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Objective(s): Due to unsatisfactory response or intolerable side effects of current drugs, 
treatment of essential tremor remains inadequate. Thus, we aimed to investigate the 
protective and therapeutic effects of aqueous and ethanolic extracts of Crocus sativus (saffron), 
and its active consistent, safranal, on the harmaline-induced tremor in mice.  
Materials and Methods: To induce tremor, harmaline (30 mg/kg) was injected 
intraperitoneally. Test groups were also given the aqueous and ethanolic extracts of saffron 
(40, 80, and 160 mg/kg) as well as safranal (0.1, 0.3, and 0.5 ml/kg), intraperitoneally, 10 min 
before harmaline administration (prophylactic study) or 10 min after the onset of tremors 
(curative study). The latency of onset, duration, and intensity of tremor were recorded. 
Results: The extracts (80 and160 mg/kg) dose dependently attenuated duration of harmaline-
induced tremors as did reference drug, propranolol (2 and 5 mg/kg). Only the highest dose of 
extracts (160 mg/kg) attenuated intensity of harmaline-induced tremors throughout the 
study. Safranal at the doses of (0.1 and 0.3 ml/kg) but not 0.5 ml/kg attenuated duration and 
intensity of tremor. Onset of tremor increased with the extracts (80 and 160 mg/kg) in 
prophylactic study, as the effect observed with propranolol at the dose of 5 mg/kg. Safranal 
did not affect the latency of tremor. 
Conclusion: Both aqueous and ethanolic extracts of saffron and with a less effect, low doses of 
safranal, have relatively protective and suppressive effects on the harmaline-induced tremor 
and different constituents of extracts seem to participate in the protective effects against 
harmaline induced tremor. 
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Introduction 
The primary manifestations of essential tremor 

(ET), one of the most frequent movement disorders, are 
postural and kinetic tremors. Due to the limited 
understanding of exact mechanisms involved in the 
pathogenesis of this disorder, developing new 
pharmacological agents with higher efficacy and lower 
side effects is required (1). Current approved drugs for 
the treatment of ET with the established efficacy (level 
A), are primidone and propranolol; however, these 
drugs have limited efficacy (a mean tremor reduction of 
about 50%), common side effects, and they often               
lead to patient noncompliance (2, 3). Harmaline, a                 
β-carboline alkaloid, from the seeds of Peganum 
harmala, exhibits action tremor in mammals 
resembling centrally induced tremors, and is regarded 
as a known model for postural tremor and finding new 
therapies (4, 5). 

 
 

From ancient times, the old-aged spice saffron 
(Crocus sativus L. stigma), has been used for flavoring 
and coloring food preparations. There is much 
evidence regarding the use of saffron in folk medicine 
for the treatment of many ailments such as an 
anticonvulsant remedy (6, 7). Up to now, anti-cancer 
(8, 9), anti-oxidant (10), cardioprotective effects (11, 
12), anti-depressant (13, 14), anti-anxiety (15), 
memory improvement properties (16, 17), anti-
nociceptive, and anti-inflammatory properties (18-20) 
of ethanolic and aqueous extracts of saffron as well as 
active ingredients including safranal and crocin, have 
been shown in advanced pharmacological studies. In 
addition, neuroprotective effects of saffron against 
focal cerebral ischemia (21), Alzheimer’s disease (22), 
as well as anticonvulsant effects have been verified 
(23). The beneficial medicinal effects of extracts 
typically result from the combinations of many 
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ingredients, which could act synergistically. The 
present study was therefore taken up to investigate 
if the systemic administration of ethanolic and 
aqueous extracts of saffron and its active constituent, 
safranal, could suppress tremors induced by 
harmaline in mice. 
 
Animals 

Albino mice weighing 25–30 g were obtained 
from the animal center of School of Pharmacy, 
Mashhad University of Medical Sciences, Mashhad, 
Iran and were housed under standard environmental 
conditions (12–12-hr light/dark cycle at 22 °C) with 
free access to food pellets and water. Experimental 
protocol was approved by Mashhad University of 
Medical Sciences and conformed to internationally 
accepted principles for laboratory animal use and 
care (24). 
 

