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Abstract
The basal ganglia are involved not only with motor processes such as posture, pre-movement
planning and movement initiation, but also with the processing and modulation of nociceptive
somatosensory information. In the current studies, unilateral, intrastriatal 6-hydroxydopamine (6-
OHDA) was used to investigate how dopamine depletion alters nociceptive behavioral response to
chemical, thermal and mechanical stimulation in rats. Compared to control rats injected with
intrastriatal saline, rats depleted of dopamine displayed increased nociceptive responses to chemical
stimulation of the face and hyperalgesic responses to thermal stimulation of the hind paw without
alterations in rearing behavior or body weight gain. Minor changes were observed in the response to
mechanical stimulation of the hind paws and face. These data provide further evidence that the
dopaminergic nigrostriatal pathway plays a role in the modulation of nociceptive information.
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1. Introduction
Physiological, pharmacological, behavioral and clinical data provide evidence that the basal
ganglia are involved not only with motor processes such as posture, pre-movement planning
and movement initiation, but also with the processing of nociceptive and non-nociceptive
somatosensory information (for review, see Chudler and Dong, 1995). For example, neurons
in the caudate-putamen (CPu), globus pallidus (GP) and substantia nigra (SN) can respond to
low-threshold, non-noxious somatosensory stimuli (Carelli and West, 1991; Chudler et al.,
1995; Levine et al., 1987; Lidsky et al., 1979; Schneider and Lidsky, 1981; Schneider et al.,
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1982; Schneider et al., 1985) as well as to high-threshold, noxious, electrical, thermal and
mechanical stimuli (Bernard et al., 1992; Chudler et al., 1993; Koyama et al., 2000; Lidsky et
al., 1979; Lin et al., 1985; Richards and Taylor, 1982).

Recent evidence also suggests that dopaminergic systems within the basal ganglia play a role
in pain modulation. For example, Parkinson's disease is characterized by severe degeneration
of the zona compacta region of the substantia nigra and subsequent degeneration of the
dopaminergic nigrostriatal pathway (for review, see Wichmann and DeLong, 1996). Although
motor abnormalities are the most obvious symptoms of Parkinson’s disease, up to 63% of
patients with Parkinson’s disease exhibit spontaneous tactile sensory sensations described as
intermittent, poorly localized, cramp-like, aching and burning (Bulpitt et al., 1985; Goetz et
al., 1986; Hillen and Sage, 1996; Koller, 1984; Koller, 1992; Olanow et al., 2001; Riley and
Lang, 1993; Scherder et al., 2005; Schestatsky et al., 2007; Schott, 1985; Shulman et al.,
2001; Snider et al., 1976; Stein and Read, 1997; Waseem and Gwinn-Hardy, 2001; Witjas et
al., 2002). These painful sensory symptoms can often precede the diagnosis of Parkinson’s
disease (Koller, 1984; Koller, 1992; Quinn et al., 1986; Schott, 1985; Snider et al., 1976;
Waseem and Gwinn-Hardy, 2001) and may drive some patients with Parkinson’s disease to
the emergency room (Factor and Molho, 2000). Patients with Parkinson’s disease (Djaldetti et
al., 2004; Schestatsky et al., 2007) or lesions in the striatum (Peyron et al., 2004) may also
have reduced pain thresholds or allodynia. Furthermore, the reduced pain thresholds exhibited
by patients with Parkinson’s disease return to normal levels after the administration of levodopa
(Gerdelat-Mas et al., 2007).

Electrical and chemical (i.e., dopamine agonists and antagonists, opioids) stimulation and
electrolytic and chemical lesions of the CPu, GP and SN provide evidence that the basal ganglia
can modify behavioral responses to noxious stimulation. For example, dopamine depletion by
6-hydroxydopamine injection into the medial forebrain bundle, CPu and SN results in
hypersensitivity to mechanical (Saade et al., 1997; Takeda et al., 2005), electrical (Carey
1986) and thermal stimulation (Lin et al., 1985; Saade et al., 1997) and an earlier time of
autotomy after a peripheral nerve injury (Saade et al., 1997). A recent study (Tassorelli et al.,
2007) found hyperalgesic responses to painful chemical stimulation of the hind paw ipsilateral
to intrastriatal 6-OHDA administration. These data are consistent with the observation that 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-treated mice exhibit significant thermal
hyperalgesia (Rosland et al., 1992). Magnusson and Fisher (Magnusson and Fisher, 2000)
reported that microinjection of selective D2 receptor agonists into the dorsolateral striatum of
rats can suppress pain behavior as measured with the Formalin test without disturbing motor
behavior. Although D1 receptor agonists have no effect on pain behavior measured with the
Formalin test (Magnusson and Fisher, 2000), these drugs can result in anti-hyperalgesic
behavior in rats with paws injected with carrageenan (Gao et al., 2000). The involvement of
striatal D2 receptors in pain is also suggested by the significant correlation between striatal
D2 receptor binding and pain thresholds (Hagelberg et al., 2002; Hagelberg et al., 2004;
Martikainen et al., 2005).

