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ABSTRACT
The purpose of this study was to evaluate the effects of 10-day
supplementation with 300 mg of saffron on Delayed Onset Muscle Soreness
(DOMS). In a pseudo-random double blind repeated measures crossover
counterbalance research design, on day 7 of supplementation 12 male and 5
female participants completed six sets of 10 reps of maximal eccentric
isokinetic contractions. Knee Range of Motion (ROM), peak isokinetic torque,
and pain measured via a Likert scale were recorded pre and 24, 48, and 72
hours post exercise for comparison. There was no significant difference
detected in either peak torque or ROM measures in the experimental vs
control (time x treatment), however median pain scores were statistically
different between female experimental (0) vs control (1.8) group at 72 hours
post exercise, p =.043. This study was one of few to examine saffron
supplementation and DOMS and to our knowledge the first to include females.
Although we had a limited sample, size we did find some preliminary evidence
that 10-day saffron supplementation may be beneficial to reduce muscle
soreness following eccentric exercise in untrained female participants.
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1.0 Introduction
Delayed-onset muscle soreness (DOMS) is a symptom of exercise
induced muscle damage from unaccustomed strenuous exercise, or exercise of
a high intensity and/or duration, and notably eccentric exercise (Clarkson,
Byrnes, McCormick, Turcotte, & White, 1986; Tiidus & Ianuzzo, 1983). The
symptoms associated with DOMS are well documented and include immediate
and prolonged impairment of muscle function (strength and power
development), muscle soreness, loss of range of motion along the joint angle,
stiffness and swelling, and plasma creatine kinase (CK) and lactate
dehydrogenase (LDH) enzyme spillage into plasma from damaged muscle
tissue (Cheung, Hume, & Maxwell, 2003). Hough, (1902) first presented the
idea that the symptoms associated with DOMS were due to muscle injury,
which he described as a rupture in the muscle fibers and/or the connective
tissue of the tendon. Since then numerous working theories have surfaced to
explain the etiology of DOMS and related symptoms. From the mounting
evidence, it is widely accepted that eccentric exercise induced muscle damage
is initiated by mechanical stress leading to muscle and/or connective tissue
damage, and subsequent inflammatory responses and/or resulting
intramuscular calcium disturbances that in turn affect performance and pain
sensation (Cheung et al., 2003). DOMS has had much attention over the last
few decades with respect to what causes it, how it occurs, and what can be
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employed to treat and/or prevent the soreness and symptoms. Based on the
proposed mechanisms attributed to DOMS, researchers have investigated
numerous treatment strategies (both prophylactic and therapeutic) focused
on alleviating the symptoms, promoting recovery and ultimately improving the
consequential performance decrements. Some treatment strategies
investigated include cryotherapy (Gulick & Kimura, 1996), stretching (Wessel &
Wan, 1994), anti-inflammatory drugs (Donnelly, Maughan, & Whiting, 1990;
Gulick & Kimura, 1996; Hasson et al., 1993; Stone, Merrick, Ingersoll, &
Edwards, 2002), ultrasound (Hasson, Mundorf, Barnes, Williams, & Fujii, 1990),
ultrasound & phonophoresis (Ciccone, Leggin, & Callamaro, 1991), electrical
current techniques (Allen, Mattacola, & Perrin, 1999; Butterfield et al., 1997;
Denegar, Yoho, Borowicz, & Bifulco, 1992), homeopathy (Gulick & Kimura,
1996; Vickers, Fisher, Smith, Wyllie, & Lewith, 1997), massage (Gulick &
Kimura, 1996), compression (Kraemer et al., 2001), hyperbaric oxygen therapy
(Harrison et al., 2001) and exercise (Armstrong, 1984). Of these therapeutic
treatments: only ultrasound, compression, exercise, and anti-inflammatory
drugs have showed positive results in the improvement of DOMS and related
symptoms (Cheung et al., 2003). One of the latest areas of interest in the
prevention and amelioration of DOMS and related symptoms is the area of
dietary supplementation of certain nutraceuticals. The term nutraceutical is a
hybrid of the words ‘nutrient’ and ‘pharmaceutical’ and generally are referred
2

to as dietary supplements derived from food sources whereas the health
benefits are beyond those obtained from a normal diet (Gupta & Gupta, 2016).
Over the last 25 years, a few nutritional supplements have been investigated
in regards to their role in the management and prevention of DOMS and
related symptoms; vitamins C and E the most heavily investigated (Avery et al.,
2003; Bloomer, 2004; Childs, Jacobs, Kaminski, Halliwell, & Leeuwenburgh,
2001; McBride, Kraemer, Triplett-McBride, & Sebastianelli, 1998), and the
research findings are inconsistent. These discrepancies may be in part due to
inconsistency among the muscle groups tested, the magnitude of muscle
damage of different exercise protocols, mode, intensity, and duration of the
exercise test measures, different dosages and timeframe of ingestion of
treatments (therapeutic vs. prevention), and the differences of populations
investigate (e.g., age, gender, trained vs untrained. The majority of
nutraceuticals explored include and are not limited to: saffron (Meamarbashi
& Rajabi, 2015), astaxanthin (Bloomer et al., 2005), fish oil with flavonoids
(Lenn et al., 2002), creatine (Rawson, Gunn, & Clarkson, 2001), HMB and aketoisocaproic acid (Van Someren, Edwards, & Howatson, 2005), L-carnitine Ltartrate (Volek et al., 2002), chondroitin sulfate (Braun, Flynn, Armstrong, &
Jacks, 2005), protease enzyme (Bailey, Barnes, Derr, Hall, & Miller, 2004; Beck
et al., 2007), pomegranate juice (Trombold, Reinfeld, Casler, & Coyle, 2011),
tart cherry juice (Connolly, McHugh, & Padilla-Zakour, 2006), bromelain (Stone
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et al., 2002), ginger (Matsumura, Zavorsky, & Smoliga, 2015), branched-chain
amino acids (Shimomura et al., 2010), proteins (Etheridge, Philp, & Watt,
2008; Nosaka, Sacco, & Mawatari, 2006), and carbohydrates (Luden, Saunders,
& Todd, 2007; White et al., 2008). So far, a good majority of these
supplements have shown to have no effect on preventing DOMS, but some
have shown promise with reported favorable results alleviating some, but not
all of the symptoms (Connolly, McHugh, et al., 2006; Etheridge et al., 2008;
Machin et al., 2014; Matsumura et al., 2015; Shimomura et al., 2010; Bakhtiar
Tartibian, Maleki, & Abbasi, 2009; Bakhtyar Tartibian, Maleki, & Abbasi, 2011;
Trombold, Barnes, Critchley, & Coyle, 2010; Trombold et al., 2011).
Saffron, a widely available cooking spice is one of the most recent of
these dietary supplements under investigation. Of the nutraceuticals
investigated thus far, saffron has exhibited some potential to prevent DOMS
and related symptoms (Meamarbashi & Rajabi, 2015). Recently, Meamarbashi
and Rajabi (2015) investigated the preventative effects of saffron and
indomethacin supplementation on biochemical and functional indicators of
DOMS after 1-session of unaccustomed eccentric exercise. The most
interesting finding was that the saffron treatment group exhibited significant
increases in isometric force output above baseline measures 24, 48, and to a
larger degree 72 hours following one taxing exercise. Surprisingly, the saffron
treatment group reached a 63.3% increase in maximal isometric force output
4

from their baseline measures 72 hours post exercise. Moreover, the control
group significantly decreased maximal isometric force development by 24.3%
and by 72 hours post exercise. The saffron intervention also showed no
decline in isotonic force development and only some reported muscle pain 24
hours’ post-exercise. The control group did not reach fully recover of muscle
pain or isotonic force development by 72 hours’ post-exercise while the
indomethacin group did attain relief of muscle soreness by 72 hours’ postexercise. These impressive results may have been due to a strong preventative
effect with saffron on DOMS, however the saffron treatment group not
achieving a true baseline may be more likely. Considering the weight load used
for the leg press to induce DOMS was set to 80% of their maximum isotonic
force (baseline), it is possible that, if the baseline were not truly maximal, then
the exercise intensity selected to induce DOMS would have been less than
intended. The participants recruited were also sedentary with little to no
previous experience using a leg press machine. Because it is unlikely or even
theoretically possible to achieve such a large increase in force, production
following a repeated training load. It may be more likely that a learning effect,
or by a lack of attaining a true baseline could explain these results rather than
some performance enhancement effect of saffron. The authors also concluded
that saffron supplementation of 300mg a day for 7 days prior to strenuous
eccentric exercise appears to be more effective at preventing DOMS and
5

related symptoms then the leading 75 mg therapeutic treatment of
indomethacin supplementation in non-active young university students.
Some supporting evidence exists on the potential of saffron to prevent
muscle damage and/or improve muscle recovery following trauma. Saffron
supplementation has previously been shown to have a protective effect on
cellular membrane integrity, such as rat sperm cellular integrity (Vaez,
Mardani, & Razavi, 2014) and red blood cell membrane integrity
(Meamarbashi & Rajabi, 2013). Saffron also contains anti-oxidant, antiinflammatory, and anti-nociceptive compounds (Hosseinzadeh & Younesi,
2002). Moreover, one of the four main bioactive components of saffron
(crocetin) has been recently shown to improve whole-body oxygen
consumption and increase the relative growth of normal rat muscle cells
(Wilkins, Gainer, & Wilkins, 1977). Because saffron shows potential to prevent
muscle damage and/or improve muscle function following strenuous exercise,
further studies are called for to first verify the reliability and validity of the
previous findings reported by Meamarbashi in 2015. Replication of this
research in a different lab, on a different population, with a different exercise
protocol, with a double-blind crossover repeated measures design, would help
address some of the limitations arising from the previous published findings.
Moreover, if outcomes/results are similar then further studies should be
conducted to uncover any potential performance enhancement benefits of
6

this spice (if any), the mechanism of action (how it works), and because it is
expensive, the minimum dosage required to obtain the desired effect.
However, emerging research suggests that inflammation processes
may be essential for training adaptions to occur, and blocking these processes
may not be ideal for athletes concerned with maximizing muscular training
adaptions (Schoenfeld, 2012; Tscholl, Gard, & Schindler, 2016). However
other research indicates a positive effect in those untrained with the use of
none steroid anti-inflammatory drugs (NSAIDS) towards reducing muscle
soreness and improving performance without hindering adaptive processes
(Paulsen et al., 2010). Moreover other research indicates that those between
the ages of 60-85 show a significant greater increase in muscle hypertrophy
and strength gains when supplemented a standard over the counter dose
(1200mg) of ibuprofen (Petersen, Beyer, et al., 2011). Moreover other
researchers report no differences in muscle hypertrophy when supplemented
the same standard dose following a 12 week training regime for men and
women between ages of 50-70 (Petersen, Beyer, et al., 2011). However,
consumption of NSAIDS over this 12-week study did result in greater strength
gains in maximal isometric strength, maximal eccentric strength and eccentric
works as compared to the placebo. Therefore, it may only be advantageous for
the occasional use of such modalities for athletes at competitions where
expressing one’s full potential unhindered by DOMS. Conversely, for the
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elderly, untrained or those dealing with chronic inflammation there may be a
benefit with the use of such anti-inflammatory modalities during training.
This research is valuable information for those concerned about
muscular discomfort and pain that can be associated with sports, training, and
strenuous activity. Moreover, the magnitude or intensity of the exercise
appears to be related to the degree of muscle damage, but not muscle
soreness (Nosaka et al., 2006). Considering that muscle soreness appears to
recover faster than muscle function (Cleak & Eston, 1992), if training is
resumed before full muscle function, the reduction in consequential
performance may limit training adaptations due to training at a lower
functional capacity.
1.1 Purpose
The purpose of this research is to investigate the preventative
effectiveness of 10-day supplementation with 300 mg of saffron on delayed
onset muscle soreness and selected related symptoms.
1.2 Hypotheses
Ho – That there will be no significant difference between the placebo and
treatment groups self-reported muscle soreness pre-and 24, 48, and 72 hours
post exercise.
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H1 – That there will be a significant difference found between the placebo and
treatment groups self-reported muscle soreness pre-and 24, 48, and 72 hours
post exercise.
Ho – That there will be no significant difference between the placebo and
treatment groups knee range of motion pre-and 24, 48, and 72 hours post
exercise.
H1– That there will be a significant difference found between the placebo and
treatment group’s knee range of motion pre-and 24, 48, and 72 hours post
exercise.
Ho – That there will be no significant difference between the placebo and
treatment groups isometric peak torque at a joint angle of 50 degrees pre-and
24, 48, and 72 hours post exercise.
H1 - That there will be a significant difference found between the placebo and
treatment groups’ isometric peak torque at a joint angle of 50 degrees pre-and
24, 48, and 72 hours post exercise.
Ho – That there will be no significant difference between the placebo and
treatment group peak isokinetic torque at a constant speed of 60 degrees per
second pre-and 24, 48, and 72 hours post exercise.
H1 – That there will be a significant difference between the placebo and
treatment group peak isokinetic torque at a constant speed of 60 degrees per
second pre-and 24, 48, and 72 hours post exercise.
9

