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The effect of saffron extract (Crocus sativus L.) and its primary compound crocin was studied on an induced obesity rat model. Our
study is aimed at investigating and comparing the metabolite changes in obese and obese treated with saffron extract and crocin and
at improving the understanding of the therapeutic effect of saffron extract and crocin. Two different doses of saffron extracts and
crocin (40 and 80 mg/kg) were incorporated in a high-fat diet (HFD) and were given for eight weeks to the obese rats. The changes
in metabolite profiles of the serum were determined using proton nuclear magnetic resonance ("H-NMR). Pattern recognition by
multivariate data analysis (MVDA) showed that saffron extract and crocin at 80 mg/kg was the best dosage compared to 40 mg/kg.
It also showed that both treatments work in different pathways, especially concerning glucose, lipid, and creatinine metabolism. In
conclusion, although the pure compound, crocin, is superior to the saffron crude extract, this finding suggested that the saffron
extract can be considered as an alternative aside from crocin in treating obesity.

1. Introduction therapy, such as orlistat (pancreatic lipase inhibitor) or

sibutramine (serotonin and noradrenaline inhibitor), is

Obesity is a growing health problem, and indeed, it has
become a high-risk factor in many types of noncommunicable
diseases such as type 2 diabetes, hypertension, coronary heart
disease, stroke, and certain cancers. According to the World
Health Organization (WHO), the worldwide prevalence of
overweight and obese in the adult population older than 18
years old is 39% and 13%, respectively [1]. The most com-
mon solution introduced by the physician for obese patients
is diet and physical activity. However, not all individuals
manage to reduce their weight within the healthy body mass
index (BMI). Therefore, the introduction of antiobesity drug

sometimes needed. Despite this, prolonged usage of these
drugs to treat obesity may cause harmful side effects in obese
patients such as gastrointestinal side effects, reduction in
high-density lipoprotein, and elevated blood pressure and
pulse rate [2, 3].

Currently, there is a surge of interest in implementing the
natural product, especially from plants as one of obesity
treatment [4]. Saffron, also scientifically known as Crocus
sativus L., is a stemless, perennial herb that belongs to the
Iridaceae family. Aside from being used in colouring and
flavouring agents, saffron also has been widely used in
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traditional medicine as a herbal therapy in the Middle East
and Mediterranean countries [5]. There are three main
bioactive components in saffron, including volatile agents
(safranal), bitter principles (picrocrocin), and dye materials
(crocetin and its glycoside, crocin) [6, 7].

A study conducted by Mashmoul et al. [8] showed 29%
and 1.9% of the ethanolic extract of saffron consist of crocin
and safranal, respectively. Crocin has been noted to possess
pharmacological activities such as antidepression, anticancer,
antioxidant, antidiabetic effects, antiatherogenic potential,
and antidyslipidemic effect as well as a radical scavenger
effect activity [9-15]. Our previous study [8] found that
saffron and its bioactive compound crocin have a significant
effect in reducing food consumption, the rate of body weight
gain, total fat pad and the weight ratio of epididymal fat to
the body, plasma triacylglycerol (TAG), and total cholesterol
of obese rats. However, the mechanisms of saffron as antiobe-
sity agent remain scarce. Therefore, further preclinical inves-
tigation on the potential of saffron for use as a source to
develop effective and safe antiobesity drugs seems necessary.

Metabolomics analysis is a bioanalytical technique used
to detect and quantify small molecules in a minimal amount
of biological samples. Metabolomics analysis is useful to
accomplish the comprehensive global view in the complexity
of metabolites and their fluctuations in reaction to physiolog-
ical or pathophysiological stimuli [16]. The primary analyti-
cal methods used in metabolomics analysis are 'H-NMR
spectroscopy and mass spectroscopy. 'H-NMR is widely
established in the metabolomics fields as it needs only a little
amount of sample, has ease of preparation, and is a nonde-
structive method and robust. Moreover, the data in the 'H-
NMR technique are highly reproducible and quantitative
over a wide dynamic range of compounds, in which it can
provide useful information about what is happening in the
biological system that can give us further understanding of
the disease process [17].

Our previous study has revealed the hypolipidemic effect
of saffron extract and crocin. However, the mechanism
behind the activities and their mechanisms are still limited.
Moreover, it would be interesting to study the comparison
regarding therapeutics mechanism between crude extract
(saffron) with a pure compound (crocin) which has not been
reported previously. Based on that limitation, this study is an
extension of our previous study. Whereby, by applying 'H-
NMR metabolomics, this study is aimed (1) at investigating
the metabolite changes in obese and obese treated with
saffron extract and crocin, (2) at comparing the metabolites
changes in obese treated with saffron and crocin, and (3) at
providing a better understanding of the therapeutic effect of
saffron extract and crocin.

2. Materials and Methods

2.1. Chemicals and Standard. Crocin powder and deuterium
oxide containing sodium 3-trimethylsilyl-propionate-2,2,3,3,-
d4 (TSP) as an internal standard in the "H-NMR metabolo-
mics analysis were purchased from Sigma-Chemical Co. (St.
Louis, MO, USA). The source of crocin powder was obtained
from saffron stigma plant.
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2.2. Preparation of Saffron Extract. The saffron (stigma of
Crocus sativus L. flower) planted in Khorasan was purchased
from Saman Khoshe Tos Co. (Mashhad, Iran). Voucher
specimens were deposited at the herbarium, Faculty of Phar-
macy, Mashhad University of Medical Sciences. The species
were confirmed as Crocus sativus L. with voucher specimen
number 134-0319-1. The maceration method was used to
extract the stigma of the saffron plant, as described in our
previous study [8]. First, 10 g of dried-ground saffron stigma
was soaked in 500 mL of ethanol (80% v/v) with a magnetic
stirrer for three days at room temperature. Then, the mixture
was filtered and concentrated under reduced pressure at
40°C. Next, the ethanol was removed using a rotary evapora-
tor. The resulting extract was later kept at -80°C and lyophi-
lized using a freeze-drying process. Lastly, the lyophilized
extract was kept at -80°C until further used. The yield of
the extract obtained was 50% (w/w). Chromatographic
identification of bioactive compound in a saffron extract
from our previous study found that 1g sample of the dried
saffron extract contained 290mg and 19.13mg of crocin
and safranal, respectively [8].

