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Abstract : Gap junction proteins are expressed in the pre-Botzinger complex
of the respiratory network but it remains under discussion how they
modulate the respiratory rhythm generation. In the present study we
tested whether the gap junction blockers 18-B-glycyrrhetinic acid (18-B-
GA) and 18-0-glycyrrhetinic acid (18-0-GA) change either the phrenic nerve
(PN) discharge frequency or amplitude. The PN discharge was recorded
using the working heart-brainstem preparation of adult wistar rats (P22-
P28) exposed to increasing concentrations of the gap junction blockers (0.1;
1; 10; 20 uM). With the two lower concentrations (0.1; 1 uM) of 18-B-GA,
PN discharge frequency decreased to 46+15% (p=0.007) of the control value
while it increased to 173+57% (p=0.16) with the two higher concentrations
(10; 20 uM). Surprisingly, with 18-0-GA the PN discharge frequency was
not significantly changed with any of the concentrations used. Enhancing
the respiratory drive with 12% CO,, the PN discharge frequency increased
tendencially with rising concentrations of 18-B-GA, but again no significant
change was observed with 18-0-GA. PN-amplitudes were slightly reduced
over the course of the experiments, while the frequency of the heartbeat
was not significantly changed at any time with any concentration.

Key words : gap junctions gap junction blockers
respiratory rhythm generation
working heart brainstem preparation
18-a-glycyrrhetinic acid 18-a-glycyrrhetinic acid

INTRODUCTION which generates rhythmic activity and leads

to periodic contractions of abdominal,

Breathing in mammals is controlled by a diaphragm and thoracic muscles. The
neuronal network of medullary neurons, neurons involved are connected through

*Corresponding author: Tel.: +974 492 8334; Mobile : +974 348 0728; Fax : +974 492 8333
E-mail: dib2015@qatar-med.cornell.edu
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a respiratory network, which is located
in the pre-Boétzinger complex (PBC), a
morphologically defined region within the
ventral brainstem (1). Respiration is divided
into three distinct phases: inspiration, post-
inspiration and expiration. Depending on
their discharge pattern, the neurons of this
network can be distinguished by their
activity in relation to the respiratory cycle.
Accordingly, they are classified as early-
inspiratory (early-I), augmenting-inspiratory
(aug-I), late-inspiratory (late-I), post-
inspiratory (post-I), augmenting-expiratory
(aug-E) and pre-inspiratory (pre-I) neurons
(2). Each subtype of the inspiratory neurons
has its specific function for rhythm
generation and pattern formation (3, 4).

Gap junction channel-proteins consist of
connexins that establish a direct connection
between neighbouring cells, and therefore
provide a direct exchange path for small
molecules and ions. They also couple neurons
electrically (5, 6). Electric communication via
gap junctions is compulsory for pacemaker
neuron synchronization in mammals, as it
was demonstrated for the heart and
neocortical pattern generator (7, 8). Gap
junctions have also been detected in the
brainstem, and recently, it has been
demonstrated that gap junctions are also
important for rhythmogenic inspiratory
neurons in the pre-Boétzinger complex of both
neonatal and adult rats (9, 10). Using
immunohistochemical methods Solomon and
co-workers (9, 11) detected connexin 26
(Cx26) as well as connexin 32 (Cx32),
although their relative amounts and
distribution varied with age. Connexin (Cx26)
was present in high amounts in neonatal rats
(<7d) but declined with age, while connexin
32 (Cx32) was sparse in the juvenile tissue
but increased with age.
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The influence of gap junction coupling
within the respiratory network was
demonstrated by Bou-Flores and co-workers
(12) by pharmacological blockade, which
resulted in a reduced inspiratory burst
frequency. These experiments were done
using the brain stem-spinal cord (en bloc) or
medullary slice preparation of neonatal (P1-
P5) Swiss Webster mice (12). On the other
hand, Solomon and co-workers (13) found an
increase of the respiratory frequency when
blocking gap junctions. They performed their
experiments with adult rats (5-6 weeks old)
utilizing an in situ “working heart-brainstem
preparation” (WHBP) (14). It is unknown
whether differences in these results are due
to the way the tissue was prepared, or are
simply a reflection of the different ages or
species of the animals used.

Here we test if the gap junction blockers
18-B-glycyrrhetinic acid (18-B-GA) and
18-a-glycyrrhetinic acid (18-a-GA) change
PN discharges using the in situ WHBP
with adult wistar rats (P22-P28). In light of
the results presented above, our objective
was to study a concentration response
relationship for the gap-junctions blocker 18-
B-GA and 18-a-GA. Our study provides data
that might help to illustrate the functional
role of gap junctional communication in the
respiratory network.

METHODS
Preparation

In order to test the effects of gap junction
blockers 18-a-GA and 18-B-GA (both
purchased from Sigma-Aldrich Chemie
GmbH, Germany), we used the in situ
perfused brainstem preparation (14) with adult
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Wistar rats P22-P28 (Rattus norvegicus
familiaris). The animals were bred in the
animal facility of the University-Clinic of
Essen. Our procedures have been extensively
described (15, 16) and ensured a maximum
reduction of discomfort and pain to the
animals. The following are the main steps
of the preparation: animals were deeply
anaesthetized with isoflurane, and the absence
of the tail flick reflex was taken as an
indicator that the animals were pain free.
The skull was opened with a scalpel and the
cortex was removed at the pre-collicular
level. The animals were then transected right
above the diaphragm and the lower part of
the body was removed. These steps were
performed as quickly as possible to avoid
ischemia time. The preparation was
transferred into ice-chilled artificial
cerebrospinal fluid (ACSF) of the following
composition: 125 mM NaCl, 24 mM NaHCO,,
5 mM KCI, 2.5 mM CaCl,,1.25 mM MgSO,,
1.25 mM KH,PO,, 1.1 mM glucose. The ACSF
had an osmolarity of 290 mosmol and was
gassed with carbogen (95% 0,/5% CO,) for at
least 15 minutes. The pH was adjusted with
HCI or NaOH and maintained at 7.3 to assure
in vivo like conditions. In addition, 3.5¢g
Ficoll (Sigma-Aldrich Chemie GmbH,
Germany) was applied, and the total
osmolarity was increased to 300-330 mosmol.
The animals were transferred to the
recording chamber and were retrograde
perfused with ACSF via the abdominal aorta.
To assure the respiratory drive, we gassed
the perfusion with oxygen which contained
either 5% CO, (ACSF pH 7.35) or 12% CO,
(ACSF pH 7.2) to achieve a higher chemo-
stimulation. The temperature of the
perfusate was maintained at 31°C. We used
a peristaltic pump (Watson Marlow 205 U)
to circulate the ACSF through the
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preparation. Bubble traps and filters in the
flow system minimized the risk of embolism
by air bubbles in the animal. The pump was
running at 60-80 rotations per minute, which
provided a pressure between 50-80 mmHg at
the level of the abdominal aorta. To assure
muscular paralysis we applied Vecuronium
bromide 0.04 pg/ml (Norcuron, Inresa
Arzneimittel GmbH, Germany). The PN was
isolated, cut and the end was taken into the
tip of a glass electrode to record the nerve
discharges.

Drug solutions

The gap junction blockers 18-0-GA and
18-B-GA were dissolved in ethanol (stock
solution 10 mM). Final concentrations (0.1-
20 uM) were made immediately before the
experiments, diluting the stock solution with

ACSF.
Electrophysical recordings

PN discharges were recorded by suction
electrodes in order to monitor central
respiratory activity. The electrodes were
made from soda glass without filament, with
an outer diameter (@) of 1.4 mm (Hilgenberg,
Malsfeld/Germany). The glass electrodes
were produced with a micropipette puller
Model Flaming/Brown P-87 (Sutter
Instrument Co. USA). The electrode was
filled with the ACSF, which was connected
by a silver wire to an amplifier (custom-
made at the electronics workshop of the
University of Mainz/Germany). PN activities
were amplified (2,000-10,000x), band pass
filtered (100-5000 Hz) and monitored on a
strip chart recorder. This set-up allowed
recording of both PN electrical discharge and
heartbeat frequency simultaneously.
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Experimental protocol

The major focus of this study was to
observe PN discharges before and during
pharmacological blockade (i.e., uncoupling)
of gap junctional proteins. To monitor the
PN discharges under control conditions
(CTR), they were recorded for 15-20 minutes
during perfusion with normal ACSF gassed
with either 5% CO, or 12% CO, The preparation
was then perfused with the gap junction
uncoupling agents. During the experiment
the concentrations increased in steps from
0.1, to 1 and 10 uM and finally to 20 uM. The
concentrations were changed after 30 minutes of
application. PN discharges were recorded
continuously throughout the entire experiment.

Data analysis

The data were recorded on hard disc for
off-line analysis. PN discharges were also
recorded on paper charts throughout the
entire length of the experiment. To
standardize our experiments, we analyzed the
PN discharges after 30 minutes exposure of
gap junction uncoupling agents. Mean values
(£S.D.) were calculated with Microsoft Excel.
Frequencies of both the PN discharges and
the recorded heartbeats were standardized
by expressing all values as a percentage of
the control value, which was set as 100%.
To evaluate the statistical significance of the
experiments we used the student’s t-test and
presented them as P-values. The statistical
significance was set as (¥) P<0.05, (*%)
P<0.01 and (***) P<0.001.

RESULTS

Results were obtained from a total of 37
experiments (22 experiments using 5% CO,
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and 15 experiments with 12% CO,). 18-a-GA
and 18-B-GA were applied in 19 experiments
each.

Phrenic nerve discharge characteristics under
control conditions

Eupnoenic discharges are characterized
by a ramp like discharge pattern (Figs. 1A,
B, C, D). PN discharge frequency under
control conditions (6% of CO,) was 10+2.43
discharges/min and with 12% of CO, the
frequency was 11.6+3.58 discharges/min.
The effects of the uncoupling agents on
PN discharge were mostly reversible in
experiments using the ACSF without gap
junction uncoupling agents after 45-60 min
(data not shown; n=3).

Concentration dependence of phrenic nerve
discharge frequency after blockade of gap junctions

When the solution was gassed with 5%
CO,, the PN discharge frequency varied
depending on the different 18-B-GA
concentrations used (Fig. 2A). At a
concentration of 0.1 uM, PN discharge
frequency was decreased to 46+15.4%
(p=0.008, n=5) compared to control
conditions. The PN frequency decreased
slightly further when 1 uM was applied
(49.3+26.9%; p=0.007, n=5). But, when the
concentration of 18-B-GA was increased to
10 uM, PN discharge frequency was no longer
reduced, but rather increased to 134.6+66.1%
(not significantly different from the control
value; p=0.4, n=4). Further increasing the
18-B-GA concentration to 20 uM made this
observation more pronounced (173.4+57.2%;
p=0.2, n=3).

18-0-GA did not change the PN discharge
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Fig. 1: Characteristic changes of burst discharges in the PN of adult wistar rats (P22-P28) under control
conditions (CTR) and after blockade of gap junction proteins with 18-a-glycerrhetinic acid and 18-3-
glycerrhetinic acid with rising concentrations: A) Changes of PN frequency after application of 18-B-GA
(0.1-20 uM; 5% of CO,). B) Changes in PN discharge frequency after different applications of 18-0-GA
(0.1-20u M; 5% CO,). C) Changes of PN frequency after application of 18-f-GA (0.1-20 uM; 12% of CO,.
D) Changes in PN discharge frequency after increasing applications of 18-a-GA (0.1-20 uM; 12% CO,).

frequency significantly at any concentration
using 5% CO, (Fig. 2B; 0.1 uM: 107.4+£50.6%,
p=0.9, n=5; 1 uM: 132.8+36.8%, p=0.2, n=3;
10 uM: 107.4+58.1%, p=0.7, n=3; 20 uM:
145.6+25%, p=0.09, n=3).

When the respiratory drive was boosted
by the use of 12% CO, in the ASCF, neither
of the two gap junction blockers altered the
frequency of the PN discharges significantly
at any concentration used. With 18--GA (0.1-

20 uM) the observed PN discharge frequency
was: 0.1 uM: 97+43%, p=0.7, n=2; 1 uM:
116.8+34%, p=0.09, n=8; 10 uM: 142+64%,
p=0.18, n=7; 20 uM: 146+75%, p=0.54, n=2).
Applying 18-0-GA, the frequencies were as
follows: 0.1 uM: 91+£31%, p=0.5 n=4; 1 uM:
131+15%, p=0.05, n=3; 10 uM: 123+40%,
p=0.3, n=4; 20 uM: 96+19%, p=0.7, n=4.

