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Summary:
Chronic idiopathic oro-facial pain has become a common complaint, resulting

increasingly in referral to the pain clinics world-wide. about 90% of the psychologically
stress-related patients of the psychiatric clinic of Eastman Dental Hospital, London have
been found to have associated idiopathic oro-facial pain. Psychological stress may
produce a situation where oxidative stress might enhance the production offree radicals,
especially OH radicals, in human biological fluids. Furthermore, it has been suggested
that. OH radicals are responsible for the production of many systemic and local tissue
injury diseases which may initiallymanifest as pain syndrome. Ithas been suggested that
the oxygen free radical production of sailcloth, 2,3-dihydroxybenzoic acid (DHB)is a
biological marker for the detection and quantification of OH radicals.
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Analyses of plasma samples collected from patients with chronic idiopathic oro-
facial pain and an equal number of age and sex matched control subjects revealed that

the patient group had significantly increased evidence for circulating levels of 2,3-DHB
after aspirin ingestion than control subjects. There was no significant difference in 2,5-
DHB levels between the two groups. The urine samples from the same individuals
showed evidence of measurable amounts of 2,3 and 2,5-DHB in both pre-and post-aspirin

samples. These results suggest that OFRs may be involved in the aetiology of pain in
patients that present with facial pain.

Introduction

Chronic idiopathic oro-facial pain is a common problem with a varied natural history,
including derangement of temporomandibular joint (TMJ), and has recently been estimated
to account for 40% of the referrals to pain clinics in the USA'. Asberg and Calsoon2 showed
that 25-43% of the general population are affected with facial pain at sometime in life and
there has been an increasing awareness that the prevalence of facial pain is greater than
incidence of patient referral. This disorder seems to be much more common in females, but
some authors believe that men and women are equally affected with more women seeking
treatment3

Two hypotheses have been proposed to account for the pathology of this condition:
(i) occlusal disharmony4and (ii) a response to psychological stress factors in the form of
failure to cope adequately with its. It has been reported" that a high proportion of the first
degree relativesof the subjectswith such pain alsosufferfrom emotionaldisorders and about
30-60% of patients with non-organic chronic facial pain suffer from depression. This
incidence seemsto be higherthan any othercategory of pain.A recent study7has shown that
depressed pain patients hadgreater pain intensity,greater interferencedue to pain and more
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pain behaviours than their non-depressed counterparts. Similarly anxiety may have a role
in the increaseof intensityof pain".Feinnmanet al9 has established in a clinical trial that there
was a little response to non-steroidal analgesics and a significant inhibition of pain in non-
depressed patients who were administered tricyclic antidepressants. This study supported
an earlier suggestion that pain might result from an underlying depressive disorder and
showed the efficacy of phenelzine, a Monoamine Oxidase Inhibitor (MAOI) in a double-blind
control trial'o.

Taken together, these argumentssuggestthat chronic painand depression may share
a common biological predisposition leading to specific underlying disturbances of tissue
biochemistry resulting in chronic pain syndrome". In looking for a general mechanism to
account for pain and TMJ dysfunction Proplikoet al.'2 claimed that emotional stress and pain
in animal and humans was associated with an increased Oxygen Free Radicals (OFRs)
activity. Evidence of increased OFRs and lipid peroxidation activity in patients with chronic
facial pain has recently been reported13".The possibility, therefore, exists that local or
systemic generation of oxygen derived free radicals (oxidants) may produce pain and also
tissue damage in patients with chronic facial pain.

Material and Methods
Ten patients (age range 26-64 years; 41.8:t11, Mean:tSD) with facial pain and lor

associated with other idiopathic oro-facial complaint and an equal number of healthy age
and sex matched controls (age range29-60 years; 42.1:t9.6) were included in this study
(Table-I). The patients were selected on the basis of their past medical and pain history and
who had been suffering for more than six months from facial pain and/or associated
problems. The patients were further assessed using two self report questionnaires:

Table-I: The patient and control groups examined in this study and the clinica.'diagnosis of
the patient group.
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Patient Control