1.3 Impact of Study
This study investigated the potential for saffron to prevent and/or
manage DOMS and related symptoms following unaccustomed strenuous
eccentric exercise. If the qualities of saffron permit cellular protection of some
manner and/or a speeded recovery from trauma, it could serve as an
invaluable supplement for concerned with muscle soreness.
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2.0 Literature Review
The following chapter will review the current theories regarding the
cause of DOMS and accompanying strength loss. Training effect as well as the
effects of different exercise types and their effects on DOMS. Based on the
current knowledge of the theories of the potential causes of DOMS, many
treatment strategies and nutritional supplements (nutraceuticals) are
reviewed for the management of DOMS. This chapter will highlight the
majority of these intervention and preventative strategies and more
importantly the recent findings on saffron and its protective effect towards the
management of DOMS.
2.1.1 The Cause of DOMS
Delayed-onset muscle soreness is a symptom of exercise induced
muscle damage from unaccustomed strenuous exercise of high intensity
and/or duration, and is especially prevalent following eccentric exercise
(Clarkson et al., 1986; Tiidus & Ianuzzo, 1983). The symptoms associated with
muscle damage are well documented and include; immediate and prolonged
impairment of muscle function (strength), delayed onset muscle soreness,
stiffness, swelling, and loss of range of motion along the joint angle
(Armstrong, 1984). Muscle soreness is often felt during movement or
palpation of the affected muscle. DOMS develops 8 to 24 hours following most
notably unaccustomed eccentric exercise and persists usually for up to 7 days,
11

climaxing within 1-3 days post exercise (Ebbeling & Clarkson, 1989).
Researchers commonly report a prolonged loss in muscle strength (of 50 to
60%) immediately following eccentric exercise that can last up to 10 days
(Clarkson, Nosaka, & Braun, 1992). Although exercise induce muscle damage
(EIMD) usually causes DOMS and is often used to quantify DOMS, they are not
equivalent. They do not share the same temporal relationship and DOMS may
not accurately reflect the physiological response of (EIDM). Since strength loss
is apparent immediately following taxing exercise and muscle soreness is not
felt until some hours later and diminishes before maximal force development
is restored; muscle soreness may not be a major contributing factor for the
loss of force development. However, peak edema levels measured via limb
girth has been shown to share the same temporal sequence as delayed muscle
soreness (Gulick & Kimura, 1996)
Hough, (1902) was the first to suggest that the cause and associated
symptoms associated with DOMS was indeed due to muscle injury, which he
described as a rupture in muscle fibers and/or the connective tissue of the
tendon. Since then the etiology of DOMS has been well researched giving rise
to five other popular proposed theories including: the lactic acid theory,
muscle spasm theory, connective tissue theory, inflammation theory, and the
enzyme efflux theory (Cleak & Eston, 1992; Gulick & Kimura, 1996). The lactic
acid theory has been largely rejected as eccentric exercise has shown to
12

produce less lactic acid in the working muscles then concentric exercise
(Clarkson, 1995). Furthermore, (Asmussen, 1956) concluded after a series of
experiments that muscular soreness is more likely due to mechanical stress
and not by metabolic waste products. The muscle spasm theory is loosely
based on the premise that localized motor unit spasms may lead to
compression of blood vessels leading to ischemia and accumulation of pain
substances. Over the last 100 years via histological and ultra-structural
examination mounting evidence supports Hough’s claim of muscle damage via
reported damage to the following muscular components: T-tubules, myofibrils,
the sarcolemma, and the cytoskeleton (Armstrong, Ogilvie, & Schwane, 1983;
Friden, Sjöström, & Ekblom, 1983). Z-disc impairment is also a common
characteristic of exercise induced muscle damage and appears to worsen 2472 hours post exercise and often takes up to 3 weeks post exercise to fully
recover (Jones, 1996; Newham, McPhail, Mills, & Edwards, 1983). In addition,
Morgan, (1990) hypothesized that some sarcomeres may “pop” from the
strain or stress of a lengthening muscle. Supporting Morgan’s theory Talbot &
Morgan, (1996) reported randomly scattered sarcomere disorientation in a
stretched muscle. In addition to muscle damage, connective tissue damage
may be a contributing factor as increased collagen breakdown is also observed
days after eccentric exercise (Brown, Child, Day, & Donnelly, 1997). The
inflammation theory is based on the premise that inflammatory responses
13

may initiate further degradation of protein structures following initial injury,
which ultimately increases osmotic pressures that may trigger pain receptors
(Smith, 1991). Lastly, the enzyme efflux theory is based on the assumption
that calcium, which is normally found in the sarcoplasmic reticulum,
accumulates in the damaged muscle tissue following sarcolemma damage
(Armstrong, 1984). From the mounting evidence, it is widely accepted that
eccentric exercise induced muscle damage is initiated by mechanical stress
leading to muscle and/or connective tissue damage, and subsequent
inflammatory responses and/or resulting intramuscular calcium disturbances
that in turn effect performance and pain sensation (Cheung et al., 2003).
2.1.2 Theories Regarding Strength Loss from DOMS
Muscle damage via unaccustomed strenuous exercise has been shown
to significantly reduce force development capacity of affected muscles during
maximal voluntary contractions (Komi & Buskirk, 1972) and when electrically
stimulated (Davies & White, 1981). A few theories have been proposed about
the potential underlying mechanisms contributing to the loss of force
development following eccentric exercise induced muscle damage. For
instance, (Ingalls, Warren, Williams, Ward, & Armstrong, 1998) suggested that
force losses immediately following muscle injury might be due to decreased
contractile proteins and/or problems with the excitation-contraction coupling
process. In 1993, researchers found that administering caffeine, which was
14

thought to enhance calcium release from the sarcoplasmic reticulum (SR),
reduced the consequential force decrements following exercise induced
muscle damage in rats (Warren et al., 1993). This would suggest that the force
decrements following unaccustomed eccentric exercise might be due to
reduced calcium influx, which would limit the excitation-contraction coupling
process. Furthermore, Ingalls, (1998) reported that excitation-contraction
failure could explain up to 75% of the force declines from 0 to 5 days post
exercise in mice. This suggests that disturbances in the function of the
sarcoplasmic reticulum may be responsible for the consequential force
decrements observed following unaccustomed eccentric exercise. Moreover,
recent studies show evidence that caffeine affects isometric maximal force
and endurance for the lower body musculature, but the upper musculature
remains unclear (Davis & Green, 2009).
2.2 Exercise Type, Intensity, and Duration in relation to DOMS
The degree of muscle damage appears to be related to the type of
exercise (Clarkson et al., 1986; Talag, 1973), the duration and intensity (Tiidus
& Ianuzzo, 1983). In 1986, researchers compared equivalent concentric,
isometric, and eccentric muscular work protocols with subjective pain ratings
as well as plasma serum creatine kinase (CK) concentrations (Clarkson et al.,
1986). They reported that despite similar increases in CK levels following the
three regimens, the magnitude of the perceived muscle soreness was highest
15

for the eccentric exercise regimen. Earlier Talag (1973), compared exhaustive
concentric, eccentric and static contractions on indices of muscular pain,
function, and limb volume. Similarly, Talag, (1973) also reported higher pain
ratings of residual muscular soreness following the eccentric contractions
rather than the concentric or static groups. Furthermore, muscle strength
remained depressed in the eccentric regimen and exhibited a temporal
relationship with muscle soreness that was not observed in the other groups.
Moreover, downhill running, which incorporates proportionally more eccentric
muscular contraction, has been found to induce more muscle damage than
level or uphill running (Eston, Mickleborough, & Baltzopoulos, 1995). Lieber
and Friden, (1993) found that the degree of muscle injury via eccentric
exercise is more pronounced by the change in the length of the muscle rather
than the magnitude of force generated. In other words, high forces imposed
on the muscle in part contributes to the muscle damage, but the magnitude of
the strain, the length of the muscle engaged rather than the force on the
muscle itself, appears to be the leading influence contributing to muscle
damage and related symptoms of DOMS. Studies have shown that the
magnitude of damage is greater following eccentric exercise in muscles of a
longer length rather than shorter length (Child, Saxton, & Donnelly, 1998),
indicating that strain may indeed be the leading cause of the damage.
Moreover, eccentric exercise has shown to produce less lactic acid in the
16

working muscles and is therefore less metabolically stressful, so other
mechanisms such as mechanical stress must be responsible for the muscle
damage following eccentric muscular contraction (Clarkson, 1995). In 1983,
researchers investigated the relationship between exercise intensity and
duration on muscle damage and soreness by adjusting the percent 10repitition maximum (% 10RM) and the total number of contractions (NR)
performed (Tiidus & Ianuzzo, 1983). They found that increasing the duration or
intensity of the exercise resulted in greater corresponding increases in muscle
damage via increases in serum CK, LDH enzyme levels, and muscle soreness.
More importantly, they concluded that high intensity short duration exercise
bouts resulted in higher levels of muscle damage and soreness.
2.2.1 Training Effect in relation to DOMS
Training and even performance of a single bout of exercise appears to
not only have a protective effect towards further muscle damage, but may
also enhance recovery to such damage in repeated events, provided there is
an appropriate recovery period. Byrnes & Clarkson, (1986) reported that
following two 30-min exercise bouts of downhill running separated by 3, 6,
and 9 week intervals that performance of a single exercise bout had a
prophylactic effect on repeated exercise related damage and DOMS and
serum protein responses that lasted for as long as 6 weeks. Clarkson &
Tremblay, (1988) investigated exercise-induced muscle damage, repair, and
17