Variations in the amplitudes of the PN
discharges were measured as an indicator to
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Fig. 2: PN discharge frequency under control conditions (CTR) and after pharmacological blockade of gap
junction proteins with 18-o-glycerrhetinic acid or 18-B-glycerrhetinic acid. A) Changes in the phrenic
nerve discharge frequency with increasing concentrations of 18-B-GA (0.1-20 uM; 5% of CO,). B)
Phrenic nerve burst frequency changes after application of 18-a-GA (0.1-20 uM) into the perfusate
(6% CO,). C) Changes in discharge frequency using 18-B-GA (0.1-20 uM; 12% CO,). D) Changes in
the phrenic nerve discharge frequency applying 18-a-GA (0.1-20 uM; 12% CO,).

see whether the gap-junction blockers change
the respiratory drive. In 5% CO,, 18-B-GA
and 18-0-GA changed the amplitude of the
PN output inconsistently and insignificantly
at the different concentrations (Figs. 3A, 3B).
Using 18-B-GA (5% CO,), changes in
amplitude were: 0.1 uM: 72+20%, p=0.9 n=5;
1uM: 67.7+14%, p=0.8, n=4; 10 uM: 71+12%,
p=0.3, n=; 20 uM: 64+10%, p=0.03, n=3. For
18-a-GA (5% CO,), the results were: 0.1 nM:

53+23%, p=0.003 n=6; 1 utM: 65+15%, p=0.03,
n=4; 10 uM: 77x11%, p=0.05, n=4; 20 uM:
58+11%, p=0.05, n=3.

With 12% CO,,the amplitude continuously
decreased with increasing concentrations of
the blockers using 18-B-GA: 0.1 uM: 94+23%,
p=0.7 n=8; 1uM: 80+£19%, p=0.03, n=2;
10 uM: 62+21%, p=0.02, n=7; 20 nM: 76+4%,
p=0.07, n=2. In the presence of 18-0-GA
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Fig. 3: PN discharge peak amplitude under control conditions (CTR) and after pharmacological blockade of
gap junction proteins with 18-c-glycerrhetinic-acid or 18-B-glycerrhetinic-acid. A) Changes of the
phrenic nerve discharge peak amplitude with increasing concentrations of 18-B-GA (0.1-20 uM; 5%
CO,). B) Phrenic nerve discharge peak amplitude changes after application of 18-0-GA (0.1-20 uM;
5% CO,). C) Changes in discharge peak amplitude using 18-B-GA (0.1-20 uM; 12% CO,). D) Changes
in the phrenic nerve discharge peak amplitude applying 18-0-GA (0.1-20 uM; 12% 602).

phrenic nerve amplitude changed as follows:
0.1 uM: 77+37%, p=0.38 n=4; 1 utM: 68+59.8%,
p=0.8, n=3; 10 uM: 65+46.7%, p=0.4, n=4;
20 uM: 96+34%, p=0.83, n=4 (Figs. 2C, D,
and 3C, D).

Since the myocardial cells are also
connected via gap junctions (17), we expected
a change in the heartbeat frequency; however
the frequency did not change significantly

from control conditions during the
application of gap junction uncoupling agents,
regardless of whether the perfusion was
gassed with either 5% CO, or 12% CO, (Figs.
4A, B, C, D).

DISCUSSION

Recent studies have shown the expression
of connexin 26 (Cx26) and connexin 32 (Cx32)
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Fig. 4: Changes in the heartbeat-frequency with varying concentrations of gap junction blockers 18-B-glycerrhetinic
acid (A, C) 18-a-glycerrhetinic acid (B, D) gassed with either 5% CO,(A, B) or 12% CO, (C, D).

in the pre-Botzinger complex (11), a CO,-
chemosensitive region of the brain stem (9),
as well as in motor neurons (18).

While several gap junction blockers
have been used to induce a change in the
frequency of the PN discharge, we examined
the effects of the most common gap junction
blockers 18-0-GA and its isomer 18-B-GA to
induce a pharmacological blockade of gap
junction proteins. These two substances were
tested in a variety of experiments, which
have demonstrated a functional gap junction

blockade (19-27). Clearly, when using the
heart-brainstem preparation (14) all gap
junction proteins in the brainstem and
spinal cord will be blocked simultaneously,
independent of whether they are involved in
respiratory activity or not.

With rising concentrations of these
gap junction blockers we observed a biphasic
modification of the frequency of PN
discharges while their amplitude decreased
with rising concentrations; applying 18-3-GA
in a concentration range from 0.1 uM to
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1 uM reduced the discharge frequency, while
concentrations from above 1uM increased
the PN discharge frequency.

Our results are comparable with the
effects described by Solomon and co-workers
(13) as well as with those presented by Bou
Flores and Berger (12). Both also underline
the importance of gap junctions for the
maintenance of the respiratory rhythm. The
findings presented here support both reported
effects (decrease and increase of PN
discharge) in a concentration-dependent
manner. Like Solomon and co-workers (13),
who used concentrations of the gap junction
blockers in the range of 25-100 uM (5% CO,),
we observed an increase of PN discharge
frequency using a concentration of 20 nM (18-
B-GA; 18-0-GA). In contrast, Bou-Flores and
Berger (12) described a reduction of PN
discharge frequency over a concentration
range between 50 and 100 uM. While there
remain discrepancies in the results, the
following differences in experimental design
could be a possible explanation:

I. Type of preparation

Like Solomon and co-workers (13), we
used the in-situ perfused heart-brainstem
preparation and systemically applied gap
junction blockers into the perfusion
system; therefore, all gap junctional
proteins were uncoupled simultaneously
(as well as those in the entire preparation).

Gap junction proteins have been detected
in the putative CO,-chemosensitive
brainstem areas (9) and in presumptive
phrenic and hypoglossal moto-neurons
(18). These areas could have contributed
to the increase or decrease of PN
discharge frequency due to the blockade

II.

III.

Indian J Physiol Pharmacol 2013; 57(3)

of gap junction uncoupling agents, which
block connexins throughout the whole
brain and spinal cord. Nevertheless, it
remains unanswered which cells are
responsible for the effects. On the other
hand, Bou-Flores and Berger (12)
performed their experiments using the
medullary slice preparation, which
isolates the respiratory centre from
inhibitory (or excitatory) input of other
areas of the brain or the spinal cord,
which might have influenced the results
described in their presentation.

Age of animals

As in this study, Solomon and co-workers
(13) used adult animals, whereas the
animals used by Bou-Flores and Berger
(12) were 1-5 days old. A different
expression of gap junctions throughout
the brainstem in relation to the age of
the rats have been reported by Solomon
and co-workers (9), which provides
another possible explanation of the
different respiratory effects which were
reported.

Concentration of uncoupling agents

The biphasic effect we observed for 18-3-
GA might be due to specific binding
affinities at different receptors. Lower
concentrations of gap junction blockers
could specifically block connexins that
contribute to the respiratory generation
or synchronization of the signal within
the respiratory network. Of the two gap
junction blockers used in this study, 18-
B-GA showed a bigger magnitude in its
potency of modification than 18-a-GA.
Using the same concentrations of both
uncoupling agents, 18-B-GA had a more
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pronounced effect on the frequency of
phrenic nerve discharges. The gap junction
blockers that we used in our experiments
were not composed for specific Cx
isoforms. Unfortunately, more specific
agents are currently not available (25).

IV. Respiratory drive

In order to test the effect of the
respiratory drive (28), we gassed the
preparation with either 5% or 12% CO,.
With 12% of CO,, any effects of gap
junction blockade were not obvious
because chemosensitive receptors and
their modulation of the respiratory
neurons might have masked the effects
of the gap junction blockers.

The changes to the respiratory rhythm
that we observed were definitely mediated
by blockade of gap junction proteins, and not
by nonspecific effects, because both
glycyrrhetinic derivates performed similar
modification to the respiratory rhythm.
Furthermore, in our experiments, the effects
of both gap junction uncoupling agents were
reversible even after an exposure of more
than 30 minutes. Additional evidence is that
glycyrrhetinic derivates have been shown to
functionally block < 80% of electrical coupling
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between cells (21, 22, 25, 29, 30, 31).
Nevertheless, it remains unclear where the
precise site of gap junctional blockade is
located on the connexin (25).

To determine the actual site of action of
the gap junction blockade and to analyse
whether a gap junction blockade at other
parts of the nervous system might have
influence the results were beyond the scope
of this study but will be addressed in future
studies. For example, we expected to see
changes in heartbeat frequency after gap
junction blockers were applied, but it did
not change significantly in the concentration
range we have used. Therefore, we assume
that higher concentration will be needed to
change the frequency of the heartbeat.

Conclusion

Electrical coupling between neurons in
the respiratory network is compulsory for
physiological respiratory rhythm generation.
18-B-GA as well as 18-a-GA changed PN
discharge frequency (i.e., respiratory rhythm)
due to the blockade of gap junctional
proteins. Respiratory rhythm is modulated
but not stopped; therefore, we assume that
under this condition synaptic transmission
is driving the respiratory network.
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Abstract : The effect of Pranayama on the levels of protein thiols and
glutathione was studied among breast cancer patients receiving radiation
therapy. 160 patients were randomised into experimental and control group
using block randomisation. The experimental group received fractionated
radiation for five days a week and performed Pranayama (Nadishodhana,
Brahmari and Sheethali) for 30 minutes twice daily for five days a week.
The control group received only radiation. Blood samples were collected
from both the groups at the end of six weeks of radiation therapy and
analysed for the levels of serum protein thiols and glutathione. An
independent sample ‘t’ test showed a significant difference in the level of
serum protein thiols between the two groups (t = 4.43 p 0.001). A Mann-
Whitney U test showed a significant difference (z = -3.07 p 0.002) in the
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level of glutathione as well. These Pranayama techniques improve the
antioxidant status of breast cancer patients receiving radiation therapy.

Key words : protein thiols
pranayama
INTRODUCTION

Breast cancer is a very commonly
occurring cancer among women in the
metropolitan cities of India. It is fast
replacing cervical cancer as the leading cause
of cancer among women (1). Breast cancer
is treated with surgery, chemotherapy,
radiation therapy and hormone therapy
depending on the histological stage and other
particulars of the patient. Radiation therapy
is employed usually to prevent local
recurrence of cancer after doing surgery and
chemotherapy. Radiation therapy causes DNA
strand breakdown to kill the cancer cells. In
the process, normal cells are also affected
by DNA damage (2).

Radiation therapy is known to reduce
antioxidants in the body. Protein thiols are
believed to have a role in the DNA repair
thus reducing the side effects of these
therapies (3, 4). Glutathione is a tripeptide,
L-y-glutamyl-L-cysteinylglycine, present in
high concentrations in most cell types.
Glutathione donates hydrogen ion and
unpaired electron to neutralize peroxides and
free radicals. In this process, glutathione
gets oxidised to glutathione disulphide (5).

Pranayama literally means the control
of breath. Pranayama has been an ancient
technique practiced by the Yogis for the
spiritual growth. Many scientific studies have
proven that these breathing techniques
improve human heath by maintaining a

glutathione
radiation therapy

physiological balance and it affects many
systems of the body. Pranayama has also
been shown to improve the antioxidant level
in healthy people (6, 7).

This study assessed the effectiveness of
Pranayama (Yogic breathing techniques) on
the levels of protein thiols and glutathione
among breast cancer patients receiving
radiation therapy. In this study, by
Pranayama we mean three breathing
techniques called Nadishodhana Pranayama,

Sheethali Pranayama and Brahmari
Pranayama.

