluate the ability of saffron to reinstate operant responding 
to sucrose (Figure 4A). Rats in the Chronic stress group dis-
played a clear-cut impairment in their competence to acquire 
SSA under FR1 (session 3, p < 0.01, sessions 4 and 5, p < 0.001, 
Figure 4B), and FR5 protocols (session 3, p < 0.01, sessions 4 
and 5, p < 0.001, Figure 4C). When the Chronic stress group 
attained the criterion for appetitive motivation deficit (see 
Section  2) it was divided into two subgroups that continued 
the exposure to the chronic stress protocol and received once 

daily an i.p. administration of saline (Chronic stress) or saf-
fron extract (Chronic stress + SAFFRON) (day 28). Saffron 
administration for 14–17 days did not restore the competence 
to operate for sucrose under FR5 schedule, disrupted by stress 
exposure (Chronic stress vs. CTR group, p < 0.05, p < 0.01 and 
p < 0.001 at sessions 3, 4 and 5; Figure 4D). However, analysis 
of the BP values showed that saffron extract reinstated the mo-
tivation to press the lever for sucrose (Chronic stress vs. CTR 
group, p < 0.01, Chronic stress + SAFFRON vs. Chronic stress 
group, p < 0.05; Figure 4E). The apparent discrepancy between 
the results obtained in the FR5 and PR schedules can be likely 
ascribed to the different length of saffron treatment (e.g., 
20–23 days of treatment when the PR schedule was applied, 
versus 14–17 days of treatment during FR5 training). Thus, 
we can argue that, for saffron to exert its anti-anhedonic and 
antidepressant-like properties, it is necessary a length of treat-
ment of at least 3 weeks, which in this experiment was reached 
at the time of exposure to the PR schedule (Figure 4A).

Twenty-four h after the last PR session, rats in each group were 
exposed to the escape test to verify their reactivity to avoidable 
aversive stimuli. Further supporting the positive effect on hypo-
reactivity to noxious stimuli, saffron treatment was able to restore 
the escape competence of rats exposed to the chronic unavoidable 
stress protocol (Chronic stress vs. NAIVE group, p < 0.001; Chronic 
stress vs. Chronic stress + SAFFRON group, p < 0.01, Figure 4F).

4.5   |   Repeated Treatment With Saffron Extract 
Reinstated the DARPP-32 Phosphorylation 
Response to a Positive Stimulus

In order to study whether repeated saffron administration restored 
the DARPP-32 response to a reinforcer, disrupted by chronic stress 

FIGURE 3    |    Repeated saffron administration did not show anxiolytic effects and prevented the escape deficit induced by unavoidable stress. (A) 
Outline of the experiment. (B–D) Time spent in the open (B) or closed arm (C), or overall locomotion (D). Diazepam-treated rats (1 mg/kg, i.p. 30 min 
before the test) were used as the positive control group. One-way ANOVA, (B): F3,36 = 4.136, p < 0.05; (C): F3,36 = 4.177, p < 0.05; (D): F3,36 = 1.029, 
p = 0.3912. Post hoc comparisons: *p < 0.05 diazepam-treated rats versus CTR group, Dunnett's multiple comparisons test. (E) Number of escapes, 
One-way ANOVA, F3,36 = 5.020, p < 0.01. Post hoc comparisons: **p < 0.01 STRESS versus the NAIVE group; #p < 0.05 SAFFRON 40 mg/kg versus 
the STRESS group, Dunnett's multiple comparisons test.
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exposure, we examined the phosphorylation pattern of DARPP-32 
in the NAc and mPFC by immunoblotting, at baseline or 30 min 
after the consumption of sucrose pellets. In the NAc, levels of total 
DARPP-32, as well as baseline levels of phospho-Thr34 DARPP-32, 
were similar between experimental groups (Figure  5A,B). The 
CTR group rats showed an increase in phospho-Thr34 DARPP-32 
levels, expressed as a percentage of the baseline values, after su-
crose consumption (p < 0.05), while Chronic stress rats showed 
a blunted phospho-Thr34 DARPP-32 response (Figure  5C). 
Remarkably, saffron administration reinstated the Thr34-
DARPP-32 phosphorylation increase in response to sucrose pellet 
consumption in the Chronic stress + SAFFRON group (p < 0.05, 
Figure  5C). In the mPFC, levels of total DARPP-32, as well as 
baseline levels of phospho-Thr34 DARPP-32 were similar between 
experimental groups (Figure  5E,F), phospho-Thr34 DARPP-32 
levels increased after sucrose consumption in the CTR (p < 0.001) 
and in the Chronic stress + SAFFRON groups (p < 0.001), but not 
in the Chronic stress group (Figure 5G).

