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Effect of Curcumin
Supplementation on Rat Skeletal
Muscle Morphology and AMPK
Levels: Study Protocol for a
Randomized Controlled Trial
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ABSTRACT

Background: Curcumin has been investigated
as a potential natural solution to prevent or even
treat skeletal muscle decline. There are a number
of externally sourced finished products (ie, those
imported from other countries) containing curcumin,
buthigh cost limits their usage. The emerging research
and development of locally sourced curcumin is an
opportunity to produce high-quality oral supplements
comparable to existing imported products.

Objective: The primary purpose of this study is to
determine the effects of oral administration of a local
curcumin formulation on skeletal muscle using an
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animal model that similarly demonstrated the course
of human sarcopenia.

Methods: Purpose-bred 11-to 12-week-old female
Sprague Dawley (SD) rats will be used in this study. SD
rats are extensively used in animal models of human
diseases and conditions such as diabetes, obesity
and sarcopenia. Female rats have been selected
because they do not demonstrate more temperature
or activity variance and have more stable behavior
compared to males. To simulate sarcopenia in this
animal model, the tail suspension (TS) method was
utilized. The TS method involves decreased hind
limb function by suspending the animal’s tail for the
duration of treatment. The laboratory animals will be
randomized to receive any of the four treatments: (1)
low-dose curcumin + vehicle; (2) high-dose curcumin
+ vehicle; (3) vehicle only; and (4) control (distilled
water). The interventions will be subdivided into
two: 2-week treatment and 4-week treatment. The
gastrocnemius muscles on both sides will be excised
and weighed, and the muscle tissues subjected to
rapid freezing in acetone-dry ice and sliced into 10
pm-thick sections for staining. Examination of muscle
architecture and computation of atrophy factors will
be performed. The presence of connective tissue,
fat tissue and number of atrophic muscle cells will
be deftermined. Accurate quantitative detection
of the rat total AMP (adenosine monophosphate)-
Activated Protein Kinase will be performed in the
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gastrocnemius muscle tissue utilizing the enzyme-
linked immunosorbent assay kit.

Keywords: curcumin, sarcopenia, animal model

INTRODUCTION

Sarcopenia is a generalized disorder of the skeletal
muscle associated with increased likelihood of
adverse outcomes and mortality.[1] Sarcopenia
is closely related to aging and characterized
by deterioration in skeletal muscle mass and
function (defined by muscle strength and physical
performance), eventually resulting in reduced
physical capability, compromised performance of
cardiopulmonary status, risk of falls, presence of
disabilities, poor quality of life, high healthcare
spending and even mortality.[2]

The reported prevalence rates in the European
region vary from as low as 5% to as high as 25%.
Epidemiological studies in Asian countries reported
that the prevalence rates vary from as low as 5.5%
to more than 25%, with male predominance (5.1%
to 21.0% in men vs. 4.1% to 16.3% in women).
[3] In addition to advanced age, an individual’s
lifestyle plays a crucial role in the development of
sarcopenia. Regular physical activity and balanced
nutritional status greatly influence muscle health and
strength.

In terms of pathophysiology, skeletal muscle fibers
undergo atrophy, especially the type Il or fasttwitch
fibers, which have low concentrations of mitochondria
and are responsible for short, fast bursts of activity.
[4] There is also reduced number of motor units
and accumulation of fat tissues within the muscle.
Different theories for the pathophysiology have been
suggested, such as peripheral neurodegeneration,
reduction in sensitivity and production of anabolic
hormones, dysfunction in the secretion of cytokines
and altered inflammatory mechanism.[5] Peripheral
neurodegeneration involves neuronal loss, which is
a progressive and irreversible process that increases
with age. Reduction in motor neurons decreases
the available proportion of motor units, resulting in
skeletal muscle fiber denervation.[6]

The potential benefits of nutraceuticals and
herbal medicines for the prevention and treatment
of sarcopenia have been explored in recent
years. These natural products are considered less

expensive, more accessible and relatively safe (ie,
with low toxicity) compared to drugs and high protein
dietary approaches being administered to alleviate
muscle pain and delay sarcopenia progression,
respectively. It is well-documented that oxidative
stress and inflammation have important roles in the
pathogenesis of muscle damage and pain occurring
in sarcopenia. The beneficial effects of these natural
products are due to their ability to modulate age-
related transcriptional factors in  biochemical
pathways leading to muscle inflammation.[7] Other
beneficial effects include the prevention of muscle
damage and atrophy, muscle regeneration and
differentiation, and improvement of muscle strength
and muscle resistance to fatigue during vigorous
exercise.[/]