MATERIALS AND METHODS
Patients

The study was conducted after obtaining
institutional ethical committee clearance.
The study group consisted of a total of 160
patients which included both the control and
the experimental group. The patients were
allocated into experimental and control
group using block randomization procedure
(sixteen blocks of ten patients) after
obtaining informed consent. Patients with
any psychiatric disorder, who have not
undergone any surgical treatment for their
breast cancer, those with extreme mobility
issues (e.g., unable to get in and out of a
chair unassisted), those who have practiced
yoga or taken yoga classes prior to diagnosis,
those diagnosed with lymphedema at baseline
and those with recurrent breast cancer were
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excluded to ensure a more homogenous
sample. Patients were not receiving any
supplements or any other
antioxidant supplements during the study
period.

vitamin

Procedure of pranayama

The patients in the experimental group
performed Pranayama (Sheethali, Brahmari
and Nadisodhana Pranayama) along
with radiotherapy whereas patients in the
control group received radiotherapy only.
Experimental group of patients performed
Pranayama, morning and evening for 5 days
a week for 6 weeks (from the day of starting
radiotherapy till the last day of radiotherapy).
Patients performed Nadisodhana for
approximately 5 minutes (21-25 cycles),
Sheethali for approximately 5 minutes (50—
60 cycles) and Brahmari for approximately 8
minutes (10 cycles). The initial sessions
on Pranayama were given in the Yoga
department for one week. The patients
performed Pranayama morning and evening
for the next 5 weeks in a separate room in
the hospital under the supervision of a co-
investigator.

Patients who were having locally
advanced breast cancer and who underwent
Modified radical mastectomy or Breast
conserving surgery, followed by 8 cycles of
chemotherapy [Doxorubicin 60 mg/m? IV d1
(Cyclophosphamide 600 mg/m? d1) 3 weekly
* 4 cycles Followed by Paclitaxel 175 mg/m2
IV 3 weekly * 4 cycles] were enrolled in this
study. After chemotherapy, patients were
given radiation of 50 Gy in divided doses.
Patients performed pranayama on same days
when they came for radiation therapy. Blood
was collected in red coloured vacoutainers
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for serum sample and purple vacoutainers
with EDTA for packed cell, from both the
group at the completion of radiation therapy
and analysed for serum protein thiols and
glutathione. Pre-test for these enzymes were
done in a sample of 80 patients before
starting radiation therapy.

Chemicals

5, 5'dithio-bis (2-nitrobenzoic acid)
(DTNB) was obtained from Sigma chemicals,
St. Louis, MO, USA. All other reagents were
of chemical grade. Spectrophotometer
Genesys 10 uv was used for analysis.

Procedure for serum anti-oxidant enzymes

Preparation of serum

Blood samples were collected in plain
vacoutainers without EDTA and the sample
was allowed to stand at room temperature
for half an hour and centrifuged at 3000 rpm
for 10 minutes in refrigerator centrifuge and
serum was separated.

Protein thiols

Thiols are compounds that contain carbon
bonded sulfhydryl group. Protein thiols in
the plasma include the protein sulfhydryl
groups and protein mixed disulphides with
homocysteine, cysteinylglycine, cysteine and
glutathione. Most of the cytosolic thiol
groups are maintained in their reduced state
by a variety of pathways. During oxidative
stress, these protein thiols get oxidised
mainly by the formation of disulphide
bonds in the plasma. Thus protein thiols
play a major role in antioxidant defences

(8).
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Protein thiols can be measured with
a spectrophotometric method
dithionitrobenzene. The spectrophotometric
assay for protein thiols is based on the
reaction of 5,52-Dithiobis (2-nitrobenzoic
acid) (DTNB) or Ellman’s reagent with
protein thiols. DTNB combines with
accessible thiol group in proteins and reduces
to stable intermediate compound of mixed
disulfide, protein S-S aromatic compound.
The reduced product of DTNB is 5 mercapto
-2-nitrobenzoate. There is formation of yellow
colour due to liberated p-nitrothiophenol anion,
whose absorbance is measured at 412 nm
after 5 mins.

using

Procedure for protein thiol estimation

Sample blank

In a test tube 920 ul of 0.2 M disodium
hydrogen phosphate containing 2 mM
disodium EDTA is taken and 100 ul of serum
is added. The contents are mixed and optical
density was taken at 412 nm wavelength
exactly after 5 mins.

Test

In a test tube, 900 ul of 0.2 M disodium
hydrogen phosphate containing 2mM
disodium EDTA, 100 pul of serum and 20 ul
of 10 mM DTNB are added. The contents
are mixed and optical density was taken at
412 nm wavelength exactly after 5 mins.

Reagent blank

In a test tube, 1000 ul of 0.2 M disodium
hydrogen phosphate containing 2 mM
disodium EDTA and 20 ul of 10 mM DTNB
are added. The contents are mixed and
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optical density was taken at 412 nm
wavelength exactly after 5 mins.

Sample blank was measured because
bilirubin, B-carotene, and other plasma
constituents that absorb at 412 nm can
interfere with protein thiol measurement.
The absorbance for sample and reagent
blanks subtracted from
absorbance values to obtain the corrected
values (9).

was serum

Preparation of packed cell

Blood samples were collected in EDTA
bottle from patients. Blood was centrifuged
at 3000 rpm for 10 minutes in refrigerator
centrifuge without delay. Plasma was
separated; buffy coat was carefully removed
and separated, erythrocytes were washed
thrice with cold normal The
haemoglobin content of the erythrocytes was
determined by cyanmethemoglobin method.
Erythrocytes enzymes were estimated in
appropriately diluted haemolysates prepared
by addition of distilled water.

saline.

Procedure for glutathione estimation

Glutathione, a tripeptide, y-glutamylcysteinyl
glycine, is the most abundant non-protein
thiol in mammalian cells. Glutathione exists
in two forms; the thiol-reduced (GSH) and
disulphide oxidized (GSSG). Glutathione
plays an important role in the detoxification
of xenobiotic compounds and in the anti-
oxidation of reactive oxygen species and free
radicals (10).

1.810 ml of distilled water is added to
0.2 ml of the haemolysate. 0.01 ml of lysate
is added to 3 ml of ferricyanide-cyanide
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Consort Flow Chart

Target Population — Breast cancer patients receiving radiation therapy ShirdiSai Baba Cance

Hospital & Research Centre, Kasturba hospital, Manipal
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v
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reagent (Drabkin’s reagent). Reading is taken
within 3 minutes at 540nm for hemoglobin
estimation. Three ml of precipitating
solution is added to the remaining
haemolysate. After standing for 10 minutes,
the mixture is filtered through a medium or
coarse grade of filter paper. One milliliter
of filtrate and 0.5 ml of DTNB is added to 4
ml of 0.3 M Na, HPO, solutions. It is read at
412 nm against a blank prepared by adding
one ml of distilled water and 0.5 ml of DTNB
to 4 ml of 0.3 M Na, HPO, (11).

Statistical analysis

Data were analyzed using SPSS package
(version 16). Pretest and post test levels of
serum protein thiols are expressed as mean
and standard deviation. Since data were
following normality, for comparison of
serum protein thiol values between the
experimental group and control group, an
independent ‘t’ test was used. The data for
glutathione was compared using Mann
Whitney U test as it was not following
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normality. Statistical significance was fixed
at p = 0.05.

RESULTS

Sample characteristics

The characteristics of the participants
have been summarized in Table I. Data in
the table show that majority of the women
(140 out of 160) had locally advanced breast
cancer and undergone modified radical
mastectomy (123 out of 160) as the surgical
treatment.

TABLE I: Sample Characteristics.

Si. No. Experimental Control
(n=80) (n=80)

Age in years

<45 46 35

>45 34 45

Stages of breast cancer

Stage 1 12 8

Stage 2 38 40

Stage3 30 32

Haemoglobin levels

<12 50 58

>12 30 22

Surgery

Modified radical mastectomy 63 60

Breast conservation 17 20
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the control group and the experimental
group. During the post test, i.e., at the end
of radiation therapy, the serum concentration
of protein thiols was significantly higher in
the group who performed Pranayama (271.20
+91.28 imol/lit) than in the control group
(216.13%62.86 umol/lit) (p 0.001). The patients
who performed Pranayama along with
radiation therapy had higher levels of serum
protein thiols at the end of radiation therapy.
As mentioned earlier, protein thiols get
oxidised mainly by the formation of
disulphide bonds in the plasma during
oxidative stress. The elevated levels of
protein thiols in the experimental group
indicate that Pranayama influences the

TABLE II: Comparison of the mean values of
serum protein thiols (mumol/lit) between
experimental group and control group
at the beginning of radiation therapy.

95%
Groups Mean+SD ¥  Confidence  P-
(80) value interval value
of the
difference
Experimental 235.83+74.60 1.274 -12.70 to 0.206
(40) 57.95

Control (40)  213.20+88.03

Comparison of serum protein thiols between
the control group and the experimental group

There was no significant difference in
the level of protein thiols between the
experimental group and the control group at
the beginning of radiation therapy. The
serum concentration of protein thiols in
the experimental group was 235.83+74.60
pmol/lit and in the control group was
213.20+88.03 umol/lit with a p value of 0.206.
Since the data were following normality, an
independent ‘t’ test was used to compare the
mean difference of protein thiols between

pmol/lit-micromoles per litre.

TABLE III: Comparison of the mean values of
serum protein thiols (pmol/lit) between
experimental group and control group
at the end of radiation therapy.

95%
Groups Mean+SD ©  Confidence  P-
(160) value interval value
of the
difference
Experimental 271.20+91.28 4.43 30.53 to  0.001

(80) 79.60
Control (80)  216.13+62.86

pmol/lit-micromoles per litre.
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formation of serum protein thiols and
reduces the toxicities to normal tissues
related to radiation therapy.

Comparison of glutathione between the control
group and the experimental group

With regard to glutathione, there was no
statistically significant difference in the level
of glutathione between the experimental
group (26.61+15.99 mg/g of Hb) and the
control group (27.03+11.63 mg/g of Hb) before
starting the radiation therapy (p 0.857). Since
the data were not following normality, a
Mann Whitney U test was done to assess
the difference between the two groups with
regard to the level of glutathione. At the
end of radiation therapy, the mean value of
glutathione for the experimental group was
(26.14+10.46 mg/g of Hb) which is higher
than that of the control group (21.06+6.06
mg/g of Hb) (p 0.002). This also may probably
indicate a less oxidative stress in breast
cancer patients performing Pranayama when
undergoing radiation therapy.

TABLE IV: Comparison of the median values of
glutathione (mg/gHb) between experimental
group and control group at the beginning of
radiation therapy - Mann Whitney U test.

Groups Inter quartile Median Z p-
(80) range value value

18.24 to 30.2 24.4
19.89 to 33.97 22.38

Experimental (40) —-0.18 0.857

Control (40)

TABLE V: Comparison of the median values of
glutathione (mg/gHb) between experimental
group and control group at the end of
radiation therapy - Mann Whitney U test.

Groups Inter quartile Median Z p-

(160) range value value

18.31 to 30.55  24.21
18.02 to 24.6  19.1

Experimental (80) -3.07 0.002

Control (80)
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DISCUSSION

Radiation therapy acts by two different
methods to kill the cancer cells. Radiation
causes DNA strand breakage either directly
or indirectly by generating free radicals. One
of the important radiation induced free
radical species is the hydroxyl radical which
results in the generation of other species of
free radicals causing oxidative stress (12).
Protein thiols are targets of oxidative
stress. During oxidative stress, the protein
thiols which are plasma sulfhydryl groups
associated with protein get converted to
disulphides resulting in a fall in their levels
and antioxidant activity (8).

In the present study, experimental group
of patients performed Pranayama, morning
and evening for 5 days a week for 6 weeks
(from the day of starting radiotherapy till
the last day of radiotherapy). Patients
performed Nadisodhana for approximately 5
minutes (21-25 cycles), Sheethali for
approximately 5 minutes (50-60 cycles) and
Brahmari for approximately 8 minutes (10
cycles). The levels of glutathione (GSH) and
protein thiols two important antioxidants
were significantly higher in patients with
breast cancer undergoing radiation therapy
and practising Pranayama, when compared
to controls (breast cancer patients undergoing
chemotherapy but not practising pranayama).
The higher GSH and protein thiols may be
protective for these patients in reducing the
toxicities caused by radiation therapy.

Published studies to compare the
antioxidant effects of Pranayama on breast
cancer patients were not available. However,
Sinha S et. al reported similar findings in a
study conducted among the healthy male
volunteers of Indian Navy. There were 30
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volunteers in the experimental group who
practised yoga, pranayama and meditation
for one hour in the morning, five days a
week for six months. There was a significant
increase in the total antioxidant status and
glutathione in healthy male volunteers from
Navy who practised yoga and pranayama at
the end of six months (13). Further Yadav
et al. in their study concluded that yoga-
based life style modification program was
effective in reducing oxidative stress among
a group of healthy volunteers and chronic
patients (14). The present study confirms the
results of these available studies.