4.6   |   Repeated Treatment With Saffron Extract 
Restored the BDNF/TrkB Signaling Impaired by 
Chronic Stress Exposure

In the NAc, mature BDNF (mBDNF) levels were increased after 
saffron treatment (Chronic stress + SAFFRON vs. Chronic stress, 
p < 0.05, Figure 6A,D), while full-length TrkB levels were unmod-
ified (Figure  6B,D). Remarkably, significant modifications were 
detected in the phosphorylation levels of TrkB, namely, a decrease 
in the Chronic stress compared to the CTR group (p < 0.05) and 

an increase in the Chronic stress + SAFFRON compared to the 
Chronic stress group (p < 0.01, Figure 6C,D). Similar results were 
obtained in the mPFC, where post hoc comparison demonstrated 
increased levels of mBDNF and phospho-TrkB in the Chronic 
stress + SAFFRON versus the Chronic stress + Saline group 
(p < 0.05 for both comparisons, Figure 6E–H). No changes in the 
levels of TrkB truncated isoform were observed (Figure S2).

4.7   |   Effect of Saffron as an Add-On Therapy to 
Antidepressant Medications in Mild to Moderate 
Unipolar or Bipolar Depression

Forty patients were randomized in the study as shown by the 
consort flow chart (Figure 7).

Seven participants randomized to treatment were lost 
to follow-up (2 in the AD + placebo group and 5 in the 
AD + SAFFRON group), leaving 18 participants in the 
AD + placebo group and 15 in the AD + SAFFRON group for 
final statistical analysis. There were no significant differences 
in demographics and mean MADRS score at baseline between 
treatment groups (Table 1).

Throughout the study, the dosage and formulation of ongoing med-
ications (antidepressants, mood stabilizers, and atypical antipsy-
chotics, as shown in Table S3) remained unchanged for all patients.

Overall, although no significant effect of saffron supplemen-
tation on changes in MADRS total score was observed during 

FIGURE 4    |    Repeated Saffron administration reinstated the response to positive and aversive stimuli. (A) Outline of the experiment. (B, C) 
Number of lever presses on the active lever under fixed ratio (FR)1 (B) and FR5 protocols (C). RM Two-way ANOVA, (B) Stress: F1,28 = 11.25, p < 0.01; 
Session: F4,112 = 44.37, p < 0.001; Interaction: F4,112 = 5.118, p < 0.001; (C) Stress: F1,28 = 14.46, p < 0.001; Session: F4,112 = 27.95, p < 0.001; Interaction: 
F4,112 = 3.826, p < 0.01. Post hoc comparisons: **p < 0.01, ***p < 0.001, Sidak's multiple comparisons test. (D) Number of lever presses on the active 
lever under FR5 after 14–18 days of treatment. RM two-way ANOVA, Group: F2,27 = 5.718, p < 0.01; Session: F4,108 = 14.84, p < 0.001; interaction: 
F4,108 = 2.136, p < 0.05. Post hoc comparisons: *p < 0.05, **p < 0.01, ***p < 0.001 Chronic Stress versus CTR group, Sidak's multiple comparisons test. 
(E) Progressive Ratio (PR) schedule of reinforcement with a step size of 3, One-way ANOVA, F2,27 = 7.901, p < 0.01. Post hoc comparisons: **p < 0.01 
Chronic Stress versus CTR group, #p < 0.05 Chronic Stress + SAFFRON versus Chronic Stress group, Sidak's multiple comparisons test. (F) Number 
of escapes at the end of saffron treatment, One-way ANOVA, F2,25 = 7.245, p < 0.001. Post hoc comparisons: ***p < 0.001 Chronic Stress versus NAIVE 
group, ##p < 0.01 Chronic Stress + SAFFRON versus Chronic Stress group, Sidak's multiple comparisons test.
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the study (Figure 8A), saffron induced a small but significant 
improvement in depressive symptoms and anhedonia scores at 
the endpoint, when patients receiving AD + SAFFRON showed 
a significant reduction in MADRS total score [55% from baseline 
in AD + SAFFRON versus 30% in AD + placebo (p < 0.05, inde-
pendent samples t test; Figure 8A)].

