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(Abstract N

Saffron is known to contain approximately 150 components, among which crocetin glycosides, i.e. crocin,
safranal and picrocrocin have been found to be the active substances. In recent years, research on the anti-
cognition activity of saffron has been widely conducted, and it has become clear that the active ingredient
is crocin. Crocin is a component of crocetin with four glucose bonds, but as crocetin is a diterpene linked by
conjugated double bondes, it is sensitive to oxygen, heat and light, causing secondary changes and degrada-
tion. For this reason, quality control is essential for researches. In-vitro experiments have shown that crocin
has antioxidant and anti-inflammatory-lowering effects, lowered ceramide levels, increased glutathione
levels, lowered amyloid-f3, increased acetylcholine and dopamine levels and increased long-term potentia-
tion. In in-vivo experiments, crocin increased memory learning capacity and activated long-term potentia-
tion. Crocin also induced sleep effects, particularly non-REM sleep. Saffron was also found to have sleep
effects in clinical studies. Epidemiological studies revealed that these effects were linked to anti-cognitive
effects, so saffron and crocin can be said to be indirectly effective against Alzheimer’s disease. The clinical

trial of saffron extract ameliorated symptoms in Alzheimer’s patients. From these findings saffron and cro-

\cin can potentially be applied for treatment and prevention of dementia in patients. )
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Introduction

Materia Medica described by Dioscorides indicates that saffron is the fresher the better, and is used
for poor circulation and uterine medicine, for bowel movements and as a tonic. In Greek time it was used
as an aphrodisiac. Saffron was brought to China via India around the 13" century and has been used me-
dicinally until today. ‘Honzo-gangmoku’ published by Li Shi-zhen indicated that saffron is used to treat a
depressed and anguished mind that cannot be dissipated by blood. It has been used since ancient times for
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depression, breathing problems, haematemesis, chills, hysteria, fear, ecstasy, female menopause, postpar-

tum bleeding and abdominal pain.

Saffron belongs to the iris family and is a perennial herb that is sterile and therefore propagates
from bulbs. The three pistils of each flower are collected and dried to prepare saffron. Five kg of fresh pis-
tils (Figure 1) are harvested from 90,000-100,000 saffron flowers resulting in 1 kg of dried saffron. This

labour-process makes it the most expensive herb medicine.

Figure 1: Flowering of saffron (yellow arows indicate pistil).

Saffron has been used since ancient times as a medicine, spice and dye. Approximately 150 con-
stituents have been determined in saffron, such as terpenoids, amino acids, anthraquinones, alkaloids and
others. Among them crocin, safranal, picrocrocin and crocetin glycosides are major constituents [1]. Ca-
rotenoid pigments include crocetin with four molecules of glucose, crocin, three molecules of glucose and
two molecules of glucose. Flowering state and the crocetin glycoside relationship were investigated, and
the results show that the crocetin glycoside content increases as the flowering stage and reaching a maxi-
mum at full bloom, and decreased by nearly 2% after full bloom [2]. The quality is also known to fluctuate

depending on the weather conditions at the time of collection.
Quality control of saffron and its constituent, crocin

Dioscorides showed that saffron is the fresher the better. This could mean that saffron undergoes
compositional changes during storage, resulting in a loss of potency. The principal crocetin glycosides of
saffron are crocin, crocetin gentiobiose glucose ester (crocin 2) and crocetin di-glucose ester (crocin 3),
with respective contents of about 14,5 and 0.7%, respectively but during storage crocin 3 apparently in-
crease. This indicates that the endogenous 3-glycosidase is active and cleaves the glycosidic bonds in the
presence of moisture resulting in crocin 2 to crocin 3. It was found that the double bonds of the crocetin
molecule were cleaved by various storage conditions, i.e. higher temperature, oxygen, etc., resulting in the