Few studies have examined how the basal ganglia to modulate nociceptive information
originating from the trigeminal region. The majority of cutaneous nociceptive CPu and GP
neurons have large trigeminal receptive fields, sometimes incorporating the ipsilateral side of
the face or much of the entire body (Chudler et al., 1993; Chudler, 1998). Electrical stimulation
of the CPu can inhibit nociceptive neurons in the spinal trigeminal nucleus (Belforte and Pazo,
2005) and reduce the jaw opening reflex in rats (Belforte et al., 2001). However, the effects of
dopamine depletion on tonic persistent trigeminal pain have not been performed. The present
study examines the effects of dopamine depletion by unilateral, striatal administration of 6-
hydroxydopamine on the behavioral responses of rats to chemical and mechanical stimulation
of face and hind paws and to thermal stimulation of the hind paws.
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2. Results
All rats lost body weight during the first week after surgery. The maximum weight loss (mean
± se) was 24.8 g (± 3.7 g) and 21.9 g (± 3.1 g) for rats receiving saline injections and 6-OHDA
injections, respectively. Saline- and 6-OHDA-injected rats gained body weight at similar rates
and the total body weight gained by rats in these groups was not significantly different three
weeks after surgery (67.6 g ± 4.2 g for saline-injected rats; 66.4 ± 8.5 g for 6-OHDA-injected
rats; mean ± se; t-test, not significant). There were no gross abnormalities in locomotor ability
or in the number of rears performed by the rats during the first five minutes of the Formalin
test (saline-injected rats, 6.7 ± 2.2 rears; 6-OHDA-injected rats, 8.1 ± 1.0 rears; mean ± se; t-
test, not significant). All rats groomed normally and maintained a healthy fur coat.

Injection of 6-OHDA into the CPu resulted in severe loss of TH reaction product in the
ipsilateral substantia nigra (pars compacta) three weeks after injection. As shown in Fig. 1, TH
reaction product was absent or reduced in the SNc ipsilateral (left side) to the injection and
abundant in the SNc contralateral (right side) to the injection. No TH reaction product was
observed in control sections processed without antibodies or with the primary antibody only.

Injection of 2.5% Formalin into the upper lip of rats treated with intrastriatal saline resulted in
a biphasic increase in facial scratching (Fig. 2A). Immediately after Formalin injection, control
rats displayed an increase in facial scratching that lasted approximately 9 min (Phase 1). This
first phase was followed by a second increase starting 12 min after Formalin injection and
lasting 24 min after injection (Phase 2). The peak increase in facial scratching in saline-injected
rats occurred in the sixth time block (15–18 min after Formalin injection). Animals treated
with intrastriatal 6-OHDA also showed two increases (Phase 1 and Phase 2) in facial scratching
after Formalin injections. However, facial scratching remained elevated after 24 min. For data
analysis purposes, this prolonged period of increased scratching between 27 and 36 min after
Formalin injection was called Phase 3. In 6-OHDA-treated rats, the peak increase in facial
scratching occurred in the fifth time block (12–15 min after Formalin injection). Little facial
scratching was observed in any rats 45 to 60 min after Formalin injection. The times that 6-
OHDA-injected and saline-injected rats spent scratching during Phase 1 were not significantly
different from each other (Fig. 2B). However, 6-OHDA-injected rats spent significantly more
time scratching during Phase 2 and 3 than did saline-injected rats (p < 0.05).

