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SUMMARY

Background and aims: Diabetes mellitus is one of the most important life-threatening metabolic diseases
of the 21st century. The use of complementary and alternative medicine in diabetic patients seems to be
increasing. Saffron, a valuable herbal medicine, has several pharmacological properties such as anti-
oxidant effect, which can play important role in ameliorating the complications of diabetes. The aim
of this study was to systematically review the therapeutic effects of saffron and its bioactive components
on oxidative stress in diabetes mellitus.
Methods: In this systematic review, databases such as PubMed, SCOPUS, Embase, ProQuest, and Web of
Sciences were searched from the beginning to December 2021. All eligible in vitro, animal, and human
studies that examined the effect of saffron on oxidative stress indices in diabetes were prepared in the
form of a full article in English.
Results: In the end, only 31of the 389 articles met the criteria for analysis. Of the 31 articles, 4 were in-
vitro studies, 25 were animal studies, and 2 were clinical trials studies. Saffron supplementation may
activate insulin receptor substrate 1 (IRS1) and peroxisome proliferator-activated receptor gamma (PPAR-
v), which can improve hyperglycemia and insulin transduction signal in adipose tissue, and regulate
glucose metabolism, leading to an increased nuclear factor erythroid 2—related factor 2 (Nrf2), HO-1
expression, amelioration of mitochondrial function, and an increased levels of antioxidant enzymes.
Conclusion: Most studies have shown that saffron supplementation significantly enhanced the produc-
tion and activity of antioxidant enzymes and decreased oxidative stress indices in diabetes mellitus.
However, human pharmacokinetic and more accurate clinical trial studies are needed to determine dose
ranges and the exact mechanisms of action of saffron and its active components in diabetes.

© 2022 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

diabetes in 2030 and 2040 will increase to about 440 and 642
million people in the world, respectively [3, 4]. Different types of

Diabetes is one of the most common metabolic diseases, which
threatens human health in the 21st century. The number of diabetic
patients is dramatically increasing worldwide [1, 2]. The global
prevalence of the disease in 2015 was 8.8% (415 million) of the
world's population, and it is estimated that the prevalence of
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diabetes occur due to complex interactions between environmental
factors, genetic factors, and lifestyle [5, 6]. Diabetes mellitus (DM),
defined as an abnormal increase in blood sugar (hyperglycemia), is
caused by a deficiency in insulin secretion, insulin resistance, or a
disorder in the metabolism of fats, proteins, and carbohydrates
[7—9]. Chronic hyperglycemia can cause microvascular complica-
tions, such as retinopathy, neuropathy, nephropathy, and macro-
vascular complications including cerebrovascular and coronary
artery disease [10, 11]. Hyperglycemia increases oxidative stress
and production of free radicals that play the main role in the
pathogenesis of diabetes complications [10, 12, 13]. The over-
production of reactive oxygen species (ROS) is mainly due to
decrease in generation of endogenous antioxidants including
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glutathione peroxidase (GSH—Px), superoxide dismutase (SOD) and
catalase (CAT) [14]. Moreover, various organs such as pancreas are
prone to oxidative stress damage, even when the level of antioxi-
dant enzymes is slightly reduced [15].Diabetes treatment options
include medications and lifestyle modifications such as physical
activity and nutrition [16, 17]. Therefore, today, complementary
therapy and alternative medicine especially herbal remedies are
increasingly used in chronic diseases like diabetes mellitus [18, 19].
Saffron is a spice derived from Crocus Sativus L., and due to its
special color, smell and taste, it is widely used to prepare cosmetics
and food [20, 21]. Saffron also contains more than 100 bioactive
components including safranal, crocin, and crocetin [20].

2. Chemical composition of stigma

Saffron is the dried red stigma and attached yellowish style [28].
Saffron is characterized by its peculiar features including aromatic
smell, bitter taste, and intense red color [29]. Its bitter taste origi-
nates from picrocrocin, o B-D-glucoside of hydroxyl-safranal [30].
This bitter flavored substance can be crystallized and produces
glucose and aldehyde safranal by hydrolysis [30]. The chief com-
ponents of stigma are crocetin, its glucosidic derivatives, safranal,
picrocrocin, crocins and flavonoids including kaempferol and
quercetin [31].

