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Catechin, an active constituent of green tea, preserves skeletal muscle activity
in dexamethasone induced cachexia by increasing acetylcholine sensitivity
in muscles of Wistar rats
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Chronic administration of glucocorticoids produces cachexia like symptoms such as muscular dystrophy, weight loss and
skeletal muscle dysfunction. However, only limited options are available for treatment of this disease. One of the tea
catechins, epigallocatechin-3-gallate attenuated skeletal muscle atrophy in cancer cachexia. In this context, we explored here
(+)-catechin hydrate (catechin) for of its anticachectic activity in dexamethasone induced muscle dystrophy. Dosing of
catechin at 100 mg/kg p.o. was continued for 5 days along with a daily dosing of dexamethasone at 0.6 mg/kg i.p. On the
6" day, animals were assessed for cachectic condition using changes in body weight, functional aspect of skeletal muscle
such as muscle integrity, locomotor activity, handgrip strength, glucose uptake, responsiveness of skeletal muscle to
acetylcholine, by estimating inflammatory parameters such as nitrite, myeloperoxidase in the gastrocnemius muscle and by
evaluating plasma biochemical parameters such as triglycerides, total protein, albumin, creatinine, urea and IL-6 levels.
Except for a few parameters, such as body weight, glucose uptake by hemi-diaphragm and triglyceride level, remaining
parameters were significantly reversed by catechin treatment. The underlying mechanism of the myoprotective action of
catechin has been postulated by the increased sensitivity of muscle to acetylcholine as demonstrated in this study, which

might be responsible for prevention of muscle inflammation.

Keywords: Anticachectic activity, Cachexia, Glucocorticoids, Glucose uptake, Inflammation, Muscle dystrophy, Muscle
wasting, Plasma IL-6 level, Skeletal muscle dysfunction, Weight loss

An increase in circulating glucocorticoids leads to
anomaly to skeletal muscle characterized by muscle
atrophy or complex metabolic syndrome (cachexia),
which shows abnormalities in carbohydrate and fat
metabolism, severe insulinopenia, metabolic acidosis,
osteoporosis, weight loss, starvation, ete.””.
Glucocorticoids are widely prescribed for the
management of chronic inflammatory disorder, such as
autoimmune, neuromuscular and lymphoproliferative
Disorders'. However, long term administration of
dexamethasone, a glucocorticoid, produces symptoms
of cachexia-like syndrome resulting in muscle wasting
and other complication, such as reduced food intake
aberrant immune response, etc.”. This type of the
complex metabolic syndrome was also observed in the
different types of malignancies in cancer where the
prevalence of cachexia was about 80% in upper
gastrointestinal cancer patients and 60% in lung cancer
patients’. The most prominent feature for diagnosis of
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cachexia is weight loss. The associated symptoms are
anorexia, muscle protein breakdown, inflammation and
insulin resistance'. It influences adversely the treatment
options, quality of life and the patient’s survival.
Cachexia in cancer patients accounts for 10-30% of the
total cancer related deaths’. The exact cause of
cachexia syndrome is not precisely known.

Despite the magnitude of the problem associated
with the cachexia, progress in developing effective
treatments to  control  cachexia is  slow".
The anticachectic studies are generally focused on
either reducing the anorexia or altered metabolism.
The interventions have ranged from nutritional
supplements to simple dietary intervention,
e.g. offering small but energy dense meals’.
Pharmacotherapy, on the other hand, includes
progestagens’, corticosteroids’ and omega-3 fatty acid
enriched with oral nutritional supplements’. Although
corticosteroids and progestagens have temporarily
improved appetite and body weight, their influence on
weight gain often reflects unhelpful fluid retention
and these drugs may exacerbate muscle weakness.
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Nonavailability of FDA approved drugs to treat
cachexia and lack of evidence of reversing muscle
loss with the agents used, demands further research of
high methodological quality for finding a reliable
drug. A group of flavonoids has been studied for the
prevention of cancer induced cachexia. Curcumin and
tea catechins are such few isolates, which had shown
an ability to prevent cancer induced cachexia®’.
Epigallocatechin-3-gallate, an isolate obtained from
green tea has been widely studied and shown potency
to prevent cancer induced cachexia”'’. Besides, green
tea catechins have been demonstrated to have
antioxidant, anti-inflammatory and anticancer
benefits. With this cue, we selected another important
isolate of tea catechin, (+)—catechin hydrate for
screening of their anticachectic activity against the
dexamethasone induced model of muscle wasting.