Materials and Methods 
Materials 

The stigmas of C. sativus L. was purchased from 
Novin Saffron Co. (Mashhad, Iran) and analyzed in 
accordance to ISO/TS 67321–2. Aqueous and ethanolic 
extracts were extracted from saffron in our laboratory 
and administered at the doses of 40, 80, and 160 
mg/kg, IP. Safranal (0.1, 0.3 and 0.5, ml/kg, IP) was 
obtained from Sigma-Aldrich (St. Louis, MO, USA). 
Dosage selection was based on our previous study (12). 
Harmaline was purchased from Fluka Chemie GmbH; 
Buchs, Switzerland and administered at the dose of 30 
mg/kg via intraperitoneal rout (25). Propranolol was 
donated by Tehran Darou Pharmaceutical Co. (Tehran, 
Iran) and administered at the doses of 1, 2, and 5 
mg/kg, IP (26). Both extracts and propranolol were 
prepared freshly in normal saline (0.9%). Paraffin was 
used as a vehicle for Safranal. All compounds were 
administered at the intraperitoneal rout.  
 
Preparation of extracts   
Ethanolic extract 
An amount of 10 g of saffron powder was mixed with 
25 ml of ethanol 80% at 0 °C and shaked by vortex 
for 2 min. After centrifugation at 4000 g for 10 min, 
the supernatant was separated. Extraction by 
ethanol from sediment was repeated for 6 other 
times. The resulting solution was dried in a rotary 
evaporator system in darkness at 35 °C.  
 
Aqueous extract 
Saffron powder was mixed with distilled water (1:50 
w/v) and left on a shaking incubator at 8 °C for 48 hr. 
The solution was centrifuged (4000 g for 10 min). The 
yielded supernatant was retained and sediment was 
suspended in the half amount of mentioned distilled 
water and placed on the shaking incubator for another 
24 hr. The centrifugation was repeated again and 
resulting supernatant was separated and stored at            
−20 °C in a freezer.  Sublimation of solvent was 
performed by freeze drying (20).  

Methods 
Animals randomly were selected and divided into 

twenty eight groups of 6 animals each as follows: 
All groups received a single injection of harmaline 

(30 mg/kg) IP.  
The mice in group 1 served as control which was 

treated by harmaline only. 
 
Prophylactic study 

Animals in groups 2, 3, and 4 were given aqueous 
extract at the doses of 40, 80, and 160 mg/kg, 
respectively. Injection was given 10 min before 
harmaline.  

Mice in groups 5, 6, and 7 were given ethanolic 
extract at the same doses, 10 min before harmaline. 
Animals in groups 8-10 received safranal (0.1. 0.3, and 
0.5 ml/kg respectively), 10 min before harmaline. As a 
positive control, groups 11-13 received IP 
administration of propranolol (1, 2, and 5 mg/kg) 
respectively. 
 
Curative study 

Aqueous extract (groups 14-16), ethanolic extract 
(groups 17-19), safranal (groups 20-22), and 
propranolol (23-25) were given 10 min after the 
induction of tremor, in the same dose regimen as 
mentioned above. 

The period between the injection of harmaline 
and the appearance of the first symptoms of tremors 
was recorded as the time of onset of tremors. The 
time between onset and complete disappearance of 
tremors was considered as the duration of tremors. 
The intensity of tremors was evaluated at the 
respective intervals (10, 30, 60, 120, 300, and 360 
min after the start of experiment) until the tremors 
completely subsided and the mice became normal.  

Animals were given a score previously described 
(27), as follows: 

No tremor: 0, mild tremor: 1, moderate 
intermittent tremor: 2, moderate persistent tremor: 
3, and pronounced severe tremor: 4. 
 

Statistical methods 
Data were expressed as means±SEM for 6 mice in 

each group. Tremor duration and onset statistically 
were analyzed by one-way ANOVA followed by 
Tukey's post hoc tests, using SPSS version 13. 
Difference in the tremor intensity of treated and 
untreated groups during the time course of study 
was determined by a two-way analysis of variance 
with repeated measure followed by Bonferroni’s for 
multiple comparisons. A P-value of ˂0.05 was 
considered to be significant. 
 