adaptation following three eccentric exercises involving the forearm flexors.
The researchers had eight women perform 70 maximal contractions with 1
arm and 24 maximal contractions with the other arm and repeated it 2 weeks
later. Measures of serum CK, soreness, isometric strength and muscle
shortening were obtained the day of testing (pre-and post) and then each day
for 5 days following. Comparison of the 70-MAX condition criteria measures to
the 70-MAX2 showed significantly improvements more so than the 24-MAX
conditions. They reported that in regards to the ability of the muscle to adapt
to exercise induced muscle damage the muscle is more resistant to damage
and any damage that may occur is repaired at a faster rate. Similar findings
from both men and women performing continuous eccentric elbow flexor
actions has been reported regarding improved recovery rates of both strength
and force-frequency characteristics following exercise induced muscle damage
of three 20-minute exercise protocols, spaced 2 weeks apart (Newham, Jones,
& Clarkson, 1987). In short, training and even performance of a single bout of
exercise given the appropriate recovery period (of 2 weeks) appears to have a
prophylactic effect on DOMS and related symptoms of DOMS that appear to
persist up to 6 weeks. More importantly, in addition to enhanced resistance to
exercise induced muscle damage following repeated bouts of exercise, the
recovery of the symptoms of DOMS appear to be enhanced only within this 6week period.
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2.2.2 Limb Dominance and Cross-Education of Strength
Hageman, Gillaspie, and Hill, (1988) evaluated the effects of speed and
leg dominance on torque values and ratios for the quadriceps and hamstrings
during both concentric and eccentric exercise at 30 and 180 degrees/sec. They
found that during both the concentric and eccentric exercise that the
quadriceps always produced a greater torque than the hamstrings at both
speeds. In addition, more importantly, they found, for the males only, the
hamstrings/quadriceps ratios of the non-dominant leg were significantly
greater than the dominant leg for both eccentric and concentric exercises and
speeds. Moreover, no significant differences were observed in torque values
between the dominant and non-dominant legs during both concentric or
eccentric exercise and speeds. Recently, researchers have provided evidence
that cross-education of strength between the limbs is greater when
transferred from the dominant to the non-dominant limb (Farthing, 2009).
Therefore, if comparisons between right and left leg functional parameters
following exercise are employed careful consideration should be taken to use
the non-dominant limb first and then the dominant limb to minimize the
cross-education effect of strength development.
2.2.3 The Magnitude of DOMS in relation to the degree of muscle damage
Nosaka, Newton, and Sacco, (2002) investigated the relationship
between DOMS and biochemical and functional indicators of muscle damage.
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The magnitude of muscle soreness was assessed via three pain visual analog
scales: 1) palpations assessment SOR-Pal) 2) flexion assessment (SOR-Flx) 3)
and extension assessment (SOR-Ext). Muscle soreness was evaluated when the
elbow flexors were palpated (SOR-Pal), Flexed (Sor –Flx) and stretched (SorExt). All measures were taken immediately before and after the exercise and
then each day for the next four consecutive days. The muscle soreness scales
and indirect indicators of muscle damage were both compared between the
three different exercise protocols. The exercise protocols involved 12, 24, and
60 maximal eccentric actions of elbow flexors using the non-dominant arm on
110 male university students. The results indicate that the magnitude of
muscle damage via the indirect measures of muscle damage were larger with
each increase in the magnitude of the exercise protocol. In addition, a blunted
recovery timeframe was also observed for both the 24 and 60 maximal
eccentric protocol conditions as compared to the 12 maximal eccentric
contractions. More importantly, poor correlations were obtained between two
of the visual pain scales used to quantify DOMS and the indirect measures
used to quantify the extent of the damage. The quantification of muscle
soreness via palpation and during flexion may not be an ideal measure
considering these markers reflected the magnitude of the muscle damage
poorly. The results indicate that perceived muscle soreness is highly subjective
and may be difficult to quantify or use as a reliable indicator to reflect the
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extent or magnitude of the damage especially when comparing the level of
soreness between two different groups, or even changes over time with the
same subjects. However, Sor-Ext showed the most meaningful correlation
between the three scales used and all indirect measures of DOMS investigated
and therefore would be the most appropriate measure for future studies.
2.3 Treatments researched for managing DOMS and related symptoms
Based on the proposed mechanisms attributed to DOMS from exercise
induced muscle damage researchers have investigated numerous treatment
strategies (both prophylactic and therapeutic) focused on alleviating
symptoms, promoting recovery and/or improving the consequential
performance decrements. Ultrasound, compression, exercise and antiinflammatory drugs and have showed positive results in the improvement
DOMS and related symptoms (Cheung et al., 2003).
2.3.1 Ultrasound
In 1990, researchers compared the analgesic effect of pulsating
ultrasound to a placebo group on DOMS following an eccentric exercise bout
(Hasson et al., 1990). Ultrasound was administered 24 hours’ post-exercise to
the vastus lateralis and medialis muscles at a frequency and intensity of 1
MHz, and 0.8 W/cm2. This resulted in a significant reduction in self-reported
soreness 48 hours post exercise as compared to the control. Although the
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mechanism responsible for the reduced perceived soreness following
ultrasound is unknown, the authors attributed the treatment effect to
decreasing intramuscular pressure and/or a reduced inflammation response.
In contrast, a related study investigated the effects of ultrasound and
phonophoresus using a topical anti-inflammatory cream (trolamine salicylate)
on DOMS using a frequency of 1MHz and an intensity of 1.5W.cm2 and
reported increased muscle soreness (Ciccone et al., 1991). Phonophoresis is a
method of drug administration where ultrasound waves are used to enhance
the delivery of pharmaceutical agents within the tissues. They found that
although all the groups experienced soreness; the ultrasound group alone (no
anti-inflammatory cream) experienced the only significant increase in
perceived soreness 48 hours post exercise when compared to the control arm.
Thus, more studies are required to identify the appropriate frequency and
intensity for therapeutic application of ultrasound therapy in the management
of DOMS symptoms.
2.3.2 Continuous Compression
Continuous compression has been shown to be an effective
therapeutic intervention in the treatment of eccentric exercise-induced muscle
soreness (Kraemer et al., 2001). Researchers investigated whether a
compression sleeve worn immediately after maximal eccentric exercise would
enhance muscle recovery. Fifteen health men were randomly assigned to
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either a control group or a continuous compression-sleeve group. The
researchers found following two sets of 50 arm curls that the compressionsleeve group showed a lower elevation of plasma creatine kinase (CK) than the
control. In addition, the compression sleeve group showed decreased
perception of soreness, reduced swelling, and improved functional recovery
(force generation) compared to the control. This study indicates that
compression via use of a compressive arm sleeve worn post-exercise may
reduce the severity and duration of the signs and symptoms associated with
muscle damage. More recently, Hill, Howatson, Someren, Leeder, & Pedlar,
(2013), conducted a systematic review of 12 studies that evaluated the
efficacy of compression garments on measures of DOMS, muscle strength,
power and creative kinase (CK). They concluded that the use of compression
garments had a moderate effect in reducing the severity of DOMS, muscle
strength, power, and CK. These results indicate that compression garments
may be beneficial for enhancing recovery from muscle damage.
2.3.3 Anti-inflammatory Drugs, and Trainings Adaption
Anti-inflammatories have been shown to reduce the amount of muscle
swelling (oedema) and associated intramuscular pressures, which are two
contributing factors to pain and muscle soreness (Cheung et al., 2003).
Inflammation and the subsequent edema which is valued as an intimate part
of the adaptation and recovery process following tissue damage may actually
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contribute to the development of DOMS, as peak oedema levels appear to
coincide with muscle soreness (Armstrong, 1984; Gulick & Kimura, 1996).
Thus, a number of anti-inflammatory drugs have been investigated for both
the prevention and therapeutic treatment of DOMS and related symptoms. A
prophylactic dosage of Ibuprofen (400 mg) has shown to reduce muscle
soreness perception and seems to assist in restoring muscle function
significantly more than therapeutic ibuprofen treatment of 400 mg (Hasson et
al., 1990). However, other researchers reported that oral doses of 1200mg of
oxaprozin immediately following exercise and again each day for 3 days was
ineffective in abating the signs and symptoms associated with DOMS (Gulick &
Kimura, 1996). More importantly, the higher doses were not only ineffective at
preventing signs and symptoms of DOMS, but the treatment of 1200mg a day
for the 3-day period appeared to impede muscle recovery and function. The
authors concluded it is possible inflammatory processes may be necessary for
muscle recovery and high doses of anti-inflammatory medication may impede
the production of myofibrillar proteins. Moreover, larger doses of ibuprofen
have been shown increase or aggravate the level of muscular damage
following downhill running and is not recommended as an appropriate
treatment strategy for DOMS and related symptoms (Donnelly et al., 1990).
Lastly, Stone, (2002) found that ibuprofen supplementation of 400mg taken
three times a day for 3 days immediately following exercise induced muscle
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damage had no effect on elbow flexor pain, ROM, or peak torque measures.
Considering the ibuprofen group received a standard dose of 400mg three
times a day totaling a 1200 mg daily dose, NSAIDS may not be the ideal
treatment of DOMS and related symptoms.
With respect to the potential for NSAIDS to limit training adaptions
Krentz, Quest, Farthing, Quest, & Chilibeck (2008) showed that a moderate
dose (400 mg ibuprofen) taken over the course of a resistance training
regimen did not impair or effect muscle hypertrophy, or strength and did not
affect ratings of muscle soreness in young untrained individuals. Similarly,
Paulsen et al., (2010) showed a positive effect in those untrained with the use
of NSAIDS towards reducing muscle soreness and improved performance
without hindering muscular adaptation. However, other published research
indicates a detrimental effect of larger standard over the counter doses of
ibuprofen (1200 mg) on muscle adaptation for young healthy trained
individuals (Trappe et al., 2002), but not the elderly with knee osteoarthritis
between the ages of 50-70 (Petersen, Beyer, et al., 2011; Petersen, Miller,
Hansen, Kjaer, & Holm, 2011). In addition, other researchers reported that
even a dose of 45 to 100 mg of indomethacin can limit training adaptions in
young trained endurance athletes (Mackey et al., 2007; Mikkelsen et al.,
2009). Moreover, when consumed in combination with a resistance training
regime, standard over the counter doses of ibuprofen have shown positive
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hypertrophic effect in the elderly between the ages of 60-85 who suffer from
chronic inflammation ( Trappe et al., 2010), but not those between the ages of
50-70 (Petersen, Miller, et al., 2011). Although no additional hypertrophic
response was noted for those between the ages of 50-70, consumption of the
standard over the counter dose of ibuprofen did result in greater gains in
maximal isometric and eccentric strength as compared to the placebo.
These findings suggest that the elderly, untrained and/or those
managing a degree of chronic inflammation may benefit from antiinflammatories without impeding muscle adaptations, at least in the short
term. This could explain why standard over the counter doses of ibuprofen
show positive effects in this population. It is possible that those untrained
have a tendency to “overshoot” the inflammation response and may explain
why lower doses such of NSAIDS has shown no detrimental effect on muscle
adaptation and some relief from muscle soreness (Burd et al., 2009; Paulsen et
al., 2010). It seems clear that inflammation processes, or at least a certain
amount thereof, are key to obtaining muscular adaptations (Tscholl et al.,
2016). However, it is currently unclear how much inflammation is appropriate
for these muscular adaptations, but when advising NSAIDS and other antiinflammatory modalities, it is important to remember that there is no healing
without inflammation, but there can be inflammation without healing.
Schoenfeld (2012), who extensively evaluated the effects of NSAIDS on muscle
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growth and development, concluded that the occasional use of NSAIDS are not
likely to affect muscle development, however the efficiency for their use in
alleviating inflammatory symptoms in this manner remains questionable. This
is a growing concern for those managing DOMS and related symptoms as
NSAIDS have the highest intake of all medications for elite and non-elite
athletes (Tscholl, et al, 2016).
2.4 Nutraceuticals for the management of DOMS
Over the last 20 years, only a handful of nutritional supplements have been
investigated concerning their potential in the management and prevention of
DOMS and related symptoms. Vitamins C and E are the most heavily nutrients
investigated (Avery et al., 2003; Bloomer, 2004; Childs et al., 2001; McBride et
al., 1998). Inconsistencies in the research exist, for instance, both Vitamin E as
well as certain anti-inflammatory drugs has shown to either aggravate or
alleviate symptoms depending on when and how much is used. Vitamin E
consumed in high concentrations of 1200 IU/d post-exercise appears to
aggravate or increase muscle damage as deduced from observed increased
plasma CK concentrations, (Avery et al., 2003). Whereas similar dosages of
vitamin E consumed for only a short a period preceding exercise induced
muscle damage appears to have a protective effect (Beaton, Allan,
Tarnopolsky, Tiidus, & Phillips, 2002; McBride et al., 1998). Furthermore, lower
doses of Vitamin E (400IU/d) taken in combination with one gram of vitamin C
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taken each day for 14 days pre-and three days post unaccustomed strenuous
exercise has shown potential towards reducing plasma CK concentrations
(Bloomer, 2004). Moreover, it is unlikely that the synergistic effect of the
supplemented vitamin C influenced the results. Vitamin C supplementation of
12.5mg/kg/dl in combination with N-Acetyl Cysteine (NAC) for 7 days post
exercise also appears to aggravate or increase plasma CK concentrations
(Childs et al., 2001), whereas other researchers report no change following
vitamin C supplementation of 3g/d pre or post exercise (Bryer & Goldfarb,
2006; Connolly, Lauzon, Agnew, Dunn, & Reed, 2006). Some supplements have
shown no effect on DOMS and related symptoms such as fish oil (Lenn et al.,
2002), creatine (Rawson et al., 2001), chondroitin sulfate (Braun et al., 2005),
bromelain (Stone et al., 2002), and a high or low CHO diet (Luden et al., 2007;
White et al., 2008). However, some nutrients have shown promise with
reported positive effects at alleviating only some, but not all symptoms such as
ginger (Matsumura et al., 2015), omega-3 fatty acids (Bakhtiar Tartibian,
Maleki, and Abbasi, 2009; Bakhtyar Tartibian, Maleki, and Abbasi, 2011) tart
cherry juice (Connolly, McHugh, et al., 2006), and pomegranate juice
(Trombold et al., 2011). Unfortunately, the Food and Drug Administration
(FDA) do not regulate the therapeutic value or quality of these supplements
and therefore a number of dietary supplements lack sufficient scientific data
or any at all and are still available for purchase. Buzz phrases like, “these have
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yet to offer significant benefits in rigorous studies, but because they offer
benefits beyond muscle soreness”, or “still providing additional, yet
unexplored, benefits beyond antioxidant capacity,” can sometimes foul the
consumer into belief of some benefits not yet supported by real rigorous
scientific research. All too often supplements are sold under false pretense of
some unknown or potential benefit and therefore it is advisable that health
care professionals proceed with extreme caution when making
recommendations without critically reviewing the relevant published research.
The most reliable nutraceuticals are those who have been tested by a number
of separate studies, conducted at different labs, with a majority of similar
results of safety and efficacy. The majority of available supplements marketed
to improve health and/or exercise tolerance and performance are based on
theoretical applications derived from basic or small clinical studies (Kreider et
al., 2010). According to Kreider, (2010) nutraceuticals are generally classified
into one of the following four categories:
1) Apparently Ineffective – Supplements lacking scientific rationale or research
indicates it to be ineffective.
2) Too early to tell – Supplements with sensible theory, but lacking sufficient
research. 3) Possibly Effective – Supplements with initial supporting evidence
and theoretical rationale, but still requires more rigorous evaluation on the
effect of training and/or performance.
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4) Apparently Effective- Supplements that show effective and safe results from
the majority of research studies in relevant populations.
A few protein supplements have been investigated thus far in regards
to their role in the management of DOMS and related symptoms and have
shown positive results at improved muscle function and soreness (Hirose,
Sato, Yanagisawa, & Fukubayashi, 2013; Nosaka et al., 2006; Van Someren et
al., 2005). However, again, some researchers report only positive effects at
alleviating some, but not all associated symptoms (Etheridge et al., 2008;
Shimomura et al., 2010). The inconsistencies in the research are likely due to
the types of protein, amounts and different protocols of ingestion, and
individual differences of bioavailability. Etheridge, (2008) reported positive
effects with regards to rate of force and power development 48 hours post
exercise after 100 g of protein ingestion immediately following a 30 minute
downhill running exercise protocol. This enhanced rate of recovery; however,
was independent of the circulating CK response and perceived muscle
soreness. By 72 hours’ post-exercise muscle, function was fully recovered;
however, perceived muscle soreness had only reached its peak. It would then
seem evident that even a single protein meal following strenuous exercise
might stimulate intramuscular adaptations that lead to improvements in
functional capacity. Moreover, muscle soreness does not appear to follow the
same temporal sequence as functional recovery. Moreover, 5 grams of milk
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peptide taken 13 times within a testing period (immediately before the
exercise and twice a day each day for 5 consecutive days) of 5 days on
eccentric exercise-induced muscle damage showed that the milk peptide drink
decreased peak CK levels, MRI values, and reported muscle soreness (Hirose et
al., 2013). It appears that protein consumed post exercise is more effective
towards allocating DOMS and related symptoms (Nosaka et al., 2006).
Some amino acids have shown promise in reducing the signs and
symptoms of DOMS. In 2005, following a single bout of eccentrically biased
resistance exercise in succession with supplementation of three grams of Bhydroxy-B-methylbutyrate (HMB) and 30 milligrams of a-ketoisocaproate each
day for 14 days, researchers investigated the selected signs and symptoms of
exercise-induced muscle damage including: plasma creating kinase activity,
ROM, % increase of limb girth, 1-RM max, and DOMS. (Van Someren et al.,
2005). Plasma CK significantly increased from baseline post exercise in the
control group and peaked 48 hours post exercise; however, the HMB/KIC
treatment group showed very little change in plasma CK response. Although
limb girth peaked 24 h post exercise and was attenuated in the HMB/KIC
treatment over the entire 72 h post-exercise period, DOMS was only
statistically lower in the HMB/KIC group 24 h post-exercise. There was a
similar trend in the ROM reduction from pre-exercise baseline measures over
the 72-hour post exercise period, however the HMB/KIC group was only
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slightly lower and no significant differences in ROM decrements were noticed
between groups. Interestingly, despite similar force decrements 1-hour post
exercise the HMB/KIC treatment attenuated the decrement in 1RM over the
course of the 72-hour post-exercise period. More importantly, although not
statistically significant there was a slight increase in 1RM noted 48 hours post
exercise in the HMB/KIC treatment group. Earlier, Knitter, Panton,
Rathmacher, Petersen, & Sharp, (2000) reported similar findings following 6
weeks of training and 3g/day of HMB. The researchers reported a decreased
creatine phosphokinase and LDH following a single 20 km prolonged run as
compared to the control group. Tajari, Rezaee, & Gheidi, (2010) investigated
the effect of supplementation of 5g of L-glutamine taken 3 times a week for 4
weeks on DOMS after 30 min ergometric exercise by comparing two metabolic
enzymes (aldolase and creatine kinase) and hip flexors range of motion. The
study consisted of 20 sedentary young women. Aldolase significantly increased
at 36 hours’ post-exercise in the experimental group, but reverted in the
control. Creatine kinase increased significantly more 36 hours’ post-exercise
than in the experimental group. In addition, hip joint ROM had fully recovered
by 36 hours post-exercise in the treatment group only. This suggests that Lglutamine supplementation may attenuate DOMS following 30 min of ergometric exercise for young untrained women. More recently, Nakhostin-Roohi
and MohammadiAghdam, (2017) assessed the influence of acute L-Arginine
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(3g) supplementation following heavy eccentric exercise on selected markers
of DOMS. They reported that CK and LDH both significantly increased, 24 and
48 hours’ post-exercise in the placebo group only. However, although both
groups had increased reported muscle soreness, edema, and decreased ROM,
there were no significant differences between groups. Therefore,
supplementation with ARG after heavy eccentric exercise may only alleviate
some symptoms of DOMS. Mero et al., (2010), reported that 1.5g of alfahydroxy-isocaproic acid, a metabolite of the branched-chain amino acid
leucine, did show a decrease on whole body DOMS symptoms in the 4th week
of treatment as compared to the placebo following a normal weekly soccer
team-training schedule. Similarly, supporting Mero’s findings, Kato et al.,
(2015) reported that leucine-enriched essential amino acid supplementation
of 1g/kg of body weight thirty minutes before and again 10 minutes after
eccentric exercise ameliorated muscle soreness in rats. However, the solution
administered contained 40% leucine and 60% other essential amino acids so
the effect cannot be entirely attributed to leucine ingestion. In addition, two
weeks of taurine supplementation (50mg/kg/day) has shown to reduce muscle
soreness, plasma CK levels, and increase strength following eccentric exercise
in young men (Silva et al., 2013). More importantly, taurine supplementation
did not affect post-exercise inflammation markers necessary for muscular
adaptation. Moreover, a therapeutic application of taurine (0.1g/kg/day) for
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just three days post exercise has shown to significantly improved peak
eccentric torque of the biceps (McLeay, Stannard, & Barnes, 2017). However,
no treatment effects were observed as well as any difference in plasma CK
levels between treatments.
Recently, Matsumura et al., (2015) showed a significant reduction in
pain following a 20-minute step test when 2 grams of ginger was taken 1 hour
before the exercise as opposed to 1 hour before. The results also showed a
significant reduction of pain 24 and 48 hours’ post-exercise in the placebo
group as compared to either treatment group receiving ginger. Omega-3 fatty
acid supplementation of 3000mg/d for 7 days showed no change in arm
circumference following an eccentric arm curl exercises, but did report a
magnitude of soreness reduction by 15 percent in the omega-3 trial as
opposed to the control. In the same year Bakhtyar Tartibian et al., (2011)
published supporting evidence that Omega 3 fatty acid supplementation of
1.8g/d was effective in ameliorating exercise-induced inflammatory markers
following taxing exercise as compared to the control. Trombold, (2011),
showed that pomegranate juice supplementation (of 250 ml a day for 8 days
pre-exercise and 7 days post exercise) attenuated the reduction of isometric
strength of elbow flexor muscles following an intense bout of eccentric
exercise, but not the knee extensor muscles of 17 resistance trained men.
Moreover, although muscle soreness ratings were significantly attenuated in
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the elbow flexors during the 2-168-hour post exercise period as compared to
the placebo, full recovery of reported soreness was not reported in the
pomegranate juice group until 168 hours post exercise. The researchers
concluded that polyphenols contained within the juice might be responsible
for the recovery of strength in the days following eccentric exercise. Three
years later researchers reported no extra benefit to consuming 500ml of
pomegranate juice on arms or legs following bouts of eccentric exercise that
resulted in DOMS (Machin et al., 2014). However unlike Trombold et al.,
(2011), Machin and associates did successfully obtain exercise induced DOMS
in both the knee extensor muscles and the elbow flexors by implementing 20
minutes of downhill running followed by 40 repetitions of bilateral isotonic
eccentric contractions of the elbow flexors. Similarly, Ellagitannin from
pomegranate extract taken 5 days pre and 4 days post-exercise resulted in
improved recovery in elbow isometric strength following eccentric exercise
(Trombold et al., 2010). However, no differences in muscle soreness, plasma
CK levels, or inflammation markers were noted. In 2006 researchers reported
that tart cherry juice supplementation (12 ounces of tart cherry juice
consumption of twice a day for 3 days pre-and 4 days post eccentric exercise)
decreased only some of the symptoms of exercise induced muscle damage,
(Connolly, McHugh, et al., 2006). Strength loss and pain ratings were
significantly less in the cherry juice trial; however, relaxed elbow angle (ROM)
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and reported muscle tenderness were no different between trials. This
supplement most notably showed that at 96 hours post exercise strength loss
declined 22% in the placebo trial, but only a four percent decline was observed
in the cherry juice trial. Table 2.4.2 summarizes the research on the different
nutraceuticals and their effects on DOMS and related symptoms.
Saffron has exhibited some potential to prevent DOMS and all related
symptoms and more importantly, research has shown to have some
performance preservation effect following unaccustomed strenuous exercise
(Meamarbashi & Rajabi, 2015). Meamarbashi et al, (2015) investigated the
preventative effects of saffron and indomethacin supplementation on
biochemical and functional indicators of DOMS after 1-session of
unaccustomed eccentric exercise. The most concerning finding was that the
saffron treatment group exhibited significant increases in isotonic force output
24, 48, and 72 hours following exercise as compared to baseline. Most notably,
the saffron treatment group reached a 63.3% increase in maximal isometric
force capacity output at 72 hours following the exercise protocol. Isotonic
force capacity steadily increased from baseline at 24, 48 and 72 hours post
exercise, but did not reach statistical significance. Furthermore, the saffron
trial not only exhibit virtually no pain, but also no significant differences were
observed from baseline between knee range of motion or thigh
circumference. Lastly, again unlike both the placebo and control group, the
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saffron group showed no significant increase in plasma CK and LDH
concentrations from baseline. It is unclear if saffron is responsible for these
observed differences because a few limitations exist in the original work.
Firstly, the baseline maximal isotonic force measured was used to establish a
weight load for the exercise protocol. The four sets of 20 repetitions
prescribed were based on 80% of their previously measured maximum isotonic
force capacity. There was however no form of reliability measures taken to
provide confidence that this maximal isotonic force measure was indeed
maximal. Given this limitation, the exercise protocol prescribed to induce
muscle damage may not have been taxing enough. In other words, if this
measure was not maximal at the beginning of the study, then the findings may
not be reliable as the exercise protocol intended to induce muscle damage
would have been less than adequate to induce DOMS. To control for this
limitation an EMG could be employed during baseline measures and could be
used as an indicator to improve the overall reliability of these measures.
Secondly, given that there were three different groups involved, a placebo, an
indomethacin, and a saffron treatment group, it is possible that the results are
limited due to individual differences between the groups. To control for
individual difference between groups it may be beneficial to have one group
that could serve as their own control group via a repeated measures research
design approach. This could control for individual differences between the
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groups. Addressing these limitations in the previous work done on saffron and
its potential to manage DOMS would seem reasonable. Reproduction or
replication of this research tailored around addressing these limitations in a
different population and a different lab is vital to further understand the
potential for the spice to help manage DOMS. Table 2.4.2 highlights the main
differences between original published work on saffron and its preventative
effects on DOMS and the present research.