2.3. Preparation of High-Fat Diet. Rats that consumed HFD
received 130kJ/100 g of food with a composition of 30% of
carbohydrate, 20% of protein, and 40% of fat. Rats that con-
sumed normal diet (ND) received 90kJ/100 g of food with a
composition of 65% of carbohydrate, 20% of protein, and
5% of fat. The composition of the HFD and ND that were
given to the animals was summarized in Supplementary
Material, Table S1. The primary source of fat used in the
HFD was beef tallow. Rats that received ND and HFD were
categorized as healthy and disease controls, respectively.
The treatment in this study was administered to the rats by
combining it with the HFD. Previous studies have reported
that both different doses of saffron extract and crocin did
not exhibit any side effect and did not cause damage to any
major organ [18, 19]. No lethality was observed in treated
rats during eight weeks of treatment period [8]. Therefore,
treatment with saffron extract and crocin was provided by
two different doses, 40 mg/kg and 80mg/kg, as the final
dose to be incorporated in the HFD.

2.4. Animal Care and Experimental Design. A total of 42
inbred male Sprague-Dawley rats (body weight 217 +25g¢,
six weeks old) was purchased from Sapphire Enterprise,
Malaysia, and used for the study after obtaining ethics
approval from the Institutional Animal Care and Use Com-
mittee of the Faculty of Medicine and Health Sciences,
Universiti Putra Malaysia (Permit Number: UPM/FPSK/
PADS/BR-UUH/00473). The rats were individually housed
in polypropylene cages in an environmentally controlled
clean air room under standard laboratory conditions (12h
light/12h dark cycle, 60 + 5% relative humidity, 22 + 2°C).
The rats were fed a standard laboratory food pellet diet
and allowed water ad libitum for an acclimatization period
of 14 days before the experiment. After two weeks of accli-
matization, rats were fed a normal diet (#n=6) and an
HFD (n=36). The weight of obese rats (OB) must have
a 50% increase in the basal weight to be considered obese.



BioMed Research International

Following 12 weeks of obesity induction, all rats were ran-
domly divided into six groups (n =6) and received diet as
follows: group control (LN): given ND diet; group obese
(OB): given HFD diet; group obese and crocin 40 mg/kg
(OBCR40): given HFD+crocin 40 mg/kg diet; group obese
and crocin 80mg/kg (OBCRS80): given HFD+crocin
80 mg/kg diet; group obese and saffron extract 40 mg/kg
(OBSF40): given HFD+saffron extract 40 mg/kg diet; and
group obese and saffron extract 80 mg/kg (OBSF80): given
HFD+saffron extract 80 mg/kg diet.

The crocin and saffron extracts were added to the HFD at
concentrations of 0.14 to 0.30% and fed to the rats continu-
ously for eight weeks. The dietary crocin and saffron extract
level was reset based on changes in body weight. To ensure
the rats received 100% appropriate dosage based on their
body weight, the HFD that contained crocin and saffron
dosages was first given to the rats’ meal, and the remaining
HFD without the dosages was added afterwards. The food
intake was recorded by measuring the daily food consump-
tion. The body weights of the rats were recorded weekly.
After 22 weeks, blood samples were drawn via cardiac
puncture for metabolomics analysis. The data of food
consumption, body weight, and serum biochemistry had
been previously published by Mashmoul et al. [8]. Then,
the rats were sacrificed by cardiac puncture under an anaes-
thetic effect with xylazine and ketamine. A simple schematic
diagram of the study is shown in Figure 1.

2.5. Preparation of Serum Samples for '"H-NMR Analysis. The
serum samples were prepared using a method as described by
Beckonert et al. [20] with slight modifications. Since the pres-
ent study only focused on the saffron extract and its bioactive
compound, crocin, the groups of obese rats that were
analyzed by metabolomics analysis were LN, OB, OBSF40,
OBSF80, OBCR40, and OBCR80. Only n =5 rats from each
group was randomly chosen for modelling due to outliers
(sick, death) and to standardize the number of rats in each
group. Firstly, serum samples were thawed at room temper-
ature. Then, the samples were centrifuged at 3000g for
10min at 4°C. The supernatant (300 yL) was mixed with
600 uL of 0.9% saline solution (deuterium oxide:water
(D,0:H,0)) containing 0.1% sodium 3-trimethylsilyl-pro-
pionate-2,2,3,3,-d4 (TSP) as an internal standard at a chem-
ical shift of § 0.0 ppm. Next, the final volume was transferred
into a 5.0mm NMR tube (Norell, Landisville, NJ, USA).
Samples were analyzed with the first increment of NOESY
pulse sequence and CPMG (Carr-Purcell-Meiboom-Gill)
pulse sequence with water suppression.