degradation of crocin to unknown compounds [2] as indicated in Figure 2.
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The results show that the content of crocin is fluctuates considerably depending on the storage con-
ditions. Therefore, at least storage at -20°C under dry conditions is necessary to prevent such degradation
[2-4]. More recently Alehossseini et al. investigated the stability of saffron extract through encapsulation in
zein protein [5]. When conducting pharmacological researches with saffron, the quality control with a fo-
cus on crocin is essential since it has been proven that the active component in saffron with regard to brain
function is crocin [6]. Moreover, the strength of long-term potentiation (LTP) is strongest for crocin with 4
glucose, and weakens as the number of glucose decreases in the order crocin 3 and crocin 2 (see Figure 2)
[7]- This tendency has been observed in pharmacological activity studies of naturally occurring glycosides
such as cardiac steroids [8], ginseng saponin [9], saikosaponin [10] and haemolytic saponin [11]. For this
reason, the quality control of crocin in saffron is necessary for researches using saffron. With the aim of
developing a simple and rapid analytical method, a monoclonal antibody (MAb) against the crocin was de-
veloped [12].

Mechanism of anti-cognitive activity for crocin

In order to confirm the anti-oxidant property of crocin the effect of crocin on PC-12 cells under se-
rum and glucose-free conditions was compared with that of a-tocopherol which is well-known anti-oxidant
compound. Phosphatidylserine (PS), normally present in the endothelium of cells, is translocated to the
outer membrane of cells by oxidative stress, and this translocation is considered an early signal for apop-
tosis induction. FITC-bound AnnexinV binds to negatively charged PS and exhibits a ring-shaped fluores-
cence. PC-12 cells under serum and glucose-free conditions clearly show ring-shaped fluorescence. No ring
fluorescence is observed in cells in medium with 10 uM of crocin. On the other hand 10 uM of a-tocopherol
detects rings, although the number is small. It is clear that the cells in the crocin-added medium main-
tained a more normal state when compared to those in the a-tocopherol added medium [13,14]. Oxidative
stress is known to cause many brain disorders, and is deeply involved in Alzheimer's disease, Parkinson's
disease, and Hutchinson's disease as diseases of the Central Nervous System (CNS). Since the antioxidant
effect stronger and safer than that of a-tocopherol, it is considered to be applicable to neurological disor-
ders, and further animal and clinical experiments are desirable. Recent studies have shown that apoptosis

is induced by oxygen deficiency in the brain and brain damage, and that apoptosis also occurs in the brain
Page 3



Vol 9: Issue 32: 2119

of Alzheimer's patients. Recently Wang et al. certified that the oxidative stress is associated with apoptosis

signaling pathway [15].

With regard to apoptosis of PC-12 cells, it is known that removal of serum and Nerve Growth Fac-
tor (NGF) causes an increase in ceramide levels inducing apoptosis. PC-12 cells remain normal in medium
containing serum and glucose, but when serum and glucose are removed from the same medium, 60% of
cell death were confirmed by the Trypan blue dye method. In contrast, the addition of 10 uM crocin sig-
nificantly inhibited the morphological phenomenon showed that crocin blocked TNF-a-induced PC-12 cell

death resulting in 85% survival compared to control cells [16].

Serum deprivation increased intracellular ceramide levels in HN9.10e cells resulting apoptosis. This
finding suggests that a similar phenomenon in PC-12 cells will be occurred. In fact the ceramide concentra-
tion significantly increased like as 3.5-fold by culturing in serum and glucose free medium compared to the

control medium [17].

Sphingomyelinase acts on sphingomyelin to produce ceramide, and sphingomyelinase activity in
PC-12 cell homogenates was measured, reaching a maximum at 1 hr and decreasing to control levels at 3
hr. Next, sphingomyelinase activity increased markedly under serum and glucose-free conditions, but the
addition of crocin decreased the activity in a dose-dependent manner. However, no direct effect of crocin
on sphingomyelinase activity was observed [13]. The SAPK/JNK signaling system and the sphingomyelin
pathway might be conjugated to give a mixed function by stress in U937 and BAE cells resulting that envi-
ronmental stress conditions activated the stress-activated protein kinase SAPK/JNK cascade in PC-12 [18].
Rukenstein et al. found that serum and glucose deprivation medium activated JNK phosphorylation in PC-

12 cells nearly 4-fold when compared with the control cells [19].