Age sex Clinical Diagnosis Age Sex

1 45 F FAM 43 F

2 26 M FAM 29 M

3 33 F FAM, AO 30 F
4 33 F AFP, AO 38 F

5 41 F FAM, 00 41 F

6 64 F FAM,AO 60 F

7 48 F FAM, AFP, 00 44 F

8 52 F AFP,AO 55 F

9 35 F AFP 40 F

10 41 F AFP,OD 41 F

Mean age :t SO 41.8 :t 11 Mean age:tSD
42.1 :t 9.6
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Table - II: Hospital Anxiety and Depression (HAD) scale (15)
Name Date

Doctors are aware that emotions play an Importantpart in most illnesses. If your doctor knows about these feelings
he will be able to help you more.
This questionnaire is designed to help your doctor to know how you feel. Read each item and place a firm tick in the
box opposite the reply which comes closest to how you have been feeling in the past week.
Don't take too long over our replies, your immediate reaction to each item will probably be more accurate than a
long thought.out response.

Tick only one box in each section

I feet tense or 'wound up':

~Most of the time ...............................

A lot of the time ................................

TIme to time. Occasionally..............

Not at all..........................................

I still enjoy the things I used to enjoy:

~Definitely as much ...........................

Not quite so much ,........
Only a little .......................................

Hardly at all .....................................

I get a sort of frightened feeling as if
something awful is about to happen:

Verydefinitely and qUite badly ~Yes. but not too badly.....................

~;~a~.a~lu~.I~.~~~~.~.~~.~.~.~ ::::: .

I can laugh and see the funny side of
things:

As much as I always could :... ~Not qUite so much now"..................

~::::t::; ~~~.~~.~.~.~.n.~~:.::::::::::::::

Worrying thoughts go through my
mind:

A great deal of the time ~:::o~::t~~:~.~~;.~~;.;~.~~~~..::
Onty occasionally...........................

I feel cheerful:

~Not at all ..........................................

Not often ..........................................

Sometimes ......................................

Most of the time ...............................

I can sit at ease and feel relaxed:

~Definitely ........................................

Usuatly ...........................................

Not often ..........................................Not at all ...........................

I f-::vd~t;es~~:~.~~:~.: ~Very often .............................................

Somehmes ...........................................

Not at all ...............................................

I get a sort of frightened feetlng like
'buttertlles' In the stomach:

Not at all ~OCC3S1onally .........................................

Quite often ............................................

Veryoften I

I have lost interest In my appearance:

:':::.;;;;;;;;;;;;;;;;~;;;;;;;;~ ~ I
I may not take qUite as much care ........

1take lust as mucn care as ever I

I feel restlesa as if I have to be on the
move:

Very much indeed ~Quite a lot ............................................

Not very much I
Not at all I

licok forward with enjoyment to things:

~As much as ever I did ...........................

Rather less than I used to .....................

Definitely less than I used to .................

Harcly at all .........................................

I get sudden feelings of panic:

~Very often Indeed .................................
Quite often ............................................

Not very often .......................................

Not at all...............................................

I can enjoy a good book or radio or TV

pr~~:~~~ ~Sometimes ....................
Not often ...............................................

Very seldom .........................................

00___1IId_
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1. Hospital anxiety and depression (HAD) scale's.

2. McGill pain questionnaire'6.

There are seven items for anxiety and seven for depression in the HAD scale (Table-

II) and each item is followed by four possible responseswhich are then scored as 0,1,2, and

3. Score of 0-7 indicates no depression or anxiety, score 8-10 indicates mild depression or

anxiety and any score of 11 and above indicates frank anxiety or depression and is

independent of physical illness.

The McGill questionnaireconsists of 78works arranged in20 groups of which 1-10are

sensory, 11-15 are effective and 16 is evaluative, the remaining goups are sensory/

miscellaneous (Table III). In each of the groups the words are arranged in order of intensity.
The number of words chosen (NWC) reflects the pain rating index (PRI) and both are

raised in more severe pain. A present pain intensity (PPI) score is obtained based on a
scale of 1-5.

The materials used in this study were-water and ethyl acetate HPLC grade,
hydrochloric acid, sodium acetate, sodium citrate, citric acid and sodium hydroxide obtained

from BDH (all reagents were AnalaR grade unless stated otherwise) and 2,3-, 2,5- and 3,4-

dihydroxybenzoic acid (DHB) and 2-hydroxybenzoic acid from Sigma.

