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Abstract
Crocin (a water-soluble carotenoid) is the most abundant antioxidant among active constituents of Crocus sativus. Crocin has protective effects 
on brain, skeletal muscle, and kidney ischemia-reperfusion injury models via its antioxidant properties. The protective and anti-inflammatory 
effect of crocin against L-methionine-induced hyperhomocysteinemia (HHcy) in rats was evaluated. Thirty male albino rats were divided into 
three equal groups. Group I (control normal): rats fed ordinary diet without any treatment. Group II (L-methionine-induced HHcy): rats received 
L-methionine (1.7 g/kg body weight/day) orally for 8 weeks continuously. Group III (HHcy 1 crocin): rats received crocin in dose (50 mg/kg 
body weight/day, I.P.) for 4 weeks after induction of HHcy. The results obtained showed a significant increase in serum Hcy concentration and 
upregulation of NF-kβ gene expression in liver tissue and also in the gene expression level of TIMP-1, MMp-9, MCP-1, Caspase-3, and PPARα in 
heart tissues with significant downregulation of serum miRNA188 gene expression level in hyperhomocysteinemic (HHcy) rats. However, crocin 
treatment to HHcy induced in rats significantly improved all previous indicators to its normal ranges. The histopathological findings revealed that 
crocin treatment markedly reduced the HHcy-induced pathological changes and displayed marked improvement with normal histological archi-
tecture of the heart and brain tissues. These results suggested that crocin had a potentially ameliorating role with powerful anti-inflammatory 
and anti-apoptotic effects on cardiac tissue, as revealed by suppression of proinflammatory mediators and secretion through inhibition of NF-kB 
signaling pathways, which may lead to upregulated miR-188 gene expression, suppress proapoptotic Caspase-3, and may protect from heart 
tissue injury against HHcy.
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1. INTRODUCTION

Hyperhomocysteinemia is defined as a medical condition characterized by abnormally high levels (greater than 15 μmol/L) of 
homocysteine in the plasma [1]. Hyperhomocysteinemia can result from genetic impairment enzymes involved in homocysteine 
metabolism. The enzymes involved may be 5,10-methylene tetrahydrofolatereductase, methionine synthase, and cystathionine-
β-synthase [2]. Homocysteine (Hcy) is an intermediate sulfhydryl-containing amino acid derived from methionine. Hcy has 
two fates: remethylation to methionine (with the ease of methionine synthase enzyme) or trans sulfurization to cysteine with 
cystathionine-β-synthase (CBS) [3]. An increase in reactive oxygen species (ROS) production caused by Hcy may cause subse-
quent oxidation of proteins, lipids, and nucleic acids [4], and may cause endothelial dysfunction and damage to the vessel wall 
with subsequent platelet activation and thrombus formation; the accumulation of oxidized biomolecules changes the biological 
functions of many cellular pathways. Hcy acts as powerful oxidizer -SH groups during the formation of reactive particles, such 
as superoxide anion (O2) and hydrogen peroxide (H2O2), mainly during its auto-oxidation [5].

Crocin is one of these components, which is a natural carotenoid found in saffron (Crocus sativus L.) and gardenia 
(Gardenia jasminoides J. Ellis) flowers. It is a compound formed by a disaccharide called gentiobiose and a carboxylic acid 
called crocetin, which is soluble in water, and is in diester form with high thermal stability [6]. The main active constitu-
ent of saffron is picrocrocin and its derivatives including safranal, flavonoid derivatives, and crocin [7]. Crocin pretreatment 
significantly prevented these increases. In agreement, it has been reported that crocin reduced the level of these enzymes 
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after nicotine-induced hepatic injury. Consequently, it has been reported that crocin reduces the level of these enzymes after 
nicotine-induced liver damage [8]. Therefore, crocin due to its antioxidant properties can protect liver cells from damage 
caused by oxidative stress. The action of crocin and crocetin in the manipulation of the inflammatory response has hardly 
been studied [9].

The treatment with crocin repaired the vascular injuries, inhibited MMP-9 expression, and reduced nitric oxide (NO) 
contents and nitric oxide synthase (NOs) activities. Consequently, it may be the mechanism by which crocin protects the brain 
against this reperfusion injury [10]. Moreover, pretreatment with crocetin resulted in a significant reduction of phospho-IκB 
expression and NF-κB activation by lipopolysaccharide (LPS), which is in accordance with reduced expression of TNF-α and 
MCP-1. This suggests that the suppressed expression of inflammatory cytokines might result from the reduced activation of 
NF-κB by crocetin [11].