38

Table 2.4.1 Comparison between the current published works on saffron and
the present research.
Original work by Meamarbashi and

Present study

Rajabi
Study design - A 10-day, randomized,
double-blind, placebo-controlled,
pretest–posttest design

Study design - A double blind,
pseudo-random, placebo controlled;
counter balance research design
provided with an eight-week
washout period between data
collection intervals

Participants – All participants were
Participants – 5 female and 10 male
male university students between the participants between the ages of
ages of (age: 18.2 ± 0.4 years).
25.9 ±3.7 and 24.4 ±2.8 years
Groups - There were three different
groups involved, a placebo,
indomethacin, and a saffron
treatment group.

Groups – This was a repeated
measures design so the two groups
will serve as their own control
group.

Exercise Protocol - Four sets of 20 leg
presses of 80% of their previously
measured maximum isotonic force
capacity.

Exercise Protocol - Six sets of 10
maximal eccentric voluntary
contractions involving maximal
resistance of the cybex motor arm
at a speed of 60 degrees per second
from full extension to flexion.

Measures – Voluntary max isometric
and isotonic muscular force via leg
press, blood samples, mid-thigh
circumference, knee joint ROM, and
perceived muscle soreness.

Measures – Maximal voluntary
isokinetic torque, Maximal
voluntary isometric torque, knee
ROM, and perceived muscle
soreness.
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Table 2.4.2 summarizes the research on the different nutraceuticals reviewed
and their effects on delayed onset muscle soreness and related measures.
Study

Subjects

Supplement

Measures

Main Findings

Avery

18 men

Vitamin E

Body

No significant

et al.

(22.7 ±

supplementatio

composition,

diff between

(2003)

4.1

n (1200 IU/day)

DOMS,

placebo and

.

years).

for 21 days pre

Performance,

treatment.

exercise.

plasma
Creatine
Kinase (CK)
and
Malondialdeh
yde
Responses.

Bailey

20 men

et al.

Protease

DOMS,

The

between enzyme (325

pressure pain

experimental

(2004)

19 and

mg) pf taken

threshold, and

group

.
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twice a day for

performance.

demonstrated

years.

1-day pre and 3

superior

40

days post

recovery of

exercise.

contractile
function and
diminished
effects of
DOMS after
downhill
running.

Beato

18 men

Vitamin E

Performance

No significant

n et al. (20.3 ±

supplementatio

and plasma

difference

(2002)

1.7

n (1200 IU·d−1)

CK.

between

years).

pre exercise.

placebo and
treatment.

Beck

20 men

Protease

Performance,

Isometric

et al.

(21.0 +/-

enzyme (342mg)

ROM, arm

forearm

(2007)

3.1

taken 1-day pre

circumference

flexion

years).

and 4 days post

, DOMS,

strength was

exercise.

plasma CK

greater for the

activity, and

treatment

Myoglobin

group than for

(Mb).
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the placebo
group.

Bloom

20

Astaxanthin

DOMS, muscle

No significant

er et

resistan

(4mg) taken 21

performance,

diff between

al.

ce

days pre and 3

and plasma

placebo and

(2005)

trained

days post

CK.

treatment.

men

exercise.

(25.1 +/1.6
years).
Braun

16

Chondroitin

DOMS,

No significant

et al.

untraine

sulfate (600 mg)

performance,

diff between

(2005)

d men

taken 14 days

ROM, plasma

placebo and

between pre and 2 days

CK,

treatment.

19-34

complement

years.

post exercise.

system
fragment.
Inflammatory
markers.
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Bryer

18

Vitamin C (3 g/d) DOMS, elbow

No significant

and

young

taken 14 d pre

ROM,

diff between

Goldfa

untraine

and 4 d post

performance,

placebo and

rb.

d men.

exercise.

plasma CK,

treatment.

(2006)

total and
oxidized
glutathione.

Childs

14

Vitamin C (12.5

Bleomycin-

LDH and CK

et al.

untraine

mg/kg body

Detectable

activities were

(2001)

d young

weight) and NAC

Iron (BDI),

elevated

men

(10 mg/kg body

plasma CK,

largely in the

(24.4 ±

weight) taken

Lactate

vitamin C and

3.6

immediately

Dehydrogenas

NAC group.