The detection of aspirin metabolites were determined using a modified method of

Grootveld and Halliwell in this study. Standard solutions of 2,3-DHB, 2,5-DHB and 3,4-DHB

were made up in HPLC grade water containing 50 mM HCI, to a maximum concentration of

10011Mand stored at40C. Solutionswereallowedto reach roomtemperatureand thoroughly
mixed before use.

Venous blood (10 ml.) was collected in heparinized tubes from medication free-at least

48 hours-controls and patients receiving treatment for facial pain before and two hours after

ingestion of 1.2 G of aspirin. Corresponding urine samples were collected one hour after the

blood samples were centrifuged at 1500g for 20 min. The plasma was collected and stored

at 200C until analysed. Aliquots of plasma samples (1 ml.) were treated with 50 111of 1 MHCI

and 20 I110fa stock solution of 3,4-DHB used as an internal standard. The samples were then

extracted with 10 ml. of ethyl acetate using a vortex mixer for 7 mins. The samples were then

allowed to settle before the top clear layer was decanted into another tube and reduced to

dryness under a stream of air in a water bath at 400C. Once dry the samples were redissolved

in 200 111of mobile phase, to which was added 50 111of 1 M HCI prior to analyses.
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Table - III: Me Gill pain questionnaire (16)

NAME: DATE:

Since your last visit, has your pain been:
SEVERITY FREQUENCY
1. Less severe 1. less frequent
2. The same severity 2. The same frequency
3. More severe 3. More frequent
Circle the word that describes how your pain feels right now: Present pain intensity
1. Nil 4. Severe
2. Mild 5. Most Severe
3. Moderate
Circle the words below that best describes your pain.
Use only one word in each group. Leave out any group if the words are unsuitable.

SENSORY AFFECTIVE EVALUATIVE
6 11 16

1 Tugging 1 Tiring 1 Annoying
2 Pulling 2 Exhausting 2 Troublesome
3 Wrenching 3 Miserable

12 4 Intense

1 Sickening 5 Unbearable
2 Suffocating

1

1 Flickering
2 Quivering
3 Pulsing
4 Throbbing
5 Beating
6 Pounding

2

1 Jumping
2 Flashing
3. Shooting

3

1 Pricking
2 Boring
3 Drilling
4 Stabbing
5 Lancinating

4

1 Sharp
2 Cutting
3 Lacerating

5
1 Pinching
2 Pressing
3 Gnawing
4 Cramping
5 Crushing

HOSPITAL NUMBER:

7
1 Hot

2 Burning
3 Scalding
4 Searing

13
1 Fearful

2 Frightful
3 Terrifying

MISCELLANEOUS
17

1 Spreading
2 Radiating
3 Penetrating
4 Piercing

8

1 Tingling
2 Itchy
3 Smarting
4 Stinging

14

1 Punishing
2 Gruelling
3 Cruel
4 Vicious

5 Killing

18

1 Tight
2 Numb

3 Drawing
4 Squeezing
5 Tearing

9
1 Dull
2 So re
3 Hurting
4 Aching
5 Heavy

15
1 Wretched
2 Blinding 19

1 Cool
2 Cold
3 Freezing

10
1 Tender
2 Taut
3 Rasping
4 Splitting

20
1 Nagging
2 Nauseating
3 Agonizing
4 Dreadful
5 Torturing
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After the initial extraction, the samples were further purified using a Spectraphysics

HPLC pump linked to a C 18, 5 11Mreverse-phase column 25 cm X 4.6 mm (Brownlee). The

mobile phase sodium citrate 30 mM and sodium acetate 27.7 mM buffer pH 4.75 was sparged

continuously with Helium gas during elution at a flow rate of 1.0 ml. per min. and the recorder

chart speed was 0.5 cm. per min. Electrochemically active compounds were detected on a

EDT LCA 16 electrochemical detector equipped with a glassy carbon working electrode and

an Ag/AgCI reference electrode set at a oxidative potential of 0.6 V. The infection loop (10

Ill)was cleaned at least three times with methanol, water and buffer respectively after each

injection.