Notably, saffron influenced the anhedonia construct (treat-
ment × time interaction: F8,848 = 2.036, p < 0.05); specifically, we 
observed an improvement in the ANH5 score at the endpoint 
(p < 0.05, unpaired Student's t test; Figure 8B). Interestingly, a sig-
nificant proportion of patients randomized to saffron treatment 
achieved a MADRS score < 12 at endpoint, which is considered 
an index of remission (Samalin et  al.  2022), compared to sub-
jects receiving placebo (Χ2 = 4.157, p < 0.05, log-rank Mantel-Cox 
test, Figure 8C), as 60% of patients in the AD + SAFFRON group 
achieved a MADRS score < 12 compared to 27.77% of patients in 
the AD + placebo group. Consistent with other studies, saffron ex-
tract was generally well tolerated, with an increased prevalence of 
mild gastrointestinal side effects compared to the placebo group.

5   |   Discussion

This study shows that saffron effectively countered stress-
induced motivational anhedonia in rats and had favorable ef-
fects as augmentation therapy in unipolar and bipolar subjects 

reporting mild symptoms of depression. To the best of our 
knowledge, this is the first evidence that this compound elicits 
therapeutic effects in the dimension of anhedonia and reward 
system dysfunction, both in a preclinical study and in a con-
trolled clinical trial.

In the preclinical setting, daily intraperitoneal administration 
of a Tuscan saffron extract for 3 weeks in a rat model of chronic 
stress-induced depression prevented and reverted the condition 
of escape deficit, that mimics hyporeactivity to negative cues, 
and reduced motivational anhedonia. The increased reactivity 
toward aversive stimuli was not related to reduced anxiety or 
increased locomotor activity.

Recent studies showed that saffron counteracts chronic un-
avoidable stress-induced dysfunctions in the hypothalamic–pi-
tuitary–adrenal axis in rats, restoring ACTH and corticosterone 
levels (Kim et al.  2023; Mohammadi et al.  2023). Thus, long-
term saffron administration may counterbalance maladaptive 
stress responses and promote coping strategies. In this frame-
work, our study focused on the possible activity on motivational 
anhedonia and using a reinforcement paradigm, we show that 
saffron blunted the unavoidable stress-induced impairment in 
motivation. This positive effect became evident toward the end 
of the 3rd week of treatment, when saffron restored the moti-
vation to press the lever for sucrose in the PR schedule of rein-
forcement, which requires higher effort to obtain the reward 