As mentioned earlier, radiation therapy
is known to induce free radicals in an effort
to kill cancer cells. The exact physiological
mechanism of Pranayama on antioxidants is
not clear. It is encouraging to note that the
level of protein thiols and glutathione, two
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important antioxidants have increased
among this population in spite of the free
radical injury. The elevated levels of protein
thiols and glutathione may help in relieving
the toxicities associated with radiation
treatment among breast cancer patients.
To understand the exact physiological
mechanism of Pranayama on antioxidants,
genetic studies on larger samples may be
required. With the findings of the present
study, it may be concluded that Pranayama
may be employed as a supportive treatment
to breast cancer patients undergoing
radiation therapy.
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Abstract : Pupil cycle time (PCT) is a simple way to measure the
parasympathetic activity in the eye. This is a sensitive and specific test for
the study of parasympathetic function. The cardiac parasympathetic tone
is a good indicator to predict morbidity and mortality in an individual. The
PCT is correlated with cardiac parasympathetic tone. In the present study
we have aimed to look at the PCT in different nutritional status in human
subjects. Sixty-three healthy adult male volunteers in the age group of
18-50 yrs were studied. They were divided in three groups based on their
BMIs as undernourished, normal and preobese/obese. The mid-arm
circumference (MAC) and waist- hip ratio (W:H) are incorporated as adjuvant
to strengthen that they are divided into three different nutritional groups.
The PCTs of undernourished (818+145 ms), normal control (904+63 ms)
and overweight (991+106 ms) is expressed as mean and SD (P<0.001). A
linear regression analysis was performed taking BMI, MAC, W:H and PCT
as parameters, which shows a positive linear correlation. The results showed
that the PNS activity in the eye is greatly modulated in different states
of nutrition. Pupil cycle time is a simple, noninvasive investigative tool
to assess and differentiate the PNS function in obese and chronic
undernourished subjects.

Nutritional health is maintained by a
state of equilibrium when there is a balance
between energy intake and expenditure. Loss
of this equilibrium can lead to undernutrition
i.e. negative energy balance (1, 2) and can/
or result in obesity i.e. positive energy

Key words : autonomic function  pupil cycle time body mass index
nutrition mid arm circumference waist hip ratio
INTRODUCTION balance (3, 4, 5, 6). This alteration in the

energy balance which leads to malnutrition
can cause changes in sympathetic (7) as well
as parasympathetic activity in animals
and human beings (8). Changes in the
parasympathetic nervous system are
evidenced by a decrease in Acetylcholinesterase
in tissues (9) and cardiovascular parasympathetic
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Light hits the retina

The slit lamp beam
moves over the iris

tone is increased in energy deficient
subjects (10). Alteration of activity of the
parasympathetic system has also been
reported in obese humans (11).

The most commonly used tests for
autonomic function are tests of
cardiovascular system, which are well
established (12). Another organ system that
is tested for autonomic dysfunction is the
eye. In the eye, pupil cycle time (PCT) is a
sensitive measure of dysfunction of the
parasympathetic efferent limb of the
papillary light reflex arc (13) e.g. leprosy,
diabetes etc. PCT is measured using slit-lamp
that induces persistent oscillations of the
pupil of the eye.

Autonomic dysfunction may be present
in the eye without any clinical sign as has
been shown in diseases affecting the eye e.g.
Hansen disease and diabetes (14, 15). In
1990, Lanting et al showed that pupillary
parasympathetic dysfunction occurred earlier
than cardiovascular system when he
considered darkness pupil diameter and pupil
latency as ophthalmologic tests and response
to standing and response to deep breathing
as parasympathetic cardiovascular tests (13,
16). Martyn et al correlated well with the
cardiac autonomic function test and opined
that compared to CVS tests PCT is 59%
sensitive and 70% specific (17).

The pupil dilates and
the retina is exposed
to the light again

The pupil constrics
and the slit lamp
beams is cut of

It is well known that the nutritional
status is a determinant of autonomic function
may be an adaptation to the nutritional
status of a subject and sympathetic tone is
affected by the nutritional status (7, 17).
Though pupillary oscillation is studied
before using oscillometer and various
drugs affecting ANS in the eye to establish
parasympathetic dysfunction in obesity but
PCT was not used before to investigate the
effects of nutritional status, especially in
Indian male subjects.

MATERIALS AND METHODS

Sixty-three males between the ages of
18 and 50 years were studied. They were
recruited from general population and male
staffs and students of St. Johns’ Medical
College. A brief history, including a system
review and clinical examination was
performed. The subjects who had history of
diabetes, hypertension, hypotension, asthma,
other cardiac and ophthalmologic diseases
like cataract, optic neuritis, on chronic
medication were excluded from the study.
All of them were non-smoker, non-alcoholic
and weight stable: those with a noticeable
weight gain or loss over the preceding six
months were also excluded (10). This was
judged by taking detailed past history. They
were instructed to have their last meal at 8
pm, the night before and avoid caffeinated
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beverages for 12 hours prior to the study.
Detail of the experimental procedure was
outlined to the participants and an informed
written consent was obtained. The ethics
committee of St. Johns’ Medical College
approved the study.

Anthropometric measurements

Body mass index (BMI): Body weight of
the subjects was measured to the nearest
0.001 kg using a sensitive electronic scale
(Fitness, Edryl, India) and height was
measured using a stadiometer (Nivostise
Brivete Depose). Body mass index (BMI) was
calculated using Quetlet’s index (weight in
kilogram/height in meter squared).

Now, Sixty — three healthy male subjects
were divided in three groups according to
their BMI as undernourished (N=22,
BMI<18.5 kg/m?), normal (N=21, BMI = 18.5
kg/m?-24.9 kg/m?) and preobese/obese (N=20,
BMI > 24.9 kg/m?).

Mid arm Circumference (MAC)

Mid arm circumference (MAC) was
measured in the right arm. Firstly
measurement was taken from tip of the
coracoid process to the tip of the olecrenon
process as the anatomical landmark and the
midpoint was decided on the lateral side. Mid
arm circumference was measured on the
midpoint around the arm by a simple
measuring tape (18).

Waist Hip ratio (W:H)

The midpoint was selected between
lowest point of the costal cartilage and

A Study of Pupil Cycle Time (PCT) 235

the highest point of the iliac crest on
the midaxillary line in standing position
in the right side (18). The circumference was
measured around the point by a simple
measuring tape. Hip was considered as
the maximum bulge over the gluteus
maximus muscle at the levels of the
trochanters. The ratio between these two is
calculated as W:H.

Mid arm circumference and W:H was
measured to differentiate the nutritional
status more accurately to avoid the bias of
regional or uneven distribution of body fat
as they are considered as adjuvant to assess
malnutrition.

Slit-lamp

A Haggstreit-type of slit-lamp was used
to measure the PCT, in the Department of
Ophthalmology at St. Johns’ Medical College
Hospital. The same lamp was used for all
the subjects studied. The subjects placed
their chin on the chin rest. The height of
the chin-rest from the base of the table is
adjusted in order to view the eye adequately
for all the subjects with different heights.
The slit beam was horizontal axis and a
thickness of Imm as depicted in the picture
below. The white diffuse horizontal light was
used.

Measurement of pupil cycle time

The subject was made to sit in a dimly
lit room and stopwatch with a least count of
1/1000. Pupil cycle time was measured in a
dimly lit room to get maximum dilatation of
pupil before starting of the study. The
subjects are asked to gaze at a fixed point to
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get accurate measurement. A horizontal
beam of light of width of 1 mm was projected
on the edge of the pupil. As soon as the
light falls, the pupil constricts and again
dilates to original position; when it dilates
the beam of light again hit the pupil and
pupil constricted. The time the pupil takes
to constrict and dilate once is measured
using a ‘timed counter’ with accuracy of 0.001
secs. The time taken for 90 cycles in 3
sittings with a gap of 15 minutes between
them and PCT is calculated.

The stopwatch has an oscillator of 1 kHz,
which gives an accuracy of 1 millisecond.
The counter started the stopwatch at the
beginning and at the end of the preselected
number of cycles; which reduced human
error to a minimum. The PCT is measured
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in both the eyes and the longer cycle is
considered (measurements is obtained
in both the eyes). The PCT which was of
longer duration was in the two eyes were
taken into consideration for analysis (20).
Data is rejected if there was blinking
more than 2 times in one sitting or too much
of watering in the eye due to intensity of
light.

Statistical analysis

Data were expressed as mean+SD (Table
I) only. Fig. 1 depicts the true value of BMI
and PCT in various data points and P<0.05
as criteria for statistical analysis with 95%
confidence interval (Fig. 2, 3, 4). Statistical
analysis is performed by linear regression
analysis.
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PCT in millisec

900 -
800 -

200 ®Po0O g

Graph of PCT vs BMI in Different Anthropometric Group
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600 | |
10 15 20

BMIin kg/m?
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Fig. 1:

Graph showing the true values of PCTs and BMIs.
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Fig 2: A graph of statistical fitment is carried out through linear regression analysis to establish existence
of linear relation between BMI and PCT in all three groups namely undernourished (BMI <18.5
kg/m?), normal (18.5-24.9 kg/m?) overweight/obese (24.9 kg/m?).
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Fig 3: A graph of statistical fitment is carried out through linear regression analysis to establish existence
of linear relation between MAC and PCT in all three groups namely undernourished (23+2.61 cm),
normal (25.8+2.20 c¢cm) overweight/obese (33.4+3.39 cm).
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Fig 4: A graph of statistical fitment is carried out through linear regression analysis to establish existence
of linear relation between W:H and PCT in all three groups namely undernourished (0.79+0.07),
normal (0.80+0.07) overweight/obese (0.94+0.1).

RESULTS

TABLE I: Subject characteristic of the three study
groups with pct (Data is expressed as

mean=SD).

Subject Under- Well- Overweight |
characteristic nourished  nourished Obese

(n=22) (normal, n=21) (n=20)
Age (yr) 26+7.60 33+9.30 27+8.70
Weight (kg) 44.9+4.87 59.63+7.46 88.7+12.10
Height (M) 1.63+0.05 1.67+0.06 1.68+0.47
BMI (kg/M?) 16.7+0.02 21.2+1.83 31+4.00
MAC (cm) 23.1+2.61 25.8+2.20 33.4+3.39
Waist : Hip 0.79+0.07 0.80+0.07 0.94+0.10
PCT (milli sec) 818+145 904+63 991+101

DISCUSSION

In this cross sectional study we found
that the PCT is directly and positively
correlated with BMI; that means there is an
increase in the duration of PCT with increase

of BMI (16). In 1986, functional correlates of
PCT were studied by Martyn and Ewing (19).
Miller and Thompson were among the first
to investigate the method of PCT in 1978
(20). They incorporated a method that we
have followed closely in our study. We have
used more accurate timer which can measure
the duration with 0.001-second accuracy
against 0.01-second used by them. Our study
required 2 minutes as against 5 minutes
taken by the earlier studies. Thus the
ambient light is maintained in the same
subject and we have conducted the study in
same time (24). In 1993, again interest in
PCT has also been raised by the exploration
of the hypothesis that open angle glaucoma
(OAG) has an autonomic neuropathy
component which also investigated the
cardiovascular autonomic function and found
that there was presence of prolonged PCT
in patients with OAG compared to normal
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people without OAG and that is comparable
with the cardiovascular autonomic function
test (22). Using this approach, PCT
measurements have since been made in wide
variety of optic neuropathies (optic neuritis,
compressive optic neuropathy, glaucoma,
atrophic papilloedema, traumatic optic
neuropathy, and ischaemic optic neuropathy)
(24). So, we have taken care to choose the
subject devoid of any of these diseases.

