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Abstract
Background. Periodontitis, a chronic inflammatory disease affecting the supporting tissues around the teeth, 
causes significant inflammatory and oxidative changes in cardiac tissue. Crocin is the active constituent of  Crocus 
sativus (saffron) which has antioxidant properties and is protective against cardiovascular disturbances.

Objectives. The present study aimed to investigate the protective effects of crocin on periodontitis-induced 
oxidative/inflammatory cardiac degeneration in rats in vivo.

Materials and methods. Thirty female Sprague Dawley rats were randomly divided into 3 groups: control 
group, periodontitis group (PD) and periodonditis plus crocin group (PD+Cr). Experimental periodontitis 
was induced by placing silk ligatures on the maxillary second molar teeth for 30 days. Afterward, crocin 
(100 mg/kg body weight/day) was administered to the PD+Cr group and saline was administered to the PD 
group and the control group for 15 days. The subjects were sacrificed on the 45th day.

Results. Histological and biochemical analyses demonstrated that inducing periodontitis caused obvious 
damage to cardiac tissues which was significantly ameliorated by crocin (p < 0.05). Significant improvements 
in bone resorption parameters (cross-linked C-telopeptide of type I collagen and bone alkaline phosphatase) 
were also observed in the PD+Cr group (p < 0.05). In addition, crocin caused significant reductions of malon-
dialdehyde levels and total oxidant score while antioxidant levels (glutathione, superoxide dismutase, total 
antioxidant score, and catalase) were significantly higher in PD+Cr group (p < 0.05).

Conclusions. This study reveals that periodontitis may cause oxidative damage in cardiac tissue and crocin 
improves periodontitis-induced degenerative changes in heart tissue, which is associated with its antioxidant 
properties.
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Background

Oxidative stress results from changes in the balance 
between reactive oxygen species (ROS) and antioxidant 
capacity.1 The ROS overproduction causes irreversible 
damage to biomolecules (such as membrane lipids, pro-
teins and DNA) that are crucial to  tissue and cellular 
function.2 One of the most important health conditions 
affected by oxidative stress is cardiac failure. While myo-
cardial antioxidants such as superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GSH-Px), and vi-
tamin E decrease in the heart tissue of patients with heart 
failure, free oxygen radicals and oxidative stress increase.3 
The ROS disrupt the contractile functions of the myo-
cardium by directly affecting the proteins responsible for 
contraction–excitation coupling. They activate kinase sig-
naling in hypertrophy and disrupt extracellular matrix 
remodeling by initiating matrix metalloproteases (MMPs).4 
Periodontal disease, associated with chronic inflamma-
tion, is characterized by high amounts of ROS, which cause 
increased oxidative damage in gingival tissue, periodontal 
ligaments and alveolar bone.5

The  significant increase in  cardiac oxidative stress 
caused by  periodontitis is  reportedly attributable 
to an excessive increase in ROS production rather than 
decreased antioxidant capacity. Moreover, cardiac oxida-
tive stress associated with periodontitis may contribute 
to the pathological process leading to heart failure.6 It has 
often been suggested that antioxidants limit oxidative 
damage in humans, thereby reducing the risk of some 
chronic health conditions, such as cardiovascular disease 
(CVD).7

Since ancient times, saffron (Crocus sativus L.) has 
been widely used as a  spice, food colorant and alter-
native medicine to  treat some diseases. In  addition 
to the 3 main ingredients, crocin, crocetin and safranal, 
dried saffron contains almost 150 components including 
carotenoids, sugars, proteins, anthocyanins, vitamins, 
and minerals. Besides its strong antioxidant properties, 
saffron is used as  a natural/traditional medicine for 
disease treatment due to  its anti-inflammatory, anti-
carcinogenic and antioxidant effects.8 Carotenoids from 
saffron are free radical scavengers, especially against 
superoxide anions,9 and could thus prevent oxidative 
damage. A considerable amount of evidence shows that 
crocin can effectively improve CVDs such as athero-
sclerosis, hyperlipidemia, hypertension, and myocardial 
injury.10

Experimental studies show that periodontitis, a chronic, 
systemic disease characterized by low-grade inflammation 
and oxidative stress, causes significant inflammatory and 
oxidative changes in cardiac tissue.6,11 Although the car-
dioprotective effect of crocin is well known, information 
about its protective effects on periodontitis-related cardiac 
alterations is lacking.