2.6. NMR Measurement and Spectra Processing. NMR spec-
tra of serum samples were performed using 500 MHz
Varian INOVA NMR (Varian Inc., California, USA) spec-
troscopy functioning at frequency 499.91 MHz, equipped
with a 5.0mm TXI probe and maintained at 25°C. A
standard one-dimensional pulse sequence was performed
using the first increment of the NOESY pulse sequence (recy-
cle delay-90°-t,-90°-t,,-90°-acquisition) to achieve water
presaturation. Additionally, a Carr-Purcell-Meiboom-Gill
(CPMG) pulse sequence was obtained to enhance the contri-

bution of low molecular weight metabolites by suppressing
large signals from macromolecules. The mixing time (f,,)
used for a standard one-dimensional experiment was
100 ms. The CPMG spectra were acquired with 128 tran-
sients, and common recycle delay of 2.0 s was used for each
sample. Water signal irradiation was applied during the recy-
cle delay. The NMR spectra were manually phased and
baseline-corrected calibrated to TSP at § 0.00 ppm using
Chenomx software (version 6.2, Alberta, Canada). Next, each
of the processed NMR spectra (§ 0-10 ppm) was segmented
into 250 regions with an equal 0.04 ppm via the profiler
module. The residual water regions of § 4.53-§ 5.15ppm
were excluded before analysis to remove any spurious effects
of water suppression. Then, the "H-NMR output data were
exported from Microsoft Excel and imported to SIMCA
(version 14.0, Umetrics, Umea, Sweden) for multivariate data
analysis (Pareto-scaled).

2.7. Statistical Analysis. First, the data were examined using
nonsupervised multivariate data analysis which was principal
component analysis (PCA) to explore the intrinsic variation
within a group and to assess clustering patterns between
groups. Next, the partial least square discriminant analysis
(PLS-DA) model of NMR spectral data was also performed
to maximize the variations and to determine potential
metabolites that contributed to the variation. The validity of
the models was assessed by determining the R*> and Q*
(goodness of prediction parameter) values, while the validity
of the models was tested using a permutation test (100 cycles)
and misclassification probability test. The metabolite in the
serum samples was expressed as mean + standard error of
the mean. IBM SPSS version 21.0 (Chicago, USA) software
was also used to perform one-way ANOV A with Tukey com-
parison post hoc test to determine the significant difference
of the mean value of metabolite concentrations (p < 0.05) in
each sample for the six groups subjected to the "H-NMR
metabolomics analysis.

3. Results

3.1. Body Weight, Food Consumption, and Serum
Biochemistry. The food consumption and body weight of
LN, OB, OBCR40, OBCR80, OBSF40, and OBSF80 rat
groups which had been previously published [8] were shown
in supplementary materials. From Table S2, it is showed that
OBCR80 and OBSF80 groups significantly reduced food
consumption during eight weeks of the treatment period.
Meanwhile, in Figure S1, there are no apparent changes in
the body weight between groups. However, there was a
trend in the body weight loss for the treatment group,
especially for OBCR80 and OBSF80. The effect of saffron
extract and crocin on biochemical parameters was also
summarized in Supplementary Table S3 as in our previous
work [8, 21]. The OBCRS80 group significantly had a lower
level of fasting blood glucose, triglycerides (T'G), and total
cholesterol (TC). As opposed to the OB group, OBSF80
also significantly had a lower concentration of fasting blood
glucose and TC.
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FIGURE 1: Animal study timeline.

3.2. "H-NMR Serum Spectra of the Nontreated and Treated
Groups. Representative '"H-NMR CPMG spectra of serum
from LN, OB, OBCR80, and OBSF80 rat groups were shown
in Supplementary Material, Figure S2, with primary
metabolites assigned. For treatments, only OBCR80 and
OBSF80 were picked as a representative, since they exerted
a better activity compared to 40 mg/kg (explained further in
the next section). The metabolites were assigned based on a
database provided in Chenomx NMR Suite Software 9
(version 6.1, Alberta, Canada). The metabolites should have
the same shape splitting or coupling constant, and within
the chemical shift range, further identification and
confirmation also had been made via chemical shift and
coupling constant from Human Metabolome Database
(HMDB) and published assignments. A list of the identified
metabolites, including their chemical shifts, is represented
in Supplementary Material, Table S4.

3.3. Multivariate Data Analysis of Processed NMR Spectra.
The treatment on obese rats was started by incorporating
the saffron extract or crocin in the HFD on the 13™ week
for eight weeks. First, a general PCA model consists of all
groups (LN, OB, OBSF40, OBSF80, OBCR40, and OBCR80)
was performed for a general visualization of group clustering
and outlier detection. Even though no outlier was found in
the model, no apparent clustering or grouping can be noted
in the model (even in another supervised model, PLS-DA).
This is due to the increase of variability as there are too many
groups in one model. Therefore, it was decided to separate
the type of treatment (saffron extract and crocin) in two
different models, and the best dosage from each treatment
was selected from each model. The best treatment was
decided based on (1) a clear separation from the OB group
and (2) supported by the data in biochemistry test.

The first treatment model by the saffron extract was built
by using PLS-DA model (Figure 2, R*Y ., = 0.642, Q* ...,
=0.272). A permutation test with 100 permutation cycles
(Supplementary Material: Figures S3, S4, S5, and S6) and
misclassification probability test (Supplementary Material:
Table S5) were performed to validate the PLS-DA model.
The model exhibited clear clustering of the LN, OB,
OBSF40, and OBSF80 groups. From the model, two out of
five rats treated from the OBSF80 group shifted to the same
principal component 1 (PC1) with the LN group. However,
the changes did not manage to revert the OBSF80 into the
same quadrant with LN (lower right side of PC1). The
changes of OBSF80 can be notably being seen in metabolites

such as lactate, pyruvate, glucose, taurine, alanine, betaine,
TMAOQ, and creatinine from loading score scatter plot.