FIGURE 5    |    Repeated treatment with saffron reinstated the DARPP-32 phosphorylation response to a positive stimulus in the nucleus accumbens 
(B–E) and medial prefrontal cortex (F–I). (A) Outline of the experiment. (B–C) In the NAc, levels of total DARPP-32 (B, one-way ANOVA, F2,21 = 1.836, 
p = 0.1841) and baseline levels of phospho-Thr34 DARPP-32 (C, one-way ANOVA F2,21 = 0.5386, p = 0.5914). (D) Phospho-Thr34 DARPP-32 levels in 
response to consumption of palatable food, expressed as percentage of the baseline values. Two-way ANOVA, group: F2,42 = 3.955, p < 0.05, palatable 
stimulus: F1,42 = 7.493, p < 0.01, interaction: F2,42 = 4.023, p < 0.05. Post hoc comparisons: *p < 0.05 compared to no stimulus, Sidak's multiple compar-
isons test. (E) Representative blots. (F–G) In the mPFC, levels of total DARPP-32 (F, one-way ANOVA, F2,21 = 0.4934, p = 0.6174) and baseline levels 
of phospho-Thr34 DARPP-32 (G, One-way ANOVA, F2,21 = 3.055, p = 0.0684). (H) Phospho-Thr34 DARPP-32 response to sucrose, expressed as per-
centage of the baseline values. Two-way ANOVA, group: F2,42 = 5.490, p < 0.01, palatable stimulus: F1,42 = 36.14, p < 0.001, interaction: F2,42 = 5.490, 
p < 0.01. Post hoc comparisons: ***p < 0.001 compared to no stimulus, Sidak's multiple comparisons test. (I) Representative blots. DARPP-32, dopa-
mine and cAMP-regulated phosphoprotein, Mr 32 kDa; mPFC, medial prefrontal cortex; NAc, nucleus accumbens.
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10 of 15 Phytotherapy Research, 2025

FIGURE 6    |    Repeated treatment with saffron extract restored the BDNF/TrkB signaling impaired by Chronic Stress exposure in the nucleus ac-
cumbens (A–D) and medial prefrontal cortex (E–H). (A) Levels of mBDNF, One-way ANOVA F2,21 = 5.356, p < 0.05. Post hoc comparisons: #p < 0.05, 
Chronic Stress + SAFFRON versus Chronic Stress, Sidak's multiple comparison test. (B) Levels of TrkB, One-way ANOVA, F2,21 = 0.02031, p = 0.9799. 
(C) Phospho-TrkB levels, One-way ANOVA F2,21 = 11.94, p < 0.001. Post hoc comparisons: *p < 0.05 Chronic Stress versus CTR group, ##p < 0.01 
Chronic Stress + SAFFRON versus Chronic stress group, Sidak's multiple comparison test. (D) Representative blots. (E) Levels of mBDNF, One-way 
ANOVA F2,21 = 4.534, p < 0.05. Post hoc comparisons: #p < 0.05, Chronic Stress + SAFFRON versus Chronic Stress, Sidak's multiple comparison test. 
(F) TrkB levels, One-way ANOVA, F2,21 = 0.5444, p = 0.5882. (G) Phospho-TrkB levels, One-way ANOVA F2,21 = 3.498, p < 0.05, Post hoc comparisons: 
#p < 0.05 Chronic Stress + SAFFRON versus Chronic stress group, Sidak's multiple comparison test. (H) Representative blots. mBDNF, mature brain-
derived neurotrophic factor; mPFC, medial prefrontal cortex; NAc, nucleus accumbens; TrkB, tropomyosin receptor kinase B.

FIGURE 7    |    Consort flow diagram. AD + SAFFRON group was administered antidepressant therapy + saffron 30 mg/die.
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than the FR schedule. This is the first demonstration of an effect 
of saffron on motivational anhedonia. Indeed, previous studies 
using the sucrose preference test (SPT) as a measure of anhe-
donia and reward dysfunction reported a mild or partial anti-
anhedonic effect but did not explore the possible motivational 
activity (Orio et al. 2020; Kim et al. 2023). The effects of saffron 
on SPT were only observed after oral administration and these 
results have been related to the intestinal metabolism of crocin 
isomers into crocetin, that seems endowed with a higher anti-
depressant potential than crocin (Orio et al. 2020). The discrep-
ancies between these and the present results may arise from 
the differences in the extracts used, as Italian saffron extracts, 
and in particular the extract used in this study, have a higher 
content of total crocins than the extracts used in previous stud-
ies (Masi et al. 2016). Moreover, studies differ for the definition 
of anhedonia and the methods used to evaluate it. Indeed, SPT 
and SSA capture different constructs of reward dysfunction, 
consummatory versus motivational anhedonia, respectively, 
which have related but distinct neurobiological underpin-
nings and respond differently to pharmacological treatments 