Objectives

This study aimed to  investigate the potential effects 
of periodontitis on the oxidative stress levels in cardiac 
tissue and the therapeutic activity of systemic crocin ad-
ministration in such cases.

Materials and methods

Animals and experimental design

Thirty adult female Sprague Dawley rats weighing be-
tween 225 g and 250 g were used in this study. The rats 
were obtained from the Inonu University, Experimen-
tal Animals Production and Research Centre (INUTF-
DEHUM), Malatya, Turkey. This study was authorized 
by the Inonu University Experimental Animals Ethics 
Committee. All experimental procedures were car-
ried out at  INUTF-DEHUM. The  rats were housed 
in a room at 21°C, with 55−60% humidity and a 12 h light 
(08:00−20:00)–12 h dark (20:00–08:00) cycle. The rats 
consumed a soft diet ad libitum throughout the study 
period. Cage maintenance and drinking water changes 
were performed daily.

First, the experimental animals were deeply anesthetized 
by xylazine and ketamine to induce a periodontitis model. 
The maxillary right second molar teeth were enclosed with 
silk suture 5-0 and tied to the vestibule teeth. This ligature 
encompassing the molar teeth promoted bacterial accu-
mulation, which led to inflammation and bone loss. After 
30 days, the ligatures were discarded to permit a decrease 
in inflammation and allow healing. All rats were inspected 
for the development of periodontitis.12

The  rats were randomly divided into 3 groups with 
10 rats in each group. The control group received normal 
saline orally throughout the study. The periodontal disease 
(PD) group received normal saline orally following removal 
of the ligature. The periodontal disease plus crocin (PD+Cr) 
group received 100 mg/kg/day of crocin (Sigma-Aldrich, 
St. Louis, USA) orally following removal of the ligature.13 
The crocin was dissolved in normal saline and adminis-
tered over 15 days to the rats in the PD+Cr group. Both 
the control and PD group received 1 mL of normal saline 
for 15 days. All animals were anesthetized with xylazine 
and ketamine, and heart tissue and 5 mL of blood were 
collected from their abdominal veins.

Samples

The heart tissue samples collected from all of the ani-
mals were used for biochemical and histological evalua-
tions. The samples were washed with saline and divided 
into halves. The  fragments of  the  1st half were fixed 
in 10% formaldehyde, and those of the 2nd half were stored 
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at  −80°C until biochemical analyses were performed. 
 Serum samples were obtained from the blood samples via 
centrifuging at 600 × g for 20 min. Moreover, the right 
maxillary alveolar bones of the rats belonging to all groups 
were collected for histopathological examination to prove 
experimental periodontitis.

Biochemistry

Stored tissue samples were thawed and weighed just be-
fore the analyses. The tissues were mixed with phosphate 
buffer and homogenized for 1−2 min on ice at 12,000 rpm 
(IKA Ultra Turrax T-25 basic; IKA Labotechnik, Staufen, 
Germany) to procure 10% homogenates. Malondialde-
hyde (MDA) levels were measured in the homogenate, and 
the remaining was centrifuged at 600 × g for 30 min at 4°C 
to obtain a supernatant. All other biochemical analyses 
were conducted on the supernatant. Cross-linked C-telo-
peptide of type I collagen (CTx1), bone alkaline phospha-
tase (b-ALP), lactate dehydrogenase (LDH), and creatine 
kinase myocardial band (CK-MB) analyses were performed 
on the serum samples.

Measurement of tissue MDA levels

The MDA analyses were performed as described previ-
ously.14 The tissue homogenate was mixed with 1% H3PO4 
and 0.6% thiobarbituric acid, and the mixture was incu-
bated in a boiling water bath for 45 min. Then, the mixture 
was extracted with n-butanol. The pink product was mea-
sured at 535 nm with a spectrophotometer (T80 UV/vis 
spectrometer; PG Instruments Ltd., Leicestershire, UK) 
and used to calculate the MDA level. The n-butanol was 
used as  the blind, and tetramethoxypropane was used 
as the standard. The findings were noted as nM/g wet 
tissue (gwt).