Among the different natural products with potential
therapeutic benefits for sarcopenia prevention and
management, curcumin is one of the most studied.
Curcuma longa Linn (C. longa) is a rhizome that
belongs to the Zingiberaceae (ginger) family. It is a
perennial plant cultivated and widely distributed in
Asian nations, including the Philippines. Curcumin
is well-known for its antioxidant, anti-inflammatory,
and anti-aging properties.[7] Curcuma longa
has a complete nutritional profile, ie, it contains
carbohydrates, proteins, fibers, and fats, as well as
vitamins and minerals such as vitamin C, pyridoxine,
calcium, potassium, magnesium, and phosphorus.
More than 200 phytochemicals have also been
found in C. longa.[8] Additionally, curcumin
has been shown to improve systemic markers of
oxidative stress[?] and gives protective effects to
exercise-induced oxidative stress and inflammation,
muscle soreness, and muscle recovery in physically
active people.[7] Compared to the novel therapeutic
agents being explored and studied, curcumin has
the advantage of being recognized and utilized
worldwide in different forms for a wide array of
potential health benefits. Ithas been used in foods, eg,
as curry in India, tea in Japan, and as a preservative
and coloring agent even in Western countries like
the United States.[10] With the multiple usages of
curcumin, its safety has been long established.

Preclinical studies on the effects of curcumin on
muscle disorders suggest that the use of curcumin
may be a potential solution to prevent or even
treat skeletal muscle decline.[8] Reports have
shown that curcumin is also beneficial for several
conditions that result in skeletal muscle wasting,
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such as during systemic infection and inflammation.
Furthermore, a recent animal study demonstrated
improvement in muscle fatigue postswimming with
curcumin, which may be explained by curcumin’s
beneficial effect on gut microbiota.[7] Adding
curcumin or turmeric extract (TE) to a prescribed diet
significantly improved weight loss at 36 weeks in an
experimental animal model.[11] The animal study
demonstrated that with TE supplementation, there
was an improvement in muscle atrophy in both fast-
twitch fibers (gastrocnemius and tibialis anterior),
which contract over short durations but fatigue
rapidly, as well as slow-twitch muscle fibers (soleus),
which produce sustained, small movements.

The general objective of this study is to determine
the effects of oral curcumin administration on
skeletal muscle using an animal model that similarly
demonstrates the course of human sarcopenia. The
specific objectives are the following: To determine
the effect of low-dose and high-dose curcumin
supplementation on gross and histologic morphology
of rat gastrocnemius muscles; to determine the safety
of low-dose and high-dose curcumin supplementation
on gross and histologic morphology of rat major
organs; and to quantitatively analyze the AMPK of
the rat gastrocnemius muscle tissue.

METHODS

The study will last for 35 days (five weeks). An
acclimation period of seven days will be allotted
to allow animals enough time to stabilize in a new
environment and promote both animal welfare and
reproducible experimental results. The experiment
proper will last for 28 days (four weeks). Purpose-
bred 11-to 12-week-old female Sprague Dawley (SD)
rats (N = 32) will be used in this study (Figure 1A).
These animals have been chosen because they
are specifically bred and raised in controlled
environments for biomedical research purposes. SD
rats are being extensively used in animal models of
human diseases and conditions such as diabetes,
obesity, cancer, cardiovascular, renal diseases[12],
and sarcopenia.[13,14] The sample size calculation
was based on the assumption that each subgroup
will include at least four animals; if one subject does
not survive, there will be at least three remaining.
The females have been selected because of the
following reasons: (i) compared to males, females do

not show more temperature or activity variance;[15]
(i) females are more stable in behavior even if they
have an estrous cycle (Caruso, 2023). The animals
will be sourced from the Animal Pharmacology Unit
of Unilab, Inc., Medical and Regulatory Affairs,
Biological Sciences Department.