Furthermore, crocin treatment to hyperhomocysteinemic rats resulted in a significant upregulation in serum gene 
expression level of miR-188; the preventive effects of crocin against ischemia-induced organ injuries could be led by its potent 
inhibition on NF-kβ activation, which has been extensively reported in studying the anti-inflammatory actions of crocin, based 
on the strong associations between ischemia, oxidative stress, and multiorgan injuries [12]. The purpose of this study was to 
explore the harmful effect of hyperhomocysteinemia and the possible cytoprotective effect of crocin and the molecular mecha-
nism through which crocin results in the modulation of inflammatory responses, beneficial for the prevention and treatment of 
cardiovascular diseases. Moreover, its complications involved in hyperhomocysteinemia were to be clarified.

2. METHOD(S)

2.1. Experimental Animals
Thirty male albino rats aged 10-12 weeks and weighing 150-200 g were used in this study. The rats were kept in separate metal 
cages and kept in constant environmental and nutritional conditions throughout the experiment. The rats were fed a regular 
diet, and fresh clean drinking water was supplied ad-libitum. All rats were acclimated for a minimum period of 15 days before 
the start of the study. The experimental protocols were also approved by the Animal Care and Use Committee of the Benha 
University and comply with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.

2.2. Chemicals and Antioxidants
The chemicals and antioxidants used in this study were as follows:

(a)  L-methionine was acquired from El Gomhouria for trading Chemicals and Medical Devices, Egypt. Methionine 
was dissolved in freshly prepared 1M HCL and orally administered at a dose of 1.7 g/kg b. wt/day for 8 weeks [13].

(b)  Crocin was purchased from Sigma. It was dissolved in a physiological solution and administered daily at a dose of 
50 mg/kg b. wt, I.P [14].

2.3. Experimental Design
The rats were randomly divided into three groups (10 rats each) placed in individual cages and were classified as follows:

Group I (normal control group): rats did not receive drugs, served as control, for all experimental groups.
Group II (L-methionine-induced hyperhomocysteinemia (HHcy): rats received L-methionine orally (1.7 g/kg b. wt/day) 

for 8 continuous weeks.
Group III (HHcy 1 crocin-treated group): rats received crocin once a day for 4 weeks at a dose of 50 mg/kg body 

weight/I.P after induction of hyperhomocysteinemia.

2.4. Sampling
2.4.1. Blood Samples
Blood samples were collected by puncture of the eye veins in dry, clean test tubes and allowed to clot for 30 minutes, and the 
serum was separated by centrifugation at 3,000 rpm for 15 minutes. The serum was taken using an automatic pipette in dry 
sterile tubes and then stored in a freezer at 808C until use for determination of Hcy and MicroRNA 188 gene expression.

2.4.2. Tissue Samples

a. For molecular analysis (liver and heart):
About 0.5 g of liver and heart tissue was put in eppendorf tubes and immediately kept in liquid nitrogen and 
stored at 808C till RNA extraction for determination of liver NF-kβ and heart tissue TIMP-1, MMp-9, Caspase-3, 
PPARα, and MCP-1 gene expression.

b. For histopathological examination (heart and brain):
A sample of each tissue was excised and fixed in 10% neutral buffered formalin solution and subjected to histo-
pathological examination according to the technique described by Bancroft and Stevens [15].
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2.5. Biochemical Analysis
Determination of serum homocysteine level:

Serum Hcy was determined according to the method described by rat homocysteine (Hcy) ELISA kit (Cat#MBS703069, 
MyBioSource, China).

2.6. Molecular Analysis
Determination of liver NF-kβ, and heart TIMP-1, MMp-9, Caspase-3, PPARα, and MCP-1 gene expression:

The mRNA expression contents of NF-kβ, TIMP-1, MMp-9, Caspase-3, PPARα, and MCP-1 were determined using real-
time quantitative polymerase chain reaction analysis (real-time qPCR) in rat liver. β-actin was used as load control. Total RNA 
was isolated from the liver and heart using High Kit for isolation of pure RNA (iNtRON Biotechnology, easy-REDTM Total RNA 
Extraction kit) according to the manufacturer’s instructions. With each cDNA sample was reverse transcribed using RevertAid 
TM First Strand CDNA synthesis kit (#EP0451, Thermo Scientific, Fermentas, USA). Then, real-time quantitative PCR amplifica-
tion was performed on Faststart Universal SYBR Green Master (Roche, GER). The target gene was normalized with β-actin by the 
2ΔΔCt method [16].
Determination of serum miRNA188 gene expression:

miRNA was extracted from serummirVana PARIS kits (Ambion, Life Technologies, USA, #AM1556). cDNA was synthesized 
from Quanti-Mir RT kit (SBI, System Biosciences, Cat. # RA420A-1). Real-time PCR with SYBR Green was used to measure expres-
sion of miRNA188 in the serum, with miRNA16 as an internal reference. The isolated cDNAs were amplified using 2X Maxima SYBR 
Green/ROX qPCR Master Mix following the manufacturer protocol (# K0221, Thermo scientific, USA) and miRNA specific forward 
primer (Table 2) and a universal reverse primer included with the purchase Quanti-Mir RT kit. To ensure primer sequence is unique 
for the template sequence; we checked similarity to other known sequences with BLAST (www.ncbi.nlm.nih.gov/blast/Blast.cgi).

2.7. Statistical Analysis
Results were expressed as mean and standard error (6SE) using SPSS(13.0 software, 2009). Data were analyzed using one-way 
ANOVA [17] followed by Duncan’s test. Values were statistically taken into account significantly at p < 0.05.

3. RESULTS

3.1. Molecular Analysis Results
The data presented in Table 3 showed a significant increase in serum homocysteine concentration and significant upregulation 
in heart tissue Caspase-3 and MCP-1 gene expression levels in L-methionine-induced HHcy in rats compared with the control 

Table 1: Forward and reverse primers sequence for real-time PCR.

Gene Forward primer (/5 ------ /3) Reverse primer (/5 ------ /3)

PPARα AATCCACGAAGCCTACCTGA GTCTTCTCAGCCATGCACAA

MCP1 TCGCTTCTGACACCATGCA TGCTACAGGCAGCAAATGTGA
Caspase-3 GGTATTGAGACAGACAGTGG CATGGGATCTGTTTCTTTGC

MMP9 TCGAAGGCGACCTCAAGTG TTCGGTGTAGCTTTGGATCCA
TIMP1 CGCAGCGAGGAGGTTTCTCAT GGCAGTGATGTGCAAATTTCC
NF-kB CCTAGCTTTCTCTGAACTGCAAA GGGTCAGAGGCCAATAGAGA

β-actin AAGTCCCTCACCCTCCCAAAAG AAGCAATGCTGTCACCTTCCC

Table 2: Forward primers sequence for real-time PCR.

Gene Primer sequence (/5 ------ /3)

miRNA188 CATCCCTTGCATGGTGGAGGG
miRNA16 CGGTAGCAGCACGTAAATATTGGCGA

Table 3: Effect of crocin treatment on serum homocysteine concentration and heart tissue 
Caspase-3 and MCP-1 gene expression levels in HHcy induced in rats.

Parameters
Exp. Groups

Homocysteine (nmol/ml)
Fold change in Caspase-3 

gene expression
Fold change in MCP-1 

gene expression

Group I: Normal control 10.24 6 0.33e 1.00 6 0.02c 1.00 6 0.02c

Group II: (HHcy) 32.356 0.72a 3.686 0.12a 4.566 0.12a

Group III: HHcy 1 Crocin 18.4560.02c 2.1060.10b 1.3160.09c

Mean values with different superscript letters in the same column are significantly different at (p ≤ 0.05).
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normal group. However, crocin treatment to HHcy induced in rats caused a significant decrease in elevated serum homocysteine 
level and significantly downregulated heart tissue Caspase-3 and MCP-1 gene expression levels compared with the L-methio-
nine-treated group.

The results obtained in Table 4 revealed that rats with HHcy showed significant upregulation in liver tissue NF-kβ gene 
expression with downregulation of serum miRNA188 gene expression levels when compared with the normal control group. 
On the other hand, crocin treatment to HHcy male rats caused significant downregulation in liver tissue NF-kβ and significantly 
upregulated in serum miRNA188 gene expression when compared with HHcy group.

The current results presented in Table 5 exhibited a significant upregulation in heart tissue TIMP-1, MMp-9, and 
PPARα gene expression levels in L-methionine-treated rats when compared to the normal control group. Meanwhile, crocin 
treatment to HHcy male rats caused significant downregulation in heart tissue gene expression level of TIMP-1, MMp-9, and 
PPARα when compared with HHcy group.

3.2. Histopathological Examination
Various histopathological changes were demonstrated in the heart, blood vessels, and brain of rats treated with L-methionine 
(1.7 g/kg b. wt, orally) for 8 weeks. The microscopical examination of the heart showed severe congestion of the myocardial 
blood vessels (Figure 1a). Also, degenerative change in the wall of myocardial blood vessels that represented proliferation of 
their endothelial cell lining and vacuolation in the tunica media was demonstrated (Figure 1b). Moreover, focal areas of degen-
eration in the cardiac muscle with intermuscular hemorrhage were also detected (Figure 1c). Additionally, myomalcia of the 
myocardium in association with vacuolation in their sarcoplasm was observed (Figure 1d).