Measurement of tissue glutathione levels

The glutathione (GSH) levels were measured as described 
previously.15 5,5’-dithiobis 2-nitrobenzoic acid (DTNB) was 
added to the supernatants, and a yellow-green color was 
observed. The colored product was measured at 410 nm 
and used to calculate the GSH level. Distilled water was 
used as the blank. The results were noted as nM/gwt.

Measurement of tissue SOD activity

The SOD activities were determined as described previ-
ously.16 The supernatants were mixed with xanthine oxi-
dase and an assay reagent mixture to expose the superox-
ide radicals to xanthine-xanthine oxidase, which generates 
a blue-colored formazan. Next, the SOD activities were 
measured at 560 nm and recorded as U/g protein.

Measurement of tissue CAT activity

The CAT activities were determined as previously de-
scribed.17 The supernatants were mixed with phosphate 
buffer (pH 7.5) containing H2O2. The CAT in the su-
pernatant breaks down H2O2 into H2O and O2, which 
reduces the absorbance at 240 nm. The reduction in ab-
sorbance was observed for 1 min to calculate the enzyme 
activity. The CAT activities were noted as K/g protein.

Measurement of tissue total oxidant status

The total oxidant status (TOS) was ascertained using 
Erel’s method.18 A commercially-available TOS kit (Rel 
Assay Diagnostics, Gaziantep, Turkey) was utilized accord-
ing to the manufacturer’s instructions. An enzyme-linked 
immunosorbent assay (ELISA) reader was used to measure 
TOS at 25°C and 530 nm. The data were presented as μM 
H2O2 equiv/L.

Measurement of tissue total  
antioxidant status

The total antioxidant status (TAS) was ascertained us-
ing Erel’s method.19 A commercially-available TAS kit (Rel 
Assay Diagnostics) was utilized according to the manufac-
turer’s instructions. Following preparation of the samples, 
absorptions were measured at 660 nm. The data were pre-
sented as mM Trolox equiv/L.

Measurement of serum CTx1  
and b-ALP levels

Serum CTx1 and b-ALP concentrations were measured 
using a commercially-available, rat-specific CTx1 ELISA 
kit (Elabscience, Houston, USA) and a rat-specific b-ALP 
ELISA kit (Elabscience) according to the manufacturer’s 
instructions at 37°C and 450 nm. The results were noted 
as ng/mL.

Measurement of serum CK-MB  
and LDH levels

Serum LDH and CK-MB were measured via commer-
cially-available Architect c1600 automatic analyzer kits 
(Abbott, Abbott Park, USA). The results were noted as U/L.

Histopathology

For 48 h, the heart tissue samples were fixed in 10% neu-
tral-buffered formaldehyde. The maxillary bone was fixed 
and decalcified in a 50% RDO (R) solution (Apex Engineer-
ing Products Corporation, Aurora, USA) for 12 h. Follow-
ing dehydration in ethanol series (50–99%) and clearing 
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in xylene series, both tissues were embedded in paraffin 
wax. Five sections of 6 µm thickness each were taken from 
each paraffin block at 100 µm intervals. The sections were 
placed on slides and stained with hematoxylin and eosin 
(H&E). All of the sections were examined with ×20, ×40 
and ×100 magnification objective lenses of light 203 mi-
croscopes (Nikon Eclipse Ni-U; Nikon Corp., Tokyo, Japan) 
with a camera attachment (Nikon DS-Fi2; Nikon Corp.), 
and 204 microscopic images were evaluated using an im-
age analysis system (Nikon NIS-Elements Documentation 
205 5.02; Nikon Corp.).

Histological alterations of the cardiomyocytes, in terms 
of order and integrity, vacuolization, hyalinization, and 
nuclear pyknosis, were scored on  a  semi-quantitative 
scale of 0–3 (normal – 0, minimal changes – 1, moder-
ate changes – 2, and severe changes – 3). The prevalence 
of each degree of these findings was scored as “1” (<10%), 
“2” (11–20%), “3” (21–40%), or “4” (>40%). Total histologic 
damage scores were obtained by multiplying the scores 
of the histological alterations with the prevalence degree 
scores. The scoring system described by Ziebolz et al.20 
was modified and used. The maximum total score was 48.