Materials and M ethods
Animals

Male Wistar rats, weighing 180-200 g were used
for the study. The animals were obtained from Central
animal research facility (CARF) of Manipal
University. The animals were acclimatized for 7 days
before the experiment under controlled conditions of
temperature (23+£2°C), humidity (50+5%) and 12 h
light-dark cycles as prescribed by the guidelines of
the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA),
Government of India. Animals were housed in sterile
polypropylene cages with a bedding of sterile paddy
husk and given free access to food and water. The
studies conducted were approved by the Institutional
Ethical Committee, Kasturba Medical College,
Manipal [TAEC/KMC/53/2010-2011].

Chemicals

Catechin [(+) -catechin hydrate] and dexamethasone
were procured from Sigma-Aldrich, USA. All other
chemicals were procured from local reliable vendors.

Experimental design

Animals were grouped into three groups with six
animals each. They were given vehicle/drug treatment
once daily for a period of 5 days as follows. (a) Group
I (control): 0.3% CMC alone in the volume of
10 mL/kg; (b) Group II: dexamethasone (0.6 mg/kg
i.p.) treated control; and (¢) Group III: dexamethasone
(0.6 mg/kg i.p.) + catechin (100 mg/kg orally) treated
group. In Gr. 11, catechin was administered one hour
prior to the administration dexamethasone . Body
weight and food intake were measured daily before

the treatment. The differences in the body weight
between the first day, i.e., induction day and the
5™ day of treatment were calculated and expressed in
terms of percentage gain in body weight. On the
6" day, physical parameters namely muscle integrity,
locomotor activity and hand grip strength/body
weight ratio were evaluated. After that blood was
withdrawn and plasma was separated from blood by
centrifuging at 5000 rpm for 5 min. The separated
plasma was used for estimation of biochemical
parameters and evaluation of IL-6. The animals were
then sacrificed by cervical dislocation, the diaphragm
and the ileum were isolated for glucose uptake and
muscle contractility, respectively.

Rota-Rod test

The muscle integrity and coordination were
assessed using rota-rod apparatus. The speed of rota-
rod was adjusted at 25 rpm, animals were placed on
rota-rod. Time taken for the animal to fall from the
rotating rod was noted and cut off time was 60 s."'

L ocomotor activity

Locomotor activity was assessed using digital
actophotometer (INCO, India). Before performing the
locomotor task, the animals were placed individually in
the activity meter for 3 min. Then, for the next 5 min,
the ambulatory movements were recorded and expressed
in terms of total photo beam counts for 5 min per animal'.

Hand grip strength/body weight ratio

An animal cage with a metal grill on top was firmly
fixed with sufficient weight in it. A rat was placed on
the top of the metal grill of the cage and it was made to
hold the grill firmly. The tail of the animal was tied to
tourniquet which in turn was connected to a graduated
water bottle with the help of a string running on a
pulley. Water was gradually poured into the graduated
bottle allowing it to apply force on the animal to pull it
off from its grip on the cage. Water-flow into the bottle
was stopped when the animal was just separated out of
the metal grill. The grip strength of the animal was
recorded as the weight of water in terms of cages that
are required to loosen the grip of the animal from the
cage. Subsequently, the ratio of hand-grip strength and
body weight was calculated.

Parameters on theisolated tissues of the animals
Ex vivo glucose uptake by isolated rat hemidiaphragm

Glucose uptake by rat hemidiaphragm was
estimated by the method described by Gowdra et al."”.
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In brief, overnight fasted Wistar rats were sacrificed
by cervical dislocation and the diaphragm was
dissected out. One half of the hemidiaphragm was
transferred to an organ bath containing 5 mL of tyrode
solution with 2% glucose maintained at 37°C and
bubbled with atmospheric air. After 45 min of
incubation, the glucose content of the solution was
determined using glucose kits in an ELISA plate
reader. The glucose uptake per gram of tissue was
calculated as the difference in the initial and final
glucose content in the medium.

Measurement of muscle contractility by isolated rat ileum
preparation

Part of ileum was removed and immediately placed
in a Petri dish containing the tyrode solution. One
piece of ileum, 2-3 cm long was taken, tied with fine
thread and mounted in an organ bath containing
tyrode solution maintained at room temperature and
aerated with 95% O, and 5% CO,. Tissue was
allowed to equilibrate for 30 min before adding the
drugs to the organ bath. The concentration dependent
response due to acetylcholine was recorded using a
frontal writing lever. The concentration due to
acetylcholine was recorded with increasing dose of
acetylcholine (5-6 responses or until maximal
response) Log dose Vs. % response graphs were
constructed and the EC50 values were determined'*.

