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Introduction: Blood coagulation is an important
physiological process in maintaining homeostasis that causes
blood to clot. The two main components of the hemostasis
process are fibrinolysis and coagulation and influenced by
many factors including physical activity and diet. This study
aims to evaluate systematic review on the response of the
coagulation system and Fibrolytic Factors to Exercise and
Saffron.

Materials and Methods: Search for studies on the response
of coagulation and fibrinolytic factors to exercise and saffron
extract in the reputable databases Springer, Hindawi,
PubMed, Google Scholar, Scopus, SID and ISC using the
keyword Exercise Training and Saffron, platelet count (plt),
fibrinogen level, relative activated thromboplastin time (PTT)
and prothrombin time (PT) and plasminogen inhibitor-
activating antigen (PAI-1), activating antigen tissue
plasminogen (tPA), tPA activity and D-dimer were
performed.

Results: In studies related to saffron extract, its beneficial
effects were observed during long-term interventions.
However, saffron consumption during the short-term had no
effect on coagulation factors. Also, in short-term aerobic and
resistance training studies, some studies reported a transient
improvement in coagulation indices. Both long-term aerobic
and resistance training help to maintain of coagulation
homeostasis.

Conclusion: Exercise and saffron and its effective substances
on the coagulation and fibrinolysis processes in healthy
people and in some diseases (such as myocardial infarction
and diabetes) have benefits.
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Introduction

Disturbance of the blood homeostasis
system impairs coagulation and fibrinolytic
factors, so the increased events of
cardiovascular disease is due to changes in
blood coagulation. Blood coagulation is an
important  physiological  process in
maintaining homeostasis and causes blood
to clot. This process converts fibrinogen to
fibrin from both internal and external
pathways, activating coagulation factors
and platelet aggregation. Blood coagulation
stops bleeding as blood clots, and defects in
this process are fatal in diseases such as
hemophilia, although abnormal blood
coagulation can lead to heart attack
(myocardial infarction), cerebral ischemia,
and embolism. The belief that thrombosis is
effective in the increase of plaque and the
onset of acute coronary syndromes has
attracted the attention of the blood-
homeostasis apparatus and the two
indicators of coagulation and fibrinolysis as
contrasting physiological processes in
hemostasis and thrombosis (1). Fibrinolysis
and coagulation are influenced by many
factors such as gender, menopause,
physical activity and diet. Inactivity is a risk
factor for cardiovascular disease and
physical activity may be a strong predictor
of cardiovascular disease. Physical activity
can potentially reduce mortality by
changing inflammatory —markers and
coagulation. On the other hand, the
intensity and type of exercise, time and
level of physical fitness of the subjects
cause different reactions in the blood
coagulation system. It is believed that
moderate-intensity ~ aerobic exercise
reduces fibrinogen levels, so that higher
levels of exercise are associated with lower
levels of fibrinogen. In addition to
environmental and  pharmacological
interventions, the use of some medicinal
plants can play important role in the
prevention and control of cardiovascular
disease. Saffron (Crocus sativus L) is the
most expensive traditional spice in the
world, which is used as a food seasoning.

Saffron has many medicinal and therapeutic
properties. The stigma of saffron contains
crocin, picrocrocin and safranal, which
cause the pharmacological effects of
saffron. The beneficial effects of saffron
and its effective ingredients have been
reported in in vitro and in vivo studies on
the blood coagulation system (2, 3). It is
important to identify prevention strategies
which can reduce the risk of cardiovascular
disease. Based on the benefits of exercise
on coagulation, it seems necessary to use
appropriate training methods. On the other
hand, it may be possible to reduce and treat
cardiovascular disease through combined
intervention of exercise with the
administration  of  saffron  extract.
According to previous studies, our
knowledge is insignificant. Based on the
above, this study intends to investigate the
response of the coagulation system and
fibrinolytic factors to exercise and saffron.