Statistical analyses

Statistical analyses were performed using IBM SPSS 
Statistics for Windows v. 22.0 (IBM Corp., Armonk, USA). 
The Shapiro–Wilk test was used to assess data normal-
ity. The  findings were summarized as  the  mean and 
standard deviation (SD). The homogeneity of the vari-
ances was analyzed using the Levene’s test. Groups with 
homogeneous variances were evaluated with one-way 
analysis of variance (ANOVA) and the Tukey’s honestly 
significant difference post hoc method. The Welch test 
and the Tamhane T2 pairwise comparison method were 
used for groups with heterogeneous variances. The his-
tological scorings were presented as median, minimum 
and maximum values. The groups were compared with 
the Kruskal–Wallis test and the Conover pairwise com-
parison method. In all analyses, p-value <0.05 was con-
sidered significant.

Results

Biochemistry

The oxidant/antioxidant ratios within the heart tissues 
are listed in Table 1. The MDA level in rats with induced 
periodontitis showed an insignificant elevation compared 
to the control group. However, following the crocin treat-
ment, the MDA levels decreased notably and were close 
to those in the control group (p < 0.05). Moreover, the TOS 
levels in the PD group were significantly elevated com-
pared to those in the control group and the PD+Cr group 
(p < 0.05). On the other hand, the PD+Cr group showed 
significantly lower TOS levels compared to the PD group 
(p < 0.05). In contrast, non-enzymatic antioxidants, GSH 
levels, enzymatic antioxidants, and SOD and CAT enzyme 
activities were significantly reduced in  the heart tissue 
of the rats with induced periodontitis compared to the tis-
sues of both the control group and PD+Cr group (p < 0.05). 
Furthermore, the crocin treatment significantly elevated 
them compared to the corresponding value for the PD group 
(p < 0.05). While the TAS of the heart tissue was signifi-
cantly decreased in both the PD and PD+Cr groups com-
pared to the control groups (p < 0.05), it was significantly 
elevated in the PD+Cr compared to the PD group (p < 0.05).

The results of the biochemical analyses showing serum 
bone destruction and heart tissue injury indicators appear 
in Table 2. While periodontitis induction significantly ele-
vated serum CTx1 levels in the control group and the PD+Cr 
group (p < 0.05), the serum b-ALP levels decreased signifi-
cantly (p < 0.05). Following crocin treatment, both the CTx1 
and b-ALP levels were significantly ameliorated compared 
to those of the PD group (p < 0.05). Moreover, while signifi-
cant elevations were observed in the LDH and CK-MB levels 
of the PD group (p < 0.05) following the crocin treatment, 
they decreased slightly compared to the PD group.

Histopathology

The heart tissue sections of  the control group were 
observed to  have a  normal histological structure. 
No cardio myocyte damage was detected in the cardiac 

Table 1. Oxidant/antioxidant parameters of heart tissue

Group MDA
[nmol/gwt]

GSH
[nmol/gwt]

SOD
[U/g protein]

CAT
[K/g protein]

TAS
[mmol/L]

TOS
[µmol/L]

Control 441.38 ±39.67a,b 1241.13 ±32.09a 71.01 ±5.00a 11.33 ±2.65a 2.21 ±0.08a 2.42 ±0.24a

PD 669.50 ±207.52a 1170.13 ±25.23b 24.92 ±3.86b 2.64 ±1.24b 1.24 ±0.03b 14.7 ±1.91b

PD+Cr 422.00 ±80.54b 1247.75 ±49.85a 60.20 ±5.59c 8.28 ±2.94c 1.55 ±0.10c 8.06 ±0.86c

p-value 0.032 0.001 <0.001 <0.001 <0.001 <0.001

Data are expressed as means ± standard deviation (SD) (n = 10). MDA – malondialdehyde; GSH – reduced glutathione; SOD – superoxide dismutase; 
CAT – catalase; TAS – total antioxidant status; TOS – total oxidant status; gwt – gram wet tissue. Groups: control group received normal saline solution, 
periodontitis (PD) group received normal saline solution and periodonditis plus crocin (PD+Cr) group received crocin. Statistically significant differences 
between groups are denoted with different superscript letters (p < 0.05).
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tissue sections of the control group rats. The cardiomyo-
cytes in the heart tissue sections of these rats showed typi-
cal cardiomyocyte order and integrity upon microscopic 
examination (Fig. 1A–C).