It is well known that quantifying
the autonomic function is very difficult
though lots of autonomic function tests are
available. In contrast to that, PCT is a
quantifiable test and can be conducted easily
if some precautions can be taken as other
CVS tests to investigate undernutrition
(9). In the present study, we have taken
measures, as far as possible, that minimal
confounding factor would not interfere with
the result. The physiological factor such as
physical activity (ongoing study), gender (21)
age (23) and pathological, such as diseases
affecting autonomic nervous system, can
affect PCT also. The PCT represent the only
parasympathetic component of the autonomic
nervous system in the eye. It was evidenced
by blocked study or the sympathetic
stimulation does not affect the PCT by
Martyn et al (18). When the PCT increases
the parasympathetic tone in the eye
decreases and opposite happens when PCT
decreases. As PCT is well correlated with
the other autonomic function tests and we
concluded that the ocular parasympathetic
tone is increased in undernourished state
and decreased in obesity.

As PCT is a quantitative index it would
definitely assess the parasympathetic change
and its extent in altered state of nutrition
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as other studies suggested (10). We have
observed though two of the subjects were
undernourished but they have very long PCT
of 1162 millisecs and 1299 millisecs. This is
considered long in terms of normal PCT
which ranges from 800 millisecs — 900
millisecs (21). Though they are outliers we
have included those data in the study. Except
the fact that they were over 40 years of age
they are fit to be included otherwise. The
PCT becomes longer after 50 years of age
(23) and age range of our study is 18-50
years. As Bremmer FD suggests that the
measurement of pupil cycle time is the only
clinical test that does not rely on comparison
with the fellow eye, but it can only be
measured in mild to moderate optic
nerve dysfunction (24). But then also
optic neuropathy can occur in chronic
undernutrition. So, we have chosen carefully
the subjects those who do not have the
mildest form of optic neuritis. The caveat of
the study may be, we did not consider the
pupil size to measure the ‘edge-light pupil
cycle time’ as described by Howarth et al
(25). But, they have recruited only 22
subjects (10 male, 12 female) and intra-
individual variation can occur especially in
females. In female, there is a difference in
PCT values in different phases of menstrual
cycle as studied by Moodithaya et al. That
is another reason that we have chosen
the male subjects only to investigate the
effect of nutrition on pupil cycle time (21).
Our data was collected from the same setting
and laboratory and same technique is quoted
(25).

We could not depend on any available
data, which had investigated directly the
nutritional status by this simple but specific
test. We have observed in our study, PCT is
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reduced in undernourished subjects (818+145
ms) whose BMI ranged from 14.26 kg/m? to
17.5 kg/m? (average 16.7 kg/m?) compared to
normal with BMI range of 18.5 kg/m?to 24.9
kg/m? (average 21.2 kg/m?). On contrary to
that fact, PCT of the preobese/obese subject
has increased with a BMI range of 25 kg/m?
to 38 kg/m?(average being 31 kg/m?)(Fig. 1).
Through linear regression analysis we got
that a fitment line can be drawn easily with
BMI and PCT as parameter and they are
positively correlated with R?=0.29 (Fig. 2).
In order to reduce the error of misclassifying
individuals as undernourished or overweight/
obese the assessment of mid-arm circumference
and waist-hip ratio was carried out. The cut-
offs for MAC in men is 24 cm which is
considered normal (3). In our cross sectional
study we have the MAC value averaging
23.1£2.61 cm for the undernourished,
25.8+2.20 cm for the normal, and 33.4+3.39
cm for the overweight/obese subjects. The
MAC value can change dramatically also
within small range of change of BMI (5). A
regression analysis is run with MAC and PCT
as parameter and a linear positive
correlation is obtained with R%*=0.26 and a
fitment is drawn easily (Fig. 3).

Abdominal fat mass can vary dramatically
within narrow range of body fat or BMI. Our
data suggest that there is an increase of W:H
with increase of BMI with a result of
undernourished 0.79+0.07, normal0.80+0.07
and preobese/obese 0.94+0.1 which is directly
correlated with cardiovascular risk factor
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where the cardiac parasympathetic activity
is altered (5, 6). A linear fitment can be
drawn easily with the W:H and PCT as
parameter with R2=0.18 which proves the
linear positive correlation between the two
(Fig. 4).

Summary and conclusion

In conclusion, the present finding
demonstrate that in obesity, the ocular
parasympathetic tone is decreased and there
is an enhanced tone in undernourished
people and this increase follows a steady rate
supported by data for the first time in Indian
males. As this result is corroborating the
finding of cardiac parasympathetic tone,
measurement of pupil cycle time can be
tested as parasympathetic alteration in the
eye in altered state of nutrition although
further study is required to compare both of
them in these particular conditions.
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Abstract : Human physiological parameters and performance depend on
circadian rhythm. However, no information exists about diurnal variation

of musicians’ performance characteristics. In a pilot study 6 professional
violinists (aged 38—57 years) presented a standard piece of music (Johann
Sebastian Bach, Partita Nr. 2 a-moll, BWV 1004, 4. Satz ,,Gigure”) and were
assessed for body temperature, vital signs and musical performance criteria
at 8.00 H, 12.00 H, 16.00 H and 20.00 H. There was no uniform variation
but artistic presentation appear to have an optimum between 12.00 and
16.00 H, sound instability being most pronounced in the morning hours.

Key words : diurnal variation
musician
INTRODUCTION

Circadian rhythm influences physiological
functions and performance of humans
substantially 1, 2, 3. There is no unequivocal
peak of physical performance, but
coordination, reaction time or vigilance
appear to have acrophases around 16.00 H.
Heretofore, diurnal variation of musicians’
performance has not been subject of research
and almost no specific data of controlled
studies are available with regard to
musicians’s performance and presentation.
Mulcahy and colleagues (4) monitored
circadian heart rate in members of a
symphony orchestra and found a substantial

performance characteristics
violinist

influence of environmental factors such as
live presentations on the rhythm. In analogy,
Monk et al. (5) studied diurnal variation of
human performance and found maxima
of dexterity during evening hours between
17.00 H and 21 H. Cognition (reasoning
speed) revealed a maximum in the late
afternoon hours. In general, performance
characteristics were closely related to body
temperature showing minima at low body
temperatures (6). In order to assess circadian
rhythms of musicians, the objective of this
investigation was to first get data on diurnal
variation of performance characteristics in
professional violinists and stimulate further
research in the field.
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METHOD

Six orchestral violinists (3 male and 3
female, aged 38 to 57 years, median 50;
median BW 50 kg, range 19; median height
165.5 cm, range 17) arrived at the study
centre at 07.30 H and gave their written
informed consent. The study was approved
by the ethics committee of the University of
Dresden. Standard meals (breakfast, lunch,
dinner) were served. At 08.00 H, 12.00 H,
16.00 and 20.00 H temperature (BT), vital
signs (BP, HR) were controlled as marker
rhythms (BT: Braun Thermoscan ear
thermometer; BP/HR: Boso Medicus Family
sphygmomanometer). Each volunteer presented
the same standard piece of music (Johann
Sebastian Bach, Partita Nr. 2 a-moll, BWV
1004, 4. Satz ,Gigure”) following recording
of vital signs. In order to minimize learn
effects all participants started to train the
presentation 4 weeks before the study.

The tempo (bpm) of the presentation was
objectively measured using a metronome
(Cubase Studio 4). Agogic, tempo fluctuations,
clarity of sounds, dynamics, articulation,
expression, technical problems (score: 10-no
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of problems) and overall artistic presentation
were scored by a blinded rater (between 9.00
and 11.00 a. m.) using a visual analogue scale
(0 = bad to 10 = excellent) (7). All data were
analysed descriptively (mean, SEM) and
explorative Friedman ANOVA (Friedman test
FT) was calculated (8). In order to estimate
relation between body temperature and music
characteristics Pearson correlation and cross-
correlation techniques were applied (9). All
calculations were done using commercially
available software (NCSS 2000, NCSS,
Kaysville, Utah, USA).

RESULTS

Vital signs (blood pressure, heart rate)
showed a marked individual variability with
mean maximum values at 08.00 H and 16.00
H. An expected acrophase of body temperature
(BT) in the evening hours (16.00 H and 20.00
H) could be ascertained (P<0.05). The circadian
characteristics of music presentation
characteristics and BT are summarized
descriptively in Table I. The maximum
values of musical performance with regard
to artistic presentation (tempo, articulation,
dynamics, expression and overall performance)

TABLE I: Diurnal variation of mean values (+SEM) of musical
characteristics and Body Temperature (*) p<0.05).

Characteristic 08.00 H 12.00 H 16.00 H 20.00 H

Tempo [bpm] 111.3 (2.11) 115.8 (2.11) 110.3 (2.11) 114.3 (2.11)
Fluctuation of tempo [sc] 6.3 (0.74) 5.2 (0.74) 5.4 (0.74) 5.3 (0.74)
Clarity of sounds [sc] 5.3 (0.73) 5.1 (0.73) 4.9 (0.73) 4.5 (0.73)
Articulation [sc] 3.3 (0.34) 3.4 (0.34) 3.8 (0.34) 3.1 (0.34)
Dynamics [scl] 4.6 (0.57) 4.8 (0.57) 4.8 (0.57) 3.7 (0.57)
Expression [sc] 4,2 (0.72) 4.5 (0.72) 4.8 (0.72) 3.8 (0.72)
Agogic [sc] 4.2 (0.66) 4.1 (0.66) 4.1 (0.66) 3.1 (0.66)
Technical problems [sc] 7.3 (0.65) 7.5 (0.65) 7.8 (0.65) 7.7 (0.65)
Overall Presentation [sc] 4.3 (0.66) 4.4 (0.66) 4.7 (0.66) 3.8 (0.66)
Body temperature (°C)*) 36.5 (0.12) 36.3 (0.12) 36.7 (0.12) 36.7 (0.12)
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showed a maximum at 12.00 H or 16.00 H.
However, criteria referring to the stability
of the sounds (clarity of sound or fluctuation
of tempo [p=0.07, FT] and agogic) were
slightly pronounced in the morning at 08.00
H. The error bar plot of diurnal variation of
the variable “fluctuation of tempo” with a
maxium in the morning is depicted in Figure
1. Technical problems were more frequently
observed in the morning.

Error Bar Plot
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Fig. 1: Diurnal variation of the parameter “Fluctuation
of the tempo” [mean, SEM] which tends to result
in a maximum in the morning hours (p=0.07).

Correlation analysis showed associations
of presentation characteristics with body
temperature, Pearson correlation coefficient
— corresponding to a time lag of zero - being
most marked for the variable sound clarity
(r=0.36, p=0.08), which is given in Figure 2.
Agogic, expression and overall presentation
were correlated by trend with body
temperature between 0.2 and 0.3. Cross-
correlation technique revealed the highest
correlation coefficient for the parameter
expression at a time lag of -1 with 0.49
(P<0.05) with regard to body temperature
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Fig. 2: Scattergram of “Clarity of sound” versus BT
with a positive trend (p=0.08, r=0.36).

(P<0.05) with the corresponding correlogram
in Figure 3. All music presentation
characteristics apart from technical problems
and fluctuation of tempo — no clear cross-
correlation - were positively correlated
(between 0.3 and 0.45) at time lags between
-1 and +1, i. e. with a slight temporal
shift.