Urine samples were further purified after thawing the frozen samples and thoroughly
mixed before 5 ml aliquots were transferred to glass tubes. The samples were then acidified
with 1.0 ml. of 1 M HCI and then extracted twice with 10 mls. of ethyl acetate. The combined
ethyl acetate extracts were evaporated to dryness under a stream of air in a water bath at
400C and then reconstituted with 250 III of 0.20 M HCI . The reconstituted samples were
diluted 1 in20 or 1 in 50with further0.20 M HCI before final analyses.The HPLCcolumn was
eluted under isocraticconditions usingsodiumcitrate (30mM)and sodiumacetate (27.7 mM)
buffer (pH 4.75) as the mobile phase.The flow rate was se! at 1 ml per min. and the recorder
chart speed was 0.5 cm. per min. Urine levels of 2,5-DHB after aspirin administration were
found to be very high, it was therefore necessary to reduce the sensitivity of the flatbed pen
recorder 1o fold after the elution of the 2,3- DHB peak. The response of the flatbed pen
recorder was found to be linear using serially diluted solutions of 2,5-DHB.

Results:

Psychological assessment:

The scoring of the patient and control groups is presented in Table-IV and shows that
the patient group had higher scorethan the control groupdemonstratingthat the patients had
higher anxiety and depression score but they did not have illness. In contrast, the control
group show no psychological stress related symptom. The control group had anxiety and
depressionscoresof 1Aj:OA and3.5j: 1.1 respectively whereas the scores for the patient
groupwere 8.2j:3.0and7Aj:2.3. Similarlythecontrolgrouphadnopaincomplaintexcepttwo
whoshowedmildpainresponseincontrasttopatientgroupshowinga scoreof 12.3j:3.9 in
McGill pain questionnaire.

Blood:

The plasma samples from all the subjects in this study showed no trace of 2,3-DHB

before aspirin administration. After aspirin ingestion, however, there were measurable levels

of 2,3-DHB in both groups; 5 out of 10 of the control subjects showed measurable levels of

2,3-DHB but interestingly all 10 of the patient group had measurable 2,3-DHB levels. The
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situation for 2,5-DHB is more complex in that, before aspirin administration several
samples showed a peak in the chromatogram that corresponded to 2,5-DHB. Specifically 2
out of 10 of the control group and 4 out of 10 of the patient group had measurable levels of
2,5-DHB. After aspirin administration all the subjects in both groups had measurable levels
of 2,5-DHB (Table-V).

Table-IV: Score showing in HAD scale and McGill pain questionnaire of patients with facial
pain and control subjects

1.4i 0.4 3.5i1.1 8.2i3.0 7.4i2.3 1 .3i3.9

(Mean i SO)

Table-V: Observed frequency of occurrence of 2,3- and 2,5-DHB in plasma samples from
control and patient groups

110

Control Patient

HAD McGill HAD McGill

Anxiety Depression Anxiety Depression

1 3 8 7 9 5 12

2 2 0 0 4 9 13

3 0 6 0 5 7 11-

4 1 4 0 10 6 19

5 2 0 0 6 9 14

6 4 0 0 14 ';.1"" 1 12

7 3 6 0 11 9 12

8 2 2 0 7 5 10

9 3 1 0 8 9 8

10 5 9 9 8 4 12

Control (n=10) Patient (n=1 0)

2,3-DHB 2,5-DHB 2,3-DHB 2,5-DHB

Before None 2 None 4

After 5 10 10 10
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I.

The individual plasma levels of 2,3 and 2,5-0HB after aspirin. administration for both

control and patient groups are shown in Table-VI. The levels of 2,3-0HB are 57:t.62 nM for

the control subjects (5 samples below detection limits) and 111:t.31 nM for the patient group,

these results are statistically different at a level of P~0.02. This was determined after the
substitution of a value of 10 nM for each of the control subject levels, that were below the level
of detection. This value is 50% of the detection limit. The situation for the circulation levels

of 2,5-0HB in both groups after aspirin administration is different to that seen for the 2,3-0HB

levels. There was no significant difference between the two groups for this metabolite, the

level of 2,5-0HB for the control subjects was found to be 293:t.145 nM while the'leveis for

the patient group was 319:t.190 nM (mean:t.SO).