Mechanism of Changes in Coagulation
Factors and Fibrinolysis

Some mechanisms have been suggested by
researchers as factors affecting coagulation
factors and fibrinogen, such as increasing
plasma volume and improving the
cardiovascular system, increase the activity
of the sympathetic nervous system, and
changing the fat profile of the subjects.
Prothrombin time (PT) is an indicator of the
external pathway at the beginning of
coagulation and its amount depends on the
concentration of prothrombin. Factors
affecting on PT include the type of exercise,
age, sex and initial condition of the
subjects. Also, the Partial thromboplastin
time (PTT) is one of the indicators of
coagulation, which is much slower than PT
and its mechanism begins with vascular
damage and its contact with the collagen of
the damaged vessel wall. The mechanisms
regulating plasma fibrinogen are not well
understood, although alteration  of
inflammatory factors appears to be an
effective in fibrinogen content. Fibrinogen
is the factor affecting blood viscosity and
flow, so that high levels of fibrinogen are
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associated with high probability of
cardiovascular disorders and other vascular
obstruction diseases such as clots.
Fibrinogen is synthesized by the cells of the
liver parenchyma, and the breakdown
products and  cytokines, especially
interleukin-1, affect its release into the
bloodstream. In the acute phase of platelet
activation, the increase in platelet volume
may be due to deformation of cytoplasmic
megakaryocyte fragments (4).

Crocus sativus L

Saffron - Crocus sativus L (C. sativus) - is
one of the most expensive plants in market.
C. sativus is used as a natural and healthy
additive in cooking. Saffron is cultivated all
over the world, especially in Iran. Good
quality saffron is provided by sunlight or in
a greenhouse. Also, saffron is called red
gold due to its high price and low
production. Saffron consists of water,
nitrogenous substances, sugars, soluble
extract, volatile oil and fiber. Some sterols
such as Campesterol, Stigmasterol, -
sitosterol, oleanolic, ursolic, Palmitoleic,
palmitic and oleic acids have been
identified. Volatile compounds of saffron
include terpenes, terpene alcohols and their
esters and non-volatile compounds include
picrocrocin, crostin, crocin and flavonoids

O

HO \N/K/\/L%/\/Y\/ﬁ/“\ OH

(quercetin and kaempferol). The most
important compounds in saffron stigmas
are: carotenoids (such as crocetin, crocin,
alpha), carotene, lycopene, zeaxanthin),
monoterpene aldehydes (such as safranal
picrocrocin), monoterpenoids (such as
crococantins), isoferons and flavonoids.
Riboflavin (vitamin B2) and thiamine
(vitamin B1) are two essential vitamins
found in saffron. The amount of saffron
riboflavin is from 56 to 138 micrograms per
gram, which is the highest amount among
all foods. Other carotenoids such as beta-
carotene, lycopene and zeaxanthin and
vitamins, especially riboflavin  and
thiamine are found in saffron. Crocin,
crocetin, picrocrocin and safranal are the
main active components of saffron. These
compounds of saffron contribute to its high
value in food and medicine. Carotenoids
such as crocetin and crocin are the main
color-forming compounds in saffron, and
monoterpene aldehydes cause the bitter
taste and odor of saffron. The content of
these active compounds varies in different
regions. Crocins, which are glycosides
composed of carotenoid called crocetin and
sugars, are responsible for the color of
saffron. Picrocrocin, the glycoside of
safranal, is the cause of its bitterness, but
safranal provides the characteristic aroma
of saffron (5).
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Figure 1. Chemical structure of crocin, crocetin, picrocrocin and safranal, the main active components of saffron
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Therapeutic Effects of C. sativus L