Laboratory Animal Care Procedure

The study will be conducted at the Laboratory Animal
Facility (LAF) of the Animal Pharmacology unit of the
Biological Sciences Department (AP-BSD) of Unilab,
Inc., Medical and Regulatory Affairs because of
the following reasons: (i) It is equipped with a well-
maintained microenvironment, ie, the immediate
physical environment surrounding the animal such
as cage and feeding equipment (Figure 1C and
1D). (ii) There are individual ventilated cages (IVC)
where animals are protected by High Efficiency-
Particulate Air (HEPA)ilters that protect them from
all micro-organisms. (iii) The Animal Pharmacology
(AP) unit ensures that the animal’s health status is
maintained, following the animal welfare guidelines
and meeting scientific requirements: regular health
monitoring and microbial monitoring. (iv) There is
an established policy for entry and exit in animal
facilities (Figure 1E and F). The AP unit personnel
wear personal protective equipment (PPE) when
inside the animal laboratory premises (Figure 1B).
The AP unit personnel are immunized with anti-
rabies and antitetanus vaccines. (v) The unit has a
total of four animal caretakers going on duty eight
hours daily, including holidays, Saturdays, and
Sundays. (vi) The AP-BSD LAF has been granted a
certificate of registration (or License to Operate) by
the Philippine Department of Agriculture, Bureau of
Animal Industry (BAI)[16] in accordance with the
provision of the Republic Act No. 3639.

The study animals (SD rats) will be kept individually
in sterilized polycarbonate cages (480 x 265 x 210
mm) with stainless steel covers having provisions for
holding pellet feed and drinking water bottles fitted
with stainless steel sipper tubes. The cage range
meets and exceeds current international rules and
guidelines. The animals will be maintained as per
standard protocol throughout the study.[17] The
animals will be provided with appropriate feeding
and housed in individual cages within temperature
and humidity ranges appropriate for their species,
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Figure 1. (A) Sprague-Dawley rat; (B) AP-BSD personnel wearing personal protective equipment; (C) drinking water bottles; (D)
Polycarbonate (Techniplast, 480 x 265 x 210 mm) cages with stainless steel cage covers; (E) Entrance to the Laboratory Animal
Facility; (F) Designated area for changing to laboratory coats and other protective clothing (Source: AP-BSD, Unilab Research

Compound).

to which they can adapt with minimal stress and
physiologic alteration. The primary purpose of
ventilation is to provide appropriate air quality and
adequate oxygen supply. The rats are nocturnal
animals, and photoreceptors in their eyes are
adapted to dim lighting conditions between 1 and
40 lux. The environmental condition will include
the following: Room temperature: 22°C (x3°C);
Relative Humidity: 50%-70%; Ventilation: 10 to
15 air changes/hour; Lighting: 12 hours light/12
hours dark cycle. Autoclaved rice hulls will be used
as beddings, with a depth of at least 2 cm. The
animal diet and feeding will include the following:
Sarimanok® (sourced from Univet Nutrition and
Animal Healthcare Company, UNAHCO, Inc.)
rodent pellets will be given as feeds. Purified water
(sourced from the Reverse Osmosis Water Filtration

System, LAF of Unilab, Inc. Medical and Regulatory
Affairs) will be given ad libitum.

The animal cages will be washed thoroughly
twice a week with ordinary detergent soap and
solution with an antimicrobial agent in a designated
area of the LAF. During cleaning, the animals will
be transferred to temporary clean cages with exact
specifications as the animals’ permanent cages. All
clean cages will be dried with clean paper towels.
Water bottles and food containers will be washed
with  antimicrobial = dishwashing  liquid, rinsed
thoroughly, and wiped dry. Waste materials and
used beddings will be placed in a yellow trash bag
in a designated trash bin for disposal.

Animal models utilized in sarcopenia studies
(Figure 2) include the use of aged laboratory
animals (with expected age-related skeletal muscle
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Figure 2. Rodent model of muscular atrophy for sarcopenia study (Source: Baek, et al., 2020, p. 98, Fig. 1).

atrophy and denervation), hind limb unloading,
denervation, and immobilization.[13,18,19] The
changes occurring in skeletal muscles of aged rats
are almost similar to the changes in sarcopenia
among humans. However, since the natural aging
process will require longer period of time to build, it
will not be feasible to utilize it as an ideal model for
this study. Furthermore, laboratory animals require
prolonged housing and feeding, and thus, higher
maintenance cost, and their availability primarily
limits their use as natural sarcopenia models.
Limiting physical activities, unloading (to eliminate
weight), and immobilization (to reduce muscle
mass) are common strategies involved in low-activity
for sarcopenia models.[18] The tail suspension
(TS), a simpler model introduced by Nemoto and
Goyagi(2021), is a low-activity method utilizing
hind limb unloading, which involves decreased hind
limb function by suspending the animal’s tail for at
least two weeks (Figure 3).