The heart section evaluations of the PD group indicated 
different cardiomyocyte prevalence and degrees of disor-
ganization and deformity, hyalinization, intracytoplasmic 
vacuolization, and nuclear pyknosis (Fig. 1D–F). The total 

Table 2. Biochemical analysis of serum markers related to bone resolution and cardiac injury

Groups CTx1 [ng/mL] b-ALP [ng/mL] LDH [U/L] CK-MB [U/L]

C 4.19 ±0.24a 1.72 ±0.25a 176.38 ±42.66a 191.84 ±40.69a

PD 8.53 ±1.08b 0.55 ±0.09b 345.50 ±154.25b 280.63 ±84.46b

PD+Cr 5.91 ±0.86c 1.04 ±0.20c 208.38 ±111.28a,b 251.00 ±67.86a,b

p-value <0.001 <0.001 0.041 0.032

Data are expressed as means ± standard deviation (SD) (n = 10). CTx1 – cross-linked C-telopeptide of type I collagen; b-ALP – bone-specific alkaline 
phosphatase; LDH – lactate dehydrogenase; CK-MB – heart-specific creatine kinase. Groups: control group received normal saline solution, periodontitis 
(PD) group received normal saline solution and periodontitis plus crocin (PD+Cr) group received crocin. Statistically significant differences between groups 
are denoted with different superscript letters (p < 0.05).

Fig. 1. Cardiac photomicrographs. A–C. Control group – myocardium layer. Cardiomyocytes with normal histological appearance at the transverse section 
plane (asterisk), cardiomyocyte nuclei (arrow). A. H&E staining, ×20 magnification; B: H&E staining, ×40 magnification; C: H&E staining, ×100 magnification. 
D–F. PD group – myocardium layer. Shape and organization disorder in cardiomyocytes (asterisk), pyknotic nuclei and hyalinization in cardiomyocytes 
(arrow), intracytoplasmic vacuoles in cardiomyocytes (arrowhead); D. H&E staining; large figure ×20 magnification, small figure ×40 magnification;  
E. H&E staining, ×40 magnification; F. H&E staining, ×100 magnification; G–I. PD+Cr group – myocardium layer at longitudinal section plane (asterisk), 
minimal cytoplasmic hyalinization and pyknotic nuclei in cardiomyocytes (arrow); G. H&E staining, ×20 magnification; H. H&E staining, ×40 magnification;  
I. H&E staining, ×100 magnification



G. Kocaman et al. Periodontitis, heart and crocin522

histological damage score of this group was determined 
to be 12. The cardiac tissue damage scores are presented 
in Table 3.

The PD+Cr group showed significant decreases in all 
damage parameters compared to the PD group (Fig. 1G–I). 
The total histological damage score of the PD+Cr group 
was determined to be 3.

Figure 2 presents the histopathology of the gingiva tis-
sue of a rat in the PD group. Inflammatory cell infiltra-
tion of the connective tissue epithelium and degeneration 
of the gingival epithelium were observed. Inflammatory cell 
infiltration in the fibrous connective tissue and degenera-
tion sites in the periodontal ligament were defined. The ce-
mentum and alveolar bone surfaces were irregular due 
to several Howship’s lacunae with differently-sized osteo-
clastic activity sites towards the periodontal ligament, and 
the histological images reflected increased bone resorption.