Table-VI: Circulatingplasma levelsof2,3- and2,5-DHBs incontrolsubjects and inpatients
presenting with chronic facial pain, measured 2 hrs. after administration of 1.2
G aspirin

(NO' Not Oetectable )

Urine:

The identification and quantification of 2,3 and 2,5-0HB in urine samples was similar
to the method employed for the plasma samples. The recoveries of 2,3- and 2,5-0HB was
found to be of a similar order to that found for the plasma sample analyses. Interestingly the

111

Control (n=10) Patient (n=1 0)

2,3-0HB 2,5-0HB 2,3-0HB 2,5-0HB

(nM) (nM)
-
(nM) (nM)

1 87 155 111 600

2 NO* 108 144 250

3 NO* 179 141 139

4 NO' 480 133 75

5 NO' 200 118 383

6 58 429 56 259

7 90 400 142 139

8 NO' 500 81 331

9 200 266 80 366

10 81 214 108 645

Mean :t. SO 57:t. 62 293:t.145 111:t.31 319:t.190
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urine samples were found to contain a peak that elevated at an Identical position to 3,4-DHB.
which had been used as an internal standard in the analyses of plasma samples. This
compound was therefore. not used in the analyses of the urine samples. Furthermore. the
identification of 2,3-DHB was made difficult due to presence of a large peak Immediately prior
to 2.3-DHB. Consequently, the quantitative assessment of this compound is correspondingly
more difficult and prone to greater error limitations.

The urine samples from all the subjects in this study. unlike plasma. showed

measurable levels of a compound tentatively Identified as 2.3-DHB in the chromatogram
before aspirin administration. The levels in the patient group were found to be higher than
those in the control group. After aspirin administration the levels of 2.3-DHB increased in both
groups. The situation for 2,5-DHB is different from 2.3-DHB. in that all the samples before
aspirin administration showed higher peaks than 2.3-DHB but the patient group did not show
significant difference form the control group. After aspirin administration. the levels of 2,5-
DHB were much higher than before aspirin treatment in both the groups though the difference
between the groups was not statistically significant.

The urine levels of 2,3-DHB are 0.77:t.0.29 pM for the control subjects and 1.3:t.0.47

11Mfor the patient group before aspirin administration After aspirin administration the 2.3-
DHB levels were 1.69.:t 1.14 11Mfor the control group and 2.1:t0 77 pM for the patient group.
The situation forthe 2.5-DHB before aspirin treatment were 2.07:t 1.37 pM and 2.1.:t1.17 11M
respectively in control and patient groups. After aspirin treatment the levels were
20.47.:t 11.95 11Mfor the control group and 22.45.:t 10.43 pM for the patient group. The results
are shown diagrammatically in Figure 1. There were no statistically significant differences
between the comparable urine levels or 2.3 of 2.5-DHB. before or after aspirin ingestion. for
the control and patient groups.

Figure-1: Diagrammatic representation of the measured 2.3-and 2,5-DHB levels in urine
of control and patient groups
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Discussion:

The score of the HAD scale showed mild anxiety and depressive illness which in most

cases that does not correlate with the past medical, social, family and personal history.

Probably they tried to hide their psychological distress and to motivate the consultant that

the condition is due to a local or systemic organic cause. The same questionnaire form filled

in by the control group showed no psychological illness. on the contrary, the McGill pain

questionnaire form was filled in by both groups. The patient group showed higher score of

pain response which indicate a mild pain whereas control group showed no pain.

The plasma samples of both control and patient groups, before and 2 hours atter
ingestion of 1.2Gof aspirinwere purifiedand DHB levelsdeterminedaccording to a modified
method of Grootveld and Halliwell". Identification and quantification of DHBs was made
against pure commercially available standard material. All the post-aspirin plasma samples
showed peaksthat were assigned as being 2,3 and 2,5-DHB, having identical retention times
and relative retention times to a cocktail of standard materials. The peaks were further
identified by spiking with known amounts of 2,3 and 2,5-DH8 being specifically augmented
by the spiked material. Additionally, the hydrodynamic voltamagram profiles for putative
DHBs were very similar to standard materials.

Plasma samples that did not contain any internal standard did not show any peak with

a similar retention time to 3,4-DHB. The recovery of a standard mixture of 2,3 and 2,5-DHB

after ethyl acetate extraction was 74 and 62% respectively which is only~lightly different to

the original reported recoveries'". In contrast to the findings of Grootveld and Halliwell'"the

plasma samples showed clear separate peaks for 2,3 and 2,5 and 3,4-DHBs, presumably due

to enhanced reverse phase HPLC conditions obtained in this study. Moreover Grootveld and

Halliwell'" mentioned that 2,5-DHB may overlap 3,4-DHB.