General description of animal manipulation
methods

1. Handling and Restraining: For safe and ef-
fective handling, the handler must have compre-
hensive knowledge of the animal’s anatomy, phys-
iology, and responsive behavior. Steps should
be taken to allow rats to become familiar with
the researcher who will be handling them so as
to reduce the stress of handling. This should in-
clude the process of “gentling,” whereby rats are
allowed to explore their handler and are gently
stroked and held.[20,21] Restraint may signifi-
cantly cause stress on laboratory animals, includ-
ing rodents. The stress caused by daily handling
and feeding gavage insertion may be reduced
when the act is done repeatedly; this is called the
habituation process.[22]

2. Hind Limb Unloading (TS): The bodies of lab-
oratory animals will be suspended by the tail using
improvised non-harmful materials to prevent the
hind limbs from touching the ground (Figure 3A),
for two to four weeks, with free access to food
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and water (Figure 3B). A cloth medical tape will
be used to anchor the rat'’s tail to the upper por-
tion of the cage. A cushioning (foam) will be add-
ed before the clip is fitted in order to avoid direct
contact between the tail and clip. The thickness
and fit of cushioning will be adjusted accordingly
to prevent possible injury, such as tail ischemia.
The behavior of animals will be observed regu-
larly during the first few days of adjustment to the
hind limb unloading method.

.Oral Administration: Oral substances are
administered to animals utilizing gavage tubes
made up of stainless steel to prevent animals
from biting them. The gavage tubes or nee-
dles are also called feeding needles or feeding
tubes (Figures 5A and 5B). All gavage needles
have a ball- or pear-shaped smooth rounded tip
(Figure 4A, tip encircled) to prevent injury to the
esophagus and other tissues.[23] The size of gav-
age needles to be used will be based on the ani-
mal’s body weight.[23] Each rat will be weighed
individually to determine the appropriate gavage
needle size. The maximum amount that can be
administrated orally is 20 ml/kg for rodents.[22]
The length of gavage needle is measured from the
tip of the rat's nose to its xiphoid process (corre-
sponding to the bottom part of the sternum bone).
This procedure will show how far the needle will
be inserted into the esophagus. Oral gavage pro-
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Figure 3. Tail suspension. (A) and (B) Rats were suspended by their tail. Free access to food and water is allowed without the
hind limbs touching the ground. (Source: AP-BSD, Unilab Research Compound).

cedure should only be performed by trained per-
sonnel (ie, the research assistant). The rat will be
properly restrained prior to oral administration of
the test substance. The trained research assistant
will hold the rat's body near the thoracic region
with its lower body supported and caution should
be observed to prevent restricting the rat’s respira-
tion. The rat’s head should be gently positioned in
an extended manner to create a straight line from
the neck and esophagus. During actual feeding,
the end tip of the gavage needle will be inserted
into the rat’s mouth and allowed to slide along the
roof of the rat'’s oral cavity towards the left side
with gravity alone (ie, the personnel will not force
the needle into the rat's esophagus). The gavage
needle should easily pass into the esophagus in
one direction only (clockwise or counterclock-
wise) and without any resistance. Resistance will
be encountered when feeding tube is accidental-
ly inserted into the trachea (the windpipe), which
may cause the animal’s sudden death. If a wrong
insertion happens, the tube should be withdrawn
immediately, and a second insertion trial should
be done. Only two insertion attempts should be
made to avoid stress to the animal. The test drug
(diluted with a specified diluent such as distilled
water to become a solution) will be slowly admin-
istered by a syringe aftached to the end of the
needle once the gavage needle is appropriately
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Figure 4. Handling and restraining techniques: (A) Using his/her dominant hand, the researcher/research assistant will grasp
the rat's tail and pull it gently. (B) The researcher/research assistant will put his/her non-dominant hand over the rat's back. (C)

The rat will be grasped around the thorax, with the researcher/research assistant’s index finger over the rat's shoulder and his/
her middle, ring and small fingers wrapping around the rat’s thorax, forming a “V” (light green color). Sources: Manzoor, et al.,

2013, Figure 4 for A and B; Cruz, LC lecture proceeding, 2021)
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Figure 5. Reusable stainless feeding gavage needles or tubes (hitps:// gavageneedle.com/products/reusable-oral-gavage-needle)

e o oue the vehicle (VEH, n = 8, the lowdose curcumin
After oral administration, the needle will be gently (CUR, n = 8).c1nc.1 the hlgh-.dose.CUR (n = 8) utilizing
removed following the same angle as insertion, the randomization function in Microsoft Excel.
and the animal will be returned to its cage.[23] The curcumin has been sourced from Herbanext