However, the microscopical examination of the blood vessels of rats showed a severe degree of degenerative changes 
on the blood vessels’ wall with prevascular hemorrhage in association with vacuolation of the tunica media of the wall of blood 
vessels (Figure 1e). Additionally, rupture in the wall of the blood vessels was also noticed (Figure 1f). Meanwhile, the histo-
pathological alteration in the brain of rat in this group represented mainly a severe degree of meningitis characterized by severe 
congestion of meningeal blood vessels infiltrated with few leucocytes in combination with degeneration, and hyalinization in the 
wall of the meningeal blood vessels was noticed (Figure 2a). Perivascular hemorrhage was also seen. Moreover, scattered areas 
of hemorrhage in association with encephalomalcia were also detected in the brain tissue (Figure 2b). Moreover, degenerated 
and necrotic neurons with apoptotic changes were also detected (Figure 2c). Additionally, the focal area of gliosis character-
ized by degenerated neurons in association with glial cells’ infiltration in brain substance was observed (Figure 2d). In addition, 
neural degeneration characterized by the neuron becomes rounded, more esinophilic, and swollen with either pyknotic nucleus 
or entirely loss of nucleus (Figure 2e).

In the meantime, the microscopical examination of heart, blood vessels, and brain of rats treated with crocin for 4 
weeks revealed marked improvement in comparison to L-methionine-treated rats. Histopathological examination of the heart 
obtained from rats in this group displayed congestion of the myocardial blood vessels (Figure 3a). Moreover, intermuscular 
hemorrhage was also detected in some examined rats in association with degeneration of myocardium (Figure 3b).

Moreover, extensive degeneration of the tunica intema with vacuolation of sarcoplasm of tunica media with myoma-
lacia was demonstrated in the wall of the examined blood vessels (Figure 3c). The examined brains of the rats of this group 

Table 4: Effect of crocin treatment on liver tissue NF-kβ and serum miRNA188 gene  
expression levels in HHcy induced in rats.

Parameters
Exp. groups

Fold change in NF-kβ gene 
expression

Fold change in micro RNA188 
gene expression

Group I: Normal control 1.00 6 0.02e 1.00 6 0.03a

Group II: (HHcy) 13.556 0.47a 0.016 0.001e

Group III: HHcy 1 Crocin 3.346 0.13d 0.4360.02c

Mean values with different superscript letters in the same column are significantly different at P ≤ 0.05.

Table 5: Effect of crocin treatment on heart tissue TIMP-1, MMp-9, and 
PPARα gene expression levels in HHcy induced in rats.

Parameters
Exp. groups

Fold change in TIMP-1 
gene expression

Fold change in MMp-9 
gene expression

Fold change in 
PPARα gene expression

Group I: Normal control 1.00 6 0.03d 1.00 6 0.02d 1.00 6 0.03d

Group II: (HHcy) 8.176 0.26a 4.14 6 0.12a 5.466 0.26a

Group III: HHcy 1 Crocin 2.3160.11c 2.2860.11c 2.9960.12b,c

Mean values with different superscript letters in the same column are significantly different at p ≤ 0.05.
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showed mild congestion of the blood vessels with degeneration of the blood vessels’ wall. Moreover, neural degeneration and 
necrosis were demonstrated in some examined rats (Figure 3d, e).

4. DISCUSSION

Hyperhomocysteinemia can be caused by a genetic lack of methionine and homocysteine metabolism, including cystathion 
b-synthase, methionine synthase, and methylenetetrahydrofolate reductase (MTHFR) [18]. A significant increase in serum homo-
cysteine and in heart Caspase-3 and MCP-1 gene expression levels were observed in L-methionine-induced HHcy in rats. Simi-
larly, Kapoor and Sanyal [19] established that high concentrations of Hcy induced apoptotic molecules and activated Caspase-3 

