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Abstract

Introduction: The aim of this study was to evaluate the effect protein containing adiponectin
from the adipocytes on the regeneration of pancreatic -cells in rates previously treated with
(STZ). Therefore, adipocytes from different sources were extracted for protein (adipokines)
and the effect was evaluated on pancreatic B-cell regeneration.

Methods: The protein extracts from trimmed off abdominal adipose tissues of meat
sources, namely chicken, beef and lamb, were used in the present study. The fats were
removed, and protein were isolated, and hydrolysate were prepared and injected to rats.
The rats were induced hyperglycemia with streptozotocin (STZ) were divided into normal
rats (Group-A), insulin treated rats (Group-B), protein containing beef adiponectin (PCBA)
(Group-C), protein containing lamb adiponectin (PCLA) (Group-D), protein containing
chicken adiponectin (PCCA) (Group-E) and no treatment hyperglycemic rats (Group-F).
The rats were injected 30mg of the aforementioned proteins and pancreatic morphology
was assessed two weeks post-treatment.

Results: The pancreas of the Group-A showed normal islets of Langerhans with abundant
beta cells. In the no treatment rats (Group-F), islets were lower in cellular density compared
to the control and treatment groups. The pancreas of Group-C, D and E rats showed islets
and acinar cells that were comparable to the control. The pancreas of insulin-treated
Group-B was similar in architecture to the control group.

Conclusions:The present study indicates that protein extracts containing adipokines from
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Thus, the present study was designed to evaluate the efficacy of

adiponectin;PCLA, protein containing lamb adiponectin; PCCA,
protein containing chicken adiponectin

Introduction
Adipocytes

Adipocytes secretes various types of proteins that are considered
physiologically/pathologically important. The pancreatic beta cell is
an essential endocrine which mainly function to produce, store and
secrete insulin to the body. This cell could be more precisely defined
as a type of cell that is finely tuned to efficiently regulate blood
glucose levels while maintaining the ability to adapt a wide range of
stimulus and physiological changes.'

Adipocytes as source of adipokines

Adipose tissue is one of the largest fat depot in the body which
secretes adipokines. The total amount of secreted adipokines from
whole adipose tissue might affect the whole body.? Many studies
on direct pharmacological administration of adiponectin have been
shown to reduce lipid and insulin concentrations as well as increase
insulin receptor expression in obese diabetic mice.> Another study
has reported that activation of B-cells after treatment with globular
adiponectin induces endothelial cell activation by stimulation of the
sphingosine kinase signalling pathway.*

protein extracts from these wasted adipose tissues in meat of beef,
lamb and chicken as cheaper sources that could provide baseline
results for future studies with a hope for future therapeutic/prevention
strategies for obesity, insulin resistance and metabolic diseases.

Methods

The adipocytes from these sources were chosen for this study
because chicken, beef and lamb were easily found and normally
preferred for daily consumption by the Malaysian people and
elsewhere in the world.

Sample preparation for protein extraction:The abdominal adipose
tissues from beef, lamb and chicken were removed then minced into
5-10 mg slices with surgical blade. Followed by rinsing with ice-cold
phosphate-buffered saline (PBS) solution. As a preliminary study,
small pieces of the minced chicken, beef and lamb adipose tissues
were freeze dried for 24 hours in order to remove excess water content.

Delipidation of tissue lysate:The chicken, beef and lamb
adipose tissues then underwent the process of elimination of
lipid (delipidation process). Delipidation of the tissue lysates
were performed by chloroform/methanol extractions, with some
modifications.>*Homogenization of tissue samples were performed
in a ceramic mortar in 500 ml of isolation medium (50mM Tris,
150mM NaCl, 0.2mM EDTA, and protease inhibitors) and 1875 ml
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of a chloroform/methanol (1:2) mixture. Homogenized tissues were
then transferred to a glass tubes and mixed sporadically while kept
on ice for 10-15 minutes. The homogenate was diluted with 625 ml
of chloroform and 625 ml of water to change the water/chloroform/
methanol ratio from 0.8:1:2 - 1.8:2:2 in the final organic solution.
Lipid (lower) phase was collected by centrifugation at 1000xg for 5
minutes at 4°C. Aqueous (upper) phase and protein disk between two
phases were used separately for the protein analysis.®