Laboratories Inc., Negros South Road, Bago City,
Negros Occidental, Philippines. Propylene glycol
(PG) will be used as the vehicle. It is a water-
soluble fluid considered by the US Food and Drug
Administration as a Generally Recognized As Safe
(GRAS) additive, ie, a safe substance in foods, drugs,

Administration of Interventions/Treatments

The study animals will be randomly divided into
four groups (Figure 6), the control (CON, n = 8),
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Figure 6. Allocation of interventions (test substances)

and cosmetics.[24] The oral format of PG is quickly
and widely absorbed, with a rapid distribution to
tissues in proportion to body water. Elimination from
the body is through metabolic clearance and renal
excretion. PG has a low degree of toxicity in both
humans and animals.[25] In humans, there was no
lethal oral dose reported. However, for laboratory
rats, the minimal lethal oral dose is reported to
be 20.9 grams/kilogram.[24] In vehicle control,
the apparently safe substance is used alone and
administered similarly to the rest of the treatment
arms. When compared with the untreated control (or
placebo), the vehicle control will determine whether
vehicle administration alone causes any effects.
[26,27] Only the two CUR groups will receive the
test substance (a local curcumin formulation) in a
single dose per day using an oral gavage feeding
technique by trained personnel. The control group
will be given an equal volume of distilled water
(without curcumin). The curcumin doses will be
computed per body weight. The low dose is 100
mg/kg/day, which was approximated based on
previous animal studies utilizing 100 mg/kg/day
and 170 mg/kg/day, respectively,[28,29] while
the high dose is 1000 mg/kg/day, based on the
previous animal study.[30]

Animal Examination Procedures

Periodic monitoring of each animal will be done
during the first 24 hours and daily thereafter, until
the end of the study period. To facilitate monitoring,

a camera will be utilized to do daily observations
and examinations, which will include deaths
(mortality), general state, external appearance,
behavior, clinical symptoms, and changes in body
weight. The individual weights of all animals will be
obtained before initiation of the test substance and
at least weekly thereafter. The changes in weight
measurements will be calculated and recorded.
The following parameters will be observed daily:
general state and appearance (including changes
in skin and fur, eyes and mucous membranes);
respiratory, circulatory, autonomic, and central
nervous systems; somatomotor activity and
behavior pattern. The animal examination will
be performed based on the protocol stated in the
Pharmacology-Toxicology section of “A Guidebook
to Plant Screening: Phytochemical and Biological”
as provided by the Research Center for the Natural
and Applied Sciences of the University of Santo
Tomas (USTRCNAS).[31] The following signs
and symptoms will also be observed: tremors,
convulsions, salivation, diarrhea, lethargy, sleep,
and coma. All observations will be captured and
recorded through video and photographs, and
findings reported. All surviving animals will be
weighed and humanely killed at the completion
of the study. When humane endpoints such as
loss of 20% body weight, cachexia, dehydration,
respiratory distress, or weakness (eg, inability
to reach food and water) are observed, the
animal/s should be euthanized or treated to relieve
unnecessary pain or distress.
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Euthanasia, Post-Mortem Examination and
Animal Disposal

1. Euthanasia: It is the act of inducing humane
death in an animal by a method that induces
rapid loss of consciousness and death with a
minimum of pain, discomfort, or distress.[32]
Trained personnel should perform the method,
which should be reliable and irreversible and
with minimal restraint. The method must comply
with the most recent guidelines on euthanasia
published by the American Veterinary Medical
Association (AVMA). Carbon dioxide (CO2) in-
halation is the most common method of euthana-
sia used for rodents, such as mice, rats, guinea
pigs, gerbils, and hamsters. The only acceptable
source of CO2 is compressed gas because this
permits gas inflow to the induction chamber (cov-
ered cage) to be controlled.[32] The proper op-
erating procedure should be carefully followed
because the anesthetic effects of CO2 are re-
versible. Animals that are prematurely removed
from the chamber may recover.[32] To confirm
the laboratory animal’s death, close observation
will be conducted. If there are indications that
the animal is still alive, cervical dislocation will
be performed.[33]

2.Gross Necropsy: The organs will be harvest-
ed by a licensed veterinarian. Materials required
for pathological examination include a dissection
board, forceps, scissors, labels for containers,
and fixative and collection containers (eg, tubes,
cups) should be prepared. The procedure of organ
collection and examination will be in accordance
with the Revised Guides for Organ Sampling and
Trimming in Rats and Mice.[34] All major organs
in the thoraco-abdominal area (heart, lungs, gas-
trointestinal, kidneys, reproductive) will be exam-
ined for abnormalities like color changes and size
differences. The thoracic and abdominal cavities
will be examined for any presence of fluid/s.