Figure 1: H&E stained sections of heart tissue (a–d) and blood vessels (e–f) taken from L-methionine-treated 
rat for 8 weeks (Group II) showing (a) severe congestion of the myocardial blood vessels (arrow, 2003), (b) 
degenerative change in the wall of cardiac blood vessels, represented by proliferation of endothelial lining 
(arrow) and vacuolation in its tunica media (zigzag arrow, 2003), (c) extensive degeneration of the cardiac 

muscle (arrow) with intermuscular hemorrhage (asterisk, 2003), (d) myomalcia of the cardiac muscles (asterisk) 
and vacuolation in their sarcoplasm (arrow, 4003), (e) marked degeneration (asterisk) and vacuolation (arrow) 

of the tunica media. Notice also perivascular hemorrhage (zigzag arrow, 2003), and (f) extensive degree of 
degeneration and rupture in the blood vessels wall (arrow, 4003).
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Figure 2: H&E stained sections of brain tissue taken from L-methionine-treated rat for 8 weeks (Group II) 
showing (a) severe degree of meningitis with degeneration and hyalinization of the wall of meningeal blood 
vessels (arrow, 4003), (b) scattered area of hemorrhage (arrow) and encephalomalcia (2003), (c) necrotic 

neurons (asterisk) and apoptosis (arrow, 2003), (d) focal area of gliosis in the brain substance (arrow, 2003), 
(e) tyrgylosis, as the neuron become rounded more esinophilic and swollen with loss nucleus (arrow, 2003)

expression. Also, Chan and Mattson [20] observed that the Hcy-induced NF-kβ activation mediated the increase in early protein 
markers of apoptosis onset, such as Caspase-3. Moreover, Collins and Cybulsky [21] showed that homocysteine-induced expres-
sion of MCP-1 in monocytes and endothelial cells occur through activation of NF-kβ, a transcription factor involved in mediating 
downstream inflammatory processes. Ross [22] reported that homocysteine induces expression of MCP-1 through activation of 
NF-kβ, a transcription factor known to stimulate the production of chemokine, cytokines, hempoetic growth factors, and leu-
kocyte adhesion molecules, which are considered to be involved in atherogenesis and vascular inflammation; the development 
and progression of atherosclerosis is considered a form of chronic inflammation, and endothelial dysfunction is the key process 
promoting inflammatory reactions. Furthermore, Poddar et al. [23] reported that homocysteine has been shown to increase 
the expression of IL-8; HHcy stimulated the expression of MCP-1 in rats leading to an increase in the adhesion of monocytes to 
the aortic endothelium. Such an effect may make a significant contribution to the development of atherosclerosis, contributing 
monocyte/macrophage infiltration into the arterial wall [24].

Crocin treatment to hyperhomocysteinemic rats resulted in a significant decrease in serum Hcy level and downregula-
tion in gene expression level of Caspase-3 and MCP-1 in heart tissue. Nearly similar results were shown by Rinki [25] who stated 
that a significant decrease of homocysteine level was observed in saffron-treated HHcy rats. Crocin inhibited CCL4-induced 
inflammation indicated by abrogation of CCL4-induced elevation of plasma IL-6 and TNF-α levels and inhibition of Caspase-3 
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Figure 3: H&E stained sections of heart tissue (a–b), blood vessels (c), and brain (d–e) taken from crocin-treated 
rats after induction of HHcy by L-methionine for 4 weeks (Group III) showing (a) showing congestion of the 

myocardial blood vessels. H&E stain (2003), (b) showing hemorrhage in-between the cardiac muscles (arrow). 
H&E stain (2003), (c) marked degeneration of tunica intema (arrow) with vacuolation and myomalacia in blood 
vessels wall (asterisk). H&E stain (2003), (d) mild congestion of the blood vessels and degeneration of the blood 

vessels wall (arrow). H&E stain (2003), (e) neural degeneration and necrosis (arrow) H&E stain (2003).

activity, an effect that protects liver cells from death [26]. Also, it is plausible that antioxidant, radical scavenging effects, and 
anti-inflammatory actions of crocin interfered with CCL4-induced elevation of Caspase-3 activity, and hence the liver cells were 
preserved, liver weight was normalized, and functions were restored [27].

A significant upregulation in liver tissue NF-kβ and downregulation in serum miRNA188 gene expression levels were 
observed in the HHcy group. These results are nearly similar to Jablonski et al. [28], who indicated that activation of NF-kβ has 
been shown to cause endothelial dysfunction in HHcy. Also, Mishra et al. [29] recorded the involvement of miRNAs and dicer 
in Hcy-mediated heart failure. The functional assay using miR-188 mimic for ameliorating Hcy-induced cardiac remodeling will 
provide concrete support to the present results considering the tremendous therapeutic potential of miRNAs. Additionally, Fang 
and Davies [25] demonstrated that, particularly, the importance of miRNA as a contributing risk factor in the pathogenesis of 
atherosclerosis has been well documented; in addition, miR188 has been shown to be involved in Hcy-induced cardiac remod-
eling. Furthermore, miR-188 in the smooth muscle cells of the human airway is downregulated by a proinflammatory stimulus 
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and is considered to act as a regulator of the inflammatory response [30]. Intriguingly, miR-188 could affect TNF-α related 
apoptosis-inducing ligand (TRAIL)-induced apoptotic pathways through blocking Caspase-3 activation [31].