Thermal stimulation of the hind paw resulted in rapid (~11 s) limb withdrawal in all rats. There
were no significant changes in hind paw withdrawal latency in rats one week after 6-OHDA
or saline injection (Fig. 3). Two weeks after injections, 6-OHDA-injected and saline-injected
rats demonstrated faster withdrawal times (less than 100% baseline latency), but these changes
were not statistically different from values one week after injection and there were no
differences in the values between the 6-OHDA-injected and saline-injected animals. Further
reductions in withdrawal latencies were seen three weeks after injections and rats injected with
6-OHDA had significantly faster right hind paw (contralateral to injection) withdrawal
latencies than rats injected with saline. Left hind paw (ipsilateral) withdrawal latencies were
not significantly different between 6-OHDA-injected and saline-injected rats. Also, the
withdrawal latency of the contralateral hind paw in 6-OHDA-injected rats at three weeks was
significantly faster than the withdrawal latency of these same rats one week after surgery.

Although the response thresholds to mechanical stimulation of the face increased in 6-OHDA-
injected rats, the change in threshold was not significantly different than that in saline-injected
rats during the three-week observation period (Fig. 4A). Mechanical response thresholds to
stimulation of the right and left hind paws were reduced in 6-OHDA-injected rats (Fig. 4B).
The response thresholds for these rats were significantly reduced at three weeks compared to
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those at one and two weeks. However, there were no differences between the hind paw response
thresholds of 6-OHDA-treated and saline-injected rats at any time.

3. Discussion
In the current experiments, unilateral depletion of dopamine in the substantia nigra by
intrastriatal administration of 6-OHDA altered the behavioral response to chemical, thermal
and mechanical stimulation. It is unlikely that the changes observed after 6-OHDA injection
were related to motor dysfunction because rats moved, explored and gained weight normally.
Moreover, rats exhibited increased, not decreased, responsiveness to chemical stimulation of
the face and faster responses to thermal stimulation of the hind paws. The ability of unilateral,
intrastriatal 6-OHDA injections to alter movement and affect the nigrostriatal pathway is highly
dependent on the dose and location of the neurotoxin injection. The magnitude of the movement
deficit is most significant when 6-OHDA is injected into three or four locations (Kirik et al.,
1998). However, single or two site injections of 6-OHDA have little and no effect on forelimb
stepping and skilled paw use. As demonstrated in the current experiments, the behavioral
responses to noxious sensory stimuli can be modified even with these smaller injections of
neurotoxin.

Rats treated with 6-OHDA exhibited more nociceptive behavior (increased face scratching)
when Formalin was injected in the face contralateral to the 6-OHDA injection when compared
to those rats treated with saline. This difference was observed during the late phase, but not
during the early phase, of the orofacial Formalin test. These results are in agreement with those
of Magnusson and Fisher (Magnusson and Fisher, 2000) who showed that intrastriatal injection
of eticlopride, a D2 antagonist, increased contralateral nociceptive responses and intrastriatal
injection of quinpirole, a D2 agonist, reduced contralateral nociceptive responses in the late
phase, but not early phase, of the hind paw Formalin test. In contrast to these results, Tassorelli
et al. (Tassorelli et al., 2007) found that unilateral 6-OHDA administration caused a significant
early phase and delayed late phase hyperalgesic response to Formalin injected into the
ipsilateral hind paw. It is possible that the differences in these studies are related to differences
in the site of chemical injections, methods used to measure nociceptive behavior, and in
physiological and anatomical differences between the trigeminal and spinal sensory systems
(for review, see Sessle 2005). The biphasic nature of the Formalin test is well documented
(Cadet et al., 1998; Clavelou et al., 1989; Clavelou et al., 1995; Raboisson and Dallel, 2004)
and the early response of the Formalin tests appears to be mediated by C-nerve fiber activation,
while the late response is caused by local inflammatory and spinal cord changes (Tjolsen et
al., 1992). Because 6-OHDA alters the late response but not the early response to chemical
stimulation of the face, dopamine appears to play a role in modulating inflammatory pain, but
not in C-nerve fiber mediated trigeminal pain.