Results 
Effects of ethanolic and aqueous extracts of                
C. sativus on the onset of tremor 

At first we used harmaline at the dose of 50 
mg/kg (28); however, animals showed a course non 
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Figure 1. Effects of A: aqueous extract (Aq Ex, 40, 80, and 160 mg/kg), B: ethanolic extract (Eth Ex, 40, 80, and 160 mg/kg), and C: safranal 
(0.1, 0.3, and 0.5 ml/kg) on the onset of harmaline-induced tremor. Values are mean±SEM of six mice, *P <0.05 as compared with 
harmaline alone treated animals by ANOVA followed by post-hoc comparison using Tukey's test. HR: harmaline. Times in x-line indicate 
time after harmaline treatment 

 
intermittent tremor with this dose during the 
observation (data not shown); as a result, the dose of 
30 mg/kg of harmaline was assessed (25). The onset 
of tremor was observed at 2.7±0.3 min following 
treatment of mice with harmaline. A fine tremor 
appeared first in the head and spread later to the 
body and tail accompanied by slight piloerection. The 
tremor persisted at rest and during movement. After 
about 10 min, the tremor became coarse and 
intermittent, resembling shivering. This coarse 

episodic tremor lasted as long as 3 hr in some 
animals.  

Pretreatment of animals with the aqueous extract 
of saffron at the doses of 80 and 160 but not the low 
dose of 40 mg/kg delayed the onset of harmaline-
induced tremor to 5.2±0.32 min (P <0.001) and 
6.4±0.34 min (P <0.001), respectively (Figure 1A).  

As shown in Figure 1B, the latency observed with 
ethanolic extract of saffron at the doses of 80 and 
160 mg/kg body weight was 6.4±0.24 min (P <0.001) 
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Figure 2. Effects of A: aqueous extract (Aq Ex, 40, 80, and 160 mg/kg), B: ethanolic extract (Eth Ex, 40, 80, and 160 mg/kg), and C: safranal 
(0.1, 0.3, and 0.5 ml/kg), on the duration of harmaline-induced tremor in prophylactic study. D, E, and F: effects of aqueous extract (Aq Ex, 
40, 80, and 160 mg/kg), ethanolic extract (Eth Ex, 40, 80, and 160 mg/kg), and safranal (0.1, 0.3, and 0.5 ml/kg), respectively on the 
duration of harmaline-induced tremor in curative study. Values are mean±SEM of six mice, ^P<0.01 and *P<0.001 as compared with 
harmaline alone treated animals by ANOVA followed by post-hoc comparison using Tukey's test. HR: harmaline. Times in x-line indicate 
time after harmaline treatment 
 
and 7.2±0.31 min (P <0.001), respectively which was 
significantly higher than harmaline treated group. 
Safranal did not alter onset of harmaline-induced 

tremor at any doses tested in this study. Propranolol 
as a positive control increased onset of tremor, only 
at the dose of 5 mg/kg.  
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Effects of ethanolic and aqueous extracts of                     
C. sativus on the total duration of tremor 

The mean duration of the tremor for mice 
receiving harmaline alone was 295.6±3.6 min. The 
total duration of tremors was significantly reduced by 
the aqueous extract (254.1±2.1 and 207.2±7.4 min for 
80 and 160 mg/kg, respectively) and ethanolic 
extracts (245.1±3.2 and, 198±3.6 min for 80 and 160 
mg/kg, respectively) of saffron in the prophylactic 
study (Figure 2A and 2B). Treatment of mice with 
safranal at the doses of 0.1 and 0.3 ml/kg but not              
0.5 ml/kg reduced the duration of harmaline-induced 
tremor (254.8±3.7 and 210.6±11.3 min, respectively; 
Figure 2C). Duration of tremor was significantly 
decreased after administration of propranolol (1, 2, 
and 5 mg/kg) as the reference drug. 

In the curative study the aqueous extract 
(243.2±6.7 and 190±7.6 min for 80 and 160 
mg/kg) and ethanolic extracts (215.5 ± 10.7 and 
161 ± 3.4 min for 80 and 160 mg/kg) of saffron 
also significantly lowered the duration of 

harmaline-induced tremor (Figure 2D and 2E, 
respectively). Duration of harmaline-induced 
tremor was significantly attenuated by co-
treatment of safranal at the doses of 0.1 and 0.3 
ml/kg but not 0.5 ml/kg (Figure 2F). Propranolol 
at the doses of 2 and 5 mg/kg was able to decrease 
the duration of harmaline-induced tremor. 