Myel operoxidase activity in gastrocnemius muscle

Fifty microliter sample/standard/50 mM phosphate
bufters (pH 6) (blank) were added to the respective wells
of a microplate. To the well, 250 pL O-dianisidine
hydrochloride (ODA) 0.167 mg/mL in 50 mM
phosphate buffer (pH 6) containing 0.0005 % hydrogen
peroxide was added. The plate was then read at 490 nm
after 5 and 15 min to monitor the reaction. After 15 min
incubation, 50 pL. 4M H,SO, was added to stop the
reaction and reading was taken. Percentage
myeloperoxidase activity with respect to dexamethasone
control was calculated. Results are expressed as mean
percentage activity with respect to control + SEM.'>!¢

Nitrite assay in gastrocnemius muscle homogenate

Muscle homogenate was centrifuged at 10000xg
for 10 min at 4° Cand the supernatant was collected
and used for nitrite estimation. About 100 pL of
Griess reagent was added to 100 pL of supernatant
and absorbance was measured spectrophotometrically
at 542 nm'>"". A standard curve was prepared using
sodium nitrite and the concentration was expressed in
pug/mg of protein

Biochemical parameters of plasma samples

The separated plasma samples were analyzed for
albumin, triglycerides, total protein, creatinine and urea
using semi autoanalyzer as per the manufacturer’s
instruction provided with diagnostic kits from Aspen
labs, Mumbai. Plasma IL-6 was estimated using
ELISA kit of Invitrogen Corporation, USA.

Statistical analysis

All the values represent mean and SEM of six
animals. Data were analyzed by One-way ANOVA
followed by Dunnett’s post hoc analysis using
GraphPad Prism 5 (demo version), GraphPad Software,
La Jolla California USA, www.graphpad.com.

Results

Effect of drug treatment on the body weight and food intake
of theanimalsin the dexamethasone induced cachexia

Five-day = administration of dexamethasone
produced a significant (P <0.001) reduction in body
weight and food intake in the animals. However, the
treatment of catechin could not reverse the effect of
dexamethasone (Fig. 1).
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Fig. 1 — Effect of catechin treatment on the body weight and
food intake. [All values are meantSEM of six animals, where
**P <0.01 compared to dexamethasone control, ***P <0.001
compared to dexamethasone control]
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Effect of drug treatment on muscle integrity and locomotor
activity in the dexamethasone-induced cachexia

Dexamethasone caused a significant (P <0.001)
reduction in the muscle integrity compared to normal
control. On the other hand, the treatment with
catechin significantly (P <0.01) reversed the influence
of dexamethasone on muscle integrity (Fig. 2).

The locomotor activity of animals treated with
dexamethasone significantly (P <0.001) reduced
compared to normal control. Catechin treatment
significantly (P <0.01) antagonized the debilitating
effect of dexamethasone on locomotor activity.
Handgrip strength to the body weight ratio was
significantly (P <0.001) decreased in animals treated
with dexamethasone. The effect of catechin was
found to be significant (P <0.05) on handgrip strength
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Fig. 2 — Effect of catechin treatment on functional parameters in
the dexamethasone-induced cachexia. [All the values are
mean+SEM of six animals, where *P <0.05 compared to
dexamethasone control, **P <0.01 compared to dexamethasone
control, ***P <0.001 compared to dexamethasone control]

to body weight ratio compared to the dexamethasone-
treated group (Fig. 2).

Effect of drug treatment on muscle contractility by isolated
rat ileum preparation

The ECs, of acetylcholine to produce contraction
on the isolated rat ileum of a control group of
animals was 629.65+2.25 ng/mL. Dexamethasone
significantly (P <0.01) increased the EC50 of
acetylcholine (770+£26.83 ng/mL) compared to normal
control, while catechin significantly (P <0.001)
reversed the effect of dexamethasone (ECS50
120.554+46.72 ng/mL) (Fig. 3).

Effect of drug treatment on glucose uptake by isolated rat
hemidiaphragm

In the rat hemidiaphragm preparation, glucose
uptake was significantly (P <0.01) declined in the
dexamethasone-treated group. catechin failed to
reverse the effect of dexamethasone, in fact, it
significantly (P <0.01) decreased the glucose uptake
compared to dexamethasone group (Fig. 3).