In the second treatment model involving crocin, the PLS-
DA model (Figure 3) also was being performed in 'H-NMR
dataset of LN, OB, OBCR40, and OBCRS80, which resulted
in a PLS-DA model with the goodness of fit R*Y . = 0.747
and @Q*_,,,, = 0.355. A permutation test with 100 permutation
cycles (Supplementary Material: Figures S7, S8, S9, and S10)
and misclassification probability test (Supplementary
Material: Table S6) were also conducted to validate the
PLS-DA model. From the result, three out of five rats
treated from the OBCR80 group shifted to the same PCl1
with the LN group. The OBCR80 group manages to move
close to the same quadrant with LN (lower right side of
PC1). The changes of OBCR80 can be notably seen in
metabolites such as pyruvate, glucose, taurine, 3-HB,
betaine, and TMAO from loading score scatter plot. These
results are also being supported by our previous
biochemical results by Mashmoul et al. [8, 21] where the
OBCRS80 group significantly had a lower content of fasting
blood glucose, TG, TC, insulin, and leptin with a higher
content of adiponectin, ghrelin, and catalase as opposed to
the OB group. Therefore, the best amount of crocin that
manages to revert specific biochemical parameters and
metabolites close to the LN group is at 80mg/kg as
compared to OBCR40.

A combination of the best extract from each treatment
(OBCR80 and OBSF80) was compared in the new PLS-DA
model (Figure 4). A model with the goodness of fit R*Y
=0.477 and Q*_,,, = 0.110 with validity by 100 permutation
cycles (Supplementary Material: Figures S11, S12, S13, and
S14) and misclassification table (Supplementary Material:
Table S7) with p <0.05 that showed the goodness of fit of
the model is moderate. From the model, the OBCRS80 is
grouped near to LN. This result indicates that half of the
rats treated with crocin were able to revert to LN. The
changes are notable, especially in pyruvate, glucose, taurine,
betaine, and TMAO metabolites. The differences of
metabolite level, especially in 3-HB in OBCR80 and
OBSF80, discriminate OBSF80 from LN, even though most
metabolite changes in OBSF80 is comparable to LN. All of
these results suggest that crude extract saffron and crocin
works in different pathways.

3.4. Pathway Analysis. For a better understanding, a summa-
rized Table 1 and illustrated schematic diagram and
pathways involving the metabolites affected were presented
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FIGURE 2: PLS-DA-derived (a) score plot and (b) loading score plot obtained using 'H-NMR spectra of serum samples in Sprague-Dawley rats
from the lean (LN), obese (OB), obese+saffron extract 40 mg/kg (OBSF40), and obese saffron extract 80 mg/kg (OBSF80) groups after eight

weeks of the treatment period (R?Y ., =0.642, Q?

(Figures 5-7). A cutoff value of more than 0.7 for the variable
importance in project (VIP) is generally acceptable to iden-
tify metabolites contributing to the clustering of the different
groups. The pathway was built based on literature [22],
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-

=0.272).

cum

way [23], and MetaboAnalyst 4.0 [24, 25]. Tables 2 and 3
are the summarized list of pathways found by Qualitative
MetPA analysis using MetaboAnalyst 4.0 in OBSF80 and
OBCRS0. A total of 17 pathways were involved in OBSF80
as compared to OBCRS80, in which only 15 pathways were
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FIGURE 3: PLS-DA-derived (a) score plot and (b) loading score plot obtained using 'H-NMR spectra of serum samples in Sprague-Dawley rats
from lean (LN), obese (OB), obese+crocin 40 mg/kg (OBCR40), and obese+crocin 80 mg/kg (OBCR80) groups after eight weeks of the

treatment period (R*Y ., = 0.747, Q*, = 0.355).

involved. The outcome showed that saffron and crocin were
mostly involved in glucose and energy metabolism, lipid
metabolism, amino acid metabolism, and gut microbiota.
Note that the changes in metabolite level of OBSF80 are
comparable to the LN group compared to OBCR80. The only
notable difference in OBSF80 compared to the LN group is
the 3-hydroxybutyrate level.

4. Discussion

Studies related to the effects of saffron extract and its bioactive
compound crocin in metabolic syndrome-related diseases are
not relatively new. The previous study which involves saffron
extract and crocin reveals that they managed to improve appe-
tite, dietary consumptions, and body composition in patients
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FIGURE 4: PLS-DA-derived (a) score plot and (b) loading score plot obtained using 'H-NMR spectra of serum samples in Sprague-Dawley rats
from the lean (LN), obese (OB), obese+saffron extract 80 mg/kg (OBSF80), and obese+crocin 80 mg/kg (OBCR80) groups after eight weeks of

the treatment period (R*Y ., = 0.477, Q*,,, = 0.110).

cum

with coronary artery disease [26]. Interestingly, there also a
few reports stating that it can also increase satiety, which
eventually reduces food intake [8]. However, the mecha-
nism of saffron and its bioactive compound crocin is still
limited [8]. Therefore, new insights are available into the

related mechanisms involved, comparing the proper effect
of pure compound and crude extract.

4.1. Bodyweight, Food Consumption, and Serum Biochemistry.
In this study, it was estimated that the crocin concentration
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TaBLE 1: Relative quantification of significance discriminating metabolites based on the concentration of 0.1% of 3-trimethysilyl propionic-
2,2,3,3-d4 acid sodium salt (TSP) as an internal standard and quantified using the Chenomx NMR Suite (metabolites were chosen based on

combination model, Figure 4).