(Scheggi, De Montis, and Gambarana  2018; Kelly, Freeman, 
and Schumacher 2022). Thus, the present findings support and 
extend other studies demonstrating the antidepressant-like 
activity of saffron and its constituents in mice and rats (Wang 
et al. 2010; Mohammadi et al. 2023).

The molecular underpinnings of saffron antidepressant effects 
reported in preclinical and clinical studies need to be further 
elucidated. Compelling evidence indicates that dysfunctions 
in dopamine neurotransmission play a critical role in the de-
velopment of reduced motivation and anhedonia in depression 
(Salamone and Correa  2012). A condition of motivational an-
hedonia is indeed associated with reduced dopamine levels in 
the NAc, blunted dopaminergic response to positive stimuli, 
impaired dopamine D1 receptor/PKA/DARPP-32 signaling 
(Scheggi, De Montis, and Gambarana  2018; Scheggi, Pelliccia, 
et al. 2018; Cho and Park 2024). This study shows for the first 
time that in anhedonic rats in which saffron treatment re-
stored the responsiveness to a positive stimulus, also the do-
paminergic response to reward was restored. In fact, levels of 

TABLE 1    |    Patients demographics and clinical characteristics.

Characteristics Patients randomized (n = 40)

Patients completed the study n = 33

AD + placebo: n = 18

AD + SAFFRON: n = 15

Age 52.59 ± 2.1 (24–77 years) AD + placebo: 54.50 ± 2.94 years
AD + SAFFRON: 52.67 ± 3.27 years

Sex Female 28 (70%)
Male 12 (30%)

AD + placebo: Female 12; Male 6
AD + SAFFRON: Female 11; Male 4

Diagnosis 32 BD, 8 MDD AD + placebo: 14 BD, 4 MDD
AD + SAFFRON: 13 BD, 2 MDD

Clinical characteristics of treated 
patients at treatment initiation
Basal MADRS score

26.39 ± 1.4 AD + placebo: 27.05 ± 1.80
AD + SAFFRON: 25.60 ± 2.31

FIGURE 8    |    Clinical benefit of saffron add-on therapy. (A) MADRS total score assessed at enrollment and during the 8-week treatment. RM two-
way ANOVA, Time: F8,248 = 30.29, p < 0.001; treatment: F1,31 = 3.081, p = 0.089, time × treatment interaction: F8,248 = 1.602, p = 0.124. At the end point 
(8th week) patients receiving AD + SAFFRON showed a significant reduction in MADRS total score, *p < 0.05, unpaired Student's t test. (B) MADRS 
anhedonia subscale score was evaluated at enrollment and during the 8-week treatment. RM two-way ANOVA, time: F8,248 = 33.03, p < 0.001; treat-
ment: F1,31 = 2.67, p = 0.112, treatment × time: F8,848 = 2.036, p < 0.05. (B) at the 8th week saffron induced an improvement in anhedonia symptoms, 
*p < 0.05, unpaired Student's t test. (C) Proportion of patients that achieved a MADRS score < 12, using Kaplan Meier analysis (Χ2 = 4.157, p < 0.05, 
Log-Rank Mantel-Cox test).
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phospho-Thr34 DARPP-32 increased in the NAc and mPFC in 
response to sucrose pellet consumption. Since PKA-dependent 
DARPP-32 phosphorylation at Thr34 is consequent to dopamine 
D1 receptor activation, these results suggest that saffron en-
hanced phasic dopamine release in meso-cortico-limbic regions. 
Supporting this hypothesis, recent studies showed that saffron 
antidepressant-like effects in mice are associated with positive 
modulation of dopaminergic transmission in the striatum and 
frontal cortex (Monchaux De Oliveira et al. 2021). In prefrontal 
and striatal regions, dopaminergic transmission, particularly 
mediated by dopamine D1 receptor activation, modulates re-
activity to cues predicting motivationally significant outcomes. 
Thus, saffron, by modulating dopamine transmission in these 
brain regions, may restore reactivity and flexibility to reward-
associated cues, and motivation.