Effect of drug treatment on myeloperoxidase (MPO) activity
and nitritelevel in gastrocnemius muscle

In the gastrocnemius muscle, MPO and nitrite level
were significantly (P <0.01) elevated after the
treatment of dexamethasone. Treatment with catechin
(P <0.05) prevented the rise in the level of the MPO.
Similar effects were observed on the nitrite levels by
the treatment of catechin (P <0.01) (Fig. 4).
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Fig. 3 — Effect on acetylcholine sensitivity and glucose uptake.
[All the values are mean+=SEM of six animals, where *P <0.05
compared to dexamethasone control, **P <0.01 compared to
dexamethasone control, ***P <0.001 compared to dexamethasone
control]
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Effect of drug treatment on biochemical parameters of the
plasma samples

Dexamethasone treatment showed a significant
(P <0.01) reduction in plasma albumin, total protein
levels, and creatinine level. Catechin treatment
significantly reversed the decrease in albumin, plasma
protein and creatinine level by dexamethasone.
Urea levels were significantly (P <0.01) raised
under the influence of dexamethasone, while
significant reversal was observed in the catechin
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Fig. 4 — Effect on myeloperoxidase and nitrite levels in

gastrocnemius muscle homogenate. [All the values are
meantSEM of six animals, where *P <0.05 compared to
dexamethasone control, **P <0.01 compared to dexamethasone
control, ***P <0.001 compared to dexamethasone control]
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treatment group. Besides, we observed a
significant (P <0.001) increase in plasma triglyceride
levels in dexamethasone-treated rats while no
significant effects were observed with catechin group
(Fig. 5).

IL-6 levels in the plasma of dexamethasone-treated
group significantly (P <0.001) increased compared to
normal control group, while treatment with catechin
significantly (P <0.001) prevented this rise (Fig. 6).

Discussion

A number of anticlastogenic agents are used along
with glucocorticoid therapy and cancer chemotherapy
for preventing their side effects. Among these notable
agents, tea catechins are reported to possess anti-
cancer effects besides anti-clastogenic property'®".
However, these catechins are not evaluated for their
anticachectic activity against dexamethasone in spite

of their known anti-oxidant and immunomodulatory

804

‘—-50-

£

2 = o
20+ -
ol EZEA & :

Fig. 6 — Effect on Plasma IL-6 level. [All the values are
mean+SEM of six animals, where ***P <0.001 compared to
dexamethasone control]
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properties®”'. In the view of this, the present study

was undertaken to assess the anticachectic activity of
(+)-catechin hydrate in the dexamethasone-induced
cachectic model in Wistar rats. The dose of
dexamethasone was selected based on the reports of
Ma et al.**, while test drug dose was selected based on
the earlier reports on hepatoprotection for (+)-catechin
hydrate by Raj et al.” and obesity modulation effect
for a green tea catechin by Yan et al.**.

Loss of body weight along with anorexia are the
major symptoms of dexamethasone induced
cachexia/anorexia syndrome”. In the present study,
similar findings were obtained after dexamethasone
administration, a significant weight reduction was
observed in dexamethasone administered control rats
compared to normal control rats. Catechin was unable
to prevent the weight loss caused by dexamethasone.
This action of catechin can be justified by the fact that
catechin leads to weight loss along with an increase in
oxidation of fat®®. However, compared to
dexamethasone, there was no extra weight loss
observed after catechin treatment. Thus, it can be
concluded that it has no additive effect on
dexamethasone induced weight reduction and also, it
cannot prevent the weight loss by dexamethasone.
The dexamethasone treatment also showed a decrease
in food intake in the animals, which might have
contributed to the overall decrease in the body weight.
The treatment with catechin improved food intake
compared to dexamethasone alone treatment,
however, it was not significant.

The decrease in skeletal muscle activity in
dexamethasone induced cachexia-anorexia syndrome
was characterized by evaluating functional aspects of
muscle, directly by muscle integrity, locomotor
activity, handgrip strength and indirectly by glucose
uptake and the responsiveness of skeletal muscle to
acetylcholine’’. Dexamethasone, which significantly
decreased muscle integrity, and hand grip strength
compared to control, were effectively prevented by
catechin treatment. Similar ameliorative effect of
catechin on correcting locomotor incoordination
caused by dexamethasone is interlinked with its
effectiveness in maintaining skeletal muscle integrity
and reflected their beneficial role in dexamethasone
induced cachectic conditions. Skeletal muscle activity
largely depends on the nicotinic receptor stimulation
caused by cholinergic transmission. The cholinergic
transmission also regulates the inflammatory activities
of macrophages/monocytes and T-lymphocytes. The
activation of the nicotinic receptor (nAChRa7) on

these cells prevents skeletal muscle inflammation by
reducing metalloprotease MMP-9 activity, TNFa and
NFkB contents and by increasing muscular
regeneration and preventing apoptosis™. In the present
study, the sensitivity of muscle to acetylcholine was
decreased significantly by dexamethasone, which was
improved significantly by catechin. This effect of
catechin might be due to anticholinesterase activity of
catechin as reported by Cheruku et al >