Conclusion

These preliminary results speak in
favour of a differentiated approach of
musician’s presentation with less stability of
sounds in the morning and overall trend to
better artistic presentation in the afternoon.
Previous studies postulated a correlation
between body temperature on the one hand
and alertness or performance on the other
hand (10). As a result of this pilot study body
temperature is also associated with music
presentation, i. e. these characteristics
appear to be coupled with body temperature.
These preliminary results cannot be
generalized but are in keeping with the
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Fig. 3: Cross-correlation diagram of the parameter

“expression” versus BT. Maximum value is
found at a time lag of -1 with 0.49.
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physical exercise study of Monk et al. (5)
that afternoon may be a favourable time span
for musical presentation. Due to the pilot
conditions of the investigation only a low
number of musicians and co-workers were
available for the present project. Therefore,
further studies with orchestral musicians are
necessary to substantiate the results and
conclusions.
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Abstract : Various studies have reported the effect of different phases of
normal menstrual cycle on the autonomic control over the cardiac activity
using heart rate variability (HRV) analysis. However, information on cardiac
autonomic activity in young females suffering from primary dysmenorrhea
(PD) is scant. Hence, the aim of the present study was to assess the HRV
and blood pressure (BP) in different phases of menstrual cycle in women
with PD and to compare these findings with eumenorrheic females. Sixty
healthy unmarried female subjects (30 females with PD and 30 control
subjects), in the age group of 18-25 years, having regular 28-32 days
menstrual cycle were recruited for the study. Anthropometric measurements
such as height, weight, BMI and WHR were measured. Blood pressure was
measured with automatic blood pressure monitor and lead II ECG recordings
were done to obtain HRV, during menstrual, follicular and luteal phases of
menstrual cycle in both groups. The data recorded were subjected to time
and frequency domain analysis. The results showed that dysmenorrheic
women had significantly high BMI (P<0.05). Analysis of HRV during the
different phases of the menstrual cycle between two groups revealed
significantly increased (P<0.01) mean HR and significantly reduced (P<0.01)
mean RR and RMSSD in all the 3 examined phases, SDNN significantly less
(P<0.05) and systolic BP significantly higher (P<0.001) during the luteal
phase in study group compared to control. Also, we observed a statistically
significant decrease in TP and LF ms? (P<0.05), HF ms? & nu (P<0.01) in
menstrual phase, HF ms? (P<0.05) and HF nu (P<0.01) in luteal phase,
while LF nu and LF-HF ratio were found to be significantly higher (P<0.01)
in menstrual and luteal phases in women with PD compared to control
group. This study has shown decreased HRV in the form of increased
sympathetic tone and decreased parasympathetic activity in dysmenorrheic
women which may be considered an important cardiovascular risk factor.
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young females
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INTRODUCTION

Primary dysmenorrhea (PD) is a common
gynaecological problem, affecting more than
70% of young women and refers to painful
menstrual periods in the absence of any
underlying pathology (1). It is characterized
by lower abdominal colicky pain which starts
with the onset of menstrual flow or a few
hours following onset and may last for a few
hours up to 2 days. The risk factors for PD
are early menarche, long and heavy
menstrual flow (2) as well as positive family
history (3). Primary dysmenorrhea is seen
only in ovulatory cycles usually developing
within 6 to 12 months of menarche (4) and
peaks in late adolescence and the early 20s
(5). The incidence falls with increasing age
and with increasing parity (6). Studies
suggest that severe menstrual pain is
associated with absence from school or work
and restricts other activities of daily life (7,
8).

However, the underlying pathophysiological
mechanisms of PD remain unknown. Few
studies have reported that it may be
associated with some degree of autonomic
imbalance (9). The sympathetic and
parasympathetic branches of the autonomic
nervous system (ANS) regulate the activity
of the sinoatrial node, the
pacemaker. The beat-to-beat variation in
heart rate therefore reflects the time varying
influence of the ANS and its components, on
cardiac function. Heart rate variability
(HRV), a non invasive tool, can assess
the balance between sympathetic and
parasympathetic regulation on cardiac
activity (10). Increased regularity of heart
beat activity corresponds to decreased HRV
and vice- versa (11). Decreased HRV reflects

cardiac
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the increased sympathetic tone or decreased
parasympathetic activity and is considered
an important cardiovascular risk factor
(12).

Various studies have reported greater
sympathetic activity in the luteal phase
whereas dominant parasympathetic activity
in the follicular phase of the menstrual cycle
(13, 14, 15). Gonadotropic and ovarian
hormones have been known to affect this
balance in women (16).

Recent study suggests that primary
dysmenorrhea is a significant health problem
and may be associated with cardiac
arrhythmia especially atrial fibrillation and
ventricular arrhythmia (17). Although, many
studies have assessed the effect of different
phases of menstrual cycle on HRV in
eumenorrheic women, there have been very
few reports on HRV in dysmenorrheic
women. Therefore, the objective of the
present study was to assess the HRV in
young women suffering from PD and to
compare these findings with eumenorrheic
women.

MATERIALS AND METHODS

The present study was conducted in the
Department of Physiology, Subharti Medical
college and associated Chattrapati Shivaji
Subharti Hospital, Meerut. The study was
approved by the research and ethical
committees of the institute. Sixty healthy
unmarried female volunteers between the
age group of 18-25 years, having regular 28-
32 days menstrual cycle for at least last 6
months prior to the study, were recruited
from the Subharti University campus
and OPD of obstetrics and gynaecology
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department. Written informed consent was
taken from all the participants prior to the
beginning of the study.

The menstrual distress questionnaire
(MDQ) was used to assess the physical
symptoms associated with the menstrual
cycle. The MDQ consisted of 47 items
providing eight subcategories of symptoms:
pain, concentration, water retention,
behavioural changes, autonomic reactions,
negative effect, arousal and control (18). All
the examined subjects completed the MDQ
for the menstrual, follicular and luteal phases
of her most recent menstrual cycle. Intensity
of pain was assessed by visual analogue scale
(VAS). It consists of a horizontal line, 10 cm
in length, with the two end points labelled
“no pain” and “worst pain”. The subject
marks on the line at a point that they feel
represents their perception of pain. The VAS
score in numerical index is determined by
measuring the distance in cm from the low
end of the line to the point that the subject
marks.

The subjects were divided in two groups:

Group I (study) consisting of 30 females
suffering from primary dysmenorrhea having
VAS score >4.

Group II consisting of 30 females with
few premenstrual symptoms and VAS score
<3 were taken as control.

In the dysmenorrheic group, family
history of PD, effect of dysmenorrhoea on
daily activity and analgesic requirement was
also noted.
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Exclusion criteria

After a detailed medical history and
thorough clinical examination of the
subjects, those with history of secondary
dysmenorrhea, premenstrual syndrome,
smoking, alcoholism, diabetes, hypertension,
thyroid disorders, cardiovascular diseases,
taking oral contraceptive pills were excluded
from the study.

Experimental protocol

The subjects were asked to report to the
research laboratory of the department in the
morning between 9-11 AM with following
instructions :

i. To avoid food, coffee, tea and strenuous
physical activity 2 hours prior to testing

ii. To avoid taking any anti-cholinergic
drugs 2 days prior to testing.

Anthropometric measurements

Height was measured by stadiometer to
nearest 1 cm and weight by weighing
machine (Krups) to the nearest 1 kg with
subjects standing without shoes and wearing
light clothes. Body mass index (BMI) in
kg/m? was calculated by Quetelet’s index.
Circumferences at waist (at the level of
umbilicus ) and hip (at the level of maximum
extension of hips) were measured with a tape
measure nearest to 0.1 cm. Waist-Hip ratio
(WHR) was calculated.

Recording of blood pressure and HRV

Experiments were done in a quiet room
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during which subjects lay supine, awake and
breathing normally. Blood pressure and ECG
were recorded during the following 3 phases -
menstrual phase (M) - 1st to 5th day of
bleeding, follicular phase (F) - 6th to 14th
day and luteal phase (L) - 15th to 28th day
of menstrual cycle. Systolic (SBP) and
diastolic blood pressure (DBP) were recorded
in the left arm after 10 minute of rest using
automatic blood pressure monitor (OMRON
HEM -712C, Omron Healthcare, Inc., Illinois,
US).

For recording of short term HRV, lead II
ECG recordings were done at (25 mm/s &
voltage at 10 mm/mV) for 330 seconds to
obtain HRV, using data acquisition system,
RMS Polyrite D (Chandigarh, India).
Recommendation of Task Force on HRV was
followed (10).

The ECG signals were converted through
a 14-bit A/D converter at a sampling
frequency of 256 Hz to PC and were analyzed
offline after visual checking of abnormal
ECG. High and low filters were set at 99
and 0.1 Hz respectively. The screen sweep
speed was kept at 30 mm/sec. HRV software
detects the ‘R’ wave by using tall peak
detection algorithm and computes R-R
interval. The data recorded was subjected to
time domain and frequency domain analysis
using the HRV analysis software RMS
Polyrite D version 3.0.7 (Chandigarh, India).
Frequency domain analysis was performed
using non-parametric method of Fast Fourier
Transformation.

Time domain indices such as mean RR
was measured in seconds, mean heart rate
(HR in beats per minute), SDNN (standard
deviations of the averages of normal to
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normal (N-N) intervals), RMSSD (root mean
square of differences of successive N-N
intervals) and different frequency domain
indices such as total power (TP) in absolute
values (ms?), low frequency (LF) component
(0.04-0.15 Hz), high frequency (HF)
component (0.15-0.4 Hz) in absolute (ms?)
and normalized units (nu) and LF-HF ratio
were recorded.

Statistical analysis

SPSS version 11.5 software for windows
and Microsoft excel were used for statistical
analysis. All values were expressed as
mean+SD. One-way analysis of variance
(ANOVA) followed by post-hoc Tukey test was
used in analysing the data among the phases
of menstrual cycle in both groups. Unpaired
Student’s t-test was used to find out the
level of significance between the two
groups. P<0.05 was considered statistically
significant.

RESULTS

General parameters

In the present study, there was no
significant difference (P>0.05) with respect
to age and WHR between the two groups.
Although, the mean BMI was found to be
within the normal range in both the groups
but on statistical analysis it was significantly
higher (P<0.05) in dysmenorrheic women
compared to control group (Table I). In study
group, SBP was significantly higher (P<0.001)
during luteal phase when compared with
menstrual and follicular phases (Table II) and
also it was higher (P<0.001) in comparison
with luteal phase of control subjects (Table
IV). However, changes in DBP were not
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TABLE I: Age and anthropometric parameters of
the subjects of dysmeorrheic (Group I)
and eumenorrheic (Group II).

Parameters Group 1 Group II P
(n=30) (n=30) value
Age (years) 19.13+1.27 18.80+0.99 0.265
BMI (kg/m?) 23.90+4.10 22.08+2.73 0.046*
WHR 0.84+0.05 0.82+0.06 0.236

Values are expressed as Mean+=SD; Data was
analysed using Student’ s unpaired t test.

*(P<0.05) statistically significant. BMI: Body
Mass Index; WHR: Waist-Hip Ratio.

significant (P>0.05) amongst all the phases
in both groups (Table II and III).

HRYV Parameters
Time domain indices

Table IT shows comparison of HRV indices
among the phases of menstrual cycle in group
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I. By applying ANOVA, we found no
statistically significant differences in mean
R-R interval, mean HR, SDNN and RMSSD
among the phases of menstrual cycle.

Table III shows HRV indices in different
phases of menstrual cycle in Group II.
Results of ANOVA showed that mean RR,
mean HR and RMSSD differ significantly
amongst all 3 phases. When post- hoc test
was applied, mean RR and RMSSD were
found to be significantly reduced (P<0.001
and P<0.05 respectively) and mean HR
was found to be significantly increased
(P<0.01) in the luteal phase as compared
to the menstrual phase, while SDNN was
not significant among all the examined
phases.

Analysis of HRV during the different
phases of the menstrual cycle between group
I and group II (Table IV) showed that mean

TABLE II: Comparison of HRV indices and basal cardiovascular parameters in different
phases of menstrual cycle of the subjects of Group I (dysmenorrheic n=30).

Parameters Phases of menstrual cycle

M F L P value
Mean RR (s) 0.751+0.08 0.759+0.09 0.716+0.08 0.166
Mean HR (bpm) 81.0+£9.29 79.53+8.9 85.40+10.70 0.055
SDNN (ms) 49.15+21.06 47.40+18.63 41.14+16.12 0.148
RMSSD (ms) 35.69+15.95 37.50+£17.18 30.33+13.01 0.182
TP (ms?) 402.15+£242.33 470.61+213.95 451.32+304.57 0.568
LF (ms?) 100.66x77.97 146.72+76.63 124.28+96.15 0.111
HF (ms? 87.83+81.56 148.77+127.31 72.53+47.1* 0.004
LFnu 57.49+9.88 51.35+12.40 63.20+12.65% 0.001
HFnu 42.59+9.74 48.87+12.42 36.79+12.98%# 0.001
LF-HF ratio 1.49+0.70 1.20+0.58 2.11+1.04%##* 0.000
SBP (mmHg) 107.50+6.44 107.66+8.27 116.86+8.3654## 0.000
DBP (mmHg) 74.20+£5.85 73.30+6.63 74.93+4.67 0.550

Values are expressed as Mean+SD; statistical analysis was done by one-way ANOVA test followed by
post-hoc Tukey test among 3 phases. The (£) depicts comparison between M & L phases; %P<0.05),
££(P<0.001). The (#) depicts comparison between F & L phases; #*#(P<0.01), *#*#(P<0.001). M-menstrual
phase, F-follicular phase, L-luteal phase, Mean RR: mean RR interval, Mean HR (bpm) : mean heart rate
in beats per minute, SDNN: standard deviations of averages of normal to normal (N-N) intervals,
RMSSD: root mean square of differences of successive N-N intervals, TP: total power in absolute values
(ms?), LF: low frequency and HF: high frequency in absolute values (ms?) and normalized units (nu),
SBP: systolic blood pressure, DBP: diastolic blood pressure.
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TABLE III: Comparison of HRV indices and basal cardiovascular parameters in different
phases of menstrual cycle of the subjects of Group II (control n=30).

