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Abstract

Saffron is widely used in traditional medicine to treat various medical disorders,
including hyperlipidaemia. This study aims to systematically review the effects of saffron extract
(SE) on lipid profile in in vivo studies. A strategic literature search was done following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The Scopus,
PubMed (MEDLINE) and Web of Science databases and hand-searching methods were utilised to
identify studies published up to January 2020 that reported the effects of SE on lipid profile in a
hyperlipidaemic experimental animal model. A total of six articles met the inclusion criteria. The
methods of extraction were aqueous (n = 4), ethanolic (n = 1) and hydroalcoholic (n = 1) extracts.
Five doses of SE ranging from 10 mg/kg to 100 mg/kg were administered to rats and hamsters,
with a duration ranging from 10 days to 8 weeks. SE at doses of 40 mg/kg/day and 80 mg/kg/day
significantly decreased the levels of total cholesterol (21.4%—35.4%), low-density lipoproteins
(38.7%—50.0%) and triglycerides (TGs) (29.1%—45.0%) and markedly increased the level of high-
density lipoproteins (36.6%—65%) in the treated group compared to the untreated group with a
minimum 3-week intervention duration (P < 0.05). This systematic review demonstrated that SE
exhibits hypolipidaemic effects compared to a placebo. SE has almost the same ability to reduce
cholesterol levels as the standard therapy.
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likelihood of atherosclerotic cardiovascular
disease. Along with the imbalance in cholesterol

Dyslipidaemia is an abnormal condition !evels, hypertrigly.cerida(?mia, Whi_Ch is an
Characterised by an imbalance between the lncreased level Of trlglycel‘ldes (TGS) mn the body,

Introduction

levels of low-density lipoprotein (LDL) and
high-density lipoprotein (HDL) cholesterol.
High LDL levels may lead to plaque formation
within the arteries, whereas HDL decreases the
risk. Thus, in dyslipidaemia, where LDL levels
are high and HDL levels are low, there is a high
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is another type of dyslipidaemia. Additionally,
mixed hyperlipidaemia occurs when there is an
imbalance in both the cholesterol and TG levels
(1). Hyperlipidaemia can lead to coronary heart
disease (CHD), which increases the morbidity
and mortality in developing and developed
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countries (2). Hyperlipidaemia is a major risk
for atherosclerosis and its related complications
as well as a well-documented risk factor for
cardiovascular diseases (3). According to the
World Health Organization (WHO) (4), one-
third of ischaemic heart disease cases worldwide
are caused by high cholesterol levels. Overall, it
is estimated that 4.5% of total deaths globally,
accounting for 2.6 million cases and 2% of total
disability-adjusted life years, which is about 29.7
million cases, are a result of elevated cholesterol
levels (4).

In light of the severity of atherosclerosis
and its related complications (e.g. CHD), it is
crucial to examine the current treatment for
hyperlipidaemia. Regarding pharmacological
management, the treatment options are not free
of adverse effects. As the mainstay of treatment,
statins are widely used in managing this non-
communicable disease. However, these drugs
have some shortcomings, including resistance to
treatment, intolerance due to adverse reactions
and lack of patient compliance to the medication.
These can cause a poor outcome, leading to the
need for adjunctive therapies, such as niacin, bile
acid sequestrants, fibric acid and ezetimibe, all
of which have their own side effects (1). Due to
these side effects and contraindications for long-
term usage, it is vital that some types of natural
hypolipidaemic drugs are utilised to prevent and
manage the disease and its complications (5).

Saffron is part of the Crocus sativus L.
flower, taken from the thread-like part of the
flower, called the stigma, when it is dried. For the
past 2,500 years, people have been using saffron
as a medicine due to its numerous benefits.
Apart from its utilisation in traditional medicine,
saffron is also used as a spice in food and in
colouring agents. It is the highest-priced spice
globally, which is attributable to the method
of growing and harvesting this flower (6). In
traditional medicine, saffron has been used in
cases of depression, cardiovascular diseases,
menstruation disorders, asthma, insomnia,
digestive ailments and some other diseases. The
beneficial effects seen in these cases may be due
to some of its components, namely, safranal,
crocetin and crocin (7).