The response to thermal stimulation was also modified by intrastriatal 6-OHDA administration.
Paw withdrawal latencies to thermal stimulation were significantly faster in rats injected with
6-OHDA compared to paw withdrawal latencies of saline-injected rats on the side contralateral
to dopamine depletion. The hyperalgesic response was not observed after thermal stimulation
of the hind paw ipsilateral to dopamine administration. These data agree with those of Saade
et al (Saade et al., 1997) who found that 6-OHDA or kainic acid administration into the striatum
or substantia nigra reduces nociceptive response latencies of the contralateral hind paw on the
hot plate and tail flick tests. Significant, inverse correlations between cold pain thresholds and
D2 binding potential in the contralateral putamen (Hagelberg et al., 2002) and heat pain
thresholds and D2/D3 binding potential in the ipsilateral putamen (Pertovaara et al., 2004) of
humans have also been reported. However, patients with unilateral Parkinson’s disease do not
display consistent lateralized pain symptoms. Of 21 patients with unilateral Parkinson’s
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disease, 7 had pain on the ipsilateral side, 2 had pain on the contralateral side and 12 had pain
on both sides (Djaldetti et al., 2004).

Alterations in the behavioral response to mechanical stimuli were less evident. Although the
forces necessary to evoke withdrawal thresholds of the face were elevated in rats injected with
6-OHDA, these were not significantly different from rats injected with saline. Withdrawal
thresholds to the mechanical stimulation of the hind paw contralateral to the side of 6-OHDA
injection were significantly faster three weeks after injection compared to one week after
injection, but these withdrawal latencies of dopamine-depleted and saline-injected rats were
not significantly different from one another. In contrast to these results, Takeda et al. (Takeda
et al., 2005) found that unilateral 6-OHDA injection into the medial forebrain bundle that
reduced TH immunoreactivity in the substantia nigra and ventral tegmental area resulted in
faster hind paw withdrawal responses to mechanical stimuli on the ipsilateral side. Anatomical
and physiological differences between trigeminal and spinal sensory systems may account for
some of the behavioral differences observed in these studies.

Although our vehicle injection did not contain 0.2% ascorbic acid, it is unlikely that this
additive resulted in the anatomical and behavioral changes observed after intrastriatal 6-OHDA
administration. Alterations in intrastriatal ascorbic acid levels do not result in degeneration of
the dopaminergic nigrostriatal pathway, but they can alter movement (Rebec and Wang,
2001). However, these behavioral changes occur within 20 min after changes in ascorbic acid
levels. In the current experiments, 6-OHDA/0.2% ascorbic acid injections into the striatum did
not affect any behavior measured for several weeks after it was administered.

Variation in the effectiveness of 6-OHDA to alter the behavioral responses to chemical, thermal
and mechanical stimuli may be due to the divergent pathways that underlie each of these
modalities. Alternatively, the relatively low forces used during mechanical testing may not
activate basal ganglia somatosensory systems. This hypothesis is supported by the finding that
patients with Parkinson’s disease have similar non-painful mechanical and warmth thresholds
as control subjects, but lower heat pain thresholds (Djaldetti et al., 2004). Modality-specific
differences in brain activation in patients with chronic neuropathic pain to cutaneous tactile,
cold and heat pain stimuli have also been noted (Becerra et al., 2006). Also, the majority of
neurons recorded in the CPu area where the 6-OHDA injections were made respond primarily
to nociceptive stimulation (Chudler et al., 1993; Chudler, 1998). Although significant
correlations between cutaneous heat pain thresholds and D2/D3 receptor binding potential in
the putamen have been reported, similar correlations between non-noxious tactile stimuli and
D2/D3 receptor binding have not been found (Martikainen et al., 2005).

The role of the basal ganglia in pain and nociception is strengthened by observations of patients
with Parkinson’s disease. For example, studies to evaluate the quality of life in patients with
Parkinson’s disease who have undergone pallidotomy procedures have revealed significant
reductions in Parkinson’s disease-related pain (Favre et al., 2000; Honey et al., 1999; Martinez-
Martin et al., 2000). Honey et al. (Honey et al., 1999) found significant pain reductions (as
measured with a simple ordinal pain scale) at six weeks and one year after pallidotomy in the
majority of their patients. However, two patients with "dysesthetic" type pain reported that
their pain was the same or worse one-year postoperatively. The absence of pain relief in
response to sympathetic nerve blockade in patients with (Sage et al., 1990) and the normal
clinical and electrophysiological status of peripheral nerves and roots (Schestatsky et al.,
2007) in patients with Parkinson’s disease argue against a muscular source of pain in these
patients. It has been hypothesized that some of the motor phenomena observed in Parkinson’s
disease patients are related to the inability to utilize somatosensory cues (Rothblat and
Schneider, 1993; Tatton et al., 1984). For example, deficiencies in the ability to use
environmental cues may result in delayed signals for the initiation or preparation of movement.
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Altered pain sensibility in patients with Parkinson’s disease may also contribute to these motor
phenomena.