2.1. Crocin

Crocin is 8,8-diapocarotene-8,8-dioic acid and has the chemical
formula of C44H70028 [32]. Crocin is one of the main pigments of
saffron (80% of saffron), which is responsible for the golden bright-
yellow-red color of saffron [33]. In addition, most other carotenoids
are not water-soluble [33]. Therefore, crocin is a special carotenoid
that is mostly used as a dye in food and medicine. Contrary to
saffranal, crocins (digentiobiosidecrocetinor crocin-1 or a-crocin,
tricrocin or crocin-2, crocin-3 or gentio glucoside crocetin, gluco-
side crocetin or crocin-4, diglucoside crocetin or crocin-5) are
permanent under ambient conditions [33, 34].

2.2. Crocetin

Crocetin (8, 80-diapo-8, 80-carotenoic acid) is a carotenoid with
a unique lipophilic property that has the structure of poly-
unsaturated conjugated olefin acid [35].Crocetins (crocetin I or a-
crocetin, b-crocetin, crocetin I, g-crocetin) in saffron are derived
from oxidative degradation of zeaxanthin precursor.

2.3. Picrocrocin

Picrocrocin with the chemical formula of C16H2607 is a pre-
cursor of saffron aroma components (4-hydroxy-2,6,6-trimethyl-1-
cyclohexen-1- carboxaldehyde) and colorless monoterpene glyco-
side.Picrocrocin is the second most abundant substance (approxi-
mately 13.1% of saffron dry matter), which is responsible for the
bitter taste of saffron [36, 37].

2.4. Saffranal

Saffranal (2,6,6-trimethyl-1,3-cyclohexadiene-1-carboxaldehyde),
an aglycon of picrocrocin and monoterpene aldehyde with a molec-
ular weight of 150. 21 g/mol, produces saffron’'s aroma and is the
essential component of the saffron's distilled important oil [38]. It is
believed that safranal is a degradation product of the carotenoid
zeaxanthin via the intermediate picrocrocin [39]. In addition, saffron
has anti-hypertensive, anti-ischemic,hypolipidemic, anti-tumor, anti-
depressant, anti-convulsant, anti-inflammatory, and antioxidant

149

Clinical Nutrition ESPEN 48 (2022) 148—157

properties [23, 24]. Although several studies [25—27] have evaluated
the effect of saffron on pathways and indicators of oxidative stress in
diabetes,but so far, no systematic review study has been conducted to
investigate the effects of saffron on oxidative stress pathways. The
purpose of this systematic review is to summarize and compare the
results of studies on the role of saffron in oxidative stress indices in
diabetes.

3. Method

This systematic review was conducted using the Guideline of
Preferred Reporting Items Systematic Meta-Analyses Checklist
(PRISMA) [40]. All articles were transferred to Endnote software at
the beginning of this systematic review and duplicate articles were
eliminated.

3.1. Search strategy

The online searches of databases including PubMed, SCOPUS,
Embase, ProQuest, and sciences direct were conducted by two in-
dependent authors without a time limit until the end of December
2021. The keywords used in the mentioned databases were as fol-
lows: saffron” [Mesh] or “crocetin” [Mesh] or “safranal” [Mesh] or
“crocin” [Mesh] or ““Crocus sativus” [Mesh] or“crocetin supple-
mentation” [tiab] or “saffron supplementation” [tiab] or “safranal
supplementation” [tiab] or “crocin supplementation” [tiab] or
“Crocus sativus supplementation” [tiab] and “diabetes mellitus”
[Mesh] or “diabetes” [Mesh] or type 2 diabetes” [Mesh] or “type II
diabetes” [tiab] or ““T2DM” [tiab] or “non-insulin-dependent dia-
betes mellitus” [tiab] or “NIDDM” [tiab] “type 1 diabetes” [Mesh] or
“type I diabetes” [tiab] or “T1DM” [tiab] or “insulin-dependent dia-
betes mellitus” [tiab] or “IDDM” [tiab] or “gestational diabetes mel-
litus” [tiab] or “B-cell function " [tiab] or “impaired glucose
tolerance” [Mesh] or “glycemic outcomes” [tiab] or “fasting blood
sugar” [tiab] or “impaired fasting glycaemia” [Mesh]or “glucose
intolerant” [tiab] or “glucose intolerance” [tiab]“HOMA-IR” [tiab]
or"fasting blood glucose” [tiab] or “insulin secretion” [tiab] or
“glucose tolerance” [tiab] or “glucose tolerant” [tiab] or *“high
glucose” [tiab] or “insulin-resistant” [tiab] and “oxidative stress”
[Mesh] or “oxidative phosphorylation” [Mesh] or “Malondialdehyde”
[tiab] or “total antioxidant capacity” [tiab] or “total antioxidant sta-
tus” [tiab] or “Glutathione peroxidase” [tiab] or “Superoxide dis-
mutase” [tiab].