3. Animal Disposal: The death of animals will
be ensured by doing a second physical exam-
ination. The carcasses will be placed in two
leak-proof bags. All bags with animal carcasses
must be labeled with the following information:
IACUC Number, method used to ensure death,
date, and initials of the person disposing of the
carcass. Once sealed, the bags will be brought to
the designated place of the Unilab, Inc. Biological
Sciences Department for proper disposal.

Dissection and Examination of Skeletal Muscle

1. Skeletal Muscle Dissection: The femoral and
tibial bones will be dissected, and gastrocne-
mius muscles on both sides will be excised and
weighed. Thereafter, muscle tissues will be subject-
ed to rapid freezing in acetone-dry ice and sliced
info 10 pm-hick sections for Hematoxylin and
eosin (H&E), Nicotinamide Adenine Dinucleotide
tetrazolium reductase (NADH), and Gomori tri-
chrome staining.

2. Histologic Examination: Together with the
examination of muscle architecture (for degenera-
tion, necrosis, nuclear orientation, central nuclea-
tion, fibrosis, and singular/group atrophy), com-
putation of atrophy factors will also be performed.
The presence of connective tissue, fat tissue, and

the number of atrophic muscle cells will also be
determined.[35]

AMPK Determination

Accurate quantitative detection of the rat total AMP-
Activated Protein Kinase (AMPK) will be performed
in the gastrocnemius muscle tissue utilizing the
enzyme-linked immunosorbent assay (ELISA) kit. The
kit, which is based on the Double antibody-sandwich
ELISA detection method, will be utilized for in vitro
quantitative determination of AMPK concentrations
in serum, plasma, cell culture supernatant, and
other biological samples such as muscle tissue. The
RAT AMPK ELISA Kit (Catalog number ERO730,
Unit Product ID Q09137) will be sourced from
Fine Biotech (FineTest).[36] The method will follow
the standard protocol described in the product
information.

AMPK is an intracellular energy sensor inhibiting
ATP  consumption and also stimulating ~ ATP
production under energy-depleted conditions [37]
and is considered a key regulator of skeletal muscle
metabolism.[38] Exercise has been considered the
most powerful physiological activator of AMPK,[39]
and activation of its a2 unit was demonstrated during
intensive  physical exercise.[40] Animal studies
on various natural products have demonstrated
activation of AMPK even when given alone, without
any form of exercise.[35] Both curcumin alone and
exercise (with or without curcumin) significantly

increased AMPK phosphorylation.[41]
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Statistical Analysis

Animal data (baseline, week 2, and week 4) will be
presented in tabular form as the mean + standard
deviation. Outcome variables will be analyzed
using oneway ANOVA, with significance set a
priori at p<0.05. The variables to be analyzed
include whole body weight, gastrocnemius muscle
weight, gastrocnemius muscle size at specified time
points, and atrophy factors. For the quantification of
AMPK using ELISA, statistics will be calculated using
GraphPad Prism. One-way or two-way ANOVA will
be performed, and multiple comparison analysis will
be done to evaluate significance between groups.
Gross and histological skeletal muscle findings
will be presented in a descriptive form. All deaths,
whether immediate, delayed, or humane kills, will be
incorporated for the purpose of maximum likelihood
analysis. The confidence interval calculations will be
done using the computer program package.

Ethics and Dissemination

1. Ethics Approval: The study will comply with the
Philippine animal welfare laws. The study proto-
col has been reviewed by the Institutional Animal
Care Use Committee of the University of Santo
Tomas (UST IACUC), Manila, Philippines.

2. Dissemination: The final data will be shared
with the public regardless of study outcomes. Re-
sults will be presented at relevant conferences
and submitted to an appropriate journal following
data analysis and trial closure.

Contributors: The corresponding (principal) author designed
the study, and will gather, analyze, interpret data, and complete
the manuscript. All other authors will contribute to data collec-
tion and critically review the manuscript.

Competing Interests: RLR is part of the editorial board of
JMUST. VPC is employed as a veterinarian of Unilab, Inc., Medi-
cal and Regulatory Affairs Division.
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