Numerous brain imaging studies (i.e., positron emission tomography and functional magnetic
resonance imaging) have provided additional evidence that the basal ganglia play a role in
nociception (for reviews, see (Kurata, 2002; Peyron et al., 2000). These studies demonstrate
that blood flow within the caudate nucleus, globus pallidus and putamen can be altered by
experimentally-induced pain (i.e., noxious chemical and thermal stimuli) and during clinical
pain states such as headache, restless legs syndrome, burning mouth syndrome, and
fibromyalgia (Bingel et al., 2002; Chudler and Bonica, 2001; Jaaskelainen et al., 2001; San
Pedro et al., 1998). Moreover, in rats, glucose utilization within the CPu increases after chronic
constriction of the sciatic nerve, a neuropathic pain model (Mao et al., 1993).

The pathways by which the basal ganglia exert their modulatory influence on nociceptive
information are still unclear. Nociceptive information may reach the basal ganglia through
multiple pathways (Chudler and Dong, 1995) and it may be that ascending sensory signals are
modified relatively early in the information processing sequence. Alternatively, descending
modulation of nociceptive neurons in the medullary dorsal horn by intrastriatal dopaminergic
agonists has been demonstrated (Belforte and Pazo, 2005). These mechanisms for basal ganglia
modulation of nociceptive information are not mutually exclusive and further
electrophysiological and behavioral experiments should provide new information to resolve
this issue.

4. Experimental Procedure
4.1 Experimental Animals and Surgery

Adult, male Sprague-Dawley rats (N=17; 287–405 g body weight) were used in these
experiments. Rats were maintained on a 12 hr dark/12 hr light cycle and had ad libitum access
to food and water. Body weight measurements were made prior to surgery and for three weeks
after surgery. All experiments were approved by the University of Washington Institutional
Animal Care and Use Committee and conform to the guidelines outlined by the International
Association for the Study of Pain (Zimmermann, 1983).

After baseline thermal and mechanical behavioral testing, rats were pretreated with
desipramine hydrochloride (25 mg/kg, i.p.) to protect noradrenergic pathways and atropine
sulfate (0.4 mg/kg, i.m.) 30 min before being anesthetized with sodium pentobarbital (40 mg/
kg, i.p.). A midline incision and craniectomy to expose the cerebral cortex overlying the left
caudate-putamen (CPu) was then performed. A solution of 6-hydroxydopamine hydrobromide
(6-OHDA) in 0.9% saline with 0.2% ascorbic acid (Sigma Co., #H116) or 0.9% saline was
placed in a 5 µl or 10 µl Hamilton microsyringe. The microsyringe was then lowered into the
CPu (AP:−0.8; LR: 4.0; H:5.5 (Paxinos and Watson, 1986).

A total of 5 µg (2 µl) of 6-OHDA was injected at this site into three rats and an additional 5
µg (2 µl) 6-OHDA was injected at a depth of 6.5 mm into eight rats at a rate of approximately
0.5 µl/min. The microsyringe was left in place for 4 min after each injection. Control injections
of saline (0.5 µl/min; 2 µl; 1 rat; 4 µl; 5 rats) were made into the same area of the CPu. Rats
were allowed to recover for two days before behavioral testing.