3.2. Eligibility criteria

The inclusion criteria in this study were as follows: (a) Human,
animal, and invitro studies, (b) the intervention was saffron sup-
plementation, (c¢) saffron should be used for treatment alone and
not in combination with other compounds, and (d) the outcome
was the effect of saffron on oxidative stress.

3.3. Exclusion criteria

In this systematic review, we excluded studies that: (1) the
intervention is not relevant to saffron is supplemented with other
compounds (2) saffron has been used as a treatment for other
diseases, (2) books’ chapters, editorial, commentary papers, report,
presentation, and review, (3) articles in a language other than
English.

3.4. Data extraction

Two authors (A.K. and A.M.) evaluated the titles and abstracts of
the selected articles based on the inclusion criteria and screened
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them for data extraction. In the next stage, eligible studies were
evaluated based on the authors' names, topic of study, saffron
supplement dose, duration of supplement use, and main conclu-
sion. The third researcher (R.N.D.) evaluated the accuracy and
quality of the extracted information.

3.5. Risk of bias assessment

The risk of bias was assessed by two authors (A.K. and R.N.D) for
human, animal, and in vitro studies. The overall degree of bias in
randomized controlled trials was evaluated using the Cochrane risk
of bias (ROB) [41]. The SYRCLE risk of bias tool was applied to
measure the overall risk of bias in animal studies [42]. Also, the
quality of the in vitro studies was assessed using the OHAT risk of
bias tool [43]. These tools have seven domains including allocation
concealment, random sequence generation, performance bias,
attrition bias, reporting bias, detection bias, and other bias sources.
Based on any methodological defect that might affect the findings,
each domain was ascribed a “high risk” score. A “low risk” score was
assigned to each domain if there was no defect for that domain. If
the information was not sufficient to determine the effect, it would
get an “unclear risk” score. If this test is “low-risk” for all domains,
the study has a high-quality, completely low-risk study.

4. Results
4.1. Selected articles

The study flowchart is presented in Fig. 1. A total of 389 articles
were selected from databases, such as Embase, PubMed, Scopus,
ProQuest, and Web of Sciences. Two hundred and twenty-six arti-
cles were duplicates, all of which were removed, and 163 articles
remained. Of these, 51 articles were excluded from the study due to
lack of inclusion criteria, 38 reviews, eight conference abstracts,
one book chapter, three letters, one editorial, and 81 non-related
studies were found. Finally, 31 eligible articles were included in
this systematic review. A summary of the studies are shown in
Table 1.

4.2. Findings from the quality assessments

The results of the methodological quality assessment of
included human, animal, and in vitro studies are presented in
Figs. 2—4. The results of the blinded outcome assessment for hu-
man studies showed that one study was classified as an unclear risk
of bias (Fig. 2). The SYRCLE risk of bias tool was used to evaluate the
quality of animal studies. The baseline characteristics exhibited that
most of the studies were rated as low risk of bias for the group
similarities at sequence generation, selective outcome reporting,
and other bias category sources. In most of these studies,
randomization in animal housing, blinding outcome assessment
and random outcome assessment were not mentioned clearly.
Methods of blinding were properly described in 20% of the included
studies. Moreover, the risk of incomplete outcome data was iden-
tified in 85% of the studies and the risk of allocation concealment
was identified in 70% of the animal studies (Fig. 3). The OHAT risk of
bias tool was used to evaluate the in vitro studies.

The qualitative assessment represented that most studies were
appraised as low risk of bias for the similarities at experimental
conditions across groups, sufficient administration of dose or expo-
sure level, confidence in the exposure characterization, full report of
outcome, and the other potential threats to internal validity.

In all of these studies blindness of assessors were not pointed
clearly. Adequate allocation of groups was properly mentioned in
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66% of the included studies. Complete report of outcome was high
risk in one study (33%) (Fig. 4).