Metabolites (mM/L) Chemical shifts VIP 1 VIP 2 OB LN OBCRS80 OBSF80
Lactate 1.34 7.41 5.70 153.71 £32.5 67.2+37.0"" 110.2 +68.2" 69.2+16.6""
Pyruvate 2.38 1.11 1.20 54422 10.6 +4.5* 17.2+8.8™" 21.2+6.5""
Glucose 3.25-5.22 2.31 291 109.5 +27.7 58.0+31.4"" 41.0+5.9"" 39.9+8.7""
Taurine 2.42,3.38 2.00 2.54 19.9+11.7 51.1+15.3" 53.5+15.3"" 38.3+13.4"
3-Hydroxybutyrate 1.18,4.14, 2.31, 2.42 6.50 5.11 18.6+4.2 29.8+9.1" 41.4+14.6** 50.5+28.8""
Alanine 3.78,1.48 1.26 1.73 24.4+5.7 14.6 +6.8” 26.5+2.4" 9.7+5.3"*
Betaine 33 1.19 1.20 18.1+£10.6 6.9+56" 10.7+4.8"" 8.3+6.9"
TMAO 3.26 1.20 1.71 30.4+15.6 11.1+4.6" 10.8 +3.97 10.5+4.17
Creatinine 3.06, 4.06 0.81 1.62 11.4+3.5 5.9+2.3** 10.4+3.5" 5.7+1.9*"

Values are expressed as the mean + SE (standard error of the mean) of five rats; *p < 0.05 vs. negative control (OB), **p <0.01 vs. negative control (OB),

"p <0.05 vs. normal control (LN), and *p < 0.01 vs. normal control (LN).
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Pyruvate
Taurine
3-HB

3-HB

Lactate
Alanine
Creatinine

1
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FIGURE 5: Summary of metabolite changes in obese (OB), obese+saffron extract 80 mg/kg (OBSF80), and obese+crocin 80 mg/kg (OBCR80),
where metabolite levels indicated in bold are increased, and those not in bold are decreased in the respective group. Numbers in the
overlapped region represent the metabolites shared by the group; 1: OB and OBCR80; 2: OBCR80 and OBSF80.

received in the animal diets of high-dose (80 mg/kg) and low-
dose (40 mg/kg) saffron extract-treated groups was 23.3 and
11.6 mg of crocin per kilogram of body weight per day. The
amounts of crocin received by these groups (saffron-treated
groups) are lower than the pure compound-treated group,
crocin. When comparing between groups treated with crocin
and saffron extract, the results showed that there were no sig-
nificant differences between the treatment, except in OBSF80
and OBCR80. Theoretically, if the crocin alone is the bioac-
tive compounds in the OBSF80, the result in OBSF80 should
be halves (or worse) than the OBCR40 result, as OBCR40 is

onefold higher than OBSF80 in terms of crocin concentra-
tion. However, based on the biochemistry result (Table S3),
the serum biochemistry result from OBSF80 did not differ
much compared to OBCR40, except in TC and high-
density lipoprotein (HDL) level. Therefore, we postulate
that in the OBSF80 group, all the bioactive compounds in
saffron extract (crocin, safranal, picrocrocin, etc.) might
synergistically be involved in the saffron-treated group.

In terms of toxicity, both different doses of saffron extract
and crocin did not exhibit any side effect and did not cause
damage to any major organ [18, 19]. No lethality was observed
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TaBLE 2: List of pathways found by qualitative MetPA analysis using MetaboAnalyst 4.0 in OBSF80.
Ranking Pathway Total Expected Hits % found Raw p Impact
3 Pyruvate metabolism 22 0.13 2 9.1 6.87 x 107 0.29
4 Alanine, aspartate, and glutamate metabolism 28 0.17 2 7.1 1.10x 1072 0.00
6 Glycine, serine, and threonine metabolism 34 0.20 2 5.9 1.61 x 1072 0.05
1 Synthesis and degradation of ketone bodies 5 0.03 1 20.0 2.95x 107 0.00
2 Taurine and hypotaurine metabolism 8 0.05 1 12.5 4.68x 1072 0.43
5 Butanoate metabolism 15 0.09 1 6.7 8.62x 107> 0.00
7 Starch and sucrose metabolism 18 0.11 1 5.6 1.03x 107" 0.42
9 Selenocompound metabolism 20 0.12 1 5.0 1.13x 107" 0.00
8 Citrate cycle (TCA cycle) 20 0.12 1 5.0 1.13x 107} 0.05
10 Glycolysis/gluconeogenesis 26 0.16 1 3.8 1.45x 107" 0.10
11 Galactose metabolism 27 0.16 1 3.7 1.50 x 107" 0.03
12 Glyoxylate and dicarboxylate metabolism 32 0.19 1 3.1 1.76 x 107" 0.00
13 Cysteine and methionine metabolism 33 0.20 1 3.0 1.81x 107" 0.00
14 Arginine and proline metabolism 38 0.23 1 2.6 2.01x 107" 0.00
15 Tyrosine metabolism 42 0.25 1 24 2.24x107" 0.00
16 Primary bile acid biosynthesis 46 0.27 1 2.2 2.44x 107" 0.02
17 Aminoacyl-tRNA biosynthesis 48 0.29 1 2.1 2.53x 107" 0.00

*Pathways are ranked by percent compound found in each pathway, which was determined by dividing the number of hits by the total number of compounds in
the pathway. *The number of the expected compounds was determined by overrepresentation analysis in MetPA, which uses hypergeometric testing to
calculate the number of compounds expected to be in each pathway by chance alone. *Raw p values were determined based on the number of hits and total
number of compounds in the pathway. *The pathway impact was found using relative betweenness centrality pathway topology analysis, which calculates

metabolite importance based on their position in the pathways.

in treated rats during eight weeks of treatment period [8, 21].
Karimi et al. [27] reported that normal rats administrated
daily with a high dose of aqueous extract saffron stigma
(0.16, 0.32, and 0.48 g/kg) for two weeks showed normo-
chromic normocytic anaemia. A study done by Bahmani
et al. [28] also had investigated saffron toxicity in different
doses (500, 1000, and 2000 mg/kg/day) in newborn mice,
and results showed slight histopathology changes in the
mice kidney. Modaghegh et al. [29] also demonstrated that
the consumption of 200 mg and 400 mg of saffron tablets
in healthy volunteers changed some haematological and
biochemical parameters. However, these changes were still
in a normal range which does not sound important
clinically.