Protein precipitation:Proteins were precipitated from the aqueous
phase by using a 10% TCA protocol. This was used to precipitate
proteins and get rid of from the contaminants such as salt, nucleic acid
or lipids. Proteins were precipitated by the addition of 3 volumes of
10% trichloro acetic acid (TCA) in acetone at -20°C overnight. This
was followed by centrifugation at 7500 x g for 30 minutes at 4°C in
the following day. The supernatant was discarded, and the pellet was
washed twice with 1 ml of ice-cold acetone. All the acetone was then
completely removed’. The pellet was dried either at room temperature
or under a fume hood for 1-2 hours to ensure complete removal of the
water and solvents.The pellet was then stored at -20°C for subsequent
use.

Preparation of buffer and streptozotocin

Sodium citrate buffer preparation:To prepare the buffer, 0.4 g of
sodium citrate was dissolved in 50 ml of distilled water followed
by 0.625 g of citric acid and stirred well. Then, 0.55 g of sodium
chloride (NaCl) was dissolved in 50 ml of distilled water. Lastly, 0.5
ml of NaCl solution was pipetted into a sodium citrate buffer and the
solution was stirred well. Buffer was made fresh for every group of
injections. Appropriate amount of buffer was placed in sterile conical
tubes.

Streptozotocin (STZ) preparation:The STZ to be injected was
prepared in a dark room to protect from light. Appropriate amount
of 70 mg/kg BW STZ was weighed and then diluted in the sodium-
citrate buffer, before being placed into a sterile Falcon tube. This
solution was then covered with aluminium foil (light sensitive). The
STZ/buffer was mixed to be ready for swift injection as the drug
degrade within 15-20 minutes in solution.

Animal preparation and induction of hyperglycaemia: All animal
experiments were carried out in compliance with the Institutional
Animal Care and Use Committee (IACUC). The protocol was
approved by the committee of Institutional Animal Care & Use
Committee (IACUC), Kuantan Campus, International Islamic
University Malaysia (IITUM) with IACUC Approval:1IlUM / IACUC
Approval / 2016 / (9) (55) which is guided by the principles set out
by the Malaysian Code of Practice for the Care and Use of Animals
for Scientific Purposes. The experiments were carried out on 36
thirty males Sprague Dawley rats with the weight range of 180-250
g with an age range of 8—12 weeks-old from aA Sapphire Enterprise
(Seri Kembangan, Selangor, Malaysia). Male rats were chosen for
this experiment because they have been reported to be more prone
to STZ-induced cytotoxicity than female. Upon arrival, rats were
weighed and randomly housed in the cages, put in a secured animal
room in a controlled environment at 24°C and was exposed to 12-hour
with controlled light and dark cycles. Rats were fed with standard
normal pellet diet (NPD), which comprised of a chow diet (Cargill
Feed SDN BHD) that meets the nutrient requirements of rats. After
acclimatization for 1 week, the animals were assigned into six groups
(six rats/group), where six6 rats per group were placed according to
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their body weight. Access to chow diet and water was unrestricted for
all groups. Chow diet was given in the form of pellet. Hyperglycaemia
was induced by single intraperitoneal injections at a dose of 70 mg/kg
of body weight which was freshly prepared by diluting Streptozotocin
(STZ; Sigma-Aldrich Corporation, USA) in ice-cold 0.5 mol/L citrate
buffer (pH 4.5). Rats were fasted 4 hours prior to STZ injection. An
appropriate amount of STZ solution was injected until the final dosage
of 70 mg/kg body weight was achieved. Next, the rats could regain
consciousness and were placed in their respective cages. The same
experimental procedure was repeated for each animal.

Diabetic status:Blood glucose level was measured from the tail vein
using a glucometer (ACCU-CHECK Active) at day 2, 5, 7 and day 10
after induction for possible hyperglycaemia. Rats with blood glucose
level above 11.0 mmol/L were considered to have hyperglycaemia
and were used for further study by initiating the treatment. The
animals were then divided again into 6 groups, each according to
blood glucose levels (Table 1). The doses of protein (30 mgs/kg body
Weight) containing adiponectin were selected based on an acute study
reported that on previous studies carried out on rodents.®!° The protein
extracts were administered into the peritoneal cavity by intraperitoneal
injection with a single dose for 14 days. Intraperitoneal administration
method was used in this study because of this could produce highest
bioavailability of extracts due to its avoid the first-pass effect of
hepatic metabolism which occur commonly with oral gavage. This
method also avoids some of the unpredictability associated with oral
absorptive process.