4.2.1. Invitro studies

The characteristics of all the in-vitro studies reviewed in this
systematic review are shown in Table 1. In these studies, the dose of
saffron supplement used varied from 0.1 pM/ml to50 pM/ml
[44—47].

4.2.2. Animal studies

The characteristics of all in vivo studies included in this sys-
tematic review are shown in Table 1. Of the 26 animal studies,
25studies were conducted in rats, and one was in mice. Also, in four
out of 26studies, animal models had typeldiabetes [48—51], and in
the remaining 21 cases, the animal model had type 2 diabetes
[25—27, 52—69]. In these studies, the dose of saffron supplemen-
tation varied from 0.025 mg/kg/day to 200 mg/kg/day. Also, the
duration of intervention on animals was different from 21 days to 8
weeks.

4.2.3. Human studies

The characteristics of the two human studies included in this
study are shown in Table 2. All studies were on both genders. Also,
the sample size of clinical trials varied from 90 to 204 participants
with an average age of 20—66 years. In addition, the period of the
supplementation varied between 8 and 12 weeks, and the dose of
saffron supplements varied from 100 mg/day per day to 1 g/day in
clinical trials. All of the studies also used a parallel design [20, 70].

4.3. Findings from the in-vitro studies

Yang, Huo et al. [44], have investigated the effects of crocin on
oxidative stress of microglial cells related to the diabetic. The au-
thors reported that crocin Could improve vision loss, neuronal
damage, and other diabetic retinopathy-induced complications by
reducing ROS and iNOS production, and also suppressing of phos-
phatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) pathways.
Suh, Chon et al. [45], found that the amount of 5 uM up to 20 uM of
saffron could significantly decrease oxidative stress indices and
attenuated methylglyoxal in RAW264.7 cells. In another study,
Mousavi, Tayarani et al. [46], have investigated the effect of crocin
and saffron extracts on ROS-induced high glucose toxicity in
PC12 cells. They have reported that treatment with crocin and
saffron extract decreased ROS and increased GSH in these cell lines.
Li, Liu et al. [47], showed that the amount of 0.1, 0.5 and 1 uM of
crocin could significantly decrease ROS production and increase
SOD in RAW264.7 cells.

4.4. Findings from the animal studies

4.4.1. The effect of saffron on oxidative stress indices in animal
models of diabetes mellitus

Samarghandian, Azimi-Nezhad et al. [26], Showed that intra-
peritoneal administration of saffron in different dosages (10, 20,
and 40 mg/kg) for 4 weeks considerably decreased lipid peroxi-
dation level (MDA)and nitric oxide (NO) in type 2 diabetic rats. In
another study carried out by Rahbani, Mohajeri et al. [52]they
observed a considerable reduction in MDA level after receiving
40 mg/kg L.P, saffron for eight weeks. In a study conducted by
Abou-Hany, Atef et al. [50]in 2010 on type 1 diabetic rats, they
concluded that supplementation with 20 mg/kg, orally of
saffron for eight weeks could reduce oxidative stress index levels
such as MDA. Moreover Qiu, Jiang et al. [27] have shown that
50 mg/kg/day of saffron supplementation for eight weeks
decreased ROS and MDA. Also, other study by Bahmani, Bathaie
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Fig. 1. Flowchart of the process for selecting studies for the systematic review.

et al. [56]indicated that the oral administration of 100 mg/kg/
saffron for 8 weeks significantly decreased lipid-peroxidation
level (MDA) and NO in diabetic rats. Motamedrad, Shokouhifar
et al. [54]reported reduced levels of MDA, in diabetic rats
following saffron supplementation (25 and 100 mg/kg orally) for
21 days. Animal studies showed a wide range of saffron doses
could be well tolerated by animals without exposure to toxicity.
Overall, the findings of animal studies suggest that saffron sup-
plementation may play a potential role in reducing lipid peroxi-
dation indices such as MDA, Thiobarbituric acid reactive
substances (TBARS), and protein-carbonyl contents. Other studies
have also shown the effect of saffron on diabetes, which are listed
in Table 1.