4.2 Behavioral Testing
For two days prior to surgery and every two days after surgery, rats were tested for their
responses to mechanical stimulation of the face and hind paws and to thermal stimulation of
the hind paws. For mechanical stimulation testing, rats were placed in a cage with a wire floor.
Calibrated Semmes-Weinstein monofilaments (North Coast Medical, Inc.) were applied to the
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vibrissae region of the face and through the wire floor onto the plantar surface of the rats’ hind
paws in an ascending series. The minimal force (g) required to produce head or hind paw
withdrawal on three applications was defined as the threshold strength. The interstimulus
interval for mechanical stimuli betweens paws was 3 min. For thermal stimulation testing, a
Hargreaves Thermal Stimulator (IITC, Inc., Model 33; beam setting = 7) was used. Rats were
placed in clear Plexiglass boxes on a glass floor. Each hind paw was tested three times (intertrial
interval, 3 min) and the averaged latency to evoke a paw withdrawal reflex was determined.
The orofacial Formalin test (Raboisson and Dallel 2004) was used to measure the response of
each rat to chemical stimulation three weeks after 6-OHDA or saline injection. For this test,
rats were restrained lightly and injected subcutaneously (50 µl) with Formalin (2.5% solution)
into the right upper lip (contralateral to the side of intrastriatal 6-OHDA injection). After the
injection, rats were placed in a clear Plexiglas box (width, 25 cm; height, 21 cm; length 47 cm)
and their behavior was recorded using a digital video camera for one hour. The amount of time
each rat spent rubbing or scratching its perinasal area using its fore paws and hind paws was
determined for three-minute intervals during a one-hour observation period. The number of
times each rat reared up on two hind paws to extend its snout over the top of the Plexiglass box
was counted during the first five minutes of the Formalin test to provide a measure of motor
activity.

4.3 Statistical Analysis
Mechanical response thresholds and thermal response latencies were compared to baseline
values for each rat. Data were collated into weekly averages and analyzed using repeated
measures ANOVA methods, followed by paired comparison with Student’s t-tests with a
Bonferroni corrections. For all statistical tests, significance was set to p < 0.05.

4.4 Histological Analysis
Following the Formalin test (21 days post surgery), rats were overdosed with sodium
pentobarbital and perfused through the heart with 4% paraformaldehyde in 0.1 M phosphate
buffer. The brain of each rat was removed and postfixed in 4% paraformaldehyde solution and
then placed in phosphate-buffered 30% sucrose. Dopaminergic degeneration was determined
by examining tyrosine hydroxylase staining within the substantia nigra. Serial frozen, coronal
sections (50 □m thickness) through tissue containing the microsyringe needle track (CPu) and
the substantia nigra were made and processed for immunohistochemical staining of tyrosine
hydroxylase (TH). Free-floating sections were incubated with a polyclonal TH antibody
(Chemicon, #AB5986; 1:2500 dilution; overnight at room temperature). An avidin-biotin
peroxidase method with a secondary biotinylated anti-rabbit IgG (1:500 dilution, 2 hours) and
nickel enhanced 3,3’-diaminobenzidine with 0.0125% hydrogen peroxide was used to localize
the TH antibody. Selected control sections were also processed in the absence of all antibodies
and with the primary, but not secondary antibody. Stained sections were mounted on gelatin-
coated slides, dehydrated and covered with cover glass.
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Figure 1.
Loss of tyrosine hydroxylase (TH) immunostaining in the substantia nigra after unilateral,
intrastriatal 6-OHDA administration. Top and bottom, respectively: Severe and partial loss of
TH reaction product on the side ipsilateral (left side) to the 6-OHDA injection in two rats.
Arrows indicate the substantia nigra, pars compacta. Scale bar = 1 mm.
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Figure 2.
Effect of unilateral, intrastriatal 6-OHDA adminstration on Formalin-induced facial scratching.
A: Time course of facial scratching and grooming represented in blocks of 3-minute intervals
after the Formalin was injected into the upper lip. The duration of Phase 1, 2 and 3 are indicated
brackets above different data points. B. Averaged facial scratching and grooming during Phase
1, 2 and 3 after Formalin was injected into the upper lip. Data are presented as the mean ± se;
(* = p< 0.05, t-test.)
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Figure 3.
Effect of unilateral, intrastriatal 6-OHDA adminstration on hind paw withdrawal latency to
thermal stimulation. Changes in thermal withdrawal latency of the right (contralateral to
injection) and left (ipsilateral to injection) hind paws from baseline levels (100%) are presented
as weekly means ± se for rats injected with 6-OHDA or saline. (* = p< 0.05, t-test.)
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Figure 4.
Effect of unilateral, intrastriatal 6-OHDA adminstration on the force necessary to evoke a
withdrawal to mechanical stimulation of the face (A) and hind paw (B). Data are presented as
weekly mean (± se) changes from baseline levels of gram force necessary to cause a withdrawal
response. (* = p< 0.05, t-test, week three compared to week one.)
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