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Abstract: In the present investigation, changes in Na'/K'-, Mg”'- and Ca”’-ATPase enzyme activities in different
areas of rat brain were examined under the administration of the synthetic opioid analgesic drug tramadol in the
absence of induction of pain. Male adult Wistar rats were used as the experimental animals with five groups
of six rats each, housed in separate cages. Tramadol was injected subcutaneously into the rats and the changes
in enzyme activities in different brain areas were followed at 3, 6, 12 and 24 h following drug admimstration. The
enzyme activities showed a decrease in all areas of the brain following admimstration of single dose of tramadol
and by 24 h they rehumed more or less to the respective control levels. In the brain of control rats, pons-medulla
registered the highest Nat/K+-ATPase activity. Following tramadel administration, maximal decrease was
recorded in cortex at 6 h. The Mg**-ATPase activity in control rats was found to be highest in cortex. On
tramadol dosing, maximal decrease was recorded in hypothalamus and cortex. Ca”-ATPase activity was found
to be highest in cortex in the brain of control rats. The activity of this enzyme showed a decrease in all areas
of the brain following tramadol administration, with maximal decrease in hippocampus at 3 h. Minor deviations
from the respective controls at this period were negligible and not statistically significant. The results indicate
that the administration of tramadol during non-induction of pain would induce decrement in the activities of

the ATPase enzymes, indicating its impact on energy metabolism and membrane transport functions.
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INTRODUCTION

The understanding of pathology of pam 1s uncertain
and symptoms multiply and diversify until they become
disease. Patients have such diverse and complex problems
(Twycross and Fairfield, 1982; Twk and Flor, 1984;
Banning et al., 1991a, b).

Pain perception 15 modulated by a variety of opioids
through changes m newotransmitters including nor-
epinephrine and serotonin (Yaksh, 1988). In the clinical
setting, analgesia may be induced by obtunding or
mterrupting the nociceptive process at one or more points
between the peripheral nociceptor and the cerebral cortex
(Kohn et al., 1997).

Different mechamsms of pain can be associated with
different opioid receptor subtypes (Schmauss et al., 1983,
Pasternak, 1993), so that variable responses to opioids
might occur (Portenoy et al., 1990). Also, pain-related
factors are involved in the response variability to

analgesics, like poor responsiveness of newopathic pain
to opioids compared with nociceptive pain (Arner and
Meyersor, 1988; Portenoy et al., 1990). Opioids constitute
one of the largest, most widely used and most effective
classes of drugs employed for the treatment of moderate
to severe pain (Gutstein and Akhil, 2001).

Adenosine Triphosphatases (ATPases) play an
important role as energy transducers by coupling ATP
hydrolysis with energy processes (Kodama, 1985). The
depolarization-induced release of a number of putative
neurotransmitters including ATP and its derivatives from
neural preparations 18 well documented and the release of
ATP from synaptosomes 1s atleast partly calcium-
dependent (Tsrael et al., 1976).

In numerous tissues, the activities of Na'/K'-ATPase
may be mfluenced by different endogenous modulators
{(Rodrigez and Pena, 1995; Balzan et af., 2000; Ewart and
Klip, 1995). This enzyme may be under the influence of
various exogenous factors including certain divalent
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metals and organic compounds of toxicological interest
(Horvat et al., 1997, Nikend et al., 1998, Vas¢ et al., 1999,
Vasié et al., 2002) as well as some drugs (Modi and
Merchant, 2003).

Magnesium (Mg*)-ATPase is the major ATPase
(in quantity) of the plasma membrane (Vajreswar: and
Narayana Reddy 1992). Mg™-ATPase is sensitive to
membrane fatty acid composition (Zimmerman and
Daleke, 1993), which is related to the activity of
intracellular calcium-stimulated fatty acid synthases,
suggesting a possible synergistic relationship between
Mg*-ATPase and Ca”-ATPase.

In vitro effects of aspiin and salicylate on
ervthrocyte diameter and Na'/K* ATPase activity were
studied. The effects of the two compounds appear to be
mediated by their differential effects on the Na'/K*
ATPase activity (Sarkar et al., 1989, Modi and Merchant,
2003). The role of Na*/K™-ATPase in morphine-Induced
antinociception was examined by (Masocha et al., 2003).
Na/K'-ATPase (a-subumt) was found to be down-
regulated in rat brain synaptosomes under chronic
morphine treatment (Prokai et al., 2005).