In the case of hyperlipidaemia, evidence
suggests that cholesterol levels were lowered
and maintained at healthy levels with the
consumption of saffron (8). Both in vitro and
in vivo studies reported that saffron extract
(SE) has beneficial effects on lipid profile. For

example, the results of an animal study showed
that saffron improves malondialdehyde and lipid
profile in diabetic rats (7). Other animal studies
reported that utilisation of saffron was associated
with a 50% reduction in cholesterol levels
(8). In addition, as an antioxidant and anti-
inflammatory substance, saffron is also useful in
maintaining a healthy cardiovascular system (8).
To date, few systematic reviews have been
conducted on the effect of saffron on either
preventing or treating hyperlipidaemia. Further,
the most efficient dose and minimum duration of
treatment are not known. Thus, this study aims
to review the effects of SE on lipid profile in in
vivo studies, focusing on the following question:
In  hyperlipidaemic  experimental animal
models, does SE consumption result in anti-
hyperlipidaemic or hypolipidaemic effects when
compared with a placebo or standard therapy?

Methods

This systematic review has been registered
with the International Prospective Register of
Systematic Reviews (PROSPERO) (identifier
CRD42020159520). This review follows the
standards listed in the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist (9). A search of published
studies was performed using online databases,
including Scopus, MEDLINE via PubMed and
Web of Science, as well as hand-searching
methods.

Inclusion and Exclusion Criteria

Articles were included if the following
criteria were fulfilled: i) the study assessed the
effects of saffron on lipid changes in in vivo
studies; ii) only Crocus sativus L. (saffron)
stigma was used, not other parts of the plant,
such as the petals or roots; iii) it was an original
full article; iv) studies published in English
language due to a lack of translation resources
and v) studies published up to January 2020.
The exclusion criteria were as follows: 1) it was
a Review Article, Case Report or Letters to the
Editor; ii) the study conducted clinical trials;
iii) the study was presented as an abstract
only; iv) the study assessed the effect of SE on
unrelated blood or clinical parameters; v) the
study investigated the effect of SE in combination
with other plants or exercise and vi) the study did
not clearly mention the type of SE used.
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Searching Strategy

A systematic review of the literature
was conducted to investigate relevant studies
related to the effects of SE on lipid profile
in in vivo studies. The formulation of the
research question was based on the population,
intervention, comparison and outcome (PICO)
strategy. The research question for this study
was ‘In hyperlipidaemic experimental animal
model, does saffron compared to placebo or no
treatment/standard therapy demonstrate anti-
hyperlipidaemic and hypolipidaemic effects in in
vivo studies?’

In 2020, we searched MEDLINE [276],
Web of Science [477] and Scopus [583] for
studies reviewing the effects of SE on lipid profile
in in vivo studies published in journals between
January 2010 and January 2020. The key search
terms were: saffron OR crocus sativus OR crocin
AND lipid* OR cholesterol* OR triglyceride* OR
hyperlipid$emi* OR atherosclerosis OR heart OR
cardi* OR lipid profile OR dyslipid$emi*.

Study Selection

All citations identified from the search
were downloaded into EndNote X7 software.
The citations were organised, and duplicates
were identified and deleted. Two independent
reviewers conducted the study selection. If there
were any discrepancies in the selection process, a
third person was called to confirm the selection
of articles.