years).
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2.5 Why is it important?
This research is valuable information for those concerned about
muscular discomfort and pain that can be associated with sports, training, and
strenuous activity. Currently, (NSAIDS) such as ibuprofen and indomethacin
are commonly used to help manage muscular discomfort and restoration of
physical function. The reliance of these drugs for the management of DOMS
can lead to overuse and increased risk of potential side effects such as
stomach ulcers, hepatic, and renal toxicity (Tscholl et al., 2016). This is a
growing concern for those managing DOMS and related symptoms as NSAIDS
have the highest intake of all medications for elite and non-elite athletes
(Tscholl, et al, 2016). Moreover, emerging evidence in the literature suggests
that blocking the inflammation process during training may limit muscle
adaptations for athletes or those well trained (Schoenfeld, 2012). However a
different story emerges for the elderly as managing inflammation with
standard over the counter doses of NSAIDS appears to have some benefit
towards improved performance, managing muscle soreness, and even
improved muscle adaptation (Trappe et al., 2010, 2002). If saffron
demonstrates to be as effective as over the counter NSAIDS, at managing
muscle soreness and preserving performance, further research would be
called for to identify any limitations of muscle adaptive capacity for those
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interested in long-term use. If performance-limiting training effects of saffron
are identified than the application of this supplement would be best suited for
competitions where preservation of performance would outweigh the
attainment of performance gains. Moreover, provided that saffron shows an
effect towards the prevention of DOMS and related performance reductions, it
may be more suitable then NSAIDS for sedentary individuals and/or the elderly
concerned with muscle discomfort enabling a smoother transition to a more
active lifestyle.
2.6 Saffron; what is it and what is in it?
Saffron is a widely used cooking spice that is harvested from the crocus
sativus flower and has been traditionally used as a medicine for many disease
conditions. Saffron contains potent antioxidant compounds (crocin and
crocetin) that have been recently shown to have anti-inflammatory and antinociceptive properties (Hosseinzadeh & Younesi, 2002). Saffron contains a
variety of compounds while its composition is dependent on the plant growth
and soil conditions. Composition analyses of saffron have identified that
saffron is approximately 12-15% CHO, 8-15% moisture, 10-14% protein, 5-7%
mineral, 5-7%, oils 5-9%, volatile oils 0.3-0.8, and 4% fibre and vitamins
riboflavin and thiamine (Kumar et al., 2008; Rios, Recio, Giner, & Manez,
1996). In addition to numerous potential health promoting compounds in
saffron crocin, crocetin, picrocrocin, and safranal are the main 4 bioactive
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compounds and are responsible for the color, color, taste, and aroma of the
spice.
There is little, but some supporting evidence in the literature on saffron
and its potential to prevent muscle damage and promote recovery. Moreover,
crocetin has been shown to increase the overall relative growth rate of normal
rat muscle-derived cells (Wilkins et al., 1977). Similarly, high doses of saffron,
100 mg/kg administered for 5 consecutive days to rats, resulted in a significant
increase in body weight despite a reduced daily diet (Asdaq & Inamdar, 2010).
This increased growth rate may be attributed to crocetin and its ability to
strongly bind to albumin, which appears to promote oxygen transport into
tissues (Miller, Willett, Moss, Miller, & Belinka, 1982). Moreover, Crocetin has
been shown to enhance whole-body oxygen consumption in rats that were
bled out 40% of their total blood volume, and consequentially improved their
overall survival rates (Gainer, Rudolph, & Caraway, 1993). Additionally, saffron
contains some protein, but saffron also appears to improve the digestion of
proteins via stimulating the secretion of gastric acid and pepsin outputs
(Nabavizadeh, Salimi, Sadroleslami, Karimian, & Vahedian, 2009). This action
or mechanism may in some way be related to the improved functional
capacity observed following protease supplementation following exercise
induced muscle damage (Beck et al., 2007; Miller et al., 2004). In other words,
saffron’s ability to enhance digestion of proteins similar to that of protease
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supplementation may have a similar protective effect on muscle function
following exercise induced muscle damage.
Saffron has shown to be stronger than the sum of its parts as the
additive and/or synergistic effects among the many phytochemicals appears to
more powerful and enhance its effect. Many researchers have reported that
consumption of whole saffron is superior to its isolated and even highly
concentrated individual components. For example; whole saffron has shown
to be a more powerful treatment for insomnia and anxiety (Hosseinzadeh &
Noraei, 2009), and cancer (Liu, 2004) than any of its isolated and concentrated
components. In addition, a recent study demonstrated that saffron was
superior to crocin with respect to its antioxidant activity and protective effect
of diet-induced hyperlipidemia in rats (Asdaq & Inamdar, 2010). More
importantly, among the treated groups, saffron in its highest dose (100mg/kg
p.o) was reported to be the most effective in maintaining cell membrane
integrity. Similar results of saffron supplementation and its protective effect
on membrane integrity have been reported on rat sperm membrane integrity
(Vaez et al., 2014) and red blood cell membrane integrity (Meamarbashi &
Rajabi, 2013). The protective effect of saffron on membrane integrity is likely
due to its antioxidant/anti-inflammatory capacity and again appears to be
stronger when taken whole rather than in its concentrated isolated
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components; this is likely due to the possible synergistic and/or additive
effects of these components (phytochemicals).
2.6.1 The Bioactive Compounds in Saffron: Crocin, Crocetin, Picrocrocin, and
Safranal.
1) Crocin – Is a highly water-soluble carotenoid derivative or pigment (ester).
In addition to being an excellent coloring agent, Crocin also exhibits
antioxidant effects towards cells and tissues against oxidation and stress
(Melnyk, Wang, & Marcone, 2010).
2) Crocetin – Highly water-soluble carotenoids. Crocetin is the most heavily
studied active compound isolated from saffron. This compound has also
shown high antioxidant potential (Razak, Hamzah, Yee, Kadir, & Nayan, 2017).
Crocetin has also been shown to increase the relative growth of normal rat
muscle-derived cells (Wilkins et al., 1977). Similarly, high doses of saffron
ingestion of 100 mg/kg administered for 5 consecutive days to rats resulted in
a significant increase in body weight despite a reduced daily diet (Asdaq &
Inamdar, 2010). The increased relative growth rate associated with crocetin
ingestion may be due to increased oxygen transport in the ribosomalmicrosomal fraction. Researchers demonstrated that crocetin binds strongly to
albumin to the same binding sites that are employed by free fatty acids (Miller
et al., 1982). In addition to albumin being the primary vehicle for crocetin, the
researchers also hypothesized that the mechanism by which crocetin increases
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oxygen diffusivity may be direct consequence of crocetin binding to albumin.
More importantly, Gainer & Chisolm, (1974) showed that crocetin could bring
about large increases in oxygen diffusivity in the plasma despite the presence
of increased plasma proteins. This is an interesting finding because a higher
level of plasma proteins usually results in a large reduction in oxygen
diffusivity within the blood plasma (Chisolm, Gainer, Stoner, & Gainer, 1972).
The binding of crocetin to albumin appears to prevent or offset the reduced
oxygen diffusivity that would otherwise occur with elevated plasma proteins.
In addition, supporting research demonstrated that crocetin supplementation
increased overall survival rates in rats that were bled 40% of their total blood
volume. The results indicated that crocetin was responsible for increased
whole-body oxygen consumption (including muscle) and survival rates (Gainer
et al., 1993).
3) Picrocrocin - Picrocrocin is the second most abundant compound in saffron
(by weight) and is primarily responsible for the bitter taste of saffron.
Picrocrocin and crocin as well as saffanal are formed from the cleavage of a
carotenoid zeoxanthin (Razak et al., 2017).
4) Safranal is the most abundant essential oil of the 160 volatile oil
components identified in saffron, and accounts for approximately 30- 70% of
the total essential oil available. Safranal is mainly responsible for the aroma or
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smell of saffron. This compound has also shown high antioxidant potential
(Melnyk et al., 2010).
Research of the metabolic pathway of orally administered crocetin and
crocins in mice indicate that they are partly metabolized to ester type
glucuronide conjugates in both the intestinal mucosa and in the liver via the
portal vein (Nakano, Takahashi, & Nagao, 2005) Studies show that crocin is not
readily absorbed from the gastrointestinal tract until it is hydrolyzed to
crocetin. In 2004, Jin reported following an observed reduction of absorption
of crocin-1 in various intestine segments, that crocin couldn’t be absorbed
equally throughout the whole intestinal tract. Moreover, starch may be able to
enhance absorption of crocin by reactions between salivary nitrite in the
gastric lumen resulting in the formation of starch/crocin complexes (Hirota,
Takahama, 2013). The reduction of nitrite to nitric oxide by crocin forming this
startch/crocin complex was attributed to enhance intestinal absorption. In
vitro studies indicate that crocins get hydrolyzed in the intestine to
deglycosylated trans-crocetin, which is passively diffused within a short time
across the intestinal barrier making its way slowly across the blood brain
barrier to the central nervous system (Lautenschlager et al., 2015) intestinal
formation 2015). However, these studies are limited to animal studies and
may not be generalizable to the human population.
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2.6.2 Toxicity and Side Effects of Saffron
Reports of saffron toxicology and safety are somewhat controversial.
Although daily doses of up to 1.5g of saffron are thought to be safe, some side
effects have been documented from injections of 1.2 to 2g per average body
weight of saffron (Schmidt, Betti, & Hensel, 2007). However, Schmidt, (2007)
explains that some contrary findings report no adverse effects of ingestion of
up to 4 g of saffron per day for several days. These different findings may be
due to the saffron used during the experiments. Many of these reported
contrary results are from Germany where a similar plant called meadow
saffron is abundant. It is possible that these studies were not conducted on
the same saffron, as it is not clearly specified in the literature. Doses of
between 5 and 10 g are considered dangerous and may cause nausea,
decreased appetite, vomiting, diarrhea, vertigo, and bleeding of the
gastrointestinal mucosa and uterus; ingestion of above 10 g may induce labor
and abortion and around 20 g is considered lethal Schmidt, (2007). In addition,
saffron has shown to produce very little allergenic risk and only one case of
anaphylactic reaction to saffron has been reported (Lucas, Hallagan, & Taylor,
2001). Overall researchers consider saffron to be safe for consumption and the
amounts used in daily food consumption and that of the proposed research is
much lower than any doses associated with undesirable side effects (Bisset,
1994).
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2.6.3 Saffron Quality and Grading
The international organization of standardization is a private
(nongovernmental) worldwide collective federation of national standard
bodies (ISO) dedicated to creating and implementing uniform standards for
international exchange and services. The ISO recognizes varying qualities of
saffron via specific test methods and categorizes the quality on the different
concentrations of crocin, picrocrocin and safranal (“ISO 3632-1:2011,”). This
two part standard method is used to verify no external matter has been added
and that the concentrations of the bioactive compounds previously mentioned
are in appropriate concentrations. Obviously, the ISO regards higher
concentrations of these compounds as a higher quality product and
classification is set on a minimum requirement of each quality and is regarded
as ISO 3632. This classification system was used to establish 4 categories with
category 1 representing the highest quality saffron (Rasaneh, 2000).
2.7 Isokinetic Dynamometry
The term isokinetic was first introduced when the cybex 1
dynamometer was first developed in the 1960’s, however most of the
literature surrounding isokinetic devices has focused around the newly
developed cybex 11. Isokinetic devices measure torque while the limb is
moving and therefore have been referred to as ‘dynamic testing’. ‘Isokinetics’
is defined as a dynamic muscular contraction where the velocity is controlled
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for and made constant by a control mechanism (Trestle, Hislop, Moffboid,
Hofkosh, & Lowmxn, 1967). The total resistance applied to the device is equal
to the applied muscular torque over the given range of motion. Any increase in
muscular torque is observed when the limb reaches a certain pre-set velocity
that engages a control mechanism, thus any force above this level results in an
equal magnitude resistive force by the control mechanism of the
dynamometer (Moffroid, 1969). Because of different joint angles and
biomechanical properties of the musculoskeletal system, peak muscular force
may vary. Therefore, it is important that the axis of rotation of the attached
limb be aligned with the mechanical axis of the machine. Isokinetic devices
not only are used to measure torque, but they can also measure the
accompanying ROM as a function of time (Perrin, 1993). In addition, work
measurements can be derived from the angular displacement of the torque
values and the force, torque, work and power measurements are the
parameters that can be obtained from isokinetic devices (Haffajee, Moritz, &
Svantesson, 1972).
In short, muscle strength can be evaluated via isokinetic
dynamometers by using isometric and isokinetic muscular contractions. This
allows the subject to generate as much force as possible at a constant velocity.
Isometric assessment is used to evaluate the muscle force against a fixed
resistance without movement of the limb and isokinetic assessment is used to
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evaluate the muscle force through a fixed range of motion at a constant
velocity (Perrin, 1993). In conclusion, it is generally accepted that the use of
isokinetic measurements to measure torque is appropriate as long as care is
taken with respect to the axis alignment. Moreover, for accurate assessment
of muscle function, only constant velocity data should be analyzed.
2.7.1 Gravitational Effects on Isokinetic Movements
Isokinetic testing in a vertical plane involves muscular forces and the
force of gravity that is generated via the weight of the limb. Therefore, the
torque measured is not the actual torque, but the resultant torque generated
by both forces (Herzog, 1988; Winter, Wells, & Orr, 1981). Nelson and Duncan,
(1983) presented a simplified method for the computation of the gravitational
torque during knee extension/flexion movements. The weight of the limblever arm is used to correct the gravitational torque at every angular position.
The gravitational torque correctional factor is then added to the maximum
torque produced by the muscles apposed from gravity (quadriceps) and
subtracted from the recorded torque produced by muscle groups facilitated by
gravity (hamstrings).
2.7.2 Inertial Effects on Isokinetic Movements
The torque measured during isokinetic testing often contains a
prominent initial spike that can be followed by oscillations of decreasing
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amplitude (Sapega, Nicholas, Sokolow, & Saraniti, 1982). This overshoot is
sometimes referred to as ‘torque overshoot’ and always is present in the initial
part of the movement. Since the oscillations represent alternating periods of
acceleration and decelerations, a simple method to overcome this over shoot
is to only use torque data from constant velocity periods of the movement
(Osternig, Sawhill, Bates, & Hamill, 1982). This ‘artifact’ free data can be
obtained from analysis of the movement where the angular velocity remains
constant and equal in magnitude with the present velocity setting of the
dynamometer. However, if the overshoot is not eliminated or accounted for as
an artifact, it can be misinterpreted as a peak torque measure. For measures
of varying velocity, a damp setting has been employed for the cybex 11 and
used to decrease the ‘overshoot’ (Sinacore, Rothstein, Delitto, & Rose, 1983).
The damp appears to be a convenient method to guard against overshooting,
but it does cause significant changes in the torque curves output. The torque
values are reduced or become smaller as the damp setting is increased and
should be considered before use.
2.7.3 Isokinetic and Isometric Maximum Torque Measures
A handful of testing protocols have been used for the assessment of
maximal torque measures. The main difference between protocols is the total
number of repetitions needed to achieve maximal torque output. For
instance; Sawhill, Bates, Osternig, & Hamill, (1982) suggested that 4 maximal
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repetitions are required to obtain reliable maximal torque measures during
isokinetic testing velocities ranging from 200-400 degrees per second.
However, Patton & Duggan, (1985) have defined the maximum torque as the
mean torque taken from 5 maximal repetitions and/or the average of 3
maximum repetitions. For maximal isometric contractions with the knee
extensors, the highest torque measures appear to coincide at 50-70 degrees of
flexion (Haffajee, Moritz, & Svantesson, 1972).
Maximal voluntary contractions (MVC’s) of torque measures provide
the best methods for quantifying muscle injury for human subjects according
to a review article on tools used in the study of eccentric contraction in
induced injury (Warren, Lowe, & Armstrong, 1999). The reliability of MVC
torque measures is generally high with reported intra-class correlation
coefficients of ≥ 85 (Sale, 1987; Tesch, Dudley, Duvoisin, Hather, & Harris,
1990). However, efforts to evaluate the reliability of such MVC by EMG and
electrical stimulation were only employed by 7 of the 58 articles reviewed. The
authors concluded for future research that more effort should be made to
include other contractile parameters that may more directly reflect injuryinduced functional parameters. They also concluded that measurements of
MVC torque taken under isometric and isokinetic conditions and ROM would
be the most valuable and reliable means of quantifying the functional
decrements resulting from exercise-induced muscle injury. Other commonly
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used markers used to quantify muscle injury include release of myofibre
proteins (CK, LDH), soreness, and histopathology. Because these markers do
not follow the same time-course of function loss and soreness and again
correlate poorly with changes in muscle function, these markers may not be
the best methods to quantify the degree of muscle damage (Warren et al.,
1999)
This research aimed to help understand the preventative effects of 10day supplementation with 300 mg of saffron on exercise induced DOMS by
evaluation of changes of maximal isometric and isokinetic torque measures,
range of motion, and reported muscle soreness. If the qualities of saffron
permit cellular protection of some manner and/or a speeded recovery from
trauma, it could serve as an invaluable supplement for the management of
DOMS and related symptoms.
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3.0 Methods
All data collection took place in the Andrew and Marjorie McCain
Human Performance Laboratory located at the Richard J. CURRIE Center at the
University Of New Brunswick (UNB).
3.1 Participants
Participants were recruited via advertisement on the UNB campus and
web page from the student undergraduate population at UNB Fredericton. A
prior power analysis indicated that for a repeated measures research design, a
sample of 16 male and 16 female subjects would be appropriate for sufficient
statistical power. However, a total of 13 healthy males and 5 females
volunteered for the study with a mean age of 25.9 ±3.7 and 24.4 ± 2.8 years.
Of these recruits, three males’ data were omitted from the isokinetic torque
analysis and one from both the ROM and reported muscle pain measures. The
first was omitted from all three dependent variables because the participant
was unable to make it to the lab to complete their 48-hour measurements.
The second was omitted due to a software malfunction. In addition, the third
was omitted because the cycle ergometer used was suspected not to be
adequate and may have resulted in a baseline measure less than the actual
baseline. The seat of the bike was unstable, and would tip either forward or
backward depending on how the participant distributed their weight. It was
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very likely that the participant used his weight to stabilize himself with the
bike petals and this resulted in a less than optimal warm-up. The examiner
quickly corrected this by acquiring permission to use a cycle ergometer located
at the Curry Centre Strength Centre one floor above Andrew and Marjorie
McCain Human Performance Laboratory. Table 3.1 illustrates the selected
double blind, pseudo-random, placebo controlled; counter balance research
design provided with a six to eight-week washout period between data
collection intervals.
Table 3.1 Pseudo-Random Counterbalance Research Design
First Data
Total in group = 16 collection
Subgroup 1 n=8
Treatment A
Subgroup 2 n=8
Treatment B

Data collection following a 6-8
week washout period
Treatment B
Post test
Treatment A
Post test

Exclusion criteria were established from self-reported results from a
Physical Activity Readiness Questionnaire (PAR-Q) form and Physical Activity
and Sedentary Behavior Questionnaire. Those who admitted to participation in
any lower body resistance training within the last 3 months. Lastly, any past or
present injury that would remotely cause any risk to the participant was cause
for exclusion such as any anterior or posterior cruciate ligament injury,
meniscal tears, tendon tears, tendonitis, pain etc. Participants were requested
to refrain from any nutritional supplements including vitamin A, C, and any
non-prescription medicines for one week before and during the study and a
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dietary log sheet was provided. Caffeine intake was a concern because it has
been shown to increase calcium release from the SR and may enhance
muscular function following unaccustomed strenuous exercise and
consequentially improvement of preserved performance (Hurley, Hatfield, &
Riebe, 2013). However, as recommended by the American College of Sports
Medicine (ACSM) guidelines for exercise testing and prescription, participants
were asked to not consume caffeine 2 hours before maximal force measures
on days 6-10 of supplementation (Thompson, Arena, Riebe, & Pescatello,
2013). Participants were given adequate information regarding all procedures,
risks, and merits of the research were asked to read and sign an informed
consent letter beforehand (Appendix A. The University Research Ethics Board
approved this research (REB 2016-127).
3.2 Saffron Manufacturing
The saffron selected was shipped directly to the Keswick Compounding
Guardian Pharmacy in Keswick, N.B. for manufacturing. It was then processed
into non-chewable tablets that were indistinguishable from the placebo unless
chewed. The treatment and placebo were to be labeled A or B and the identity
of the saffron or treatment were not disclosed to the researchers involved
until after data collection. The placebo and saffron pills were prepared in such
a fashion that they were indistinguishable unless chewed. The placebo
contained microcrystalline cellulose that was dyed red to mimic the color of
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the saffron and incased in plant sourced gelatin capsules. Both the placebo
and saffron pills were scented with cardamom and cinnamon essential oils.
The participants were instructed to swallow the pills with flavored juice.
3.3 Instrumentation
A Cybex HUMAC Norm (CSMI, USA Inc.) isokinetic dynamometer was
employed to assess maximal torque measures and for the inducement of
DOMS. Given a fixed velocity and joint angle, this apparatus is generally used
to quantify muscular work and power capacity and most often is used to
measure torque production. The cybex 11 isokinetic dynamometer has been
shown control velocity well within 2%, at lower velocities, 30 and 60deg/sec
and within 1% accuracy of recorded peak torque with the damping set at the
highest level (Bemben, Grump, & Massey, 1988).