Despite the logical assumption that the actions of
analgesic drugs would be same in the presence or
absence of pain, the biochemical actions on different
areas of the brain during experimental induction of pain
remain relatively unexplored and very little attention has
been paid on the analgesic effects in ammal models
without experimental induction of pain. Research in this
line 13 necessary as the consumption of analgesic drugs
15 seen even when there are no actual signs or feel for
pain. The present study is expected to contribute to the
existing mformation on the mvolvement of analgesia
induced by the admimstration of an opioid drug during
pain or no-pain conditions.

The present study has been taken up to examine the
changes in Na'/K'-, Mg % and Ca ATPase enzyme
activities using healthy rats and without mduction of
pain. The present study intends to examine the change n
activity of ATPases with non-induction of pain to the
ammal. Not to go into the detailed activity during pain and
the changes in their activity levels following tramadol
admimstration, this research 1s supposed to throw light on
what happens when an analgesic drug is administered
without reference to its symptomatic effect.

MATERIALS AND METHODS

Procurement and maintenance of experimental animals:
The study was conducted 1n the Department of Zoology,
S.V. Umversity and the Department of Life Sciences,
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University of Hyderabad, with collaborators from S.P.
Mahila University, India, during the early part of the year
2006. Male adult Wistar rats weighing 150+20 g were used
as the experimental ammals in the present investigation.
The rats were purchased from the Indian Institute of
Science, Bangalore, India, mamtained in the animal house
of the Department in polypropylene cages under
laboratory conditions of 28+2°C temperature, 1D 12:12
photoperiod and 75% relative humidity. The rats were fed
with standard pellet diet and water ad libitum. The rats
were maintained according to the ethical guidelines for
animal protection and welfare bearing the CPCSEA
438/01/a/cpesea/dt 17.07.2001 m 1its resolution No:
S/IAEC/svw/2001/dt 04.03.2002.

Selection of drug and dosage for administration:
Tramadol, an opioid analgesic drug was selected for the
present study. It was obtamned as a commercial grade
chemical from Apollo Pharmacy, Hyderabad, India. After
the rats were acclimated to the laboratory conditions, they
were divided into groups depending on the dosage and
time for sacrificing the animals. Five groups of six each
were housed in separate cages. The time periods chosen
for experiments following administration of the drug were
3,6,12and 24 h,

Tramadol dosage was admimstered according to ED,
value cbtained in rats at 31 mg kg™ in hot plate test
conducted by (Giust et al., 1997). All doses were given in
the morning between 9 and 10 AM, keeping in view the
altered activity of rats during the mghts compared to the
daytime. Controls were maintained individually for each
group, p=0.05.

Isolation of tissues: The present study was carried out on
different areas of the brain, viz. cerebral cortex (CC),
cerebellum (CB), pons-medulla (PM), hippocampus (HT)
and hypothalamus (HY). The animals were sacrificed at
the chosen time periods mentioned above. The brain was
1solated immediately and placed on a clulled glass plate.
The brain areas were separated and frozen in liquid
nitrogen (-180°C) and stored at -80°C until further use. At
the time of analyses the tissues were thawed and used.
Isolation of mitochondria was done using the methods of
Cotman and Matthews (1971) and Dodd et al. (1981).

Assay of ATPase (ATP phosphohydrolase: E.C.3.6.1.3)
activity: ATPase activity was estimated in mitochondrial
fraction in different rat brain areas.