Crocin treatment to hyperhomocysteinemic rats resulted in a significant upregulation in serum miR-188 gene expres-
sion level. Similarly, Hemshekhar et al. [12] showed that the preventive effects of crocin against ischemia-induced organ injuries 
could be led by its potent inhibition on NF-kβ activation, which has been extensively reported in studying the anti-inflammatory 
actions of crocin. As shown in this study, crocin treatment to HHcy caused upregulation of miR-188 level, as crocin caused 
downregulation of NF-kβ and TNF-α. The blockade of NF-kβ signaling by crocin may be correlated with a reduction of the early 
immediate response genes that facilitate the rapid production of NO and prostaglandins that initiate the lethal effects of hemor-
rhagic shock (HS) resuscitation [32]. The downstream induction of inflammatory cytokines, which can play a catalyzing role for 
tissue damage during the resuscitation phase, can be greatly attenuated by crocin via NF-kβ suppression [33]. Moreover, 2-ara-
chidonoylglycerol (2-AG) and PPARγ activation suppressed NF-kβ reporter activity, suggesting that inhibition of NF-kβ by 2-AG 
would relieve the inhibitory effect of NF-kβ on miR-188-3p transcription. This assumption is supported by the results showing 
that expression of miR-188-3p was suppressed by amyloid-β (Aβ) and proinflammatory cytokines that increase phosphorylation 
of NF-kβ, and the suppression was reversed by 2-AG, PPARγ activation, or NF-kβ inhibition [34].

A significant upregulation in heart tissue TIMP-1, MMp-9, and PPAR-α was observed in HHcy rats. These results are 
nearly identical to Feng et al. [35] who demonstrated that HHcy increased the expression of MMP-9 and TIMP-1.The imbalance 
between MMPs and TIMPS may lead to vascular pathological remodeling by altering the collagen/elastin content ratio [36]. 
Also, Smeets et al. [37] showed that PPAR-α, the predominant PPAR-α isoform in the heart, has been implicated in hypertrophic 
signaling. The absence of PPAR-α results in a more pronounced hypertrophic growth response and cardiac dysfunction, which 
are associated with the increased expression of inflammatory markers and extracellular matrix remodeling. Furthermore, Hcy 
caused endothelial cell apoptosis in part by generating ROS; this, in turn, released cytochrome-c and activated the intracellular 
caspase proteolytic cascades, leading to TIMP-1, MMp-9, and PPARα activation and nuclear fragmentation. Elevated levels of 
Hcy are an independent risk factor for cardiovascular diseases [38]. Because endothelial cells are lacking the CBS [39], an enzyme 
responsible for Hcy clearance, endothelial cells are the prime target for Hcy toxicity. Previously, we have found that Hcy induced 
generation of ROS production by upregulation of NADPH oxidase and downregulation of thioredoxin [40].

Crocin treatment to HHcy rats caused significant downregulation in heart tissue TIMP-1, MMp-9, and PPARα gene 
expression levels. These results are almost the same with Zheng et al. [10] who documented that administration of crocin 
repaired the vascular injuries, inhibited MMP-9 expression, and reduced NO contents and NOs activity. Moreover, crocin has 
an important contribution to the ischemic blood brain barrier (BBB), which is due to the inhibition of the extracellular-signal-
regulated kinase (ERK) pathway and ultimate downregulation of MMPs.

5. CONCLUSION

It could be established that a marked increase in heart tissues MMP-9, TIMP-1, PPAR-α, MCP-1, and Caspase-3 gene expression 
levels and downregulation in serum miRNA-188 gene expression were observed in a rat model of HHcy. This suggests the impor-
tance of miRNA as a contributing risk factor in the pathogenesis of atherosclerosis and the involvement of miR188 in Hcy-induced 
cardiac alterations. Moreover, crocin has a protective anti-inflammatory effect through inhibition of NF-kβ signaling pathways 
that may lead to upregulated miR-188 gene expression. With respect to cardiac tissue apoptosis, crocin suppressed proapoptotic 
marker Caspase-3 and successively depressed MMP-9, TIMP-1, PPAR-α, and MCP-1 gene expression and could be applicable as 
a cytoprotective and may alleviate the undesirable effects mediated by hyperhomocysteinemia and its complications.

Acknowledgment
No financial or material support.

Author Contributions
All authors contributed equally to this study.

Conflict of Interest
None.