The beneficial properties of saffron in
reducing fats, treating cancer, antioxidant,
reducing inflammation and antidepressant
have been considered (Figure 2). Also,
because saffron has medicinal effects on the
nervous system, it has been examined in
clinical trials for depression, anxiety,
Alzheimer's disease and other brain
disorders.  Saffron and its active
components (crocin, crocetin and safranal)
have inhibitory effects on free radicals.
Given that radical inhibitory activity is
strongly associated with anti-aging effect, it
has been suggested that these extracts be
used as a supplement in food and
beverages. Also, Crocin is used to store
sperm at very low temperatures due to its
antioxidant effect. Daily prescription of
saffron (100 mg) mixed with milk has
improved the antioxidant status of patients
with coronary heart disease (6). Crocin is
associated with reduction of oxidative

kidney damage in rats (7). Crocin and
safranal protect the skeletal muscle in rats’
leg against ischemic injury induced by
occlusion of the femoral artery and vein (8).
Crocin affects the storage and retrieval of
information. Also, crocin administration
before training of animal reduced
scopolamine-induced animal performance
deficiencies. The results of these studies
confirm the cognitive enhancing effects of
crocin, and also show that crocin has an
effect on the mechanisms of recognition
and spatial memory (9). Use of crocin has
been shown to inhibit oxidative reactions in
the cerebrovascular arteries and to destroy
the microstructure of the prefrontal cortex
endothelial cells by temporarily occluding
the common carotid artery on both sides of
the brain for 20 minutes. It has been
suggested Crocin protect the brain against
severe oxidative stress and is a therapeutic
modality for local ischemia of the whole
brain (10).
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Anti-Parkinson
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Figure 2. Therapeutic effects of saffron (5).

In general, in most studies has been
reported antidepressant, antihypertensive
effects, memory and learning enhancers,
strong antioxidants, analgesics and anti-
inflammatory, cardiac protector,

hypoglycemic, anti-anxiety and hypnotic,
anti-tumor, strengthening Sexual,
anticonvulsant and cholesterol lowering of
saffron components (5).
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Cardiovascular Effects of C. sativus L

Cardiovascular diseases such as myocardial
infarction, heart failure and stroke are
known as the first cause of death
worldwide. Inflammation is an influential
factor in arteriosclerosis and the
development of cardiovascular diseases. In
the early stages of atherogenesis,
inflammation in the lining of arteries
increases  proinflammatory  cytokines,
chemokines, and adhesion molecules.
Oxidative stress is involved in the
development of various types of CVD.
Overproduction of reactive oxygen species
(ROS) through the activation of nitric oxide
synthase (NOS), xanthine oxidase, and
nicotinamide adenine dinucleotide
phosphate (NADPH) enzymes is associated
with atherogenesis. In addition, due to its
high oxidative metabolism and low
antioxidant defense in heart tissue, this
organ is exposed to oxidative damage. In
addition to the antioxidant properties of
saffron, its anti-inflammatory and anti-
apoptotic capacity enhances the cardiac
protective effects of saffron. The radical
inhibitory properties of saffron play a role
in its anti-inflammatory activities. This
indicates that the anti-inflammatory effects
of saffron compounds are due to its
significant  inhibitory effects against
cyclooxygenase isoenzymes, COX-1 and
COX-2 and the production of prostaglandin
E2. In addition, the most important reasons
for the anti-inflammatory properties of
saffron are; Reduce endoplasmic reticulum
stress signaling, inhibit the production of
proinflammatory cytokines such as TNF-a,
inhibit transcription factors such as NF-«kB,
which exacerbate chronic inflammation and
suppress the expression of inflammatory
genes by increasing histone diastylase
activity. Saffron extract has a protective
effect against cardiotoxicity in ischemic
conditions. Crocin has been shown to
protect platelets from oxidative stress-
induced apoptosis and prevent platelet
aggregation, thereby contributing to cardio
protection (11).