4.4.2. The effect of saffron supplementation on antioxidant
biomarkers in animal models of diabetes mellitus

Abou-Hany, Atef et al. [50] after administering 20 mg/kg saffron
orally for eight weeks in type 1 diabetic rats, observed a remarkable
enhancement in antioxidant enzymes like SOD and GSH. In another
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similar study, Hemmati, Zohoori et al. [25] showed that using
saffron at the different dosages25 and 100 mg/kg orally for 21 days
significantly increased TAC in experimental diabetic rats. In other
study, Bahmani, Bathaie et al. [56] investigated the effects of saffron
on oxidative stress markers in diabetic rats. Diabetic rats were
orally treated with saffron at 100 mg/kg of body weight dose for
eight weeks. Saffron treatment significantly increased anti-oxidant
enzymes such as SOD, GSH, and CAT. Motamedrad, Shokouhifar
et al. [54] showed that 25, and 100 mg/kg/day of oral saffron sup-
plementation for 21 days enhanced TAC. Also Qiu, Jiang et al. [27]
indicated that the expression of Nrf2 and oxygenase-1 (HO-1)
increased in diabetic mice after administration of crocin (50 mg/kg/
day) for eight weeks. Moreover, Samarghandian, Azimi-Nezhad
et al. [26]showed that the administration of 10, 20, and 40 mg/kg
saffron (I.P) for four weeks significantly increased SOD, GSH, and
CAT. The results of animal studies show that saffron can increase
the capacity of antioxidant enzymes (GPX, SOD, GSH, and CAT) in
animals. Other studies have also shown the effect of saffron on
diabetes, which are listed in Table 1.
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Table 1

Characteristics of studies that reported the potential roles of saffron on diabetes.
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Type of study  Authors/date

Number and type of subjects

Dosage and type of
administration/Model

Study duration

Main outcomes

Invitro

Animal

Mousavi, Tayarani [1]

Li, Liu [2]

Suh, Chon [3]

Yang, Huo [4]

Hemmati, Zohoori [5]

Margaritis, Angelopoulou

[6]

Delkhosh-Kasmaie, Farshid
[7]

Kianbakht and MOZAFARI
[8]

Hasanpour, Ashrafi

Mohammad, Daryoush [10]

Samaha, Said [11]

Kapucu [12]

Altinzo, Oner [13]

Ahmadi, Rajaei [14]

Yaribeygi, Noroozadeh [15]

Sefidgar, Ahmadi-
Hamedani [16]

Bayatpoor, Mirzaee [17]

Tamaddonfard, Farshid [18]

Yaribeygi, Mohammadi [19]

PC12 cells

RAW264.7 cells

RAW264.7 cells

BV-2 and N9 cells

Type 2 diabetic rats (n = 10)

Type 2 diabetic rats (n = 12)

Type 2 diabetic rats (n = 18)

Type 2 diabetic rats (n = 90)

Type 2 diabetic rats (n = 10)

Type 2 diabetic rats (n = 10)

Type 1 diabetic rats (n = 6)

Type 1 diabetic rats (n = 7)

Type 2 diabetic rats (n = 10)

Type 2 diabetic rats

(n=21)
Type 2 diabetic rats
(n=16)

Type 2 diabetic rats
(n=12)

Type 2 diabetic rats
(n=18)
Type 2 diabetic rats
(n=24)

Type 2 diabetic rats
(n=6)

Saffron

5 and 25 pM/ml
Crocin

10 and 50 pM
Crocin

0.1,0.5 and 1 pM

Crocin

5 and 20 uM

Crocin

0.1 and 1 uM

Saffron

25 and 100 mg kg orally

Crocin
25 and 50 mg kg orally

Safranal

0.025, 0.1 and 0.4 mg/kg i.p

Saffron

25, 100 and 250 mg/kg orally

Safranal

2.5, 5 and 10 ml/kg orally
Crocin

2.5, 5 and 10 mg/kg
orally

Saffron

200 mg kg LP.

Saffron
40 mg/kg b.w./day, i.p.

Crocin
10 mg/kg orally

Crocin
50 mg/kg i.p.