BDNF–TrkB signaling is regarded as crucial in the development 
of a response to antidepressants (Castrén and Antila 2017) and 
it has been recently demonstrated that antidepressants bind to 
the transmembrane domain of TrkB, facilitating TrkB mem-
brane retention and thus promoting interaction with BDNF 
(Casarotto et al. 2021). Although the role of BDNF in depression 
has been extensively studied in the hippocampus, only recently 
the activation of BDNF–TrkB pathway in the ventromedial PFC 
(Liu et  al.  2023) and NAc (Li et  al.  2023) has been associated 
with treatments that rescue emotional deficits. Here we used the 
phosphorylation of TrkB as an index of activation of BDNF sig-
naling. We show that chronic saffron administration increased 
BDNF levels and enhanced the phosphorylation of full-length 
TrkB in the NAc and mPFC of anhedonic rats, suggesting the 
underlying possible activation of BDNF–TrkB signaling. No 
changes were observed in TrkB full-length or truncated iso-
forms. Previous studies demonstrated that saffron, or its ac-
tive biological components, increased BDNF expression in the 
hippocampus, promoting BDNF pathway activation, similar to 
what was observed after fluoxetine administration (Ghasemi 
et  al.  2015; Mohammadi et  al.  2023). While the increased re-
lease of BDNF in the hippocampus and mPFC has been classi-
cally associated with antidepressant effects, the interpretation of 
BDNF effects in the NAc is less clear, depending on the nature 
of stress used to induce a depressive-like phenotype, pharma-
cological manipulations and subregion analyzed (e.g., shell and 
core of NAc) (Berton et al. 2006; Shirayama et al. 2015; Wook 
Koo et al. 2016). Our results highlight the relevance of BDNF 
signaling in meso-cortico-limbic regions, the NAc and mPFC, 
and are consistent with the hypothesis that BDNF is a mediator 
of neuroplastic changes underlying the attenuation of depressive 
symptoms (Castrén and Antila 2017). Further studies will assess 
the contribution of BDNF–TrkB signaling in the mechanism of 
action of saffron, taking advantage of TrkB antagonists, like 
ANA-12, and investigate which signaling cascades downstream 
of TrkB are activated by long-term saffron administration.

A limitation of this study is that we used only male rats. Indeed, 
our model of depression induced by chronic stress is based on the 
learned helplessness (LH) model where rats exposed to inescap-
able stressors develop a condition of escape deficit (Gambarana 
et al. 2001). Previous studies showed that while most male rats 
exposed to uncontrollable stressors develop LH, most female 
rats learn to escape, irrespective of whether they had been ex-
posed to controllable or uncontrollable stressors, that differently 

affect the male and female behavior (Dalla et al. 2008; Baratta 
et al. 2019). Therefore, we considered that before testing a new 
treatment on both sexes, the development of standardized pro-
tocols is needed, in order to study the role of sex influences on 
LH occurrence and further our understanding of the neuro-
biological factors that influence stress outcomes in both sexes 
(Gencturk and Unal 2024).