Figure 3.1 - Testing protocol. A Cybex HUMAC Norm (CSMI, USA Inc.)
isokinetic dynamometer used to stimulate exercise induced muscle damage
and for pre-and post-maximal isometric and isokinetic force measures.
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3.4 Procedures
All subjects were provided with 1 familiarization session of the lab and
the experimental procedures. Data collection began after subjects signed the
informed consent form as well as the physical activity questionnaire and Par Q
plus form. The dominant leg was identified via the Waterloo Footedness
Questionnaire, which has been validated in previous research (Kang & Harris,
2000). The knee was eccentrically flexed while the patient was instructed to
extend their knee maximally against the resistance of the cybex motor arm
until their knee reached full flexion. All measures were taken before and 24,
48, and 72 hours following the exercise inducing muscle damage protocol.
Independent and dependent variables are listed in Table 3.2. An overview of
the experimental protocol showing the familiarization sessions and exercise
protocols is provided in Table 3.3. Table 3.3 illustrates the outline of the
research design involving 10 days of supplementation, the exercise protocol,
and selected indirect measures of DOMS.
Table 3.2 The independent and dependent variables of interest
Independent variables
Treatment (Saffron)
Time (Pre/Post)

Dependent Variables
Isometric Torque (N)
Isokinetic Torque (N)
ROM of knee
Muscle Soreness
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Table 3.3 Overview of experimental protocol

-Before
data
collection
began,
onefamiliarizat
ion session
of protocol
expectatio
ns and
equipment
setup.

Baseline
measures of the
following taken:

*24 hours
post exercise

*48 hours
post exercise

*72 hours
post exercise

Muscle Soreness

Measures of:

Measures of:

Measures of:

Max Isometric
and Isokinetic
peak torque

ROM

ROM

ROM

Muscle
Soreness

Muscle
Soreness

Muscle
Soreness

Max
Isometric and
Isokinetic
peak torque

Max
Isometric and
Isokinetic
peak torque

Max
Isometric
and
Isokinetic
peak torque

Day 8

Day 9

Day 10

ROM

*Exercise
Protocol
Execution
Post exercise,
peak torque
measures

Day 1-6

Day 7

3.5.1 Maximal Isometric and Isokinetic Torque Assessment
The cybex isokinetic dynamometer was used to quantify concentric and
eccentric maximal isokinetic peak torque measures of the knee extensors at
baseline and again 24, 48, and 72 hours post exercise. Subjects were seated
and strapped in with arms folded in front of their chests to limit extraneous
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movements. The participant’s hip angle was set at 90 degrees while seated.
The knee joint center was aligned with the center of the dynamometer’s
power shaft with the anatomical zero set at a knee angle of zero or full
extension. The mass of the leg was weighed by the dynamometer and then
used to correct for gravitational effects. Maximal isokinetic force capacity was
measured at a velocity of 60 degrees per within a range of 0-120 degrees,
where 0 degrees refers to full extension of the knee joint. Three successive
maximal contractions were performed with 3 minutes of rest provided
between events. The highest peak torque of the three maximal torque
measures was used for analysis. Secondly, maximal isometric peak force was
performed at 50 degrees below knee extension. Again, 3 minutes of rest
between trials were provided and the highest peak torque of the three
maximal contractions was used for analysis.
Due to a research protocol oversight, maximal isometric torque
measures were not taken at the same joint angle. It was noticed by the
examiner part way through the study after completing 9 males and 2 female
peak isometric torque measures that the joint angle of the more flexible
participants was positioned greater than 50 degrees on the cybex. The joint
angle was approximately 5 to10 degrees off depending on the degree of
flexibility above and beyond or below the angle of the participant’s knee
extension. The cybex establishes a zero degree starting point based on the full
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extension of the leg. If differing angles of the participant’s full knee extension
were used to establish a zero, it would then select 50 degrees from the zero
degree start angle. This would cause the cybex to select a 50-degree joint
angle from the established zero of the full extension. This equipment protocol
oversight may have affected the baseline, 24, 48, or 72-hour isometric torque
measures of 7 male and 2 female participants. This oversight was corrected by
the examiner part way through the study by restricting the leg extension ROM
to the same range in order to have the angle selected the same and therefore
comparable. Although this oversight limits our ability to compare isometric
torque measures confidently, we believe that the effect of the overall torque
produced between measures would be minimal due to the counterbalancing
design of the study. The maximal isometric measures are listed in Appendix D.
3.5.2 ROM Assessment
The range of motion assessment was performed, via a goniometer
guided by the use of semi-permanent marked universal landmarks, while the
subject lay supine on a plinth with their knee fully extended. From the full
extension position, a passive flexion was performed at very slow angular
velocity of 10 degrees per second. The knee joint angle where pain or
discomfort is felt was considered as the end of the pain free zone.
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3.5.3 Muscle Soreness Assessment
Although DOMS has shown to be highly subjective, soreness rating of
extension has shown to be significantly correlated with maximal isometric
force decrements and relaxed joint angles (Nosaka et al., 2002). For the
assessment, while relaxed the participant’s leg was slowly moved to a maximal
flexed position by the examiner. Subjects were then asked to report their pain
sensation on a Likert scale consisting of a line (1-10) indicating no pain at the
left end and sever pain indicated on the far right. Likert scales with fewer
response categories have shown to lower reliability, especially test-retest
reliability (ref Impact of number of categories and anchor labels on coefficient
alpha and test-retest Li-Jen weng (2004). Therefore, a Likert scale consisting of
options 1-10 for pain sensation was employed. Perceived muscle soreness was
evaluated at baseline and 24, 48, and 72 hours post exercise.
3.6 Exercise Protocol
Subjects were instructed to begin with a 5-minute warm-up on a
stationary cycle ergometer at an exercise intensity of 50 watts and maintained
an RPM of 50. The cybex dynamometer was then used to induce muscle
damage for both groups and the protocol selected has been previously shown
to induce a sufficient degree of exercise induced muscle damage (Aminian-Far,
Hadian, Olyaei, Talebian, & Bakhtiary, 2011). Based on kicking preference the
dominant leg was used against the lever arm of the isokinetic dynamometer.
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Subjects were strapped into the dynamometer in a seated position using
chest, waist, and thigh straps. The exercise began with their knee fully
extended, (zero degrees = full extension) and ended when the knee reached
full flexion. Six sets of 10 maximal eccentric voluntary contractions were
performed with 3 minutes of rest provided between sets. The eccentric phase
velocity was set to 60 degrees per second and the concentric phase to 120
degrees per second. Movements began at a knee flexion of 90 degrees and the
exercise was initiated when full extension was attained. The participants were
then encouraged to resist the cybex motor arm maximally through the entire
range of motion until full flexion was reached and to rest during the concentric
phase as their knee returned to the extended position. This ensured that only
eccentric flexion of leg flexors was performed.
3.7 Data Analysis
Muscle torque data is presented as the mean peak torque (NewtonMetres). Using IBM SPSS Statistics 25 (IBM® SPSS Statistics Software, a threeway mixed ANOVA was run to understand the effects on treatment A (Saffron
experimental group) vs Treatment B (placebo) over time following a taxing
exercise on mean changes in peak knee extension torque and knee range of
motion. Perceived muscle soreness measures were not normally distributed
consequently a Kruskal-Wallis test was conducted to determine median
differences between the experimental treatment and the placebo over time.
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If treatment x time interactions were found to be significant then ttests were used to make pairwise comparisons between treatments at each
time point. Bonferroni corrections of pairwise comparisons between
treatment and placebo trials was then employed. An alpha level of p ≤ 0.05
was used and considered significant.
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4.0 Results
The purpose of this research was to investigate the preventative
effectiveness of 10-day supplementation with 300 mg of saffron on delayed
onset muscle soreness, and selected related symptoms (maximal peak torque
and changes in knee range of motion). We hypothesized that there will be no
significant differences found between the placebo and treatment groups’
torque, knee range of motion, and self-reported muscle soreness, pre-and 24,
48, and 72 hours post exercise.
4.1 Isokinetic Torque
Torque data distribution, presented in Figure 4.1.1 and illustrated in
Figure 4.1.2, means and standard deviations are presented in Table 4.1.
Torque data was approximately normally distributed, except for 48-hour male
control, p = .032, and 48-hour female saffron trial, p = .031 as assessed by
Shapiro-Wilk’s test (p >.05). There was homogeneity of variances as assessed
by Levene’s test for equality of variances. Mauchly’s text of sphericity
indicated that the assumption of sphericity had been met for treatment*time
interactions, 𝑥 ) (5) = 8.084, p = .153. There was no statistically significant
three-way interaction between time, gender, and treatment, (3, 39) = .312, p =
.816.
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Torque Data Distribution

Figure 4.1.1 – Torque Data Distribution - shows torque data distribution for
experimental treatment and placebo at baseline, 24, 48, and 72 hours post
exercise for both male (N=10) and female participants (N=5).
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Table 4. 1 – Descriptive Torque Data - displays means and standard deviation
for male and female torque data for the experimental treatment and the
placebo at baseline, 24, 48 and 72 hours post exercise.
Isokinetic Torque

Female
Baseline
Post 24 h
Post 48 h
Post 72 h
Male
Baseline
Post 24 h
Post 48 h
Post 72 h

Control
Mean
Std. Dev
158.9
16.3
146.1
16.1
155.1
19.5
154.1
15.1

Treatment
Mean
Std. Dev
165.1
12.6
155.5
10.3
161.1
10.7
174.7
14.1

N
5
5
5
5

249.2
234.4
240.1
238.5

245.7
250.2
249.1
251.1

10
10
10
10

13.1
7.9
10.3
10.9

9.0
9.9
9.0
8.7
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Peak Isokinetic Torque

Figure 4.1.3 – Peak Isokinetic Torque - illustrates mean differences in peak
isokinetic torque (Nm) between gender, the experimental treatment, and the
placebo over time (mean ± SD).
There were no statistically significant simple two-way interactions
identified. There were no statistically significant mean differences found
between the experimental or control group baseline peak torque measures.
Moreover, there were no statistically significant mean differences found
between the control group torque measures when compared to the treatment
at baseline, 24, 48 and 72-hour measures. Therefore, we accept the null
hypothesis stating that there will be no significant difference between the
89

placebo and treatment groups’ peak isokinetic torque of the knee extensors at
a constant speed of 60 degrees per second pre-and 24, 48, and 72 hours post
exercise.
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4.2 Range of Motion
ROM data distribution, presented in Figure 4.2.1 and illustrated in
Figure 4.2.2, means and standard deviations are shown in Table 4.1. All ROM
data were approximately normally distributed, except for male-48 hour
measures (p =. 01) as assessed by Shapiro-Wilk’s test (p>.05). There was
homogeneity of variances, variance for ROM scores, as assessed by Levene’s
test for equality of variances.
4.2.1 - Range of Motion Data Distribution

Figure 4.2.1- Range of Motion Data Distribution - shows ROM data
distribution for experimental treatment and placebo at baseline, 24, 48, and
72 hours post exercise for both male (N=12) and female participants (N=5).
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Table 4.2 Knee ROM Descriptive Data - - displays means and standard
deviation for gender and changes in knee ROM data for the experimental
treatment and the placebo at baseline, 24, 48 and 72 hours post exercise
Knee Range of Motion

Female
Baseline
Post 24 h
Post 48 h
Post 72 h
Male
Baseline
Post 24 h
Post 48 h
Post 72 h

Control
Mean
Std. Dev
144.6
4.0
144.0
4.0
143.5
4.6
143.9
4.2

Treatment
Mean
Std. Dev
142.7
3.1
141.7
3.8
142.7
3.5
142.8
3.5

N
5
5
5
5

136.2
135.6
135.5
134.3

137.6
135.4
136.8
137.0

12
12
12
12

1.4
2.2
2.7
2.2

2.1
1.9
1.5
2.0
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Range of Motion

Figure 4.2.3. Range of Motion - illustrates mean differences in knee ROM
between gender, the experimental treatment, and the placebo over time
(mean ± SD).
For the 3-way interaction, Mauchly’s text of sphericity indicated that
the assumption of sphericity had been met, 𝑥 ) (5) = 9.162, p = .104, for
treatment time interactions. There was no statistically significant three-way
interaction within time, gender, and treatment, F (3,45) = .149, p = .930.
Statistical significance of a simple two-way interaction was accepted at a
Bonferroni-adjusted alpha level of .025. There were no statistically significant
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simple two-way interactions identified (p < .05). There were no statistically
significant mean differences found between the experimental group’s baseline
ROM measures when compared to the treatment. Moreover, there were no
statistically significant mean differences found between the male or female
control group’s ROM measures when compared to the experimental
treatment at baseline, 24, 48 and 72-hour measures. Therefore, we accept the
null hypothesis stating that there will be no significant difference between the
placebo and treatment group’s knee range of motion pre-and 24, 48, and 72
hours post exercise.
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4.3 Perceived Muscle Soreness
Reported muscle soreness data distribution, presented in Figure 3.1.1
and illustrated in Figure 3.1.2; means and standard deviation are shown in
Table 3.1. Distributions of pain measures were similar for all groups, as
assessed by visual inspection the boxplots.

4.3.1 Reported Muscle Soreness Data Distribution

Figure 4.3.1 – Reported Muscle Soreness Data Distribution – shows reported
muscle soreness data distribution for experimental treatment and placebo at
baseline, 24, 48, and 72 hours post exercise for both male (N=12) and female
participants (N=5).
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Table 4.3 Reported Muscle Soreness Descriptive Data - displays medians and
standard deviation for gender and changes in muscle soreness ratings for the
experimental treatment and the placebo at baseline, 24, 48 and 72 hours
post exercise.
Muscle Soreness Scale 1-10

Female
Baseline
Post 24 h
Post 48 h
Post 72 h
Male
Baseline
Post 24 h
Post 48 h
Post 72 h

Control
Mean
Std. Dev
0
0
1.9
2.6
2.1
2.
1.8
1.8
0
1.8
1.3
.8

0
1.8
2.2
1.0

Treatment
Mean
Std. Dev
0
0
1
1.7
1.6
1.8
0
0
0
.8
.3
.3

0
.9
.5
.5

N
5
5
5
5
12
12
12
12
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Figure 4.3.2 - Perceived Muscle Soreness

Figure 4.3.2. Perceived muscle soreness - illustrates mean differences in
reported quadriceps muscle soreness by a Likert scale of 1-10 between
gender, the experimental treatment, and the placebo over time (median ±
SD).