Enzymatic markers of inflammation play an
important role in characterizing cachexia associated
muscle wasting. Since the sensitivity of skeletal muscle
to acetylcholine was increased by catechin, it might
have a protective role against inflammation and related
inflammatory myopathy. To confirm this, MPO and
nitrite levels in gastrocnemius muscle homogenate
were assessed. The earlier studies suggest that
inflammatory markers increase significantly in the
cachexia syndrome, which shows the recruitment of
immune cells, such as neutrophil, monocytes and
macrophages to muscle, leading to muscular dystrophy.
In the present study, dexamethasone treatment
significantly elevated MPO and nitrite levels in the
gastrocnemius ~ muscle.  Catechin  significantly
prevented the rise in MPO and nitrite level in the
muscle, which might be due to the poor infiltration
of  polymorphonuclear  cells/neutrophil. ~ These
polymorphonuclear cells and some other tissues like
myocytes and endothelial cells secrete IL-6, which is a
key regulatory cytokine for inflammation. The
circulatory plasma IL-6 is short-lived and concentration
may increase for a short period after acute strenuous
exercise. However, the increased level of IL-6 for a
longer time is observed in various pathological
conditions of cachexia, associated with cancer and
other metabolic syndromes namely diabetes and
inflammation®. The level of IL-6 is also reported to
increase in long term administration of dexamethasone
due to the combined effect of insulin resistance and
increased the formation of advanced glycation end
product leading to the generation of proinflammatory
signals such as IL-6". In the present study, chronic
administration of dexamethasone showed a significant
rise in IL-6 level which was significantly prevented by
catechin administration. Thus, it confirmed the
myoprotective effect of catechin by inhibition of
inflammatory signal. Earlier studies also supported
catechins role in inhibition of IL-6 levels’’ and
suppression of muscle inflammation™.

Glucose is the primary source of energy for normal
skeletal muscle functions. The muscle contractile
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activity during exercise largely depends on skeletal
muscle glucose transport and glucose homeostasis.
Dexamethasone is known to cause insulin resistance in
rat skeletal myocytes without altering GLUT4
expression”. In our study, insulin-mediated glucose
uptake was significantly decreased in dexamethasone
group, which was consistent with the previous
reports’®.  Interestingly, glucose uptake was
further decreased in catechin treated animals
which might be due to inhibition of translocation
of GLUT4 transporters as was observed earlier in
3T3-L1 adipocytes’®. Insulin resistance is one of
the important factors leading to dyslipidaemia™®.
Dexamethasone increases not only insulin resistance
but also splanchnic triglyceride production along
with low lipoprotein lipase activity in adipose tissue.
We found similar results in dexamethasone treated
control animals, the triglyceride levels were
significantly elevated compared to normal animals.
However, treatment with catechin could not reverse the
condition.

Decreased levels of total protein and albumin is
associated with cachexia in the murine model due to
decreased expression of albumin gene by the raised
level of TNFo’*®. We got similar finding in the
present study, levels of total protein and albumin were
decreased significantly by the chronic administration
of dexamethasone. The levels of total protein and
albumin were significantly reversed by the co-
treatment with catechin, which further supported the
anticachectic  activity of catechin. Creatinine
production depends on muscle mass of the individual.
A lower plasma creatinine and high level of urea
represent muscle-wasting conditions associated with
renal dysfunction®”. In the present study, the
significantly lower value of serum creatinine and high
value of urea were observed in dexamethasone alone
treated group, which represented a muscle wasting
condition. Catechin significantly prevented these
changes induced by dexamethasone, which might
represent protection from the loss of muscle mass and
improvement in renal function.

Conclusion

Catechin showed improvement in the impaired
functional parameters of muscles by increasing
acetylcholine sensitivity and preventing inflammatory
condition induced by dexamethasone. However, it
could not reverse the body weight loss caused by the
dexamethasone treatment.
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