Data Extraction

Articles published up to January 2020 were
selected. First, based on the title and abstracts of
the research papers alone, articles that did not
meet the inclusion criteria were excluded. Then,
we further excluded articles that did not match
the inclusion criteria after an in-depth reading
of the full-text research papers. For duplicate
publications, only the latest version was
included. The most updated version was included
in the review in case of duplicate publications.
The data of interest were extracted and the
following data were documented from the
studies: i) aim of the study; ii) a brief description
of the subject; iii) type, dose and route of the
extract used; iv) a brief description of the results
and v) the conclusion of the study. To determine
the potential anti-dyslipidaemic activity of SE in
in vivo studies, several principal parameters were
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evaluated, including lipid profile measurement
(TG, TC, LDL and HDL).

Review Methods

All potential articles were identified
and screened by two independent reviewers.
Study selection and data extraction were
performed following detailed discussion and any
disagreements or uncertainties about the study
inclusion was resolved.

Data Analysis

Descriptive analyses of the characteristics
of the studies and statistical methods used were
performed. This is a descriptive review and all
results are displayed as frequencies to determine
how many studies reported positive and negative
effects of SE on lipid profile in vivo. Table 1
summarises the effects of SE on lipid profile
(TG, TC, HDL and LDL) in a hyperlipidaemic
experimental animal model. The data analyses
were performed using Microsoft Excel 2016
(Microsoft Office).

Results

Search Results or Study Selection

After searching, a total of 1,340 articles
were found. An initial search of the electronic
databases identified 1,339 articles and one article
was identified through the hand-searching
method, where the article was found on the
reference list of one of the total articles. A total
of 336 studies were excluded because they
were not original articles and not written in
English. After screening the titles and abstracts
of the remaining articles, 946 articles were
further removed because they were found to
be unrelated to the objective; they were clinical
trials, irrelevant or did not meet the inclusion
criteria.

Of the remaining 58 articles, 31 were left
after duplicates were removed. The full texts of
one article could not be retrieved. Upon scrutiny
of the available full texts, 25 articles were found
to be unsatisfactory and discarded. Therefore, a
total of six articles were included in this review.

There were two journals published in the
year 2014, two journals published in 2016 and
two journals published in 2017. A flow diagram
of the literature selection including reasons for
exclusion is shown in Figure 1.
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Records identified through electronic database searching (N = 1,339)

e PubMed (MEDLINE): 279
e Web of Science: 477
e Scopus: 583

Records identified through hand searching (» = 1)

Screening Identification

Eligibility

Included

336 records excluded:
e Reviews, Letter to Editor, or Case
Reports (n =289)
e Language other than English (n = 47)

A

1,004 of studies screened on the basis of

title and abstract

A

946 articles excluded:

e Human studies/RCT/clinical trials
(n=45)

e Studies did not meet inclusion
criteria/unrelated (n = 259)

o Studies were irrelevant (n = 642)

58 of articles retrieved

|

31 of records left after duplicates removed

25 articles excluded:

- Full-text not available (» = 1)

- Did not measure full lipid profile (n = 11)

- Study combined saffron with other
compound/s or activities (7 =2)

- Study focused on safranal and crocetin
(n=3)

- Study did not mention the types of
extraction used (n = 1)

- Study only focused on crocin (n=7)

A 4

Six studies included in the review

Study Characteristics

Of the six included studies, two studies
(10—11) used Sprague-Dawley rats, three studies
(12—14) used Wistar rats and only one study (15)
used hamsters as their sample. All studies used

Figure 1. The PRISMA flow chart

male rodents as their subjects. The weight of the

rats ranged between 200 g and 300 g, while the
weight of the hamsters ranged between 80 g and
100 g. A summary of the characteristics of the
studies is presented in Table 1.
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Four studies were conducted based on an
experimental design that compared the effect of
SE-treated groups with control or placebo groups
(12—15), while the other two studies included a
positive control, either metformin (10) or orlistat
(11). The studies used aqueous (n = 4), ethanolic
(n = 1) and hydroalcoholic (n = 1) extracts.