The post aspirin plasma samples of this study showed a 2,3-DHB level of 111I31 nM

(meanISD) ranging from 56 to 144 nM. These results are, superficially, comparable to those

found by Grootveld and Halliwell'" where for the three patient studied they found levels of 235,

97 and 92 nM. While direct comparisons are difficult with such a limited number of samples

in the Grootveld and Halliwell study there are indications that the values are of a similar

magnitude.

Similarly for 2,5-DHB Grootveld and Halliwell'" found lev~!s of 1610,596 and 620 nM

for the same three pa1ients'. In this study I found that the circulation levels of this compound

2 hours after 1.2 G of aspirin ingestion was 319I 190 nM with a range of 75 to 645 nM. Again,

for 2,5-DHB there are indications that the circulating plasma levels found in two studies are

comparable. .

This study found that the Plasma levels of 2,5-DHB after aspirin ingestion were not
statistically different between the two groups.Thi-smay reflect the over riding importance of
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the enzymic hydroxylation of 2-hydroxybenzoic acid (salicylate), the immediate product of

aspirin catabolism. The amount 2,5-DHB produced by free radical mechanisms being
masked by the enzymic production with a large aspirin production with a large aspirin load.
On the other hand, the productionof the non-enzymicallyproduced 2,3-DHB does appear to,
potentially, be a sensitive marker for in vivo free radical production. Indeed given the central
theme of this investigation, it was interesting to find that patients with idiopathic oro-facial
pain had significantly higher circulating levels of 2,3-DHB after aspirin administration than
their age and sex matched cohorts. Before aspirin ingestion the urine samples from all the
patient and control subjects were found to contain electrochemically active compounds that
eluted at identical positions to 2,3 and 2,5-DHB. Given that all the subjects in this
investigation were askedto maintainan analgesic-freeper-clinic48 hoursperiod and that the
equivalent plasma samples show, particularly for 2,3-DHB , an absence of the salicylate
metabolites 2,3-DHB and 2,5-DHB, the assignment of the active nature of these pre-aspirin
administration components must be more tentative. The post-ingestion of aspirin urine
samples did, however, show specific augmentation of these peaks, as did spiking with
standard material.

The analytic problem with the urine samples is complicated by the fact that the 2,3-DHB

peak, obtained from the chromatographic conditions employed in this study, was partially

obscured by an electrochemically active component eluting immediately before the peak

assigned as 2,3-DHB. This clearly makes the accurate measure of urine levels of 2,3-DHB

difficult. In only comparable study Grootveld and Halliwell (1988)17showed in their pre-aspirin

sample of control subjects that there were no corresponding peaks for 2,3-DHB, 2,3-DHB or

immediately prior to 2,3-DHB. Given the limitations discussed above the results obtained in

this study for urine levels of 2,3-DHB and 2,5-DHB are, broadly, in agreement with Grootveld

and Halliwell17. Although it needs to be remembered that the Grootveld and Halliwell17 study

was based on the analysis of only one control subject. In this study the post-aspirin urine

levels of 2,3-DHB were 2.1.:tO.7711M ranging from 1.5 to 4.0 11Mand for 2,5-DHB the levels

were 22.5.:t10.23 11Mranging from 11.5 to 46.0 11Mranging from 0.5-4.0 11Mand 2,5-DHB

20.47.:t 11.95 11Mranging from 10.5 to 45.0 11M. In contrast the only control subject of

Grootveld and Halliwell study17 had levels of 2,3 and 2,5-DHB 4.2 11M and 46.8 11M
respectively.

In this study it was found that urine was a poor biological fluid to monitor the

production of hydroxyl radical activity on salicylate generated from aspirin ingestion. In

contrast plasma was found to be useful for the purposes of detecting and quantifying 2,3-

DHB and 2,5-DHB; the later not showingany demonstrabledifferences betweenthe patient
and control groups after aspirin ingestion. When the 2,3-DHB plasma levels of the patient

and control groups are compared there are statistically significant differences. The patient
group showedsubstanti~lIymoreofthis salicylatemetabolitethanthe control subjects.These
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results propose an interesting feature for potential therapeutic approaches to patents

presenting with facial pain. Ifoxygen free radical production is greater in these patients, the
possibility exists that anti-oxidant treatment may influence the levels of pain that they
experience, or a combination of anti-oxidant and anti-depressant therapy may be an
interesting future area of investigation.
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