Glutathione (GSH) levels in PC-12 cells under serum and glucose-free conditions were measured.
GSH levels were also measured under crocin and crocin-free conditions. 3 hr of treatment of PC-12 cells
under serum and glucose-free conditions resulted in half the concentration of GSH compared to the control.
On the other hand, the addition of crocin increased GSH levels in a dose-dependent manner, and GSH levels
remained higher than those of controls after 3 hr. Furthermore, the effect of crocin on glutathione synthe-
tase was investigated resulted that crocin increased GSH which decreased oxidation stress resulting the
prevention of neuronal cell apoptosis and learning and memory obstacle by activating the enzymes [20].
Next Sugiura et al. evaluated the activity of crocin in the dentate gyrus of rat hippocampal slice using etha-
nol as a LTP inhibitor. LTP is significantly suppressed by 50-75 nM alcohol administration. This suppression
of LTP by alcohol was found to be dose-dependently enhanced by the pre-administration of crocin 10-30
uM 5 min before alcohol administration although crocin alone did not attenuate the LTP [21]. Table 1: Sum-
marized the mechanism of neuronal function of crocin. In addition to the above, crocin has been reported

to exhibit brain functions as shown in Table 1.
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(\Table 1: Mechanism of action of crocin on brain function in-vitro. \/\
Neuronal cell apoptosis Reference
Oxidation 13-15
Inflammation 22,23
Ceramide level 16-19
Glutathione level 20

Learning and memory

Acetylcholine 24
Amyloid B-peptide 25,26
Dopamine 27,28
Long-term potentiation 21

Effects of saffron and crocin on alcohol-impaired memory learning and long-term potentiation in-

vivo

Although ethanol, acetaldehyde, scopolamine, hyoscine or amyloid  (Af) and so on is used as an
inhibitor in memory learning and LTP experiments, ethanol is generally used because of its high sensitivity
and convenient weighing. The Saffron Extract (SE) activity on memory in aged mice was associated with
the antioxidant activity [29]. Roustazade et al. found that the SE dose reflects the activity of brain function
in stressed rats [30]. The SE were studied on learning and memory in Step Through (ST) and Step Down
(SD) tests in normal mice as well as in learning and memory-impaired mice. A single administration of
SE had no effects on memory registration, consolidation or retrieval in normal mice. SE (125-500 mg/
kg) dose-dependently reduced the ethanol-induced impairment of memory registration both in ST and
SD tests and the 30% of ethanol-induced impairment of memory retrieval in SD test. The SE decreased
the motor activity and prolonged the sleeping time induced by hexobarbital resulting that SE ameliorate
the impairment effects of ethanol on learning and memory processes, and possesses a sedative effect [31].
Since SE showed ameliorative effects on alcohol-blocked memory learning deficits, Morimoto et al. purified
by silica-gel column chromatography using activity-guided separation to reach crocin as active principle.

This result is easily supposed, given that crocin is a major constituent, around 40% of the SE [2,7].

It became evident that no effect on memory possession by a single-oral investigation of crocin in
normal mice was found in ST and SD tests, respectively. If crocin was administered 10 minutes before the
ethanol injection, the latency in the ST test dose-dependently increased compared with that of ethanol-
injected mice. The investigation of 200 mg/kg crocin increased the number of successful mice decreasing
the error numbers compared to the ethanol-treated group in the test trial [32].

Sugiura et al. evaluated the activity of crocin in the dentate gyrus of rat hippocampal slice using
ethanol as a LTP inhibitor. LTP is significantly suppressed by 50-75 nM alcohol administration. This
suppression of LTP by alcohol was found to be dose-dependently enhanced by the pre-administration of
crocin 10-30 pM 5 min before alcohol administration although crocin alone did not attenuate the LTP [21].
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Since LTP is an important phenomenon related to short-term memory, Sugiura et al. evaluated the
activity of SEs in the rat hippocampal using ethanol as a LTP inhibitor. LTP does not occur when SE alone
is administered orally. On the other hand, the administration of SE prior to ethanol administration clearly
reduced the inhibition of LTP expression by ethanol. SE at 125-250 mg/kg was found to exhibit dose-

dependent manner [33].
Effect of saffron and crocin on sleeping and anti-depression