Median pain scores between the experimental treatment and the
control were not statistically different at baseline, 24 or 48-hour post
measures. However median pain scores were statistically different between
groups at 72 hours post exercise, 𝑥 ) (3) = 8.948, p = .03. Median pain scores
were pain free the female experimental trial (0) as compared to the female
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control trial (1.8) at 72 hours post exercise. Pairwise comparisons were
performed using Dunn’s (1964) procedure with a bonferroni correction for
multiple comparisons. Adjusted P-values are presented. This post hoc analysis
revealed statistically significant differences in median VAS pain scores
between female experimental trial (0) and the female control trial (1.8) (p
=.043) group, but not any other group combination. Therefore, we reject the
null hypothesis stating that there will be no significant difference between the
placebo and treatment groups perceived muscle soreness pre-and 24, 48, and
72 hours post exercise. However, this finding only pertains to female
participants at 72 hours post exercise.

Summary of main findings:
•

There were no statistically significant mean differences found between
the treatment and placebo group’s peak torque measures pre-or postexercise.

•

There were no statistically significant mean differences found between
the treatment and placebo groups ROM measures pre-or post-exercise.

•

There was a statistically significant difference found between the
treatment and placebo groups pain scores (p=.043) at 72 hours post
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exercise, but not for male participants or any other group combination.
At 72 hours post exercise, pain scores were pain free the female
experimental trial (0) as compared to the female placebo trial (1.8).
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5 .0 Discussion and Conclusion
Current published research has indicated a strong preventative effect of
10-day supplementation with saffron on DOMS and related symptoms for
male university students (Meamarbashi & Rajabi, 2015). To our knowledge,
this is the first study to examine the effects of saffron with both men and
women on symptoms of exercise induced muscle damage. According to (Reid,
2001), antioxidant activities can either benefit force production or fatigue
prevention in humans directly or indirectly. A direct effect could be the
reduction of muscle fatigue at the level of contractile function. Indirect effects
of antioxidant activities may include enhancement of recovery from training,
and/or the reduction of physiological stressors that negatively affect training
and recovery. The rationale for ingesting polyphenols or polyphenol rich foods,
such as Saffron, with respect to improvement of force production and
recovery following exercise induce muscle soreness (EIMD).
•

Exercise-induced excessive free radical production is too high for the
endogenous scavenging mechanisms.

•

Muscle micro-damage causes neutrophil oxidative bursts.

•

The myoglobin breakdown products produce ferric acid.

•

The Lipid membrane and surrounding proteins damaged by oxidation
reactions.
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However, emerging research suggests that reducing cellular stress from
exercise may inhibit endogenous adaptations to regular training (Powers &
Jackson, 2008).
Although it is not within the scope of this study to identify the factors involved
in the preservation of strength or the reduction of muscle soreness; our
hypothesis was that the combined anti-oxidant and anti-inflammatory
properties of Saffron supplementation may lessen or eliminate exercise
induced DOMS and/or related symptoms.
This research was inspired by the previously published works by
(Meamarbashi & Rajabi, 2015) on saffron protective effect towards DOMS and
related symptoms; however, our findings of are not consistent with current
published literature. We found no statistically significant differences between
the saffron intervention and placebo groups peak torque measures at
baseline, 24, 48, or 72 hours post exercise. However, our results show that
there were no performance reductions in any of the male experimental trials
at 24, 48, and 72 hours post exercise compared to baseline, moreover neither
male nor female placebo treatment group’s fully recovered force output by 72
hours post exercise. Perhaps performance measures taken over the course of
7 days instead of three would have been more useful for establishing
differences in full muscle recovery. The lack of significant differences found
between baseline and 24-hour post exercise measures indicates that the
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exercise intensity selected was not intense enough to identify differences if
differences did exist. This same tendency is also noticed for maximum isotonic
force output for the saffron treatment group only in the previously published
work on saffron and its effects on DOMS. This suggests that either the exercise
intensity prescribed to induce DOMS was either not intense enough for the
saffron intervention group and/or that the intensities were not equivalent to
induce DOMS between treatment groups. Alternatively, perhaps saffron did
exert a strong protective effect on exercise induced DOMS. In addition,
similarly to the previously published works by Meamarbashi et al, (2015) our
experimental group showed the highest peak torque measures for both male
and female participants at 72 hours post exercise, an increase from baseline by
2.2% and 5.8% respectfully. Although this small increase in force production at
72 hours post exercise is well within the standard deviation and could be due
to random error, it could be conceivable that these small increases would
more likely be due to improved movement patterns or neural learning
adaptions rather than any performance enhancement benefits.
Similar findings have been reported on strength following 250 ml of
pomegranate juice supplementation ingested twice daily for 8 days prior to
eccentric exercise of the knee extensors, but not elbow flexor muscles
(Trombold et al., 2011). Their results indicated a mild, acute ergogenic effect
with pomegranate juice in only the elbow flexors and not the knee extensor
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muscles of resistance-trained individuals following eccentric exercise. The
authors attributed this discrepancy to either; the different exercise protocols
employed between the elbow flexors and knee extensors, or the inherent
feature of the knee extensors themselves (a phenomenon from the daily use
of quadriceps for ambulation), which provided protection from weakness and
soreness. For the elbow flexors, the exercise protocol consisted of three sets
of 20 maximal eccentric elbow extensions of fully resisting the full range of
motion from flexion to full extension. The protocol used for the knee
extensors was adjusted because knee extensor maximal eccentric torque
exceeded the torque limit on the cybex. Consequently, the eccentric knee
protocol used a fixed resistance set at 110% of the unilateral concentric 1RM.
It may be that the inherent features of the knee extensors may have provided
some protective effect towards (EIMD), and more likely that the adjusted
exercise for the knee extensors was not as intense as it was for the elbow
flexor muscles. However, because our study showed no significant differences
between the treatment or control baseline and 24-hour peak knee extension
torque measures it is in our case that the exercise stimulus selected may not
have been intense enough more so than any inherent feature the knee
extensors may have from ambulation.
There were no statistically significant mean differences found between
the male or female placebo or treatment groups knee (ROM) at baseline, 24,
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48 or 72-hour post exercise. The female treatment group knee ROM fully
recovered by 48 hours post exercise, however the female control group did
not reach full recovery by 72 hours post exercise. Neither the male treatment
nor control group reached full recovery of knee ROM by 72 hours’ postexercise. Because the measurement error of the goniometer measurements
are within 3 degrees and the differences observed are fractional at best,
therefore any trends noticed would most likely be due to measurement error.
Again this suggests that the exercise selected may not have been sufficiently
intense to induce the level of DOMS needed to detect differences if
differences did exist regardless of any inherent feature of the knee extensors
from ambulation.
The primary finding of this study was that at 72 hours post exercise, the
female experimental group was pain free compared to the female control trial;
a median difference of self-reported pain of 1.8 out of a scale of 1 – 10. This
difference was the only significant difference reported (p=.043). Also, although
our exercise stimulus was deemed less than ideal to induce DOMS to the
degree that we can see significant differences between measures of torque
and ROM, we did have higher and more prolonged muscle soreness ratings
than in the original published research.
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5.1 Anticipated Limitations
There were a number of limitations with the present research. Each is
discussed in the following section.
Bioavailability- participants were instructed to take their supplements
at their own accord and therefore were not all taken at the same time points.
Moreover, not all measures were taken exactly 24 hours later due to time
constrains of participant’s lifestyle. Therefore, it may have been useful to
measure serum saffron levels throughout the study as nutrient bioavailability
of substances will vary between individuals. Even when the body ingests a
known substance, it is impossible to evaluate bioavailability effects between
individuals without regular blood sampling, thus imposing the necessity of
assessing sufficient individuals for statistical analysis. Polyphenol
bioavailability ranges from two to 20 percent in animal studies and is typically
10% or less and humans. Humans being more genetically diverse than animals
may show similar differences or even perhaps larger (Manach, Williamson,
Morand, Scalbert, & Rémésy, 2005). For instance, a range of 5–57% of the
naringin, a phytochemical found in grapefruit, consumed with grapefruit juice
was found in human urine samples (Fuhr & Kummert, 1995). Fuhr (1995)
concluded that changes in the composition of the colonic microflora could
have explained the large interindividual variations in bioavailabily. Assuming
that polyphenol exposure in humans is similar to animal studies, regular blood
105

sampling should be recommended to establish individual bioavailability status
on small sample size research studies. If interindividual variations in
bioavailability is not feasibly controlled for or established, then a larger
population pool may be necessary to identify differences if differences do
exist.
In the previously published research on saffron and its claims towards
providing a protective effect towards DOMS, time of ingestion specifically set
at 6pm for all participant (Meamarbashi & Rajabi, 2015). Their pretest and
posttest data were specifically obtained between 11 to 12 am before the
supplementation period and repeated 24, 48, and 72 hours after eccentric
exercise. Blood samples taken at regular intervals during supplementation
would be needed to assess the kinetics of uptake and elimination of nutrient
supplements (Manach et al., 2005). The effects of saffron, if any, are mostly
attributed to its heavy polyphenol content. In 2005, Manache reviewed
polyphenol (flavanones) bioavailability extensively encompassing 97 studies
covering 18 different polyphenols from food, juice and oral supplements. The
effect of these compounds appears to be greatly tied to their time to maximal
plasma concentration and it has been made clear that this concentration could
vary from one to over 6 hours post ingestion. Not controlling for bioavailability
by regular blood sampling has clear limitations in exercise studies. Due to time
constraints and limited resources, we were unable to determine individual
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bioavailability or an estimation of time to maximal blood serum levels of
polyphenols from the ingested saffron. It is unknown how long saffron stays in
the human physiology or if the benefits are more favorable during peak
polyphenol blood serum levels. However, in crocetin-administered mice,
plasma crocetin reached its maxi- mum concentration within 0.5 h after the
dose and then decreased gradually (Asai, Nakano, Takahashi, 2005). As
nutrient bioavailability of substances will vary, assessing bioavailability of peak
polyphenol plasma serum levels would help clarify the amount of these
compounds absorbed and their time of peak blood serum levels from
ingestion. It is possible that none-responders simply are not processing the
substances ingested as efficiently and effectively as others.
Saffron quality - the quality may have been a limitation as many
intrinsic factors can affect the qualitative and quantitative accumulation of
biologically active compounds produced and/or accumulated in saffron. Such
factors affecting the quality of saffron include and are not limited to:
environmental conditions, cultivation and field collection practices, post
harvesting handling, storage, manufacturing, adulteration, and even
geographical origin (Kumar et al., 2008). Moreover, diagnosis of three family
tests of cultivated Iranian, Grecian, and Spanish saffron revealed that Iranian
samples are chemically very different than the Greek and Spanish samples
(Zalacain et al., 2005). To establish saffron quality certain recommendations
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are set by international commercial agreement as determined by ISO guideline
3632 (“ISO 3632-1:2011,”). The ISO has set a minimum requirement UV-vis
spectrometry of the 3 main bioactive compounds crocin, picrocrocin, and
safranal, which are responsible for saffron color, flavor and aroma,
respectively (Sirang Rasaneh, 2000). However due to some doubt about the
accuracy of the safranal spectrometry measures Hadizadeh et al,. (2006)
evaluated and compared samples of saffron using the ISO method and highperformance liquid chromatography (HPLC). The results indicated that crocin
concentrations in the analyzed saffron samples were close, but the ISO
method showed to significantly overestimation of the amount of safranal.
Therefore, the quality of the saffron is regulated by the current evaluation
methods used to quantify its potency and quality.
Non-Chewable Tablets - If the pills were to be chewed, it would be
easy to identify the saffron tablets from the placebo. If any of the pills are
chewed, the may be able to identify between treatments. All participants were
instructed not to chew any of the treatment pills provided.
Caffeine intake – Caffeine intake may reduce force decrements
following unaccustomed strenuous exercise and has shown to improve
endurance for the lower body musculature (Davis & Green, 2009; Warren et
al., 1993). Caffeine actions on performance enhancement and recovery
require more research as few studies have been published.
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5.2 Unanticipated Limitations
There were a few unanticipated limitations with the present research. Each is
discussed in the following section below.
Exercise protocol – Due to the lack of significant differences found
between baseline and 24-hour post exercise measures, it was suspected that
the exercise protocol used to induce DOMS was not intense enough to induce
the level of damage to see differences if differences did exist.
Limited sample size - Considering that the recruitment of 16 male and
16 female participants would have been ideal for statistical analysis, only 13
males and 5 females participated. Of these recruits, three male’s data were
omitted from the isokinetic torque analysis and one from both the ROM and
VAS measures. In addition to having a small sample size, large standard errors
were consequently formed from significant differences between participant’s
torque measures. These differences may have limited our ability to identify
differences between treatments. A good many studies on ergogenic
nutraceutical supplementation research evaluate small numbers of subjects
and therefore either though large mean changes are observed, results may not
reach statistical significance. Perhaps recruiting participants between the ages
of 19-35 was too a narrow an age range to attain the desired participant pool.
If we had been more liberal with our age exclusion criteria, we may have had a
larger sample size.
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Research Protocol Oversight - Due to a research protocol oversight,
maximal isometric torque measures may not have been measured at the same
joint angle. The joint angle was approximately five to10 degrees off depending
on the degree of flexibility beyond or below the angle of the participant’s full
knee extension. This oversight limits our ability to compare isometric torque
measures confidently but we believe that the effect of the overall torque
produced between measures would be minimal due to the counterbalancing
design of the study. The maximal isometric measures are listed in Appendix D.
Lastly, a small pilot study would have been helpful in reducing some of these
limitations and is recommended for future research in order to minimize
exercise protocol and equipment protocol oversights.
5.3 Conclusion
Although we had a limited sample size and unaccounted for
bioavailability of saffron ingestion, preliminary evidence suggests 10- day
supplementation of saffron may reduce muscle soreness following eccentric
exercise for females. However, no significant differences were found between
the saffron treatment group or placebo baseline compared to 24, 48, or 72 our post-exercise measures. Due of the lack of significant differences observed
between baseline and 24-hour post-exercise measures, it difficult to draw any
conclusions, as the exercise intensity selected was deemed not intense enough
to identify differences if differences did exist between treatments. Our results
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indicate that the effects of saffron ingestion on DOMS and related symptoms
are ‘still too early to tell’ as more research is needed to establish statistical
confidence of effectiveness.
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Appendix A – Invitation Letter and Informed Consent
Invitation Letter and Informed Consent
University of New Brunswick
Fredericton, N.B.

Study Title - The effect of 10-day supplementation of 300 mg of saffron on
delayed onset muscle soreness and maximal isokinetic and isometric force
development 24, 48, and 72 hours post unaccustomed strenuous eccentric
exercise.

Principal Investigator: Blair Wark MScESS candidate Blair.w@unb.ca
Supervising Investigators: Usha Kuruganti PhD Ukurugan@unb.ca

Purpose
Dear potential participants, we ask for your permission to enroll you as a
participant in a research study focused on investigating the preventative effect
of saffron (a widely available cooking spice) on delayed onset muscle soreness
(DOMS). The benefits of this research include improving our understanding of
how taking saffron may help prevent and/or manage delayed onset muscle
soreness and the consequential reduced performance factors resulting from it.
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The research may provide valuable information for those concerned with
muscular discomfort and pain that can limit participation in sports, training and
strenuous activity.