There were four studies conducted in
Iran (12-15) and two studies conducted in
Malaysia (10—11). The animals were either given
streptozotocin to induce diabetes or a high-
fat diet (HFD) to induce hyperlipidaemia and
obesity. There were five doses of SE used in these
studies, ranging from 10 mg/kg/day to 100 mg/
kg/day, with a duration ranging from 10 days
to 8 weeks. SE was administered to rodents by
four different routes: i) oral gavage (n = 2); ii)
intraperitoneal injection (n = 2); iii) intra-gastric
(n = 1) and iv) by mixing the SE with an HFD
(n=1).

The lipid profile of the rodents was
evaluated by measuring the TC, TG, LDL-c and
HDL-c levels in blood samples obtained at the
end of the study. The sera were then analysed
for biochemical parameters using standard
commercial kits, an assay or an automatic
analyser.

The effects of saffron extracts on the lipid
profile of animals

A total of six studies were included to
evaluate the effects of SE on the lipid profile of
diabetic, hyperlipidaemic and obese animals.

Samarghandian et al. (12) concluded that
the administration of 10 mg/kg/day of SE for
4 weeks resulted in no significant differences
between the treated and untreated groups, while
20 mg/kg/day for 4 weeks markedly decreased
levels of TG (28.2%) and TC (20%) (P < 0.05).
Another study (13) using a dose of 20 mg/
kg/day with a duration of 4 weeks showed an
increase in HDL (4.2%) and a decrease in TG
(6%), TC (4.3%) and LDL (5.7%) levels between
the treated and untreated groups, although the
results were not significant.

There were five studies that used a dose
of 40 mg/kg/day (10—14). However, only four
studies showed significant results (10, 12—14).
One of the studies (10) reported that, following
the 6-week intervention, TC (30.8%), TG (29.1%)
and LDL (42.9%) levels decreased in treated
rats compared to untreated rats (P < 0.01), but
no significant results were observed for HDL
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(P > 0.05). The percentage increase of HDL
after saffron treatment was 9.2%. The results of
another study (13) indicated that aqueous SE at
a dose of 40 mg/kg/day for 4 weeks significantly
reduced TC, TG and LDL levels (17.1%, 30% and
20.8%, respectively) (P < 0.05). Meanwhile,
HDL increased by 37.5%. However, the HDL
result was not statistically significant. The
third study, conducted by the same author in
different years (12), concluded that at dose 40
mg/kg/day with 4 weeks intervention period
of aqueous SE, TG decreased significantly with
a percentage decrease of approximately 38.2%
(P < o0.01), LDL (38.7%) and TC decreased
markedly with a percentage difference of
approximately 65% from the untreated group
(P < o0.05), while HDL Ilevel increased
significantly with percentage up to 65%
(P < 0.05). The fourth study (14) reported that
aqueous SE at a dose of 40 mg/kg/day for
3 weeks reduced TC (30.7%), TG
(39.2%) and LDL (45.3%) levels
and  increased HDL up to 19.5%
(P < 0.05).

At a dose of 80 mg/kg/day, a study (14)
concluded that SE markedly decreased TC
(35.4%), TG (44.8%) and LDL (50%) levels
in obese rats and significantly increased the
serum HDL level up to 36.6% (P < 0.05) in
3 weeks. Another study (11) using 80 mg/kg/
day concluded that in 8 weeks, SE markedly
decreased the level of serum TC (28.5%)
compared to the untreated group (P < 0.05).
The results of the other parameters were not
significant. Samarghandian et al. (13) stated that
SE significantly decreased TG, TC and LDL levels
at a dose of 80 mg/kg with a percentage decrease
of 45%, 21.4% and 38.7% (P < 0.01), respectively,
and increased HDL up to 56.3% based on a
4-week intervention (P < 0.05).

Only one study (15) administered 100
mg/kg/day of SE for 10 days. In this study, the
percentage reduction of TG is 24.8%, TC (21.3%)
and LDL (26.1%), while HDL increased up to
9.4%. However, the administration of SE in
the treatment group did not significantly affect
serum lipid profile compared to the untreated
group (P > 0.05).