Parameters Phases of menstrual cycle

M F L P value
Mean RR (s) 0.866+0.10 0.818+0.06 0.779+0.07%% 0.000
Mean HR (bpm) 70.13+8.19 73.66+5.67 77.16+7.35%% 0.001
SDNN (ms) 55.74+19.25 55.18+17.69 54.51+23.14 0.966
RMSSD (ms) 56.40+23.58 51.07x15.52 43.86+10.16% 0.039
TP (ms?) 562.92+255.10 581.22+279.14 523.66+238.68 0.677
LF (ms? 145.21+75.64 161.20+107.87 145.13+117.06 0.780
HF (ms?) 205.42+102.47 170.97+119.32 120.89+92.95% 0.009
LF nu 42.48+11.08 47.91+18.34 54.10+11.11% 0.007
HF nu 57.40+10.92 52.02+18.27 45.88+11.10% 0.007
LF-HF ratio 0.81+0.36 1.21+0.93 1.30+0.56* 0.012
SBP (mmHg) 107.33+6.56 108.93+8.25 109.66+7.14 0.456
DBP (mmHg) 71.06+x6.61 71.73£7.91 74.03+£7.04 0.252

Values are expressed as Meanx=SD; statistical analysis was done by one-way ANOVA test followed by
post-hoc Tukey test among 3 phases. The (£) depicts comparison between M & L phases; #P<0.05),
££(P<0.01), *£(P<0.001). M-menstrual phase, F-follicular phase, L-luteal phase, Mean RR: mean RR
interval, Mean HR (bpm) : mean heart rate in beats per minute, SDNN: standard deviations of averages
of normal to normal (N-N) intervals, RMSSD: root mean square of differences of successive N-N
intervals, TP: total power in absolute values (ms?), LF: low frequency and HF: high frequency in absolute
values (ms?) and normalized units (nu), SBP: systolic blood pressure, DBP: diastolic blood pressure.

TABLE IV: Comparison of HRV indices and basal cardiovascular parameters in different

phases of menstrual cycle between two groups (n=30 in each group).

Menstrual Phase

Follicular Phase

Luteal Phase

Parameters

Group 1 Group 11 Group 1 Group II Group 1 Group II
Mean RR (s) 0.751+0.08" 0.866+0.10 0.759+0.09" 0.818+0.06 0.716+0.08" 0.779+0.07
Mean HR (bpm) 81.0+9.29™ 70.13+8.19 79.53+8.9" 73.66+5.67 85.40+10.70™ 77.16+£7.35
SDNN (ms) 49.15+21.06 55.74+19.25 47.40+18.63 55.18+17.69 41.14+16.12" 54.51+23.14
RMSSD (ms) 35.69+15.95™ 56.40+23.58 37.50+17.18" 51.07+15.52 30.33+13.01" 43.86+10.16
TP (ms?) 402.15+242.33" 562.92+255.10 470.61+213.95 581.22+279.14 451.32+304.57 523.66+238.68
LF (ms?) 100.66+77.97° 145.21+75.64 146.72+76.63 161.20+107.87 124.28+96.15 145.13+117.06
HF (ms?) 87.83+81.56™ 205.42+102.47 148.77+127.31  170.97+119.32 72.53+47.1" 120.89+92.95
LFnu 57.49+9.88" 42.48+11.08 51.35+12.40 47.91+18.34 63.20+12.65™ 54.10+11.11
HFnu 42.59+9.74" 57.40+10.92 48.87+12.42 52.02+18.27 36.79+12.98™ 45.88+11.10
LF-HF ratio 1.49+0.70™ 0.81+0.36 1.20+0.58 1.21+0.93 2.11+1.04 1.30+0.56
SBP (mmHg) 107.50+6.44 107.33+6.56 107.66+8.27 108.93+8.25 116.86+8.36™ 109.66+7.14
DBP (mmHg) 74.20+5.85 71.06+6.61 73.30+6.63 71.73+7.91 74.93+4.67 74.03+7.04

Values are significant; *(P<0.05), **(P<0.01), ***(P<0.001). Mean RR: mean RR interval, mean HR
(bpm): mean heart rate in beats per minute, SDNN: standard deviations of averages of normal to
normal (N-N) intervals, RMSSD: root mean square of differences of successive N-N intervals, TP: total
power in absolute values (ms?), LF: low frequency and HF: high frequency in absolute values (ms?) and
normalized units (nu), SBP: systolic blood pressure, DBP: diastolic blood pressure.

RR and RMSSD were significantly reduced

(P<0.01) and mean HR was significantly

higher (P<0.01) in all 3 phases while SDNN
was significantly lower (P<0.05) in luteal

phase in dysmenorrheic subjects.

Frequency domain indices

In the present study, TP and LF ms?
showed no statistically significant difference

among the three phases of menstrual cycle
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in group I (Table II) and group II (Table III).
However, significant differences were
observed in LF nu, HF (ms? and nu) and LF-
HF ratio. In dysmenorrheic women, post-hoc
analysis revealed significant reduction in HF
ms? (P<0.01) and HF nu (P<0.001) and
significant increase in LF nu (P<0.01) in
luteal phase as compared with follicular
phase. LF-HF ratio was significantly
increased in luteal phase in comparison with
menstrual (P<0.05) and follicular (P<0.001)
phases (Table II).

In group II (control), Post-hoc analysis
revealed significant reduction (P<0.01) in HF
(ms? and nu) and significant increase in LFnu
(P<0.01) and LF-HF ratio (P<0.05) in luteal
phase when compared with menstrual phase
(Table III).

Analysis of HRV during the different
phases of the menstrual cycle between group
I and group II (Table IV), revealed a
statistically significant decrease in TP and
LF ms? (P<0.05), HF ms? & nu (P<0.01) in
menstrual phase, HF ms? (P<0.05) and HF
nu (P<0.01) in luteal phase, while LFnu and
LF-HF ratio were found to be significantly
higher (P<0.01) in menstrual and luteal
phases in women with PD compared to
control group.

DISCUSSION

In the present study, we found increased
sympathetic activity reflected by decreased
total power, increased LFnu and reduced
parasympathetic (vagal) tone in the form of
decreased SDNN, RMSSD and HF (ms? and
nu) in the luteal phase compared to follicular
phase of the menstrual cycle in both groups.
Similar findings have been reported by other
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authors in normal menstrual cycle (13, 19).
Also, significantly higher systolic blood
pressure was found in the luteal phase in
group I indicating sympathetic dominance.

Earlier studies have shown that there
appears to be a correlation between the
hormonal levels in female hypothalamo-
pituitary-gonadal axis and the ANS control
of their cardiac activity (16, 20). Estrogen
has a role in increasing vagal and reducing
sympathetic activity by enhancing the
cholinergic muscarinic activity at central and
peripheral levels (21). Elevated progesterone
may be responsible for the increase in
systolic blood pressure in luteal phase of
the menstrual cycle by increasing the fluid
and salt retention. Physiological and
psychological stress contributes to the blood
pressure rise during luteal and menstrual
phases. Mehta et al have studied the
autonomic functions in the different phases
of menstrual cycle and reported significantly
higher SBP and increased sympathetic
activity in luteal phase compared to
menstrual and follicular phases without
significant differences in parasympathetic
activity (22). One study has reported that,
in the menstrual phase, the pain ratings,
SBP and DBP were significantly higher in
dysmenorrheic group than non dysmenorrheic
group and strongly suggests that there is
activation of the sympathetic-adrenal-
medullary axis by painful stress (23). Little
et al also showed higher heart and respiration
rates during the luteal phase compared with
other phases (24).

In this study, a significant difference
was observed between the two groups with
respect to their overall HRV status. It was
found that the young women with primary
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dysmenorrhea had a significantly reduced
heart rate variability throughout the
menstrual cycle in the form of decreased
vagal and increased sympathetic activity
reflected by lower total power, HF (ms? and
nu), SDNN, RMSSD and increased mean
heart rate. This is in accordance with the
previous study by Hegazi et al (25). In
contrast, Matsumoto et al found no
differences in HRV between the phases of
the menstrual cycle (26).

Further LFnu, which reflects the
fluctuation in sympathetic tone and LF-HF
ratio, a marker of sympathovagal balance,
was found to be increased during menstrual
and luteal phases in group I. This suggests
that primary dysmenorrhea is associated
with shifting of cardiac autonomic activity
towards sympathetic dominance along the
whole cycle as compared to women with
eumennorheic cycle.

The present study showed significantly
high (P<0.05) BMI in group I compared to
the control group, although the mean
BMI of the subjects of both the groups was
within the normal range. Anthropometric
measurements BMI and WHR were used to
assess central obesity. Previous studies have
reported that central obesity is associated
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Our study has limitations. Sample size
was small in both groups. HRV was recorded
in different phases for one menstrual
cycle only. Follow up should be at least for
3 consecutive months. Also, we have not
recorded HRV with 24 hours holter
monitoring which is a better choice to
measure the autonomic activity. Further, the
study can be expanded by correlating cardiac
autonomic activity with body composition,
plasma levels of cortisol, estrogen, progesterone
hormones and serum lipid profile and may
be extended in obese subjects.

We concluded that women with primary
dysmenorrhea have more sensitive responses
to the sympathetic-adrenal-medullary
axis system than eumennorheic women
throughout the whole menstrual cycle.
Prospective study is needed to explore the
effect of non pharmacological means like slow
breathing, as the reports indicate that it
decreases the sympathetic nervous system
activity (29) and increases the baroreflex
sensitivity in normal subjects and patients
with heart failure (30).
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Abstract : Formalin is extensively used for preservation of cadavers in
department of Anatomy. However it is a noxious chemical which vaporises
at normal room temperature in the air and may cause respiratory health
problems among first year medical students. The study was planned to
observe the effect of formalin vapours on lung function tests of first year
medical students who are exposed routinely for 2 hrs every day for 6 days
per week throughout the year. Following written informed consent clinically
healthy 100 medical students between age group 18-23 yrs were subjected
to pulmonary function testing by computerised spirometery. The dynamic
lung function tests (FVC, FEV1, FEV1%, FEF,, .., PEFR) were measured on
four occasions-basal (before exposure), 1 month, 6 months, 11 months of
exposure to formalin vapours in anatomy dissection hall. The study revealed
statistically significant (P<0.0001) decreases in FVC, FEV1%, FEF,, .., PEFR
except FEV1 after 1 month of exposure to anatomy dissection hall. The
decrease in all the parameters slowly reverted back towards normal basal
values across 6 and 11 months and was statistically significant in all
(P<0.0001) except FVC. Acute exposure to formalin vapours at anatomy
dissection hall decreases the respiratory functions, however on long term
exposure the body corrects the damage. Further studies are required to
see the changes at cellular levels and the extent of damage to respiratory

system.
Key words : formalin pulmonary functions

anatomy dissection hall
INTRODUCTION biological specimen. At the medical and

dental colleges formalin has been used for

Formalin is a colorless and irritative fluid years to preserve cadavers. Recently,
that contains 37% of formaldehyde and is however formaldehyde has attracted much
widely used as a preserving agent of attention due to its health hazards. The
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primary route of exposure to formaldehyde
is by inhalation, where it is absorbed by the
lungs and also through gastrointestinal tract
and to much lesser extent through the skin
(1). Several published reports, research
papers and industrial experience suggest
that exposure to formaldehyde is associated
with adverse effects on respiratory health
(2). Recent review of the studies have
indicated that upper respiratory tract is the
critical target of the toxicity of air borne
formaldehyde (3-6). Symptoms of upper
airway irritation, including dry and sore
throat, itching, burning sensation of the nose
and nasal congestions have been reported
by the workers (7). Studies in rats and mice
using high concentration of formaldehyde
over an extremely long period have reported
to result in squamous carcinoma of nose (8).
Occupational data suggests that small but
significant changes may occur in lungs
following prolonged exposure in the work
place (7). It is also utilised by manufacturer
of resins, plywood, leather good but exposure
to formaldehyde in department of anatomy
is continuous and higher than its use in
other areas. The evaporation of formaldehyde
from cadavers in anatomy dissection hall can
produce high exposure among medical
students and instructors (9). There has been
an increasing number of reports that
students suffer from various physical
symptoms including burning eyes,
lacrimation, irritation of airways, dermatitis
with a high prevalence during gross anatomy
dissection (3). In view of its widespread
use, toxicity, and volatility, exposure to
formaldehyde is a significant factor affecting
human health (10). However only few studies
have mentioned the effect of formalin
vapours in anatomy dissection hall on
pulmonary function tests of medical students.
Therefore the study was planned with the
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aim to see effects of formalin on pulmonary
functions in medical students who are
exposed to formalin vapours for two hours
every day for 6 days a week in anatomy
dissection hall.