Discussion

The ROS, which play an important role in the pathogen-
esis of periodontitis, are caused either by the oral bacteria 
themselves or the stimulated immune response. Further-
more, polymorphonuclear leukocytes, the main protec-
tive cells against oral pathogenic bacteria, are responsible 
for the formation of ROS during phagocytosis.5 In this 

study, bone resorption and inflammatory alterations were 
evaluated via a comparison of the serum CTx1 and b-ALP 
levels. Arabacı et al.12 showed that serum b-ALP levels 
were significantly elevated in their periodontitis-induced 
group after melatonin treatment. Similarly, our study re-
vealed that b-ALP levels, which reflect bone destruction 
induced by periodontitis, were significantly elevated fol-
lowing crocin treatment. The CTx1 released during bone 
resorption is one of the most widely studied and utilized 
bone resorption markers.21 Some studies reported that 
an elevated serum CTx1 level in periodontitis is an indica-
tor of bone destruction, and previous studies showed that 
serum CTx1 levels are higher in rats with periodontitis.22,23 
In this research, serum CTx1 levels were higher in the PD 
group compared to  the  control group and the  PD+Cr 
group, which confirms the findings of previous research 
and suggests that elevated serum CTx1 levels are related 
to alveolar bone loss in periodontitis.23 Moreover, the lower 
CTx1 level of the PD+Cr group compared to that of the PD 
group indicates that crocin exhibits its modulating effects 
on the bone cycle by repressing oxidative stress.

Periodontal disease is initiated by production of inflam-
matory mediators. These processes lead to loss of peri-
odontal tissue structure and function. Pathogenic bacterial 
infections play a role in susceptibility to ROS and oxida-
tive stress. Periodontal inflammation is a risk factor for 
systemic inflammation and eventually CVD. Therefore, 2 
common hypotheses are proposed regarding the relation-
ship between periodontitis and CVD: 1) bacteria may affect 
the vascular system directly24; or (2) local inflammation 
in the periodontal tissues may induce an inflammatory 
response in distant regions even without the dispersion 
of the infectious agent.25 Prior findings support the lat-
ter hypothesis, and oxidative stress generated due to peri-
odontitis may initiate the inflammatory damage that oc-
curs in the early stages of atherosclerosis.26 Furthermore, 
the systemic inflammation induced by periodontitis may 
accelerate atherosclerotic vascular damage and plaque rup-
ture. Therefore, periodontitis, rather than a co-existing 
condition, is likely to cause CVD. Moreover, in this study, 
periodontal infection/inflammation may have directly 
or indirectly induced pathological alterations in the heart 
tissue and thus played a role in cardiac injury.

Neutrophils are responsible for the initiation of inflam-
mation. The oxidative killing mechanisms of neutrophils 

Fig. 2. Gingival photomicrograph

Table 3. Cardiac tissue damage scores

Groups Cardiomyocytes order and 
integrity

Intracytoplasmic 
vacuolization Hyalinization Nuclear pyknosis Total scores

C 0 (0–0)a 0 (0–0)a 0 (0–0)a 0 (0–0)a 0 (0–0)a

PD 4 (2–6)b 4 (1–6)b 2 (1–4)b 2 (1–4)b 12 (7–15)b

PD+Cr 1 (0–2)c 0 (0–2)c 1 (0–2)c 1 (0–2)c 3 (2–4)c

p-value <0.001 <0.001 0.0016 <0.001 <0.001

Data are expressed as min–max (n = 10). Groups: control group received normal saline solution, periodontitis (PD) group received normal saline solution and 
periodontitis plus crocin (PD+Cr) group received crocin. Statistically significant differences between groups are denoted with different superscript letters (p < 0.05).



Adv Clin Exp Med. 2021;30(5):517–524 523

involve ROS production.5 Although ROS essentially aim 
to eliminate bacteria, since they are dispersed to external 
tissues, they also destroy periodontal tissues. Moreover, 
they play a role in the pathogeneses of some inflamma-
tory diseases, such as heart and vascular diseases.27 Lipid 
peroxidation might play an important role in the onset 
of CVD, especially in the earliest periods.28 A study on car-
diac failure patients reported decreased serum GSH levels 
and increased serum MDA levels compared to a control 
group.29 Conversely, while lipid peroxidation plays a role 
in CVD development, antioxidants protect against low-
density lipoprotein (LDL) oxidation by clearing ROS.30 
Vitamin C may also contribute to the amelioration of ath-
erosclerosis by reducing lipid peroxidation and elevating 
antioxidant levels. Moreover, another antioxidant, epigal-
locatechin gallate, reportedly improved the serum lipid 
profile and cardiac tissue antioxidant parameters in a rat 
atherosclerosis model.31