Histological analysis of pancreas:The pancreas was harvested from
the sacrificed rats after dissection, weighed and then washed with
Phosphate Buffered Saline (PBS). The samples of pancreas were
grossed and fixed into a cassette. The cassette was then placed and
processed in a paraffin tissue processing machine. The process started
with tissue fixing in 10% buffered formalin for two hours.

Tissue processing:The fixed pancreas was placed in a cassette prior
to tissue processing for 28 hours using Leica Tissue Processor. The
tissues were dehydrated in an ascending grade of isopropyl alcohol,
whereby the pancreas was first immersed in 80% isopropanol
overnight, followed by immersion in 100% isopropyl alcohol for 1
hour. Next, the dehydrated tissues were placed into paraffin wax at 65
°C for 3 hours.

Tissue embedding and sectioning:The pancreatic tissues were
then embedded into a mould filled with hot paraffin wax by using
an embedding unit (Leica EG 1150 H Embedding Centre) to form
tissue blocks of testicular tissues. The blocks were then cut, trimmed
and sectioned into 3-6um-thick paraffin ribbon tissues by using a
microtome (Leica RM 2235 Rotary Microtome).The wax ribbons
were transferred into a water bath that was set at 41°C and were left
for a duration in order to flatten the ribbons. Afterwards, the tissue
sections were spread on microscope glass slides and were dried at
41°C on a hot plate. The slides were kept dry at room temperature
overnight before being stained with haematoxylin and eosin (H&E)
staining. The H&E stain was used as it is the most universal and
traditional method for the examination of formalin-fixed, paraffin-
embedded tissue sections.

Tissue H & E staining:slides containing the tissue samples were
dipped in xylene 1 and xylene 2 for 2 minutes each. This was followed
by hydration where the slides were immersed in alcohol in descending
concentration (100% absolute ethanol, 90% ethanol and 70% ethanol,
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respectively) for 2 minutes for each concentration of alcohol. The
slides were then immersed in running water for 30 seconds before
being placed into haematoxylin stain for 5 minutes. Haematoxylin acts
as a basic dye and would cause basophilic structures which contain
nucleic acids such as ribosomes and cell nucleus to appear purple-
blue'. Next, the slides were again washed in running tap water for 30
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seconds and dipped into 1% acid alcohol for 3 seconds. Later, they
were immersed in bluing solution, and in eosin solution for 5 minutes
respectively, and then ran under running tap water for 30 seconds.
Eosin acts as an acid dye that helps to stain cytoplasm, intracellular
and extracellular proteins in red-pink.'!

Table | Experimental regimen for STZ-induced hyperglycaemia rats’ model (n=6)

Induction of Treatment dose/kg

Group Given name Diet hyperglycaemia Body weight
A Control Normal Standard Chow Diet None Normal Saline
B Insulin-treated Standard chow diet Yes 2 |U Insulin

C PCCA-treated Standard chow diet Yes 30 mg PCCA
D PCBA-treated Standard chow diet Yes 30 mg PCBA
E PCLA-treated Standard chow diet Yes 30 mg PCLA
F Not Treated Standard chow diet Yes None

Soon after, the slides were dried for a few minutes before being
introduced into alcohol in ascending concentration, starting from
95% ethanol to 100% absolute ethanol. Lastly, the slides were dipped
into xylene 4 and xylene 5 for 3 seconds and were then left to dry.
Afterwards, DPX and cover slips were mounted onto the slides. The
images of status and morphology of B-cell islets of Langerhans were
observed under light microscope at X20 magnification, with 200 pm
scale bar while the diameter was determined using ImageJ software
(Version 1.48).