Mice have a habit of being active at night. The authors took advantage of this habit to test the non-
Rapid Eye Movement (REM) sleep-inducing effects of crocin. The Electroencephalogram (EEG) of mice
pre-administered with crocin was measured using an EEG measuring device, and the results showed that
non-REM sleep was apparently induced by the administration of at least 10 mg/kg crocin even at 8 pm.
The intensity of non-REM sleep increased dose-dependently by the administration of crocin (10-100 mg/
kg). It became also evident that the sleep effects of crocin were not due to inhibition of exercise [34]. As
previously indicated the SE prolonged the sleeping time induced by hexobarbital by a sedative effect [35].
These results indicate that crocin and saffron induce good sleep [36,37].

Ohara et al. confirmed that sleep disorders and the concomitant use of hypnotic drugs
induced a risk of dementia in aged patients in the Hisayama epidemiological study in Fukuoka, Japan.
Compared patients with daily sleep durations shorter than 5.0 h and patients more than 10 h, the
risk of dementia for the short sleep duration group increased 2 fold compared with the 10 h group.
This evidence suggested that poor sleep may induce brain aging and 3-amyloid increase resulting in
Alzheimer’s disease. Moreover, sleep disorder may promote inflammation and induce depression and
dementia [38]. It is reported that sleep disorder may increases inflammatory processes resulting in
Alzheimer’s disease [39]. Several groups indicated that sleep disorder may be an important risk factor
for Alzheimer’s disease resulted that it may be an important target for Alzheimer’s disease prevention

[40,41]. The connection between sleep disorders and dementia was reported recently [41].

Depression has been considered closely related to early stage dementia and identified as a risk
factor for dementia after 2-17 years [42]. In a follow-up of 10,189 patients, depression increased dementia
risk later in life in the Whitehall Study in the United Kingdom [43]. Epidemiological study associated with
initially cognitive healthy men (4,922) of 71-89 years old during 14 years reported that depression induced

a significant incidence of dementia [44].

Since sleeping disorders and depression are closely associated with dementia, the indirect
relationship between saffron and crocin and dementia via sleeping disorders or depression was correctly

determined.
Clinical studies of saffron on dementia patients

Saffron has been used as herb medicine, spice and pigment for thousands of years and is admitted
in Generally Recognized as Safe (GRAS) by the American Food and Drug Administration (FDA) [45]. This
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commission shows that saffron is safe herb medicine without side effects and can be used in clinical trials

as following.

Forty-six Alzheimer's patients were treated with saffron extract 15 mg capsules or placebo twice in
a day. After 16 weeks, the saffron group showed clear enhancement in cognitive function. No side effects
were observed compared with the case with placebo. The results suggested that 4 weeks administration of

saffron extract is effective and safe for mild to moderate Alzheimer's disease patients [46].

A 22-week clinical trial was conducted on 54 patients with Alzheimer's disease using the Cognitive
subscale and clinical dementia rating scale. Fifteen mg of saffron extract was administered twice in a day,
and 5 mg of donepezil was administered twice daily as a positive control. The results concluded that the
saffron extract for 22-weeks administration was effective comparing with donepezil for mild to moderate
Alzheimer's disease. Although nausea was occurred in the case of saffron extract as a side effect, mild
symptom was observed rather than donepezil. From these evidences, saffron extract can be used as a safe
therapeutic drug for Alzheimer's disease [47].

Conclusion

It became evident that crocin ameliorates alcohol-induced inhibition of memory learning and
LTP suppression and the inhibitory effects of ethanol via N-methyl-D-aspartate (NMDA) receptors in
hippocampal neurons resulting that crocin may improve memory learning based on the above action [48].
Crocin protects brain neurons by inhibiting anti-oxidant and anti-inflammation stress, inhibiting ceramide
production, promoting GSH production resulting in inhibiting neuronal cell apoptosis resulting in the
prevention of dementia. Saffron is an extremely safe natural medicine that does not cause toxicity even

when administered to mice at 5 g/kg [49].

From the above evidences saffron and crocin are considered to be a potential drugs for dementia
because they are safe and have various useful activities on the brain.
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