 
Effects of ethanolic and aqueous extracts of C. 
sativus on the intensity of tremor 

Treatment of mice with harmaline resulted in an 
intensity of tremor, during the first 2 hr. Tremor 
intensity was 3.8±0.2 at 10 min, 3±0.1 at 30 min, 
2.8±0.4 at 60 min, and 2.1±0.2 at 120 min following 
harmaline administration (Figure 3). The intensity of 
harmaline-induced tremor was significantly reduced 
during the all four recording periods by the 
prophylactic regimen of aqueous (Figure 3 A) and 
ethanolic extracts (Figure 3 B), only at the high dose 
of 160 mg/kg. This effect was less prominent with 
propranolol (2 and 5 mg/kg).  
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Figure 3. Effects of A: aqueous extract (Aq Ex, 40, 80, and 160 mg/kg), B: ethanolic extract (Eth Ex, 40, 80, and 160 mg/kg) of saffron, and 
C: safranal (0.1, 0.3, and 0.5 ml/kg), on the intensity of harmaline-induced tremor in prophylactic study. Effects of D: aqueous extract (Aq 
Ex, 40, 80, and 160 mg/kg), E: ethanolic extract (Eth Ex, 40, 80, and 160 mg/kg) of saffron, and F: safranal (0.1, 0.3, and 0.5 ml/kg), 
respectively on the intensity of harmaline-induced tremor in curative study. Values are mean±SEM of six mice. ∞P<0.05, *P<0.01,               
#P <0.001 compared with harmaline-alone–treated animals using two-way ANOVA followed by Bonferroni’s post hoc comparison at 
different time points. HR: harmaline. Times in x-line indicate time after harmaline treatment 

 
A significant decrease in the intensity of the 

tremor was observed at 10, 30, 60, and 120 following 
harmaline treatment in the mice received safranal at 
0.1 and 0.3 ml/kg body weight (Figure 3C). 

In the therapeutic study, aqueous extract (160 
mg/kg), ethanolic extracts (160 mg/kg), and safranal 
(0.1, 0.3 ml/kg) were able to attenuate tremor 
appeared after harmaline administration (Figure 3, 
B, D, and F respectively).  

After 2 hr of harmaline treatment, there was a 
gradual decline in the tremor intensity in 
harmaline alone and harmaline plus saffron 
treated groups and complete cessation of tremors 
was observed within 3 hr. Consequently there was 
no statistically significant difference in the tremor 

intensity among the groups after 300 min as well 
as 360 min. 

 

Discussion 
β-carbolines exist in animal proteins, cereals, 

corn, tobacco, and beverages (wine, whiskey, beer, 
and sake). Endogenous forms of β-carbolines are also 
produced from the condensation of tryptophan-
derived indole alkylamines with simple aldehydes or 
with pyruvic. However, the increased blood level 
concentration of β-carbolines harmaline and 
harmane are demonstrated in patients suffer from 
ET (29). The results of this study show that both 
extracts (80 and 160 mg/kg) delayed the onset of 
tremor which was similar to reference drug 

0

1

2

3

4

5

10 30 60 120 300 360

T
re

m
o

r 
in

te
n

si
ty

 

Time (min) 

Harmaline HR+Aqueous extract 40 HR+Aqueous extract 80 HR+Aqueous extract 160

HR+Propranolol 1 HR+Propranolol 2 HR+Propranolol 5

# # 
# * 

* 
* 

* 
* # * # # 

0

1

2

3

4

5

10 30 60 120 300 360

T
re

m
o

r 
in

te
n

si
ty

 

Time (min) 

Harmaline HR+Ethanolic extract 40 HR+Ethanolic extract 80 HR+Ethanolic extract 160

HR+Propranolol 1 HR+Propranolol 2 HR+Propranolol 5

* 
* 

* 

* 

# # # 
∞ 

∞ ∞ 
# 

# 
# 

0

1

2

3

4

5

10 30 60 120 300 360

T
re

m
o

r 
in

te
n

si
ty

 

Time (min) 