References

1. Guo H, Chi J, Xing Y, Wang P. Influence of folic acid on plasma homocysteine levels & arterial endothelial function in patients with unstable 
angina. Indian J Med Res. 2009; 129(3):279-363.

2. Curro M, Gugliandolo A, Gangemi C, Risitano R, Ientile R, et al. Toxic effects of mildly elevated homocysteine concentrations in neuronal-like 
cells. Neurochem Res. 2014; 39:1485-95.

3. Huang Y, Guo BJ, Wong RNS, Jiang Y. Characterization and antioxidant activity of selenium-containing phycocyanin isolated from Spirulina 
platensis. Food Chem. 2007; 100:1137-43.



Recent Advances in Biology and Medicine 9

Vol. 5, Iss./Yr. 2019, Pgs. 10 https://doi.org/10.18639/RABM.2019.883878

4. Zou CG, Banerjee R. Homocysteine and redox signaling .Antioxid Redox Signal. 2005; 7: 547-59.

5. Faraci FM, Lentz SR. Hyperhomocysteinemia, oxidative stress and cerebral vascular dysfunction. Stroke. 2004; 35:345-7.

6. Sanchez A M, Carmona M, Jaren-Galan M, Mosquera M, Alonso GL. Picrocrocin kinetics in aqueous saffron spice extracts (Crocus sativus L.) 
upon thermal treatment. J Agric Food Chem. 2011; 59:249-55.

7. Boskabady MH, Shafei MN, Shakiba A, Sefidi HS. Effect of aqueous-ethanol extract from Crocus sativus (saffron) on Guinea-pig isolated 
heart. Phytother Res. 2008; 22:330-4.

8. Jalili C, Tabatabaei H, Kakaberiei S, Roshankhah S, Salahshoor MR. Protective role of crocin against nicotine-induced damages on male mice 
liver. Int J Prev Med. 2015; (10):6-92.

9. Yang R, Tan X, Thomas AM ,Shen J, Qureshi N, et al. Crocetin inhibits mRNA expression for tumor necrosis factor-alpha, interleukin-1beta, 
and inducible nitric oxide synthase in hemorrhagic shock. J Parenter Enteral Nutr. 2006; 30:297-301.

10. Zheng YQ, Liu JX, Wang JN. Effects of crocin on reperfusion-induced oxidative/nitrative injury to cerebral microvessels after global cerebral 
ischemia. Brain Res. 2006; 1138:86-94.

11. Xie YC, Dong XW, Wu XM, Yan XF, Xie QM. Inhibitory effects of flavonoids extracted from licorice on lipopolysaccharide-induced acute 
pulmonary inflammation in mice. Int Immunopharmacol. 2009; 9:194-200.

12. Hemshekhar M, Sebastin Santhosh M, Sunitha K, Thushara RM, Kemparaju K, et al. A dietary colorant crocin mitigates arthritis and associated 
secondary complications by modulating cartilage deteriorating enzymes inflammatory mediators and antioxidant status. Biochemitry. 
2012; 94(12):2723-33.

13. Sain H, Sharma B, Jaggi AS, Singh N. Pharmacological investigations on potential of peroxisome proliferator-activated receptor-gamma 
agonists in hyperhomocysteinemia-induced vascular dementia in rats. Neuroscience. 2011; 192:322-55.

14. Hariria AT, Moallem AS, Mahmoudi M, Hosseinzadeh H. The effect of crocin and safranal, constituents of saffron, against subacute effect of 
diazinon on hematological and genotoxicity indices in rats. Phytomedicine. 2011; 15:18(6):499-504.

15. Bancroft D, Stevens A. Theory and Practice of Histological Techniques. 4th ed. Churchill Livingstone, Edinburgh (1996), 766 p.

16. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2ΔΔC
T method. Methods. 2001; 

25(4), 402-8.

17. Steel RGD, Torrie JH, Dickey DA. Principles and Procedures of Statistics; Abiometrical Approach. 3rd ed. McGraw-Hill, Boston (1997), 340: 
115-26.

18. Testai D, Gorelick PD. Inherited metabolic disorders and stroke part 2: homocystinuria, organic acidurias, and urea cycle disorders. Arch 
Neurol. 2010; 67:148-53.

19. Kapoor A, Sanyal AJ. Endoplasmic reticulum stress and the unfolded protein response. Clin Liver Dis. 2009; 13:581-90.

20. Chan SL, Mattson MP. Caspase and calpain substrates: roles in synaptic plasticity and cell death. J Neurosci Res. 1999; 58:167-90.

21. Collins T, Cybulsky MI. NF-kappa B: pivotal mediator or innocent bystander in atherogenesis? J Clin Invest. 2001;107(2):55-64.