Study Contacts
If you have any questions regarding the research goals, scheduling, or other
concerns, please contact Blair Wark, Blair.w@unb.ca, 506-259-3737

Procedures
As a participant we will ask you to take a saffron dietary supplement (in the
form of a pill) once a day for ten days (some participants at some point during
the experiment will be taking a placebo instead). On day seven of this ten-day
period we will ask you to exercise under our direction in such a way as to
induce muscle soreness. We will then measure the gradual return of strength
and flexibility on days 8, 9, and 10, and compare the recovery of participants in
the treatment and placebo groups. After this you will be allowed an eightweek break, and then to come back and repeat the procedure.

During each 10-day supplement period you will be provided with a treatment
witness log and a dietary log sheet. The treatment witness log sheet and
dietary log sheet will be completed to the best of your ability and returned to
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the researcher. When the supplement is taken a signature and contact
information of any individual of your choosing will be required every day for
each and all 10 days. This will not only provide a witness to verify that the
supplement was taken, but will likely help you remember not to forget to take
it. The dietary log is a brief description of what you eat and drink over the 10day period.

You will be asked to come to the Richard Curry Centre on the UNB campus in
Fredericton on days 7, 8, 9, and 10 of the dietary supplementation period. You
will be expected to wear shorts and gym clothes for testing. In addition, you
will be asked to attend one familiarization session anytime before day 7 of
supplementation where you will be introduced to the equipment and
procedures. The Cybex HUMAC Norm (CSMI, USA Inc.) isokinetic
dynamometer located at UNB in the Richard Curry Centre, Fredericton will be
employed on day 7 of supplementation to assess strength and to induce
muscle soreness. The Cybex will also be employed to assess any strength
reductions on day 8, 9, and 10 of supplementation. A goniometer (basically a
gigantic protractor) will be used to assess the range of motion along the knee
joint before the exercise on day 7 and again after the exercise on day 8, 9, and
10. Moreover, on a scale from 1 to 10 (1 being no pain and 10 being severe
pain) you will rate your degree of muscle pain only in the thigh region on days
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7, 8, 9, and 10. Data collection will begin after participants sign and read the
informed consent form, the Waterloo Footedness Questionnaire, and Par Q
plus form. The Waterloo footedness questionnaire is a series of questions that
will be used to identify your dominant leg and a Par Q plus form is also a
questionnaire designed to assess your ability to participate in the exercise
component of the research.

After you are strapped into the Cybex and ready for the first strength
assessment you will push against the Cybex motor arm with your dominant leg
and all of your might while it is moving and when it is not moving at all. During
the strength assessment while the Cybex motor arm is moving and reaches the
speed limit set by the researcher any additional force applied will be recorded.
This is the same situation when you will be asked to push against the Cybex
motor arm when it is programmed not to move. All of the force applied when it
is not able to move will be measured and recorded. The exercise protocol
intended to induce delayed onset muscle soreness will also involve you pushing
your shin against the Cybex motor arm while at the same time the machine will
push back. This will allow your thigh muscles to lengthen while they are under
tension (called an eccentric muscle contraction) for a total of 60 reps (6 sets of
ten reps). After the exercise protocol strength measures will be taken again for
comparison between before and after exercise. All selected measures
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(maximum strength measures, knee range of motion, and perceived muscle
soreness, if any) will be taken before the exercise intended to induce delayed
onset muscle soreness on day 7 and on day 8, 9, and 10 for comparison. Also
you will be asked to not to consume caffeine for 2 hours before testing (and
preferably none at all). After the first 10 day period of supplementation an 8
week break will be provided where you will be given the other treatment
(treatment A or B) that you were did not take before and the process is repeated
once more.

Table 5 – illustrates the outline of the research design involving 10 days of supplementation,
the exercise protocol, and selected indirect measures of DOMS.

Days one through
six of 300mg of
saffron
supplementation or
placebo.

-Before data
collection begins,

Baseline measures
of the following
taken:

ROM

expectations and

*48 hours

*72 hours

exercise

post exercise

post exercise

Measures of:

Measures of:

Measures of:

ROM

ROM

ROM

Muscle Soreness

one-familiarization
sessions of protocol

*24 hours post

Max strength (peak
torque)

equipment setup
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will take place

*Exercise Protocol

Muscle

Muscle

Muscle

during this time.

Execution

Soreness

Soreness

Soreness

Post exercise, peak

Max strength

Max strength

Max strength

Day 8

Day 9

Day 10

torque measures

Day 1-6

Day 7

Figure 1 shows the Cybex during knee flexion as shown in the image to the left and knee
extension as shown in the image to the far right.

Exclusion Criteria
Only healthy male and female participants between the ages of 19 and 35 will
be recruited. Those who admit to participation in resistance training within the
last 3 months and/or diagnosed with diabetes or any other circulatory disorder
will be excluded from the study. Lastly, any past or present injury that would
remotely cause any risk to the participant is cause for exclusion.
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Costs
There is no direct cost to you for participation except for your time and your
due diligence. If for any reason you feel you have experienced extra costs for
participation that are unwarranted, please contact the researcher.

Risks and Discomforts
The eccentric exercises, which you will be asked to complete on the seventh
day of this project, are designed to make the knee extensor muscles in your
dominant leg quite sore. Most participants will temporarily lose 20% of their
normal muscle use, and up to a 40% loss may be experienced in some cases.
You can expect to experience pain and soreness for up to four to five days
afterwards, and it may be seven to ten days before you regain full muscle
strength.

Although there is some uncertainty about the safety of saffron when
consumed for long periods or at higher doses, the saffron pills you are asked
to take in this project are considered to be safe for medicinal consumption.
Saffron is a widely used cooking spice that is harvested from the crocus sativus
flower and is common in many diets. It is also used as a remedy against
various conditions in traditional medicine, and has been shown to be effective
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against high blood pressure, depression, and tissue inflammation. In several
recent studies using saffron or saffron-extracts against depression, some
participants reported adverse events during the study which included anxiety,
decreased appetite, and, headache. But the number of such reports was not
statistically significant, nor statistically different from the number of adverse
events reported by participants in the control group of these studies, i.e. those
who took sugar pills or some other placebo rather than saffron. A recent
scientific review of the safety of the medical use of saffron and saffron extracts
concluded that “daily doses of up to 1.5 g [per day] of saffron are generally
considered safe.” Toxic effects are reported with doses of 5 g and more. The
daily dose used in this study is 300 mg.
If you consent to participate in this project, there are certain safety
considerations, which you should be aware of:

•

Treat the saffron pills as you would treat any other medicine: they
should be kept out of the hands of children, and users should take care
not to exceed the daily dosage assigned by the research team.

•

Women who are pregnant should not take saffron or participate in this
study.

•

Individuals with food allergies should not participate in this study.
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•

Any change in your health during or immediately following the project
should be promptly reported to the research team.

If you are uncertain about whether consuming saffron, as a medicine is safe
for you as an individual, discuss this with the researcher before giving your
consent to be enrolled.

Privacy and Confidentiality
Your participation is confidential. Study information will be kept in a secure
location at the University of New Brunswick. All personal information gathered
for this study will be kept secure to protect his or her privacy and will not be
shared with anyone. Data collected and shared will be referenced by
alphanumeric code and will be kept in a secure location. All personal
information linking participants to their data will be destroyed one year after
the completion of the study. De-identified information gathered from
participants will be used and shared with for research purposes only. The results
of the study may be published or presented at professional academic level.

If you wish to receive feedback of the results of this study you can leave either
your email address or mailing address and permission to send you a summary
of the research findings. Taking part in the study is your decision. You may also
quit being in the study at any time. If you have any questions or concerns you
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are encouraged to contact the Principal Investigator (Blair.w@unb.ca),
Supervisor (ukurugan@unb.ca). If you have any questions about your rights as
a research participant, you may contact the Research Ethics Board chair (Steven
Turner) via email at ETHICS@unb.ca. This project has been reviewed by the
Research Ethics Board of the University of New Brunswick and is on file as REB
2016-127.

Thank you for your consideration. If you would like to participate, please email
me at Blair.w@unb.ca.

With kind regards,
Blair Wark
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Consent Respondent Agreement
I, the undersigned, do hereby acknowledge:
• I understand the purpose, procedures and risks involved, including the
exercise protocol to induce muscle damage.
• Also any questions or clarifications I have requested have been explained to
my satisfaction by the researcher.
• The research has been explained to me in a clear and concise manner.
• I voluntarily consent to participate.
• I have had an opportunity for my questions to be answered.
• I acknowledge that I may refuse to participate or to stop my participation in
the research at anytime.
• I understand that in addition to the required dietary log and witness
supplementation form I will be required to participate in this experiment
for approximately 3.5 hours over a 4-day period that will be repeated
again 6-8 weeks later accumulating approximately a total of 7 hours.
• I understand that if I have any further questions about this research project,
I may contact the graduate student facilitating the research
Blair.w@unb.ca or his faculty advisor, Usha Kuruganti at
ukurughan@unb.ca.

Name (print name)

Signature

Date

Witness (print name)

Signature

Date

□ I wish to receive a summary of research findings upon completion
Email/Address:

________-

______________________________________________
Have you engaged in regular lower body resistance training within the last 3
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months?
Yes

No

Are you expecting a child (pregnant)? Do you have any food allergies?
Yes

No

Yes

N
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Appendix B – Waterloo Footedness Questionnaire -Revised

Waterloo Footedness Questionnaire –Revised
Participant: _______________________________
Sex: M F

Age: ______

Instructions: Answer each of the following questions as best you can. If you always use one
foot to perform the described activity, circle Ra or La (for right always or left always). If you
usually use one foot circle Ru or Lu, as appropriate. If you use both feet equally often, circle
Eq. Please do not simply circle one answer for all questions, but imagine yourself performing
each activity in turn, and then mark the appropriate answer. If necessary, stop and pantomime
the activity.
1.
Which foot would you use to kick a stationary ball at a
La
Lu
Eq
Ru
target straight in front of you?
2.
If you had to stand on one foot, which foot would it be?
La
Lu
Eq
Ru

Ra
Ra

3.

Which foot would you use to smooth sand at the beach?

La

Lu

Eq

Ru

Ra

4.

If you had to step up onto a chair, which foot would you
place on the chair first?

La

Lu

Eq

Ru

Ra

5.

Which foot would you use to stomp on a fast moving
bug?

La

Lu

Eq

Ru

Ra

6.

If you were to balance on one foot on a railway track,
which foot would you use?

La

Lu

Eq

Ru

Ra

7.

If you wanted to pick up a marble with your toes, which
foot would you use?

La

Lu

Eq

Ru

Ra

8.

If you had to hop on one foot, which foot would you use?

La

Lu

Eq

Ru

Ra

9.

Which foot would you use to help push a shovel into the
ground?

La

Lu

Eq

Ru

Ra

10.

During relaxed standing, people initially put most of their
weight on one foot, leaving the other leg slightly bent.
Which foot do you put most of your weight on first?

La

Lu

Eq

Ru

Ra

11.

Is there any reason (i.e. injury) why you have changed
your foot preference for any of the above activities?

YES NO (circle one)

12.

Have you ever been given special training or
encouragement to use a particular foot for certain
activities?

YES NO (circle one)

If you have answered YES for either question 11 or 12, please explain: (use back if necessary)
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Appendix C – Witness Treatment Form
Witness Treatment Form
Research Project - The effect of 10-day supplementation of 300 mg of saffron on
delayed onset muscle soreness and maximal isotonic and isometric force
development 24, 48, and 72 hours post unaccustomed strenuous eccentric exercise.
Participant Signature

Witness Signature

Date/Time

Comments

I hereby acknowledge that the following information provided is accurate and
complete
Participant Signature
Note: This form must be completed, signed, and submitted to the researcher
following completion. Witnesses must be of the age of majority and
independent of the appraiser. Contact information of the witness may be
requested following form completion. Thank you for your participation.
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Appendix D – Maximal Isometric Torque Data Measures
Maximal isometric measures for male and female participants are located
below.

Participant
1
2
3
4
5
6
7
8
9
10
11
12
13
Average

Baseline
264.7
189.0
347.5
221.5
354.5
315.8
279.2
277.0
296.7
314.2
344.5
367.8
237.3
291.3

Participant
1
2
3
4
5
6
7
8
9
10
11
12
13
Average

Baseline
226.9
202.8
345.7
252.8
370.4
306.6
367.8
238.9
354.9
329.2
371.9
362.3
222.6
304.1

Max Isometric Toque (Nm)
(Experimental Treatment)
Zero
24 hour
252.7
278.2
220.8
237.1
293.3
333.4
226.0
304.5
306.4
299.5
287.5
380.5
259.4
294.2
249.9
253.1
266.5
281.0
234.2
184.1
323.4
335.0
324.3
357.9
195.1
192.7
264.6
287.0
Max Isometric Torque
(Control)
Zero
24 hour
203.6
245.6
215.8
273.6
265.6
282.6
209.3
229.8
325.6
327.4
294.9
338.7
221.6
372.5
248.7
253.0
239.0
344.2
275.0
325.6
358.7
340.4
344.5
432.1
193.5
244.5
261.2
308.4

48 hour
264.4
233.4
334.4
302.4
321.0
404.3
302.2
276.3
286.3
275.0
347.3
387.6
230.5
305.0

72 hour
246.8
234.4
326.7
245.0
328.4
369.6
329.8
299.7
344.0
299.9
334.2
426.9
224.8
308.5

48 hour
270.7
183.1
315.2
252.8
349.2
321.9
NA
258.8
367.4
283.7
335.0
367.6
209.5
292.9

72 hour
277.8
NA
314.3
228.1
341.0
355.3
329.8
242.5
398.9
300.0
314.9
373.2
220.0
308.0
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Participants
1
2
3
4
5
Average
Participant
1
2
3
4
5
Average

Max Isometric Toque
(Female Experimental Treatment)
Baseline
Zero
24 hour
48 hour
154.4
121.4
127.5
141.4
180.7
179.8
210.3
182.5
213.9
143.3
136.9
155.3
269.6
223.8
233.4
253.8
152.5
140.4
145.4
196.1
175.4
161.7
170.6
185.8
Max Isometric Torque
(Female Control)
Baseline
Zero
24 hour
48 hour
128.1
143.9
136.9
119.6
124.8
115.1
142.7
186.4
163.1
140.1
143.9
147.6
269.6
247.9
306.8
304.4
151.3
155.7
175.5
178.7
167.3
160.5
181.2
187.3

72 hour
140.7
175.5
182.1
272.6
191.0
192.4
72 hour
127.2
158.0
153.5
270.5
175.5
176.9

Measures highlighted were completed at the same joint angle whereas the
none-highlighted measures may have been taken at different joint angles. The
joint angle was approximately 5 to15 degrees off depending on the degree of
flexibility above and beyond or below the angle of the participant’s knee
extension.
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