Moreover, Hosseinzadeh et al. [18] revealed that crocin
supplementation up to 3 g/kg in mice and 15-180 mg/kg in
rats did not cause damage to any major organ in the body.
Besides, an elevated liver enzyme profile such as aspartate
transaminase (AST) and alanine transaminase (ALT) was
noted in both rat groups treated with saffron extract and
crocin [30]. However, the level of these enzymes is still lower
than the OB group. An increase in the liver enzymes can
indicate the toxicity in the body. Nonetheless, it is well
known that consumption of foreign material (i.e., herbs)
and drugs can increase the liver enzyme level, as the body
tried to detoxify the compounds or toxins from the body
via the liver.

As mentioned in Materials and Methods, this study
revealed that treatment by crocin and saffron extract works
both directly and indirectly in changing and altering the bio-
chemistry profile and slowing the rate of weight gain in the
obese rats. The treatment managed to suppress the food
intake in OBSF80 and OBCR80. Even though there was a
favourable trend in weight loss in the treated groups, there
was no significant weight loss (p > 0.05) found in the treated
groups. Thus, the improvement in the biochemistry result
indicated that both crocin and saffron extract treatment
works in both ways, directly (i.e., the rats consumed the
designated dosage) and indirectly (i.e., by suppressing the
food intake) in the obese rats. These results are also
supported by the metabolic profile of the obese-treated group
analyzed using MVDA. From MVDA, the metabolic profile
of serum in obese rats treated with the saffron extract
(80mg/kg) and crocin (80 mg/kg) deviated from negative
control (OB) compared to obese rats that received crocin
(40 mg/kg) and saffron extract (40mg/kg). This result
indicated that the bioactivities of the saffron extract
(80 mg/kg) and crocin (80 mg/kg) are dose-dependent, and
it could effectively improve the disturbed metabolism in
obese rats. To investigate the variation of serum metabolites
in obesity and treatment with saffron extract and crocin, a
"H-NMR metabolomics technique coupled with MVDA
was performed to examine and identify potential bio-
markers. The potential biomarkers in rat serum identified
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TaBLE 3: List of pathways found by qualitative MetPA analysis using MetaboAnalyst 4.0 in OBCRS80.
Ranking Pathway Total Expected Hits % found Raw p Impact
4 Glycine, serine, and threonine metabolism 34 0.14 2 5.9 6.98x107° 0.05
1 Synthesis and degradation of ketone bodies 5 0.02 1 20.0 1.97 x 107 0.00
2 Taurine and hypotaurine metabolism 8 0.03 1 12.5 3.14x 107 0.43
3 Butanoate metabolism 15 0.06 1 6.7 5.83x 1072 0.00
5 Starch and sucrose metabolism 18 0.07 1 5.6 6.96 x 107> 0.42
6 Citrate cycle (TCA cycle) 20 0.08 1 5.0 7.71x 107 0.05
7 Pyruvate metabolism 22 0.09 1 4.5 8.44 x 107 0.21
8 Glycolysis/gluconeogenesis 26 0.10 1 3.8 9.92x 107 0.10
9 Galactose metabolism 27 0.11 1 3.7 1.03x 107" 0.03
10 Alanine, aspartate, and glutamate metabolism 28 0.11 1 3.6 1.06 x 107" 0.00
11 Glyoxylate and dicarboxylate metabolism 32 0.13 1 3.1 1.21x 107" 0.00
12 Cysteine and methionine metabolism 33 0.13 1 3.0 1.24x 107" 0.00
13 Arginine and proline metabolism 38 0.15 1 2.6 1.42x 107" 0.00
14 Tyrosine metabolism 42 0.17 1 24 1.56x 107" 0.00
15 Primary bile acid biosynthesis 46 0.18 1 22 1.70x 107" 0.02

*Pathways are ranked by percent compound found in each pathway, which was determined by dividing the number of hits by the total number of compounds in
the pathway. *The number of the expected compounds was determined by overrepresentation analysis in MetPA, which uses hypergeometric testing to
calculate the number of compounds expected to be in each pathway by chance alone. *Raw p values were determined based on the number of hits and the
total number of compounds in the pathway. *The pathway impact was found using relative betweenness centrality pathway topology analysis, which

calculates metabolite importance based on their position in the pathways.

by "H-NMR and their variation among groups are summa-
rized in Table 1.

4.2. Effect of Saffron Extract and Crocin on Carbohydrate
Metabolism. Glucose is the primary source of energy for most
organisms. It is broken down into pyruvate through the
glycolysis metabolic pathway in the cytoplasm (Figure 6).
Under aerobic conditions, pyruvate is converted into acetyl
coenzyme A (CoA) by the pyruvate dehydrogenase complex
(PDC), the entry point into the TCA cycle, whereas in anaer-
obic conditions, the pyruvate is converted into lactate [31,
32]. Therefore, the disturbance in these metabolite levels
indicates glucose homeostasis and pyruvate metabolism
imbalance. From this study, a lower level of pyruvate and
higher levels of glucose in the OB group, as opposed to the
LN group, were in line with other reports on metabolomics
researches in HFD-induced obesity models [33-35]. This
result is supported by the higher levels of lactate and alanine,
which implies that the rate of glycolysis was inhibited and
gluconeogenesis was activated [35].