Response of Coagulation Factors (platelet
count (plt), fibrinogen level, PTT and PT
and Fibrinolytic Agents (Plasminogen
Inhibitor-activating ~ Antigen  (PAI-1),
Activating Antigen Tissue Plasminogen
(tPA), tPA Activity and D-dimer to One
Session Aerobic and Resistance Exercise
with Saffron

Acute exercise effects on coagulation and
fibrinolysis as well as platelet aggregation
and function (12). Most studies have
examined plt, fibrinogen levels, PTT, and
PT for evaluate coagulation factors. Also,
Blood levels of PAI-1 antigen, tPA antigen,
tPA activity and D-dimer level are
measured to evaluate fibrinolytic activity.
Therefore, the response of these indicators
has been specifically investigated by
researchers. Sub-maximal acute exercise
with moderate duration and intensity on the
treadmill leads to significant increase in
fibrinogen levels (13). The results of
Azimpour and Shahdadi (2016) showed
that the PT and thromboplastin did not
change significantly immediately after a
session of resistance exercise, but the
number of platelets immediately after
training in isometric and eccentric exercise
increased significantly compared to the
control group (14). Also, Ghanbari and
Tayebi (2011) showed that one session of
eccentric  resistance exercise had no
significant effect on platelets and its
indicators in inactive men (15). Increased
PAI-1 concentration has been reported after
acute sessions of aerobic exercise, although
not significantly. However, these values
decreased significantly 60 minutes after the
end of exercise (16). So, it can be seen that
exercise has temporary effect on
coagulation status.

Effects of Long-term Aerobic Training and
Saffron on plt, Fibrinogen Level, PTT and
PT and Fibrinolytic Agents (PAI-1, tPA,
tPA activity and D-dimer)

Increase of physical fitness as a result of
exercise has significant effect on blood
clotting time. A study on 722 men (mean
age 54 years) found that people with higher
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fitness levels had shorter blood clotting
times and increased blood clotting ability
during maximal exercise. There was
increase fibrinolytic activity in trained
compared to untrained subjects after
progressive training. The results showed
that activating antigen Tissue plasminogen
increased at rest and venous occlusion and
plasminogen inhibitor decreased (17).
Some studies have shown that aerobic
training improves coagulation parameters
and reduces fibrinogen levels; in healthy

obese and overweight subjects (18, 19). In
the study of El-Kader and Al-Jiffri. (2017)
the obese group and aerobic training
showed significant decrease in the mean
values of PAI-1, while the mean values of
the PTT, PT, PAI-1 and tPA significantly
increased after 3 months of weight loss
(18). However, the results of Podgorska et
al. showed that regular physical activity
modulates endothelial function but has no
effect on platelets (20). Also, Bijeh et al.
(2014) investigated the effect of aerobic
exercise on platelets in sedentary middle-
aged women. the platelet count increased
significantly in the experimental group.
These results indicate cardiac protection
resulting from regular exercise in different
populations (21). Gram et al. reported
significant decrease in the potential of
exogenous thrombin, PA and PAI-1
following daily endurance training in
overweight men. Also, after 3 months of
training, there was difference between
groups for t-PA due to significant and lower
values in the two training groups (22).
Jahangard et al. Showed decrease in
antigen and PAI-1 activity in sedentary
healthy women after 10 sessions of sub-
maximal aerobic cycling (3 times a week
with 70% maximum heart rate for 25
minutes) (23). In addition, similar effects
were observed in healthy men after 6
months of endurance training (3 times a
week with 85% heart rate reserve for 45
minutes), which 37% reduced PAI-1
activity (24). Also, in a study, the effect of
one week of treatment with 200 and 400 mg
of saffron tablets on plasma fibrinogen and

PT and PTT was evaluated in 60 healthy
volunteers (age 20 - 50 years). No
difference was shown between groups for
plasma fibrinogen levels, PT and PTT. This
study rejected the effect of saffron at doses
of 200 and 400 mg for 1 week on the
coagulation and anticoagulant system (25).