Statistical analysis

The collected data was statistically analysed using Statistical
Package for Social Sciences (SPSS) software (version 21.0 IBM)
using one-way analysis of variance (ANOVA) and Repeated Measures
ANOVA. The data was expressed as meantstandard deviation (SD).
Furthermore, the difference in the mean was assessed using Tukey’s
and Bonferroni post-hoc test wherever appropriate and the difference
in the means was regarded significant at 95% confidence interval
(p<0.05).

Results

Effects on the morphology of pancreas

The pancreas of the control rats (Group-A) showed normal islets
of Langerhans with abundant beta cells. The islets were surrounded
by secretory acini containing cento acinar cells, excretory ducts and
blood vessels (Figures 1 &2). In the control hyperglycemic rats the
islets appeared to be reduced in cellular density compared to the
normal control and treatment groups. There were prominent cellular
lesions within and around the periphery of the islets. The border
between exocrine and endocrine pancreas appeared non-distinct
(Figure 2). The pancreas of PCBA-treated (Figure 3), PCLA-treated
(Figure 4) and PCCA-treated (Figure 5) rats showed islets and acinar
cells comparable to the control group with some lesions. The islets
showed a profusion of beta cells (Figures 3—6). Sections from the
pancreas of insulin-treated (Figure B) rats also showed islets similar
in architecture to the control group.
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Figure 1 The morphology of the control group rat’s pancreas (20X
magnification).

Discussion

Since circulating levels of adiponectin are decreased in disease
states of metabolic syndrome, an approach to replenish the levels
by providing the protein, either in its recombinant form or protein
extracted from other sources such as those used in the present
study, can be implemented. The present study showed for the first
time that a protein secreted by adipocytes have a positive effect in
stimulating the secretion of adiponectin and insulin concentration in
vivo when supplied exogenously. Protein from these sources could
increase serum adiponectin and insulin levels in liver of treated
group from STZ-induced hyperglycaemic rats.'”> This directly
confirms previous studies which have shown that adiponectin can
promote insulin action and improve insulin resistance when supplied
exogenously.*'* Moreover, the present study elucidated the decrease
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in adiponectin concentration in hyperglycaemic rats without any
treatment. This finding was consistent with experimental and clinical
studies showing that plasma levels of adiponectin are decreased in
obese and diabetes people. These results correlated well with the
suggestion that the development of insulin resistance and diabetes are
due to low plasma level of adiponectin.'¢
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Figure 2 The morphology of the insulin-treated rat’s pancreas (20X
magnification).
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Figure 3 The morphology of the PCBA-treated rat’s pancreas (20X
magnification).

Other studies reported similar observations on adiponectin that
acts as an anti-obesity, anti-diabetes and having an insulin-sensitizing
property as well as regulate lipid and glucose homeostasis. Few
studies on animal models of obesity and diabetes showed a reduced
body weight, improved hyperglycaemia, improved hyperinsulinemia,
as well as insulin resistance and lipid clearance after adiponectin
treatment.">'"*""In many (but not all) studies, administration of
recombinant adiponectin resulted in improved hepatic insulin
sensitivity, increased insulin secretion.'’(and have beneficial effects
on body weight and hyperglycaemia,'”? also suggested that plasma
insulin concentration moderately increases in response to globular
adiponectin fragment administration. Similarly, in the present study,
the elevation of adiponectin and insulin concentration was observed
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after the treatment has been administrated,''which indicated that
PCBA-treated, PCCA-treated and PCLA-treated were potent insulin
enhancers.
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Figure 4 The morphology of the
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Figure 5 The morphology of the PCCA-treated rat’s pancreas (20X
magnification).
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Figure 6 The morphology of the pancreas of the hyperglycemic rats without
treatment (20X magnification).

Commercial production of a bioactive full-length form of
adiponectin that has a reasonable half-life would be a tough and
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expensive proposition. Therefore, an alternative approach using
a truncated version of the protein was used in the present study.
Although there is currently no direct clinical evidences demonstrating
that adiponectin is effective in treating disorders associated with the
metabolic syndrome, various therapeutic benefits of recombinant
adiponectin have been extensively studied in in vivo models.*' The
present study used the low-cost method of protein to be utilized for
the metabolic syndrome and associated factors. The previous studies
used specific purified and characterised adiponectin, whereas the
present study was more to the recently secreted adipokines. These
protein sources were mixtures of various types of adipokines such
as leptin, RBP4, visfatin, resistin, TNFa, IL-6, adiponectin and
others. In addition, the protein also comprised of few amino acids
such as methionine, lysine, threonine, tryptophan, isoleucine, leucine,
histidine, valine, phenylalanine and arginine.”>** This would be of
clinical significance with lower cost that these protein extracts can
possibly obtained and consumed for the treatment of the diseases in
the future.