Harmaline HR+Safranal 0.1 HR+Safranal 0.3 HR+Safranal 0.5

HR+Propranolol 1 HR+Propranolol 2 HR+Propranolol 5

# * 
# * 

* 
* ∞ 

# # # 
# 

∞ ∞ # * ∞ 

D 

E 

F 

∞ 
∞ # 



Amin et al    Effect of saffron and safranal on tremor 
 

Iran J Basic Med Sci, Vol. 18, No. 5, May 2015  

 

455 

propranolol (5 mg/kg). In contrast, safranal at any 
administered doses did not affect such parameter. 
Hence other constituents of saffron may be 
responsible for the effect on the onset of tremor. 

Treatment of animals with both aqueous and 
ethanolic extracts of saffron (80 and 160 mg/kg), 
attenuated duration of tremor-induce harmaline in 
prophylactic and curative regimens respectively. 
Safranal at the lower doses (0.1 and 0.3 ml/kg) 
decreased duration of harmaline-induced tremor. In 
contrast, mice receiving the highest dose (0.5 ml/kg), 
not only decreased tremor, but also they exhibited 
excitement and hyperactivity, which is consistent 
with a previous study who reported that  animals 
became excited after approximately 5-7 min of 
treatment with safranal (30). Positive control drug, 
propranolol (1, 2, and 5 mg/kg) decreased duration 
of tremor as compared to harmaline treated animals.  

Only the high dose of extracts (160 mg/kg) and 
low doses of safranal (0.1 and 0.3 ml/kg) were able 
to produce a statistically significant reduction in the 
intensity of harmaline-induced tremor. It seems that 
intensity of tremor induced by harmaline is more 
difficult to overcome with saffron.  

Our results, is further supported by the previous 
studies on the anticonvulsant activity of the extracts 
of C. sativa stigma and its active constituents, crocin 
and safranal (31, 32).  

Harmaline acts on inferior olive neurons, causing 
enhanced neuronal synchrony and rhythmicity in the 
olivocerebellar system (33). Several potential 
mechanisms have been attributed to tremorogenic 
effects of beta-carboline alkaloid, harmaline, which 
might be ameliorated by saffron. Harmaline was 
shown to have affinity to the 5-HT2c receptor (34). 
The serotonin uptake inhibitor, citalopram (10-40 
mg/kg), augmented harmaline-induced tremor in 
rats (35). Saffron is rich in carotenoids such as crocin 
and crocetin, two main natural carotenoids, 
responsible for many pharmacological effects 
attributed to this spice. Georgiadou and co-workers, 
showed that crocins might alleviate the meta-
chlorophenylpiperazine (mCPP)-induced excessive 
self-grooming by an antagonistic action at the 5-HT 
receptor site (36). MCPP is a 5-HT2c receptor agonist 
which is known to exacerbate self-grooming in rats 
and this is considered as an animal model of 
obsessive-compulsive disorder (OCD) (37). Hence, 
crocins might be responsible for antitremorogenic 
effects obsereved with the extracts. In contract, it has 
previously assumed that antidepressent effect of 
safranal could be through the reuptake of serotonin 
(13), which might explain the exciting effect 
observed with the high dose of safranal. 

Another hypothesis is that harmaline induces 
tremor by acting as an N-methyl-D-aspartate (NMDA) 
receptor inverse agonist (38). Memantine, a non-
competitive antagonist of NMDA receptors reduced 
intensity and duration of harmaline-induced tremor in 

rats (39). Riluzole (a positive GT activity regulator) 
reduced the harmaline-induced tremor, probably 
through its inhibitory effect on glutamatergic 
neurotransmission (25). In an in vitro study by 
Lechtenberg et al, hydro-ethanolic (80 vol.%) C. 
sativus extract and isolated trans-crocetin showed an 
affinity to the phencyclidine binding site of the NMDA 
receptor (40). Safranal caused a significant decrease in 
the concentration of glutamate and aspartate in the 
extracellular space of hippocampus following systemic 
administration of kainic acid in anesthetized rats (23). 
In another study, Nieber et al reported that post-
synaptically located NMDA and non-NMDA (kainate) 
receptors were inhibited by a hydro-ethanolic C. 
sativus extract. Trans-crocetin decreased the NMDA 
induced membrane depolarization, but as compared 
to the extract, it did not inhibit the isolated non-NMDA 
component of the postsynaptic potentials. These 
mechanisms contribute to the neuroprotective effect 
of saffron (41). Saffron extracts and crocetin had a 
clear binding capacity at the PCP binding side of the 
NMDA receptor and at the sigma-1 receptor, while the 
crocins and picrocrocin were not effective. Moreover, 
in a recent work conducted on rats, the analgesic 
effect of saffron was attenuated by NMDA receptor 
antagonists (42). Results of Abe and Saito study 
showed that crocin, as an antagonist of NMDA 
receptor channel competes with the interaction of 
ethanol (8). 