MATERIALS AND METHODS

The present study was carried out on 100
healthy medical students between age group
18-23 years. Prior approval from Research
Committee and Institutional ethical
committee was obtained. Subjects were
recruited based on the subject proforma.
Inclusion criteria being clinically healthy,
non-smokers, without any chronic respiratory
disease, systemic illness like diabetes,
hypertension The pulmonary function
tests were carried out using computerised
spirometer ( Spiro Lab-II ). The flow, volume/
time graphs were taken out in accordance
to the criteria based on American Thoracic
Society (11). Following informed and written
consent, the anthropometric measurement
like height, weight were recorded. The
pulmonary function were tested on four
occasions —

1) Basal (before exposure to formalin)
2) lmonth of exposure to formalin vapours
3) 6 months of exposure to formalin vapours

4) 11 months of exposure to formalin
vapours.

The dynamic function tests-FVC, FEV1,
FEV1%, FEF,, .., PEFR were recorded. The
lung function tests were repeated thrice on
each occasion for each subject and the
maximum reading was selected for analysis.
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Statistical analysis

The data was collected and subjected to
statistical analysis using SPSS ver19. After
the anthropometric profile, the basal values
of the dynamic lung function tests were
compared with 1 month exposure to anatomy
dissection hall by Paired Student’s t test to
look for acute changes. Variability in all
dynamic lung function test within the
subjects and across the time were analysed
by repeated measures ANOVA and Post Hoc
Bonferroni test. The level of significance was
set at P<0.05.

RESULTS

The mean age (years) of the subjects in
the present study was 18.32+1.1 (mean=SD).
The mean height of these subjects was
166.8+9.1cm and mean weight was
65.63+16.3 kg. The mean BMI of the subject
was 23.45+5 (Table-I).

TABLE I: Anthropometric profile and basal parameters
of dynamic lung function tests (n=100).

Baseline parameters Values

Age (years) 18.32+1.1
Height (cms) 166.8+9.1
Weight (kg) 65.63+16.3
BMI (kg/m?) 23.45+5

Basal FVC (L) 3.41+0.87
Basal FEV1 (L) 4.60+11.8
Basal FEV1% 89.91+13.6
Basal FEF,, ,, (L/S) 4.29+1.4
Basal PEFR (L/S) 5.73+2.14

Values in mean+SD.

The dynamic lung function tests of
subjects 1month after exposure to anatomy
dissection hall for 2 hours/day 6 days a week
showed statistically significant decrease in
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mean values of all the dynamic lung function
tests (P<0.0001) except for FEV1. There were
subjective complaints of mild irritation in
the nose, lacrimation, redness of the eyes,
dry throat, headache and itching in the skin
(Table-I1).

Table II: Comparsion of lung functions in students
before and after exposure for 1 month to
formalin in anatomy dissection hall (n=100).

Parameters Before After exposure
exposure (1 month)
FVC (L) 3.41+0.87 2.94+(0.8%%%
FEV1 (L) 4.60+11.8 2.41+0.8™
FEV1% 89.91+13.6 78.82+14.9%%*
FEF,, . (L/S) 4.29+1.4 2.78+1.38%%
PEFR (L/S) 5.73x2.14 3.61+£1.95%%*

Values in mean+SD. *P value<0.05, **P<0.01,.
*##%P<0.001, ns-not significant.

Duration (in months) of stay in formalin
vapours of anatomy dissection hall had
statistically significant effect on the dynamic
lung function tests (Table-III).

The mean value of FVC for the subjects
at time of entry into the study was 3.41+0.87
L as compared to FVC at 1 month (2.94+0.8
L) 6 month (3.19+0.71L) and at 11 month
(3.22+0.76 L). Comparsion of mean values of
FVC reported statistically significant
difference between basal and 1 month
(P<0.0001), however rest all the values were
statistically insignificant. The mean value of
FEV1 for the subjects at time of entry into
the study was 4.60+11.8 L. which decreased
drastically at 1 month and remained so by
11 month, and this decline was statistically
significantly lower (P<0.0001). The mean of
FEV1% of the subjects at time of entry into
the study was 89.91+13.6 which decreased
at 1 month (78.82+14.9), but was later
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TABLE III: Comparison of dynamic function tests in medical students before exposure
and after exposure to formalin in anatomy dissection hall (n=100).

Parameters Before exposure After exposure After exposure After exposure
(1 month) (6 month) (11 month)

FVC (L) 3.41+0.87 2.94+0.8%# 3.19+0.71 3.22+0.76

FEV1 (L) 4.60+11.8 2.41+0.8 2.72+0.73 2.94+0.62%%%

FEV1% 89.91+13.6 78.82+14.9%# 83.60+14.35 89.72+6.81%%""

FEF,, . (L/S) 4.29+1.4 2.78+1.38"# 3.33+1.24%## 3.76+1.24%%

PEFR (L/S) 5.73+2.14 3.61+1.95%# 5.15+2.145%% 5.16+1.97%%

The values are mean+SD Statistical analysis done by Repeated Measures Anova and Post Hoc Bonferroni
comparsion test for the variability in dynamic lung function tests within the subjects and across the
time. The mark # indicate comparsion of values from basal reading; $ for comparsion with 1 month;
A for comarsion with 6 month. *P<0.05, #P<0.01, #P<0.0001, *P<0.05, *P<0.01; "P<0.05; “"P<0.01, “"P<0.001.

restored back to normal by 11 months
(89.72+6.81).

The mean of FEF, . of students at time
of entry into study was higher (4.29+1.4 L/
S) as compared to 1 month (2.78+1.38 L/S),
6 month (3.33x1.24 L/S) and 11 months
(3.76x£1.24 L/S). The values of FEF, also
became back towards normal by 11 months.
The mean value of PEFR of the students at
the time of entry into study was higher
(5.73+2.14 L/S) which decreased at 1 month
(3.61x1.95 L/S), but was later found to be

increased by 11 months (5.16+x1.97 L/S).
DISCUSSION

First year Medical students during their
anatomy dissection classes are exposed to
formaldehyde vapours, whose exposure is
considered to be one of the cause of multiple
chemical sensitivity. The binding of
formaldehyde to endogenous proteins creates
haptens that can elicit an immune response.
Chronic exposure to formaldehyde has been
associated with immunological hypersensitivity
as measured by elevated circulating IgE
and IgG autoantibodies to human sernum
albumin. In addition, a decrease in the

proportion of T cells was observed indicating
altered immunity (12). Most of the students
in our study complained of irritation in eyes,
nose lacrimation, itching in skin.

In the present study acute exposure to
formalin for 2 hrs/day for 6 days/week
resulted in decrease in FVC, FEV1%, FEF,_
5> PEFR except FEV1 indicating mild
bronchoconstriction. The study done earlier
revealed that FVC decreased in subjects
immediately after their first exposure, while
all other lung function parameters remained
unchanged indicating bronchoconstriction
on acute exposure to formalin(7). Akbar-
Khanzadeh et al evaluated acute pulmonary
response in group of 34 workers exposed to
formalin in gross anatomy dissection hall,
also reported decrease in FVC but FEV1/FVC
ratio increased during exposure (13). Farah
Khaliq et al reported decrease in FVC
immediately after 2 hours exposure to
formalin. A trend towards decrease in values
of FEV1 immediately after exposure was
observed but it was not statistically
significant (7). In the present study we also
observed decease in FEV1 on acute exposure
to formalin but it was not statistically
significant (Table-II).



Indian J Physiol Pharmacol 2013; 57(3)

On the contrary, Chia et al reported no
significant difference in the pre and post
exposure in mean values of FVC and FEV1
(14). Alexanderson and Hedenstierna,
evaluated lung function tests and
immunoglogulin levels in 34 wood workers
who were exposed to formaldehyde. A
significant decrease in FVC, FEV1, FEF, .
was reported (15). Mean while, the effect of
formaldehyde exposure in plywood workers
resulted in significantly reduced FEV1, FEV1/
FVC ratio, FEF but not FVC (16).

25-75

In the present study there was a sharp
decrease in dynamic lung function tests
following 1 month of exposure, however
the basal values were restored after 11
months of exposure to formalin vapours. A
prospective study by Alexanderson R et al
have reported significant decrease in FVC,
FEF,, ., FEV1% in wood worker who were
exposed to formaldehyde since 4 years,
however these decrements returned to
normal after 4 weeks of nonexposure showing
reversibility of pulmonary function tests
following cessation of exposure (17). The
exact concentration of formaldehyde to which
our subjects were exposed in dissection hall
could not be determined, which is the
limitation of the study, but it is definitely
at a concentration (2-3 ppm) causing severe
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eyes and nose irritation which was reported
by the students following acute exposure
(14).

For the numerous health challanges that
formaldehyde causes on the students in
anatomy dissection hall, it cannot be
considered as an ideal chemical for
embalming of cadaver. The laboratory
attendents working in anatomy dissection
hall for years are being continuously exposed
to formalin vapours. They should be
informed of potential health hazards of
formalin and attempts should be done to
reduce the concentration of formaldehyde by
using other chemicals like glutaraldehyde,
which can serve a good substitute for
formaldehyde (18). As quoted by BS Mitchell
“Reduction in formaldehyde concentration is
not deleterious to specimen preservation, but
leads to a safer working environment” (19).
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Abstract : Pharmacological studies are currently performed in men and
not in women due to the absence of methodological or conceptual
information concerning the effects of the menstrual cycle. This is the first
study in which three different sensory stimuli were applied to females in
an omitted stimulus reaction time (OSRT) task during three phases of the
menstrual cycle. Eleven college volunteers with regular menstrual cycles
responded to lateralized trains of visual, auditory, and somatosensory stimuli.
A participant’s OSRT was recorded for each trial performed during the
menstrual (day 2-3), follicular (day 7-8), and luteal (day 21-22) phases. The
results showed that the ovarian cycle has no effects on the OSRT task in
any of the sensory modalities, but the reaction to the missing auditory
stimuli was found to be systematically faster than the reactions to the
visual and somatosensory stimuli (P<0.002). Thus the OSRT is affected by

sensory modality but not by the normal menstrual cycle.

Key words : menstrual
omitted stimulus
INTRODUCTION

An increased awareness of the inclusion
of the female in drug abuse research has
brought increased scientific interest in the
potential influence of the menstrual cycle
phase on the responses to neuroactive drugs
(1, 2). Many studies have used reaction time

reaction time
multisensory

(RT) tasks to test the effects of sex hormones
or the menstrual cycle (3, 4). Some evidence
supports the hypothesis that a simple
auditory RT is influenced by the fluctuating
levels of sexual hormones across the normal
menstrual cycle, which is highest during the
premenstrual phase and lowest during the
mid-secretory phase (5). Nevertheless, many
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papers report no differences in performance
between the different phases of the
menstrual cycle (6, 7, 8, 9, 10, 11, 12).

An omitted stimulus task presents a
recurrent stimulus that requires an
immediate response to the omission of the
stimulus. Unlike the reaction to the
presentation of a stimulus, the reaction to
an omitted stimulus is generated by an
endogenous process and is considered to
require additional cognitive processes (13,
14). To date, no studies have analyzed the
effect of the menstrual cycle on an omitted
stimulus reaction time (OSRT) task through
the application of three sensory modalities
to the same person (14).