Furthermore, it is now recognized that both major types of DM
affect B-cells mass and insulin secretion.” Due to this fact, it accelerated
the interest in targeting the pancreatic f-cells. It has been proposed
that these cells have the potential in improving hyperglycaemic state
and could potentially reduce the progression of diabetic complication.
Most studies used a single large dose of STZ injection for experimental
purposes in order to determine the therapeutic strategies for
replenishing B-cells.?*?” STZ is transported into the cell by a glucose
transport protein, known as GLUT 2, which is similar to glucose but
is not recognized by the other glucose transporters. Thus, since these
cells have a higher level of GLUT 2, they cause toxicity to beta cell
of pancreas.”®*A study from Kawada® showed that STZ damages the
pancreas by generating reactive oxygen and increase oxidative stress
as beta cells are poor in free radical scavenging capacity. Due to this
situation, STZ selectively damages the pancreatic B-cells by making
the cells less active and this results in a diabetic state.’! The present
study targeted the P-cells being damaged by the induction of STZ
for possible regeneration with the supplementation of the sources of
protein. It is well known that the B-cells regeneration is associated
with metabolic diseases.*?Therefore, any modulation in the dietary
or pharmacological sources that can help and regenerate the p-cells
would essentially regress the secondary effects.

In the present study, examination of H&E stained sections from
the control group showed the pancreas to have a normal histological
structure. The islets of Langerhans appeared rounded, or oval areas
inside the pancreatic lobules showed islets with nearly regular
outlines and almost normal cell morphology. In non-treated group,
STZ caused severe degenerative changes in the pancreatic islets,
mainly at the centre of the islets. An apparent reduction in the size and
number of islets was also noted. Islet lesions and destruction of beta
cells were evident in the non-treated diabetic group. In the present
study, comparable results were recorded as those to the findings from
previous studies where STZ injured the beta cells of the pancreas.®

In this study, the supplementation of protein from these sources
resulted in improvement of regeneration of B-cells and reversal
of islets lesions. This was clinically significant and the positive
improvement of the up regulation of insulin secretion and reduction
in hyperglycaemia is recorded in the treated group. This might be
due to the presence of adiponectin in the protein, which is known
as an insulin sensitizing protein that is capable to increase P-cells
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proliferation and stimulation of insulin secretion. Similar results have
been reported by other studies, which suggested a putative protective
effect of characterized adiponectin that could counteract the apoptosis
on pancreatic f-cell. Those findings suggest that adiponectin might
have direct effect on insulin secretion.’*** The ability of adiponectin
to protect against apoptosis to increase cellular viability, glucose-
stimulated insulin sensitivity (GSIS) as well as its ability to potentiate
the insulin response in beta cells independent of activating AMPK
which is a negative regulator of beta cell function.’® The role of
adipokines and the possible role in the regeneration of pancreatic
B-cells crucial due to their inflammatory and metabolic importance
in the diabetes.This suggests that the supplementation of (C) protein
containing beef adiponectin (PCBA), (D) protein containing lamb
adiponectin (PCLA), (E) protein containing chicken adiponectin
(PCCA) (Figure 5.3) protects the pancreas against STZ-induced
damages.

Conclusion

The present study showed significant increase in the concentration
of adiponectin and insulin after the treatment, which suggested that
PCBA, PCCA and PCLA-treated may be potentially insulin enhancers.
This study also demonstrated that these protein sources may have
protecting effect on the pancreas against STZ-induced damages to
B-cells of the rats as well as inducing islets regeneration. Considering
the therapeutic potentials of the proteins extracted from the specified
sources on liver tissues and pancreatic B-cells, these sources should
be further investigated for the efficacy of the metabolic diseases.
The results from the present study provided convincing evidences
for the potential success of such an approach and warrants further
optimization for these proteins to be studied at a molecular level.
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