{A) Mg* and Na', K" ATPase activities were assayed
by the method of Fritz and Hamrick (1966) as reported by
Desaiah and Ho (1979) with slight modifications.
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The reaction mixture in a volume of 3.0 mL contained
3mM ATP, 3 mM MgCl,, 100 mM NaCl,, 20 mM KCl,
135 mM imidazole-hydrochloric acid buffer (pH 7.5) and
0.3m! of mitochendrial suspension as enzyme source. The
reaction mixture was incubated at 37°C for 30 min and
stopped by the addition of 0.1 mL of 50% TCA. Samples
were then assayed for inorgame phosphate using the
method of Lowry and Lopez (1946) as modified by Phillips
and Hayes (1977). The color was read at 800 nm in a
spectrophotometer. Mg® ATPase activity was measured
in the presence of 1 mM ouabain, a specific inhibitor of
Na/K' ATPase (Mcllwain, 1963). Ouabain sensitive
Na /K" ATPase activity was obtained by the difference
between total ATPase activity and Mg*" ATPase activity.
The enzyme activity was expressed as umoles of inorganic
phosphate formed mg ™ protein h™.

Ca’" ATPase activity was determined by measuring
the inorgamc phosphate liberated during the hydrolysis
of ATP. Ca™ ATPase was estimated in the mitochondrial
fraction. The reaction mixture mn a volume of 3.0 mL
contained 135 mM imidazole-hydrochloric acid buffer
(pH 7.5), 5mM MgCl,, 0.05mM CaCl,, 4 mM ATP and
0.3 mlL of mitochondrial suspension as enzyme source.
The reaction mixture was incubated at 37°C for 30 min
and stopped by the addition of 0.1 mL of 50% TCA. The
morganic phosphate formed was estimated by the using
the method of Lowry and Lopez (1946) as modified by
Phillips and Hayes (1977). The color was read at 800 nm in
a spectrophotometer. Mg*” ATPase activity was measured
in the presence of 0.5 mM EGTA and this value was
subtracted from total ATPase activity to get Ca** ATPase
activity. Enzyme activity was expressed as pmoles of
inorgamc phosphate formed mg™ protein h™".

Statistical treatment of data: The enzyme assay was
carried out with six separate replicates from each group.
The mean and Standard Deviation (SD) were worked out
using INSTAT statistical software and Analysis of
Variance (ANOVA) was done using SPSS statistical
software using Basic Programming techniques on IBM
compatible personal computer for different parameters.
Difference between control and experimental assays was
considered as not significant above p<<0.05.

RESULTS

The levels of parameters related to energy
metabolism, viz. activity of the enzymes (Na”/K™-ATPase,
Mg*-ATPase and Ca’-ATPase), were estimated in
different regions of the brain with reference to mjection of
single dose of tramadol and following the changes in the
parameters during the 24 h period that followed. The

results are presented in Table 1-3.
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Table 1: Changes in the Sodium, Potassium-ATPase (Na®/K™-ATPase)
activity levels in different brain regions of rats at different time
periods after administration of a single effective dose of tramadol

Brain area Tndices Control 3h 6h 12h 24 h
Cortex Mean 35.43 23.06 2139 3069 33.60
SD (1) 2.44 320 2.96 2.44 2.74
% Change -3491 -39.73  -1338  -517
Cerebellum Mean 29.85 2417 21.74 2763 29.09
SD (£) 3.00 1.96 2.13 2.47 2.94
% Change -19.03 2717 744 -2.55
Pons-Medulla Mean 38.25 2937 2765 3326 3696
SD (1) 3.53 281 2.46 3.00 2.10
% Change -2322 -27.71  -13.05 -3.37
Hippocampus Mean 27.44 1921 2266 2570 26.10
SD (£) 2.70 1.76 2.14 2.28 2.53
% Change -30.00 -1742  -634  -4.88
Hypothalamus Mean 23.66 20.28 1858 22660 2331
SD(®) 1.25 1.04 2.12 2.20 2.17
% Change -1429 -2147  -4.23 -1.48

Each value, expressed in umoles of inorganic phosphate formed mg™ protein
h, is the mean+Standard Deviation (SD) of observations from six separate
experiments, Values are significant at least at p<0.05 in SNK test

Table 2: Changes in the Magnesium-ATPase (Mg*-ATPase) activity levels
in different brain regions of rats at different time periods after
administration of a single effective dose of tramadol