Crocin
20 mg/kg orally

Crocin

15, 30 and 60 mg/kg i.p
Crocin

40 mg/kg/i.p

Crocin
40 and 60 mg/kg/day i.p

Crocin

20 mg/kg/day i.p

Crocin

7.5, 15 and 30 mg/kg i.p

Crocin
40 mg/kg/day i.p
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96 h

24 h

24 h

24 h

21 days

4 weeks

37 days

30 min before
administration of
indomethacin

5 weeks

8 weeks

8 weeks

21 days

21 days

6 weeks

8 weeks

28 days

60 days

21 days

8 weeks

Significant decrease:
ROS production
Significant increase:
GSH

Significant decrease:
ROS production
Significant increase:
SOD

Significant decrease:
Mitochondrial superoxide
Significant decrease:
iNOS

Significant increase:
TAC

Significant decrease:
MDA

Significant increase:
GSH, SOD, TAC
Significant decrease:
Protein carbonyls
Significant increase:
SOD

Significant decrease:
MDA

Significant increase:
GSH

Significant decrease:
MDA

Significant increase:
CAT and GPx
Insignificant change:
MDA

Significant increase:
GSH, SOD, CAT and GSH-Px
Significant decrease:
MDA

Significant increase:
GSH, SOD, CAT and TAC
Significant decrease:
MDA

Significant increase:
SOD, TOC and TAC
Significant decrease:
MDA

Significant increase:
GSH

Significant decrease:
MDA, XO

Significant decrease:
MDA, TBARS
Significant increase:
SOD, CAT
Significant decrease:
MDA

Insignificant changes:
GLT

Significant increase:
TAS

Significant decrease:
Significant increase:
RAGE

Significant increase:
TAC

Significant decrease:
MDA

Significant increase:
SOD, CAT
Significant decrease:
MDA
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Table 1 (continued )
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Type of study  Authors/date Number and type of subjects

Dosage and type of

Study duration Main outcomes

administration/Model

Abou-Hany, Atef [20] type-1 diabetic rats (n = 10)

Bahmani, Bathaie [21] Type 2 diabetic rats (n = 10)

Hazman and Ovali Type 2 diabetic rats fed a HFD

(n=28)

Motamedrad, Shokouhifar
[23]

Type 2 diabetic rats/STZ
(n=14)

Altinoz, Oner [24] Type 2 diabetic rats/STZ

(n=10)

Qiu, Jiang [25] Type 2 diabetic mice/STZ

(n=12)

Samarghandian, Afshari
[26]

Type 2 diabetic rats/STZ
(n = 24)

Altinoz, Oner [27] Type 1 diabetic rats/STZ

(n=10)

Samarghandian, Azimi-
Nezhad [28]

Type 2 diabetic rats/STZ
(n=27)

Rahbani, Mohajeri [29] Type 2 diabetic rats/(n = 10)

Insignificant changes:

GSH
Crocin 8 weeks Significant increase:
20 mg/kg, orally SOD, GSH
Significant decrease:
MDA
Crocin 8 weeks Significant increase:
100 mg/kg b.w orally FRAP, SOD, GSH and CAT
Significant decrease:
MDA, NO
Safranal 4 weeks Significant decrease:
0.2 ml/kg i.p TOS
Significant increase
TAS
Saffron 21 days Significant decrease:
25 and 100 mg/kg orally MDA
Significant increase
TAC
Saffron 21 days Significant increase:
20 mg/kg/day orally GSH
Significant decrease:
MDA, XO
Crocin 8 weeks Significant decrease:
50 mg/kg orally ROS, MDA
Significant increase
SOD, GSH and CAT
Nrf2,HO-1 expression
Safranal 4 weeks Significant decrease:
20,40 and 80 mg mg/kg/day i.p NO, MDA
Significant increase
SOD, GSH and CAT
Saffron 21 days Significant increase:
20 mg/kg/day i.p SOD,CAT, GSH
Significant decrease:
MDA, XO
Saffron 4 weeks Significant decrease:
10, 20 and 40 mg/kg i.p NO, MDA
Significant increase
SOD, GSH and CAT
Saffron 8 Weeks Significant decrease:
40 mg/kg i.p MDA

Significant increase:
SOD, GPX, GSH, CAT

CAT; Catalase, GSH; Reduced Glutathione, GR; Glutathione reductase, iNOS; Inducible nitric oxide synthase, MAPK; p38 mitogen-activated protein kinase, MDA; Malon-
dialdehyde, NF-kB: Nuclear factor-kB, JNK; Jun N-terminal kinase, NO; Nitric oxide, Nrf2; The nuclear factor erythroid 2—related factor 2, TBARS; Thiobarbituric acid reactive
substances, advanced glycation end products, TAS; Total anti-oxidant capacity TOS; Total oxidative capacity ROS; Reactive oxygen species XO; xanthine oxidase.