Anhedonia is highly prevalent among individuals with mood 
disorders. In the context of unipolar and bipolar depression, de-
pressive episodes show a similar clinical presentation, suggesting 
that they may share some neurobiological substrates, particu-
larly a common dysfunction of reward processing and dysreg-
ulation of dopaminergic activity (Satterthwaite et  al.  2015). 
Thus, since the serotonergic and dopaminergic dysregulation in 
bipolar depression overlaps with that observed in unipolar de-
pression (Fagiolini et al. 2023) and the management of bipolar 
depression often mirrors treatment approaches used for unipo-
lar depression, we proposed that saffron antidepressant prop-
erties could extend to bipolar depression (Shafiee et  al.  2018). 
Here, with this pilot study, we tested the hypothesis that saffron 
extract may counteract the abnormal processing of emotional 
stimuli and therefore may be useful as adjunctive treatment in 
patients with unipolar or bipolar depression who had not com-
pletely responded to their ongoing antidepressant treatment. 
The strategy to use saffron as add-on therapy in depressed bi-
polar patients despite the absence of bipolar-specific supporting 
data was based on the consideration that (i) psychiatric treat-
ments often require clinical judgment and the extrapolation of 
evidence from related conditions, since preclinical models may 
not fully capture the complexity of mood disorders; (ii) several 
psychiatric medications have been successfully repurposed for 
BD without initial preclinical data specific to bipolar depres-
sion (Goodwin et al. 2016; McElroy et al. 2010); and (iii) many 
medications are prescribed across mood disorders, and evidence 
from unipolar depression studies often informs treatment deci-
sions for bipolar depression, particularly when there are overlap-
ping symptoms such as depressed mood, fatigue, and insomnia 
(Malhi et al. 2015).

The analysis of the MADRS total score at the end of the 8-week 
study showed a global improvement in depressive symptoms 
with a clinically relevant 7-point improvement in the MADRS 
total score at the endpoint (Montgomery 2008) and, remarkably, 
the analysis of the MADRS anhedonia subscale demonstrated 
a reduction in the ANH5 anhedonia score, in agreement with 
our preclinical data. These results are in agreement with pre-
vious clinical studies that showed a similar efficacy of saffron 
extracts compared with that of antidepressant drugs, such 
as fluoxetine, imipramine or citalopram, with minor side ef-
fects (Akhondzadeh et  al.  2004, 2005; Noorbala et  al.  2005; 
Shahmansouri et al. 2014). Other clinical studies using saffron 
extracts or the crocin component as “add-on therapy” have 
shown an improvement in clinical response to various antide-
pressants (Lopresti et  al.  2019; Hausenblas et  al.  2015; Talaei 
et al. 2015).

This single-center, randomized pilot clinical trial presents some 
limitations. The heterogeneity in concurrent psychopharmaco-
logical therapies at enrollment and during the study may have 
introduced confounding variables, making it challenging to 
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isolate the specific effects of saffron augmentation. Additionally, 
the small sample size and short follow-up duration prevented us 
from assessing long-term responses, possible sustained activity, 
and potential long-term side effects of saffron.

In light of the small sample size, this pilot trial was focused pri-
marily on clinical outcomes and blood samples for biomarkers 
were not collected. Indeed, while we acknowledge this lim-
itation and the importance of biomarker data as predictors of 
response to treatment and prognosis, the identification and vali-
dation of biomarkers in psychiatry has been, and it still is, chal-
lenging (Malik et al. 2021; Trivedi et al. 2016). Thus, based on 
the results of this first trial, future larger clinical studies should 
also plan to analyze possible relevant biomarkers, such as serum 
BDNF and cortisol levels.

Nevertheless, this study provides valuable insights for its focus 
on the anti-anhedonic efficacy of saffron augmentation strat-
egy in unipolar or bipolar depression and in a validated animal 
model of motivational anhedonia. Moreover, the extract used, 
and geographical location add some relevant regional diversity 
to the available clinical data, since evidence of publication bias 
and lack of regional diversity were underscored as limitations of 
the available saffron studies (Tóth et al. 2019).
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