Brain area Tndices Control 3h 6h 12h 24 h
Cortex Mean 34.73 20,68 1952 3011 3313
SD (£) 1.36 1.74 2.18 1.85 2.07
% Change -4046 -43.80 -13.30 -4.61
Cerebellum Mean 26.54 1881 1734 21.95 2592
SD (1) 1.69 1.88 2.05 1.47 1.99
% Change -29.13  -34.67  -17.30 0 234
Pons-Medulla Mean 30.21 2021 1946 2530 2877
SD (£) 1.81 212 2.13 1.75 1.95
% Change -33.10  -35.59  -16.25 -4.77
Hippocampus Mean 30.85 2042 1831 2519 29.93
SD (1) 1.46 1.27 1.31 1.54 1.65
% Change -33.81 -40.65 -18.35 -2.98
Hypothalamus  Mean 24.16 1568 13.54 2081 2357
SD (£) 1.76 1.74 1.83 1.52 1.58
% Change -35.10 -43.96  -13.87  -2.44

Each value, expressed in pmoles of inorganic phosphate formed mg™! protein
h, is the mean+Standard Deviation (SD) of observations from six separate
experiments, Values are significant at least at p<<0.05 in SNK test

Table 3: Changes in the Calcium-ATPase (Ca**-ATPase) activity levels in
different brain regions of rats at different time periods after
administration of a single effective dose of trarmadol

Brain area Indices Control _3h 6h 12h 24 h
Cortex Mean 1652 1311 1239 1509 16.55
SD (1) 1.42 1.87 1.39 1.39 1.38
% Change -2064 -25.00  -866  +0.18
Cerebellum Mean 12.49 8.86 9.08 1090 11.51
SD (3) 1.68 1.05 1.21 1.58 1.7
% Change -29.06  -27.30  -12.73 -7.85
Pons-Medulla Mean 14.34 1017 9.65 1265 1336
SD (1) 1.22 1.37 1.34 1.24 1.55
% Change -29.08 3271 -11.79 -6.84
Hippocampus Mean 12.76 819 917 1097 11.95
SD (3) 1.86 1.26 1.03 1.35 1.27
% Change -35.82  -28.14 -14.03 -6.35
Hypothalamus
Mean 14.08 981 1013 1195 1381
SD (3) 1.16 1.25 1.39 1.22 1.40
% Change -30.33 2805 -15.13 -1.92

Each value, expressed in umoles of inorganic phosphate formed mg™ protein
h, is the mean+Standard Deviation (SD) of observations from six separate
experiments, Values are significant at least at p<0.05 in SNK test
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Sodium and potassium ATPase: In the brain of control
rats, PM registered the highest Nat/K+-ATPase enzyme
activity and HY recorded the lowest level Upon
admimstration of single dose of tramadol, the Na+/K+-
ATPase activity showed a decrease in all areas of the
brain. Maximal decrease was in CC at 6 h, followed by HI
at 3hand PM CB and HY at 6 h.

Magnesium ATPase: The Mg*'-ATPase activity in the
brain of control rats was found to be the highest in CC
and lowest m HY.

Consequent on the admimistration of single dose
of tramadol, the Mg*-ATPase activity was found to
decrease in all areas of the brain. Maximal decrease was in
HY and CC, followed by HI, PM and CB. The maximal
decreases in all areas were noticed at 6 h followmg
tramadol administration.

Calcium ATPase: Ca”-ATPase activity was found to be
highest in CC in the brain of control rats. The enzyme
activity was lowest in CB. Upon the administration of
single dose of tramadol, the Ca*'-ATPase activity showed
a decrease mn all areas of the brain, with maximal decrease
i HI at 3 h. CC showed a maximal decrease at 6 h
following tramadol injection. As in the case of activities of
Na'/K' and Mg*'-ATPases, the Ca*-ATPase activity
showed recovery towards the control levels during the
subsequent periods succeeding the perieds of maximum
activity. By 24 h after tramadol injection, the enzyme
activity retwned to near control levels and the minor
deviations from the respective controls at this period were
negligible and not statistically significant.

DISCUSSION

The present study was mtended to examine the
change in activity levels of the ATPases following
administration of the opioid tramadol. In this study the
changes m the enzyme activities connected with energy
metabolism and membrane transport functions, viz.
Na'/K', Mg®" and Ca* ATPase activities, were examined.
The changes were recorded at different time periods
following the imjection of a single effective dose of
tramadol during non-mduction of pain.