22. Ross R. Atherosclerosis-an inflammatory disease. N Engl J Med. 1999; 340:15-26.

23. Poddar R, Sivasubramanian N, Dibello PM, Robinson K, Jacobsen D. Homocysteine induces expression and secretion of monocytes 
chemoattractant protein-1 and interleukin-8 in human aortic endothelial cells: implications for vascular disease. Circulation. 2001; 103:2717-20.

24. Wang GP, Woo C, Sung FL, Siow YL, O K. Increased monocyte adhesion to aortic endothelium in rats with hy-perhomocysteinemia: role of 
chemokine and adhesion molecules. Arterioscler Thromb Vasc Biol. 2002; 22:1777-83.

25. Fang Y, Davies PF. Site specific micro RNA 92a regulation of Kruppel-like factors 4 and 2 in atherosusceptible endothelium. Arterioscler 
Thromb Vasc Biol. 2012; 32:979-87.

26. El-Beshbishy HA, Hassan MH, Aly HA, Doghish AS, Alghaithy AA. Crocin “saffron” protects against beryllium chloride toxicity in rats through 
diminution of oxidative stress and enhancing gene expression of antioxidant enzymes. Eco-toxicol Environ Saf. 2012; 83:47e54.

27. Dianat M, Esmaeilizadeh M, Badavi M, Samarbafzadeh A, Naghizadeh B. Protective effects of crocin on hemodynamic parameters and 
infarct size in comparison with vitamin E after ischemia reperfusion in isolated rat hearts. Planta Med. 2014; 80(5):393-401.

28. Jablonski KL, Chonchol M, Pierce GL, Walker AE, Seals DR. 25-Hydroxyvitamin D deficiency is associated with inflammation-linked vascular 
endothelial dysfunction in middle-aged and older adults. Hypertension. 2011; 57(1):63-72.

29. Mishra PK, Tyagi N, Kumar M, Tyagi SC. MicroRNAs as a therapeutic target for cardiovascular diseases. J Cell Mol Med. 2009;13, 778-89.

30. Kuhn AR, Schlauch K, Lao R, Halayko AJ, Gerthoffer WT, et al. MicroRNA expression in human airway smooth muscle cells: role of miR-25 in 
regulation of airway smooth muscle phenotype. Am J Respir Cell Mol Biol. 2010; 42:506-19.

31. Garofalo M, Condorelli GL, Croce CM, Condorelli G. MicroRNAs as regulators of death receptors signaling, Cell Death Differ. 2010; 17:200-8.

32. Hierholzer C, Harbrecht B, Billiar TR, Tweardy DJ. Induction of reperfusion-independent early events in inflammatory cascade of hemorrhagic 
shock. Arch Orthop Trauma Surg. 2001; 121:219-22.

33. Yang L, Dong X. Inhibition of inflammatory response by crocin attenuates hemorrhagic shock-induced organ damages in rats. J Interferon 
Cytokine Res. 2017; 37(7):295-302.

34. Hydbring P, Badalian-Very G. Clinical applications of microRNAs. F1000Res. 2013; 2(8):136. Version 3.

35. Feng S, Cen J, Huang Y, Shen H, Yao L, et al. Matrix metalloproteinase-2 and -9 secreted by leukemic cells increase the permeability of 
blood–brain barrier by disrupting tight junction proteins. PLoS One. 2011; 6:e20599.

36. Rosenberg GA. Matrix metalloproteinases and their multiple roles in neurodegenerative diseases. Lancet Neurol. 2009; 8(2):205-21.

37. Smeets PJ, Teunissen BE, Willemsen PH, van Nieuwenhoven FA, Brouns AE, et al. Cardiac hypertrophy is enhanced in PPAR alpha-/- mice in 
response to chronic pressure overload. Cardiovasc Res. 2008; 78:79-89.



10 Original Research Article

E-ISSN: 2378-654X rabm.scholasticahq.com

38. Suhara T, Fukuo K, Yasuda O, Tsubakimoto M, Takemura Y, et al. Homocysteine enhances endothelial apoptosis via upregulation of  
Fas-mediated pathways. Hypertension. 2004; 43:1208-13.

39. Finkelstein JD. The metabolism of Homocysteine: pathways and regulation. Eur J Pediatr.1998; 157:S40-44.

40. Tyagi N, Sedoris KC, Steed M, Ovechkin AV, Moshal KS, et al. Mechanisms of homocysteine-induced oxidative stress. Am J Physiol Heart Circ 
Physiol. 2005; 289(6):H2649-H2656.