Eight weeks of treatment with either saffron or crocin at
80 mg/kg managed to significantly (p < 0.05) reduce glucose
and increase pyruvate level in the treated obese group
(Table 1, Figure 6). This is in line with biochemical data in
our previous study [8, 21] where OBCR80 and OBSF80
significantly managed to reduce their fasting blood glucose
as compared to the OB group. A study was done by Hoshyar
et al. [14] which also reported that oral administration of
saffron stigma extract in obese rats significantly decreased
the level of fasting blood glucose, insulin, and leptin. More-

over, a randomized, double-blind, and placebo-controlled
study proved that the administration of saffron in eight weeks
significantly reduced the concentration of fasting blood
glucose and HbAlc in obese-diabetic patient [36]. A
decreased level of glucose in obese rats treated with saffron
extract and crocin could be related to SREBP-lc and
ChREBP activity that is responsible in regulating carbohy-
drate metabolism (glycolysis and glycogen synthesis) and
lipogenesis (triglycerides synthesis) in the liver [37].
Interestingly, only OBSF80 managed to revert the lactate
and alanine levels to the same level as LN. These findings were
consistent with our previous work [30], where supplementa-
tion of saffron extracts (80 mg/kg) in obese rats significantly
reduced the activity of alanine transferase (ALT) close to the
lean group which could exert protection against liver tissue
damage caused by the consumption of HED. Previously, it
was reported that high accumulation of lactate and alanine
in serum indicates impairment of lactate dehydrogenase
(LDH) and ALT, where LDH is an enzyme that is involved
in the conversion of acetyl-CoA to lactate and ALT is an
enzyme that participates in acetyl-CoA conversion to alanine
[25, 26]. Not to mention, increased HFD consumption can
increase the production of acetyl-CoA, which may subse-
quently exert negative feedback on the activity of PDC [26],
thereby inhibiting pyruvate conversion into acetyl CoA and
shifting to the high production of lactate and alanine.
Bioactivities exerted by the saffron extract may be due to
the presence of safranal (third most abundant bioactive
compound) rather than crocin in the saffron extract. The
previous study showed that safranal had hypoglycemic
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properties in lowering fasting blood glucose and HbA1c level
and increasing insulin level in diabetic rats [11]. It was indi-
cated that obese rat treated with saffron extract effectively
revert metabolites in carbohydrate metabolism such as
glucose, lactate, alanine, and pyruvate close to the lean rats
suggesting that gluconeogenesis was inhibited, promoting
the glucose-alanine and Cori cycle and glycolysis occurs.
Moreover, the reduction of alanine caused by saffron extracts
suggested that muscle protein and liver gluconeogenesis were
inhibited in obese rats. The saffron extract was effective in
reverting metabolites in carbohydrate metabolism. Thus, we
can conclude that saffron at 80 mg/kg works better in glucose
metabolism compared to crocin.

4.3. Effect of Saffron Extract and Crocin on Lipid Metabolism.
Another metabolite, which is strongly associated with obe-
sity, is 3-hydroxybutyrate (3-HB). The present study showed
that the OB group significantly had lower levels of 3-HB in
serum as compared to the LN group. This result was also in
line with previous studies, where the concentration 3-HB
and the rate of 3-HB oxidation in the muscle of the obese
group were lower than the lean subjects [33, 38-40]. This is
because a decrease in the oxidation of ketone bodies in
muscle causes the abnormalities in the muscle metabolism
of obese subjects, which is associated with a reduced number
and increased mitochondrial dysfunction [38-40].

From the result, both treatments (saffron and crocin)
managed to increase 3-HB level compared to the OB group.
However, the increment of 3-HB level in OBSF80 was 1.7-
fold greater than the LN group. Compared to glucose, 3-HB
undergoes a different pathway and it has been used as an
energy source in an individual that is fasting or has prolonged
exercise [41]. Fisler et al. [42] stated that 3-hydroxybutyrate
in the blood is related to the reduced diet intake in obese
subjects. These findings are similar to our previous study,
where there was a significant difference in food intake in
saffron and crocin [8]. Previously, saffron was reported to
increase satiety in obese individuals, hence causing a reduc-
tion in the food intake [8]. Therefore, factors such as fasting
and reduced food intake can contribute to the upregulation
of 3-HB levels in serum.

4.4. Effect of Saffron Extract and Crocin on Amino Acid
Metabolism. Taurine, also known as 2-aminoathane sulfonic
acid, is a f-amino acid that differs from other amino acids,
with a sulfonic group rather than a carboxylic group. It is also
called a conditional essential amino acid because it can be
supplied by dietary ingestion, as well as biochemically
synthesized from cysteine catalyzed by cysteine dioxygenase
(CDO) in the liver [43]. The present study showed that the
OB group had significantly lower levels of taurine compared
to the LN group, which is similarly reported in several previ-
ous studies [33, 38]. Taurine was involved in glucose and
lipid metabolism. As a result, deficiency of taurine may
disturb the activity of glucose and lipid metabolism, thus
accelerating the development of obesity [38]. In this study,
the lower levels of taurine in obese rats suggest that the inhi-
bition of fatty acid oxidation and reduction of CDO expres-
sion are related to obesity as observed by the increased
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concentration of TC and LDL with a low level of HDL and
adiponectin as reported in our previous study [8, 21].