Of all the studies in our review, the
minimum dose that showed significant results
was 20 mg/kg/day, while the minimum duration
that showed significant results was 3 weeks
(Table 2).
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Table 2. Minimum dose and duration that showed significant results on the lipid profile

Author (year) Minimum dose and Lipid Increase and
(References) duration that showed profile decrease (%)
significant results
Samarghandian et al. Aqueous Minimum dose: 20 mg/ TG Reduced by 28.2 < 0.05
(2017) (12) extract kg/day (4 weeks) TC Reduced by 20.0
Hoshyar et al. (2016) (14) Aqueous Minimum duration: 3 TG Reduced by 39.2 < 0.05
extract weeks (40 mg/kg/day) TC Reduced by 30.7
HDL Increased by 19.5
LDL Reduced by 45.3
Discussion showed higher anti-obesity effects, while SE had

In this systematic review, we evaluated the
effect of SE on lipid profile in hyperlipidaemic
experimental animal models. Lipid profile is
one of the most important factors that can
be changed in many diseases and are used to
evaluate the conditions of the patients or subjects
(16).

All six studies (10-15) in the review
concluded that SE has a positive effect on the
treatment of hyperlipidaemia, obesity, diabetes
and its complications, although some of the
results were not significant. However, none of
the studies found that SE either worsened the
condition or had negative effects. These positive
results of SE on lipid profile could be due to the
bioactive compounds contained in saffron, such
as crocin and crocetin.

Crocin, one of the bioactive compounds
of saffron, exerts its hypolipidaemic effect by
inhibiting pancreatic lipase, leading to the
malabsorption of fat and cholesterol (17).
Further, crocin could elevate HDL levels by
inhibiting cholesteryl ester transfer protein
(CETP) (18), which is a plasma glycoprotein
that reduces the concentration of HDL by
transferring cholesteryl esters from HDL toward
apo B-containing lipoproteins in exchange for
TGs (19).

In addition, due to the presence of
crocetin in saffron, it indirectly helps to reduce
cholesterol levels, as crocetin has an inhibitory
effect on TG (20) and LDL oxidation (21), thus
contributing to the attenuation of atherosclerosis.

As anticipated, SE showed a greater ability
than its single bioactive compound, crocin,
to suppress appetite and dietary intake in
patients with coronary artery disease (22). A
previous in vivo study found that SE and crocin
significantly decreased TG and TC levels in a
dose-dependent manner (11). However, crocin

a more significant effect on reducing the appetite
and food consumption of rats (11). This may be
due to the synergistic effect of other bioactive
compounds in SE, such as safranal, crocetin and
picrocrocin.

Previously, in vitro studies have
demonstrated that saffron and its bioactive
compound, crocin, could reduce protein and
gene expression of e-selectin, monocyte-
endothelial cell interaction and endothelial
activation (23-25).

Indirectly, SE has been proven to reduce
lipid metabolism by reducing food consumption
and decreasing appetite in obese rats due to the
effect of safranal, one of the bioactive compounds
of saffron (11). Another study confirmed that
saffron exhibits an anorexigenic effect, leading
to a reduction in body weight and blood leptin
levels in Wistar rats (26). Lower food intake will
indirectly reduce lipid levels in the blood, thus
reducing the risk of atherosclerosis development.

In fact, SE could be used to prevent
hyperlipidaemia. An in vivo study (10)
reported that normal rats in a non-diabetic
group (control) showed a decrease in LDL
of about 21.8% after consumption of saffron
hydroalcoholic extract at a dose of 40 mg/kg/day
for 6 weeks.