The results obtained on ATPase activities indicate
that the administration of tramadol without induction of
pain would induce decrease i the activities of the
ATPase enzymes towards lowered energy metabolism and
alterations in membrane transport functions.

From inhibition of commercially available purified
Na/K-ATPase 1solated from porcine cerebral cortex in the
presence of chosen drugs, as well as from the kinetic
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studies on synaptosomal plasma membranes, it was
concluded that the dirugs inhibit enzyme activity by acting
1n part directly on the enzyme protein (Horvat et al., 2006).
The Na/K™ ATPase activity of cells pre-treated with
aspirin was lower than in controls (Modi and Merchant,
2003).

It has ©been reported that opioid drugs
(Samsonova et al., 1979; Rekhtman et af., 1980; Brasc,
1990) may exert opposite effects on Na/K-ATPase
activity, while some beta-blocking agents and cardiac
glycosides inhibit the enzyme activity (Whikehart et of .,
1991; Pelin, 1998; Clausen, 1998; Quadri and Ferrandi,
1998) in various tissues. The effect of drugs from the
class of cardiac (methyldigoxin, verapamil, propranolol),
sedative (diazepam) and antihistamimc (promethazine)
drugs on Na/K-ATPase activity of plasma membranes in
rat brain synaptosomes was studied (Horvat et al., 2006).
important  synaptic plasma membrane
proteins displayed significant regulation changes as a
result of chronic morphine exposure #n vivo. In particular,
Na'/K" ATPase, which is involved in regulation of the cell
membrane potential by controlling sedium and potassium
1on permeability was down-regulated m the neurons of
morphine-exposed guinea-pigs (Prokai et al., 2005).

Further, as sodium and potassium ions are also
important like calcium ions for the development and
conduction of action potentials, the decrease in activities
of Na'/K" and Mg™ ATPases may alter the rate of influx
and efflux of the cations, namely Na" and K" respectively.
Thus, the inhibition in the activity of Na'/K'-ATPase in
specific regions of rat brain upon tramadol administration
may be correlated with the altered membrane permeability
properties. In the presence of the local anesthetic
bupivacaine, Ca’ concentrations remained significantly
larger 60 sec after the initial peak. This also points to an
inhibition of Ca”™ reuptake (Zink et af., 2002).

These reports, based results on a single-dose
administration of tramadol on different brain areas, but not
with other opioid drugs, make them relevant to the present
observations of the present study as the admimstration of
analgesics during the absence of pain or non-induction of
pain would presumably down-regulate the activity of Ca®
ATPase. The decrement in the activities of Na /K" -, Mg™-
and Ca™- dependent ATPases reflects the decreased
turnover of ATP, presumably due to inhibition of the
oxidoreductase system and uncoupling of the same from
the electron transport system. These indicate that the
administration of tramadol would induce decreases 1n the
activities of the ATPase enzymes related to energy
metabolism and membrane transport functions

It was apparent that as the effects of the drug on
different parameters get accentuated by 3 or 6 h after its

Several
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administration. Following this, as the effect of the drug
started to gradually vane. In the absence of pain, what an
analgesic will do 1s a matter of curiosity. The work of
Chetan (2006) mndicated that even during non-induction or
absence of pain-administration of tramadol causes
changes in the activity levels of ATPases.

Thus, njection of a single dose of tramadol causes
perceptible changes in the energy metabolism and the
associated metabolic profiles, at least as part of its
antinociceptive effect. These changes occur even during
non-induction of pain and are indicative of some of the
contrivances by which tramadol could normally exercise
its analgesic effects in the presence of pain or during pre-
emptive analgesia.

Despite the enormous work done in the line of the
actions of analgesic drugs, the present research, we
believe, 1s the first to be done m this area of
pharmacology as the literature pertaining to this type of
work 1s very scanty. The present investigation may look
a wee bit nascent, but 1s expected to provide useful
information on the biochemical changes with one-time
administration of tramadol in different areas of brain
during non-induction of pain or total absence of pain

In conclusion, without reference to the pain-
dependent models, the present study demonstrates that
the activity levels of ATPases has discernible changes
even during non-induction or total absence of pam i all
the brain areas, presumably as a measure for regulating
the level of the administered tramadol.
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