An elevated taurine level was noticeable in an obese
model after the administration of saffron extract and crocin.
Our previous study had reported that saffron extract and
crocin have a hypolipidemic effect and hepatoprotective
effect against blood lipid and nonalcoholic fatty liver disease
[8, 21, 30]. Hoshyar et al. [14] also demonstrated the same
observation with our biochemical data where supplementa-
tion of saffron extracts (40 and 80mg/kg) in obese rats
significantly decreased the serum level of TG, TC, LDL,
and antioxidant activity. Besides, a clinical trial study had
proved that the intervention of saffron extract (30 mg) for
three months significantly decreased the level of TC and
LDL in a diabetes patient [44]. This study suggested that the
antioxidant properties of saffron extract and crocin may
effectively increase the CDO expression of obese rats by pro-
moting taurine synthesis in the liver and adipocytes. The
cholesterol-lowering effect of taurine in obese rats treated with
saffron extract and crocin could be associated with CYP7A1,
the biomarker for cholesterol involved in the regulatory
mechanism of cholesterol and bile acid homeostasis and con-
trolled by various factors and nuclear receptors [45]. You et al.
[46] also described that body fat loss in obese subjects supple-
mented with taurine was associated with an increase in serum
adiponectin that could promote fatty acid oxidation. This
study indicated that synthesis of cholesterol was suppressed
after the supplementation of saffron extract and crocin which
could be due to the elevation of the taurine level. The increased
level of adiponectin also is suggesting that glucose metabolism
and fatty acid oxidation took place after administration of
saffron extract and crocin in obese rats.

4.5. Effect of Saffron Extract and Crocin on Choline
Metabolism. Betaine is an essential osmolyte in cell volume
and plays a critical role in methionine recycling pathways
by producing a key factor, carnitine, involved in the mecha-
nisms of energy production by transporting long-chain fatty
acids into the mitochondria [47]. In the present study, an
elevated level of betaine was detected in the OB group. Betaine
has been noted to be one of the biomarkers for obesity. It is
involved in pathways for methionine recycling in the liver
and the regeneration of S-adenosylhomocysteine from homo-
cysteine [33].

Both saffron extract and crocin managed to downregulate
the betaine level and prevented the development of steatosis
in the liver and lipid accumulation in adipose tissues, where
it promotes physiological benefits against cardiovascular
diseases. Higher betaine level in an obese animal model can
influence the flow of methionine recycling pathways. It
causes an elevation of homocysteine levels in the liver, which
is considered to be a risk factor of cardiovascular diseases.
The higher homocysteine concentration also may relate with
hyperlipidemia. The hypomethylation that resulted from the
elevated homocysteine level had increased the cholesterol
uptake and triglyceride production in the liver, which in the
end caused the accumulation of transported fatty acids into
adipose tissues [48].
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4.6. Effect of Saffron Extract and Crocin on Gut Microbiota
Metabolism. Trimethylamine N-oxide (TMAO) is a molecule
produced from di-, trimethylamine (TMA) and carnitine
generated from choline metabolism and gut microbial
metabolism [49]. TMAO is also related to functions of the
gut microbiota [50]. In this study, higher TMAO level was
detected in the OB group. The higher level of TMAO in the
blood and urine was attributable to the diet intake containing
lecithin and carnitine [51]. These types of foods had stimu-
lated and enabled some microbes in the human gut to
convert these metabolites into TMAO [52, 53]. The adminis-
tration of saffron extract and crocin in the obese group had
significantly decreased the TMAO concentration as com-
pared to that in the OB group. Since dysregulation in TMAO
has been associated with impairment in glucose tolerance
especially in hepatic insulin signalling pathways [54], this
result suggests that the administration of saffron and crocin
can prevent the inflammatory response in adipose tissues,
which is related to glucose impairment-related diseases.

4.7. Effect of Saffron Extract and Crocin on Creatinine
Metabolism. Creatinine is a breakdown product of creatine
phosphate in the muscle, which is biosynthesized from
arginine and glycine [55]. Obesity is characterized by the
elevation of creatinine levels in the blood, as reported in pre-
vious studies [33, 56] which the present study also reported
the same observation. A study done by Matsuzawa-Nagata
[50] reported that mice fed an HFD had a higher level of
reactive oxygen species (ROS) which causes oxidative stress
in the liver and adipose tissues and is a key of triggering insu-
lin resistance and obesity. High creatinine levels also have
been described in correlation with oxidative stress [57]. Poor
creatinine clearance is also linked to weight gain and central
obesity, which causes an increase in metabolic abnormalities
as risk factors [52].

Administration of saffron extracts in obese groups sig-
nificantly decreased the creatinine level compared to that
in the negative control group. However, the crocin-treated
obese group was unable to have an improved creatinine
level as opposed to the normal group. Better creatinine
levels were found in the saffron-treated group compared
to the crocin-treated group which is due to the presence
of safranal. Previous studies had revealed that safranal exerts
a protective effect against nephrotoxicity in rats [58, 59].
Saffron-rich antioxidant had lowered creatinine level by
decreasing oxidative stress and may effectively improve
kidney function in an obese model and prevent any further
renal diseases caused by massive obesity.

5. Conclusions

Both saffron and crocin at 80mg/kg managed to improve
metabolite levels such as glucose, pyruvate, betaine, and tau-
rine. Comparison between the two treatments revealed that
saffron extract managed to downregulate metabolites such as
lactate, alanine, and creatinine. It also managed to upregulate
3-hydroxybutyrate higher than in lean and crocin-treated
groups. Illustrated pathway reveals that saffron works mainly
by targeting glucose metabolism, whereas crocin works mod-

13

erately on glucose metabolism by regulating glucose and pyru-
vate level. However, the main factor that differentiates saffron
and crocin was their mechanism in lipid metabolism, espe-
cially in ketone body production. Even though results from
the pattern recognition and previous biochemical analysis
revealed that crocin at 80 mg/kg has better hypolipidemic
activities than crocin, this result showed that saffron could
also be an excellent alternative to crocin.
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