The doses, experiment durations and types
of SE play a significant role in determining
positive and significant results. A study by
Dehghan et al. (10) showed that hydroalcoholic
SE at a dose of 40 mg/kg/day for 6 weeks
significantly reduced TC (30.8%), TG (29.1%)
and LDL (42.9%) levels, whereas HDL levels
increased (9.2%). However, the HDL results
were not significant. This was partially due to the
different doses of saffron, as 40 mg/kg/day was
not sufficient to affect HDL levels (10) compared
to the doses used in previous research (27),
which were 50 mg/kg/day and 100 mg/kg/day.
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However, in comparison with the study by
Samarghandian et al. (12), who used aqueous
SE with the same dose (40 mg/kg/day) for
4 weeks, the results showed significant decreases
in TC (23.5%), TG (38.2%) and LDL (38.7%)
levels and a significant increase in HDL (65%).
Therefore, the differences in the results could
be due to another reason, possibly related to the
use of different types of solvents in the process
of saffron extraction. It has been reported
that the type of solvent, time and method of
extraction not only affect the diffusion rate of the
components across the cell wall but also their
stability (28). For instance, crocin, one of the
main bioactive compounds of saffron, undergoes
degradation during prolonged extraction in
aqueous media with high water activity (28).

The preparation of an extract has a crucial
impact on the accuracy of the results (29). A
study (30) concluded that the selection of the
most appropriate solvent for extracting the
compounds of interest from a sample is an
essential step in developing any extraction
method. To extract the highest amount of active
saffron components, the best solvent is methanol
(50% v/v) followed by ethanol (50% v/v) and
water (31). It has also been demonstrated that
the use of alcohol or water-alcohol results in a
higher extraction rate compared to water (28).
Based on these studies, hydroalcoholic extracts
should give better results than aqueous SE.
However, a study indicated that approximately
50% of crocetin esters and 70% of picrocrocin
from an aqueous SE were bio-accessible under in
vitro gastrointestinal digestion conditions (32).
However, evidence regarding the bioaccessibility
of hydroalcoholic SE is not widely available.

A study by Samarghandian et al. (13)
that used a dose of 40 mg/kg/day for 4 weeks
showed a significant decrease in TG (30%), LDL
(20.8%) and TC (17.1%) levels and an increase of
HDL (37.5%), although the HDL result was not
significant. However, in 2017, Samarghandian et
al. (12) conducted a study using the same dose
(40 mg/kg/day), duration (4 weeks) and type
of extraction, and HDL increased significantly
(65%). This may have been due to improvements
made by the researchers compared to the
previous studies. In 2014, they used 180 g—220 g
Wistar rats (13). According to the growth and
length chart (33) for Wistar rats, that weight was
equivalent to about 6 weeks 0ld—8 weeks old
of age. In 2017, adult Wistar rats (weight 250 g
—330 g) were used, equivalent to about 8 weeks
old—12 weeks old of age. The age of the animals
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used is an important factor when conducting
an experiment. Inconsistent choice of age in
rodent models has the potential to impact data
quality, potentially increasing variability and
reducing their relevance to the human disease
being studied (34). The most commonly used
age for animal models is 8 weeks old—12 weeks
old, which is due to the ongoing developmental
processes and changes in physiology, which may
have a large impact on experimental variables
(34). The 6-week-old—8-week-old Wistar rats
used in the study may have affected the results
indirectly and caused the study to produce less
significant results.

Of the studies that used SE at a dose of 80
mg/kg/day (11, 13—-14), two showed positive
results (13—14), with a significant decrease in TC
(up to 35.4%), TG (45%) and LDL (up to 50%)
levels and a significant increase in HDL (56.3%)
levels with durations of 3 weeks and 4 weeks,
respectively. However, one of the studies (11)
only showed a significant decrease in TC levels
(28.5%), while the other results (TG, LDL and
HDL) were not significant. The inconsistency in
the results could be due to the different methods
of administration of saffron, as the researchers
mixed the SE with HFD (11). This may have
caused the rats to ingest an inconsistent or
inaccurate amount of the extracts. Gavage
(oesophageal or gastric) is often used in research
settings, instead of mixing substances in water
or food, to ensure precise and accurate dosing
of animals (35). Hoshyar et al. (14) used an oral
gavage method, while Samarghandian et al. (13)
injected the SE intraperitoneally. These methods
are in line with those used in other studies,
indicating that both of these methods could yield
significant results (27, 36).