4.5. Findings from the clinical trial studies

4.5.1. The effect of saffron on oxidative stress in diabetic patients

Two human studies had examined the effect of saffron on
oxidative stress indices in patients with type 2 diabetes. Azimi,
Ghiasvand et al. [70]demonstrated that saffron (1 g/day) signifi-
cantly decreased F2-isoprostan in type 2 diabetic patients after
eight weeks. Ebrahimi, Sahebkar et al. [20] in a randomized
controlled trial, investigated the impact of saffron supplementa-
tion on oxidative stress in T2DM. In their study, 90 diabetic pa-
tients were enrolled; 45 subjects received a placebo and 45
patients received saffron at a dose of 100 mg/day (group 2), for 12
weeks. They reported that saffron significantly decreased MDA
and also significantly increased TAC compared to the placebo
group (Table 2).

5. Discussion

In this review, we evaluated 31 studies to investigate the role of
saffron in the oxidative stress index in diabetes and hyperglycemia.
The results of theses tudies showed that saffron can reduce
oxidative stress in diabetes. Findings of in-vitro and animal studies
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showed that saffron supplementation has an effective role in
reducing the levels of MDA, TBARS, and other indicators of lipid
peroxidation. In addition, the results of clinical trials showed that
saffron supplementation reduced products caused by oxidative
stress and increased antioxidant enzymes. Oxidative stress and ROS
have an important role in the development of complications of
diabetes [71, 72]. In addition, increase in production of ROS and
inflammation leads to insulin resistance and microvascular and
macrovascular complications of diabetes [73, 74]. Therefore, by
reducing oxidative stress and hyperglycemia, we can prevent the
complications of diabetes [75]. Several mechanisms have been
proposed for the possible role of saffron in reducing oxidative stress
and improving antioxidant enzymes. Bahmani, Bathaie [56]
showed that saffron significantly increased antioxidant enzymes in
diabetic rats. In general, saffron reduces ROS production by inter-
fering with ROS-related pathways, and ultimately reduces oxidative
stress [50]. Saffron and its extracts contain many active ingredients
such as beta-carotenes, picrocrocin, safranal, crocetin, and crocin,
which can have therapeutic effects on a wide range of diseases such
as metabolic syndrome and diabetes [76, 77]. Many studies show
that saffron reduces lipid peroxidation factors such as MDA by
increasing the antioxidant enzyme and reducing the production of
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Fig. 2. Result of risk of bias assessment for human studies.

Sequence generation (Selection bias)
Baseline characteristics (Selection bias)
Allocation concealment (Selection bias)
Random housing (Performance bias)
Blinding (Performance bias)

Random outcome assessment (Detection bias)
Blinding (Detection bias)

Incomplete outcome data (Attrition bias)
Selective outcome reporting (Reporting bias)

Other sources of bias

0%

B Low risk of bias

20%

O] Unclear risk of bias

80%

40% 60% 100%

[l High risk of bias

Fig. 3. SYRCLE's tool for assessing risk of bias in animal study.

ROS [27, 54]. Glutathione is present in two forms oxidized (GSSG)
and, reduced (GSH) [78]. Increased GSSG to GSH ratio indicates
cellular oxidative stress [79, 80]. GSH is a powerful antioxidant and
protects important cellular components (such as beta cells) versus
reacting with oxygenated functional groups such as peroxides and
free radicals [80, 81]. Rahbani, Mohajeri [52] showed that saffron
for eight weeks significantly increased GSH, and reduced MDA.
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Saffron increases NADPH by increasing the activity of glucose-6-
phosphate dehydrogenase (G6PD). This increase in NADPH com-
bined with glutathione reductase activity leads to the conversion of
GSSG to GSH, thereby reducing oxidative stress [69, 82, 83].