Effects of Long-term Resistance Training
and Saffron on plt, Fibrinogen level, PTT
and PT and Fibrinolytic Agents (PAI-1,
tPA, tPA activity and D-dimer)

Some studies have reported that resistance
training has better effect on reducing
inflammation and improving
cardiovascular risk factors than the aerobic
training, and this may be due to reduction
in fibrinogen. The results of some studies
indicate that high-intensity resistance
training reduces fibrinogen levels (26, 27).
Amini et al. (2012) showed that changes
Fibrinogen, PT, PTT, plt and D-dimer were
significant in the post- training compared to
the pre- training in the resistance training
group (28). Amouzad et al. (2014) after 8
weeks of resistance training reported
significant decrease in fibrinogen level, PT,
PTT and platelet count and increase in
fibrinolytic factor D-dimer in men (29). In
study of Kohandelan et al. (2013)
fibrinogen levels decreased significantly
after four weeks of circular training in
trained wrestlers (30). Also, Parsian et al.
(2010) reported significant decrease in
amount of fibrinogen in young untrained
men following strength training with
intensity of 70, 80 and 90% of maximum
strength (31). On the other hand, the
response of coagulation and fibrinolytic
factors to the simultaneous intervention of
exercise training and saffron has been
limited. In this regard, it has been reported
that saffron  supplementation  with
resistance training reduces about 16% in
healthy male subjects (32). More research
should be done to determine the mechanism
of changes in coagulation factors in
response to resistance training and saffron.
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Discussion

Long-term studies have shown a strong and
obvious relationship between increased
physical fitness with reduced risk of
cardiovascular disease. Several studies
have shown a positive effect towards
antithrombotic state, especially at low
plasma fibrinogen levels and improved
fibrinolytic capacity with regular exercise.
Studies show that there is no difference
between the effects of aerobic and
resistance training for improve fibrinogen
and plasma viscosity, and both of these
exercises are able to adjust the level of these
factors after 3 months (33). It should be
noted that most studies lacked a broad
assessment of the two variables of
homeostasis and fibrinolysis and thus
provide incomplete information on the
attribution of homeostasis to physical
activity. According to Piccione et al. The
different responses of coagulation factors to
exercise indicate significant effect of
exercise with age, sex, level of health and
initial status of subjects on the response of
the coagulation system. So, the response of
the coagulation system depends on the
intensity and duration of the exercise. High-
intensity training is likely to shift the
balance of the homeostatic system in favor
of the coagulation system, and submaximal
exercise training shifts this balance toward
the fibrinolysis system (34). In association
with the possibility of reduced fibrinogen
synthesis from liver cells, we can point to
the adaptation of the musculoskeletal
system to exercise, which may reduce the
activity of cytokines such as interleukin-1.
Also, studies show that interleukin-1
responses decrease with increasing fitness
level (35). The release of new platelets from
the splenic vessel bed and the secretion of
epinephrine after exercise have an effect on
the increasing fitness level. The release of
new platelets from the splenic vessel bed

and the secretion of epinephrine after
exercise have an effect on the number of
platelets. This mechanism could explain the
reason for the increase in platelet count in
exercise in the above research. Also,
fibrinolytic factor D-dimer increases after
exercise. Fibrinogen level is directly related
to the level of D-dimer fibrinolytic index,
so that in activities where fibrinogen
coagulation factor decreases, D-dimer
fibrinolytic factor is likely to increase.

Conclusion

Reviewing the results of studies, it can be
said that studies have shown the benefits of
exercise and saffron and its effective
component in healthy people at any age,
especially in people who have a sedentary
lifestyle. Also, the benefits of exercise and
saffron on coagulation and fibrinolysis
processes shown in patients, such as those
suffering from myocardial infarction and
diabetes. The findings of some studies are
contradictory, which may be due to changes
in training protocols or training programs
used and the study population and
homeostasis  factors and lack of
standardization in the analysis methods
used for evaluate the factors of
homeostasis.
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