One of the common routes of
administration used in rodent studies is oral
gavage (37). This is because of the higher
accuracy of the dosages, reliable timing and
faster absorption of unstable or unpalatable
compounds compared to dietary administration
(38). However, if the technique is not done
properly, there is a risk of complications,
such as inadvertent tracheal administration,
aspiration pneumonia, oesophageal perforation,
oesophageal impaction or gastric rupture, which
could increase the morbidity and mortality of the
rodents (39). Hoggatt et al. (37) suggested that
the needles should be precoated with sucrose to
decrease the signs of stress and improve animal
welfare during oral gavage.
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Another frequent route of administration
is through intraperitoneal injection. The
advantage of this method is rapid absorption
of the substance due to the large surface area
and abundant blood supply of the abdominal
cavity (38). However, this method is not suitable
for irritating substance because it can cause
peritonitis (40). In addition, repeated injections
may cause tissue reactions and adhesions in
long-term studies (38). There is also a risk of
puncturing other abdominal organs, such as the
intestine or kidney, if it is not done properly.

Another method is to mix the substance
with food or drinking water. This is the simplest
method of administration, as no handling or
restraining of animals is required. Thus, this
method will not cause stress to the animals
and the digestion is able to occur under normal
physiological conditions. However, this method
is not suitable when dealing with substances
that are distasteful, not soluble in water or which
could cause irritation to the gastrointestinal
mucosa (38). Moreover, the mixing of substances
into the food must be done carefully to avoid
food decomposition. The animals might refuse
to eat and drink, and this could cause a loss of
weight and dehydration. It is also important to
record the food and water intake of the rats daily
before the intervention procedure so that the
quantity of the substance to be mixed with the
food or drinking water can be properly estimated
(38). Moreover, rats must be caged individually
to enable accurate measurement of food or
water intake. However, this living environment
may create stress in the rats, thus reducing the
effectiveness of this administration method (38).

A study (15) administered 100 mg/kg/
day of SE for 10 days, and the results showed
no significant difference between the treated
and untreated groups. This could have been
due to the relatively small sample size (n = 26).
The power of a study increases as the sample
size increases and the ideal minimum power
of a study is 80% (41). Additionally, the sample
size calculation directly influences the research
findings, as very small samples could undermine
the internal and external validity of a study and
result in no significant findings (42).

There were two studies (10—11) that
included a positive control (metformin and
orlistat, respectively) for comparison. TC and
TG levels decreased significantly with the
administration of metformin and ethanolic SE.
However, metformin reduced TC (5.4%) and
TG (11.7%) levels more than SE. Hence, both

SE and metformin were effective in combatting
hyperlipidaemia. Another study by Mashmoul
et al. (11) showed that both SE and orlistat could
decrease TG, TC and LDL levels and increase
HDL, although some of the results were not
significant. However, orlistat has been reported
to have several gastrointestinal side effects,
including oily spotting, frequent loose stools and
flatulence (43).

Regarding saffron toxicity, some in vivo
studies showed an increase in blood urea
nitrogen (BUN) and creatinine levels, which
indicate kidney dysfunction, and a significant
decrease in red blood cells, white blood cells
and haemoglobin levels (44). An increase in
liver enzymes, alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) could
also be seen in sub-chronic saffron toxicity (45).
These signs were not observed in all the studies
included in this review and Dehghan et al. (10)
confirmed that saffron is highly biocompatible
for clinical applications, with no signs of toxicity
at the tested dose and no recorded mortality
in their experiment. Regarding the lethal dose
(LD,,) value of aqueous SE, Hosseinzadeh et
al. (46) reported a value of 4,120 + 556 mg/
kg for oral exposure in BALB/c mice, and for
intraperitoneal administration the LD,, value of
saffron stigma was 1.6 g/kg in mice. We can thus
conclude that, for future studies, SE is safe below
the LD,, values stated.