The most recent pharmacological studies provide some 
evidence on the potential of crocin as a therapeutic medi-
cine due to its anti-tumoral, antioxidant and free-radical 
scavenging activities.9 Antioxidants play a  significant 
role in protecting against free radical-induced tissue in-
jury by scavenging free radicals. Although the mecha-
nism behind the free-radical scavenging effects of crocin 
as a water-soluble carotenoid is not clear, it  is assumed 
that the mechanistic pathways may be similar to those 
of known carotenoids. Therefore, crocin may possibly 
modulate intracellular oxidative stress by  regulating 
the enzymatic antioxidants of the organism when trans-
ported to the plasma. It is also reported to have a dose-
dependent cytoprotective effect against the endothelial 
cell damage induced by H2O2.
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Some studies show that saffron has beneficial effects 
on CVD treatment.10 Furthermore, the cardioprotective ef-
fects of saffron and its active constituents have been dem-
onstrated in various models. Wang et al.33 reported that 
crocin improves cardiac function after myocardial infarc-
tion, which in turn increases angiogenesis and myogenesis 
in the infarcted myocardium. The results of an in vivo rat 
study by Dianatet al.34 provided evidence that applica-
tion of crocin is protective against cardiac dysfunction 
by exposure to cigarette smoke. Rahiman et al.35 showed 
that crocin reduces ROS and protects against oxidative 
stress in  H2O2-treated bovine aortic endothelial cells. 
Xu et al.32 reported that crocin treatment inhibits ath-
erosclerosis and regression by preventing cell apoptosis. 
Moreover, He et al.36 used an animal atherosclerosis model 
to show that crocin treatment significantly decreases cho-
lesterol, triglyceride and low-density lipoprotein (LDL) 
levels and restricts aortic plaque formation by decreas-
ing endothelial cell apoptosis. Recently, crocin was found 
to have a protective effect on the vascular system against 
diazinon-related apoptosis via inhibition of caspase-de-
pendent apoptosis in rat aortic tissue.37 Oxidative stress 
and excessive free radical generation are the main stimuli 

that induce apoptosis in some diseases, including CVDs. 
Feidantsis et al.38 reported that crocin improved heart 
function in diabetic rats by enhancing the heat shock re-
sponse, inhibiting apoptosis and normalizing autophagy 
in cells of the cardiac myocardium. Razavi et al.39 showed 
that crocin decreases the Bax/Bcl-2 ratio, release of cyto-
chrome c and caspase-3 activation, thereby demonstrating 
protective effects against diazinon-related cardiotoxicity 
by decreasing lipid peroxidation, histopathological altera-
tions and apoptosis. The results of this study revealed that 
the ele vated MDA and TOS levels in the heart tissue of rats 
with periodontitis can be lowered with crocin treatment. 
Moreover, crocin treatment following periodontitis induc-
tion ameliorated the decline in antioxidants (GSH, TAS, 
SOD, and CAT) within the heart tissue. The chemical and 
biological features of crocin manifest its antioxidant and 
free radical-scavenging properties.8

Limitations

The present study has some limitations. Firstly, the study 
results are not sufficient to suggest a direct relationship be-
tween human periodontitis and the short-term outcomes 
of an experimental periodontitis model. Secondly, study 
subjects are restricted to female-only rats; therefore, our 
results are insufficient to make a conclusion for both sexes. 
Thus, cardiac damage caused by periodontal inflamma-
tion and the damage-limiting effects of crocin should be 
studied more comprehensively and at the ventricular level 
in both sexes.

Conclusions

Periodontitis is a chronic systemic inflammatory disease 
and has the potential to increase the risk of cardiac dam-
age/degeneration by causing a significant increase in oxi-
dative damage markers in cardiac tissue. Crocin is an im-
portant adjunctive therapeutic agent to mitigate potential 
cardiac structural damage induced by periodontitis-related 
inflammation and oxidative damage.
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