Also, saffron increases Nrf-2 expression in response to ROS. Nrf-
2 is a transcription factor expressed by the NFE2L2 gene [84, 85].
This molecule is a basic leucine-zipper protein that regulates the



A. Moini Jazani, A. Karimi and R. Nasimi Doost Azgomi

Adequate administration of dose or exposure level

Adequate allocation of groups

Similarity of experimental conditions across groups

Completeness of outcome data without attrition or
exclusion from analysis

Confidence in the exposure characterization

Blindness of assessors

Complete report of outcome

Other potential threats to internal validity

Clinical Nutrition ESPEN 48 (2022) 148—157

[ Low risk of bias

20%

40% 60% 80% 100%

[0 Unclear risk of bias [l High risk of bias

Fig. 4. Result of risk of bias assessment for in vitro studies included in the current systematic review.

Table 2

Summary of the human studies on the effect of saffron on oxidative indices in diabetes.

Authors, Date Number and type of subjects Sample Size Age Dosage and type of administration sources Study duration Maine outcome

Azimi, Ghiasvand, Feizi, Human with type 2 204 >30 Saffron Iran 8 weeks Significant decrease:
Hariri, and Abbasi (2014) diabetes (n = 42) 1 g/day, orally/ F2-isoprostan

Ebrahimi et al. (2019) Human with type 2 90 <56 Saffron Iran 12 weeks Significant decrease:

diabetes (n = 40)

100 mg/day, orally

MDA
significant increase
TAC

MDA; Malondialdehyde TAC; total antioxidant capacity.

expression of genes responsible for the phase 2 cell enzymes and
the production of antioxidant enzymes through activation of the
antioxidant response elements (ARE) [86, 87]. Saffron in conditions
of oxidative stress by increasing the expression of Nrf-2, causes it
to separate from the Kelch-like ECH-associated protein (Keap1)
subunit to be transferred into the nucleus [27]. In the nucleus, Nrf-
2 binds to the ARE subunit to increase the expression of antioxi-
dant enzymes including, SOD, GPx, heme oxygenase-1 (HO-1), and
NAD (P) H dehydrogenase quinone 1(NQOT1) to eliminate reactive
oxygen species [88]. On the other hand, saffron, by increasing the
expression of the Nrf2 pathway, prevents phosphorylation of
kappa light polypeptide gene enhancer in B-cells inhibitor, alpha
(IkBa) by I kappa B kinase-a (IKK) and reduces the expression of
NF-kB, as a result, reduces the damage caused by oxidative stress
and the inflammatory response in diabetes mellitus [27, 88]. Also,
increase in insulin sensitivity in different parts of the body such as
skeletal muscle, can reduce oxidative stress caused by chronic
hyperglycemia [70, 89]. Saffron reduces blood glucose by ampli-
fying glucose uptake into cells, improving insulin signaling in
insulin-sensitive tissues (adipose tissue and muscle) and
increasing glucose transporter type 4 (GLUT-4) into cell mem-
branes. Saffron increases the expression of 5 AMP-activated pro-
tein kinase (AMPK) signaling pathway, leading to further transfer
of glucose transporter type 4 (GLUT-4) to cell membranes [90].
AMPK has a significant effect on insulin sensitivity and glucose
uptake in diabetes [91].Kang, Lee [91] have shown that saffron
induced hypoglycemic effects by enhancing GLUT4 translocation
into the plasma membrane via the AMPK/ACC pathway [91, 92].
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AMPK can also reduce oxidative stress by increasing the expression
of antioxidants in diabetes mellitus [70, 93].

6. Strength and limitations of the studies included

One of the strengths of this studies is the existence of animals
and in-vitro studies. The advantage of these studies is that they are
physiologically controllable. The existence of a control group in
animal studies is another advantage of these studies that allows
comparison between groups. The duration of interventions (3 to 12
weeks) was acceptable in the included studies. However, some of
the limitations included the small number of clinical trials available
in this analysis. Human studies provide the most accurate and
conclusive data on the possibility and generalization of drug in-
teractions in clinical treatments. The effects of drugs in humans are
not exactly as the same as in animal or cell line models thorough
differences in energy intake, intestinal morphology, and nutrient
uptake. The human body's physiological and metabolic responses
to drugs are different from those of other animals. Also doses and
duration of interventions are different in the studies.

7. Conclusion

The findings of this systematic study show that saffron admin-
istration can be useful in reducing oxidative stress and increasing
antioxidant enzymes. Also corcin, safranal, and crocetins main
saffron compounds can decrease oxidative stress and increases
antioxidant enzymes in diabetic conditions. However, for more
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reliable conclusion about the antioxidant properties of saffron,
more studies are needed, especially in the human field.
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