The results of this review validate the
potential of SE for treating one of the risk factors
of atherosclerosis—hyperlipidaemia—as well as
preventing related complications. Of all the in
vivo studies in our review, the minimum SE dose
that showed significant results was 20 mg/kg/
day, while the minimum duration that showed
significant results was 3 weeks.

These findings are in contrast the results
of a meta-analysis of randomised clinical
trials (RCTs) done on patients with metabolic
disorders by Roshanravan et al. (47). In their
meta-analysis, the authors concluded that the
effects of saffron on the lipid profile of patients
was only significant after 6 weeks—12 weeks of
treatment, while crocin supplementation of 5
mg/d, 15 mg/d and 30 mg/d did not show any
significant effects on lipid profile with the same
treatment duration. The difference in the effects
of saffron and crocin is related to the patients’
stage of disease (47).

The results regarding the minimum dose
and duration in our study differ because the
subjects and types of studies were different.
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While Roshanravan et al. (47) conducted a
systematic review and meta-analysis on RCTs,
our systematic review focused on in vivo studies.
Therefore, to achieve the maximum benefit of
SE, more clinical trials with different doses and
durations are needed. In addition, other in vivo
studies could use the articles gathered in this
systematic review to estimate the minimum dose,
duration of treatment, type of animals used and
minimum sample size required to conduct their
experiments and research.

This study was in alignment with the
WHO Global Action Plan for the prevention and
control of non-communicable diseases 2013-—
2020, which aims to promote and support the
national capacity for high-quality research and
development to help prevent and control non-
communicable diseases (48).

This systematic review has several
strengths. To the best of our knowledge, this
is the first study to review the effects of SE on
lipid profile in in vivo studies. A broad search
term was used to capture the largest possible
number of publications on this topic. There were
two independent reviewers during the article
selection and data extraction to reduce bias. A
third independent person was included if there
were any disagreements in the selection and
extraction. However, the results of this study
may have limited generalisability due to selection
bias.

Although the results of our review are
encouraging, with most of the studies displaying
positive effects of saffron on health conditions
related to hyperlipidaemia, limitations still exist
in terms of confirming the therapeutic efficacy
of SE. For example, potential biases existed
because Iranian research groups conducted most
of the in vivo experiments. Iran is known to be
one of the greatest producers of saffron, and
nearly 90% of saffron is produced in Iran (49).
Thus, most of the research regarding saffron
comes from Iran. Institutions in other countries
are encouraged to validate Iranian research,
as saffron appears to be a promising medicinal
plant, particularly as a hypolipidaemic agent.
Further, this review was limited to only three
electronic databases (MEDLINE, Web of Science
and Scopus), to accessible full-text articles and
to articles published in English. However, these
databases provide wide coverage of published
medical journals. In fact, most high-quality and
high-impact journals are published in English.
Furthermore, due to the limited intervention
durations in the included studies, we could
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not determine the long-term effects of SE on
lipid profile. The included studies also used
different types of extractions, doses and routes of
administration. Therefore, the results varied and
it is difficult to come to a final conclusion.

Conclusion

This systematic review on six studies
demonstrated that SE exhibits hypolipidaemic
and anti-hyperlipidaemic effects. In fact, SE
is nearly as effective in reducing cholesterol
levels as standard therapies, such as orlistat
and metformin. Further studies should be done
to define the minimum effective dose of SE, the
minimum duration of intervention and the best
SE preparation method to achieve the maximum
anti-hyperlipidaemic or hypolipidaemic effects of
saffron.
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