It has been demonstrated that harmaline caused 
neuronal cell loss and caspase-3 mediated apoptosis in 
cerebellar granular and purkinje cells as well as the 
inferior olivary neurons of rats (38). Crocin prevented 
cytotoxicity induced by a potent neurotoxin, 
acrylamide, as well as diazinon-induced hepatotoxicity 
in Wistar rats via decreasing the activation of caspases-
9 and -3, Bax (an apoptosis promoter) to Bcl2 (an 
apoptosis inhibitor) ratio, as well as reactive oxygen 
species (ROS) generation (43, 44).  

Another mechanism of harmaline in the induction 
of tremor is the reduction of gamma-aminobutyric 
acid (GABA) concentrations within the dentate 
nucleus of postmortem ET brains. The harmaline-
induced tremor was suppressed by benzodiazepine, 
diazepam (1.5–5 mg/kg) in rodents (45). The GABAA 
receptor agonist, muscimolc, also depressed tremor 
induced by harmaline in mice (46). We previously 
showed that safranal protected against the clonic and 
tonic phases of experimental absence seizures 
induced by either γ-butyrolactone, baclofen or low 
doses of GABAA receptor antagonists including 
pentylenetetrazole, picrotoxin, and bicuculline; this 
effect could be attributed to some modification on the 
benzodiazepine binding sites of the GABAA receptor 
complex. However, this effect was not seen with the 
high dose of safranal. The authors in that study 
assumed that the exciting effects observed with the 
safranal at the high dose, might be through acting as a 
partial agonist of the GABAA receptor (47, 48).  
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Constituents of aqueous extract are more water 
hydrophilic/soluble ingredients such as crocins, with 
less permeability to CNS and ingredients of ethanolic 
extract are more oil soluble/hydrophobic including 
crocetin and safranal, with more permeability to 
CNS; however, there were no significant differences 
between the effects of ethanolic and aqueous 
extracts against harmaline-induced tremor. 
Neuroprotective effects of crocins have been 
reported in many studies (8, 49); for example, the 
protective effect of IP administration of crocin 
against spatial memory deficit induced by chronic 
cerebral hypoperfusion in rats (17). It has been 
indicated that the infarct volume in an ischemia-
reperfusion brain model was reduced by the IV 
injection of crocin (21). Consequently, a plausible 
explanation is that crocin may be able to penetrate to 
the blood-brain barrier and responsible for anti-
tremor effects observed with the extracts. For 
example, in a study by Xi et al after oral 
administration, crocin was found to converts to 
crocetin (50). It has been demonstrated that crocetin 
crosses the blood–brain barrier when saffron extract 
is administered IP (51).  

One of tremorgenic mechanisms of harmaline has 
been said to triggering sodium action potential by 
acting on voltage-gated sodium channels and Ca++ 
conductance of inferior olive neurons.  A potent 
inhibitory effect of C. sativus aqueous-ethanolic 
extracts on the calcium channel of guinea-pig heart 
has been reported (52). 

Considering that no significant difference was 
found between administrations of saffron extracts, 
before or after the induction of tremor, different 
mechanisms and pathways may be involved in such 
protocols which are needed to be evaluated regarding 
cellular and molecular pathways, more carefully.  
 

Conclusion 
The results indicate that both aqueous and 

ethanolic extracts of saffron and with a lesser extent, 
safranal, could be a potential therapeutic or 
modulating agent in the treatment of ET. However, 
more studies are needed to clarify the detailed 
cellular and molecular anti-tremor mechanisms 
against harmaline. 
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