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ABSTRACT

The aim of this study was to determine what insulin-induced daily changes occur with
adiponectin, Tumor Necrosis Factor-alpha (TNF-«) and other relevant lipid metabolic parameters
such as Free Fatty Acid (FFA), Total Cholesterol (T-Che) and Triglyceride (TQ) levels in dogs
suffering from type 1 Diabetes Mellitus (T1DM). Six dogs were treated with insulin injections at
the Nippon Veterinary and Life Science University Animal Clinical Center for T1DM. They were
clinically diagnosed as T1DM by signs of polydipsia, polyuria, glycosuria and high fasting plasma
glucose (over 260 mg dL™"). Blood samples of dogs were collected twice a day, before breakfast and
after 6 hours of insulin injection. As results, post-insulin treatment value of TG, BUN, creatinin and
chyromicron significantly increased, whereas ALT, ALFP, protein and FFA significantly decreased
post treatment. Significant reductions in total cholesterol, Very Low- Density Lipoprotein-cholesterol
(VLDL) and Low-Density Lipoprotein-cholesterol (LDL) concentrations were alsoe observed.
Phospholipid Transfer Protein (PLTP) activity increased post-insulin treatment. The increase in
Cholesteryl Ester Transfer Frotein (CETF) activity was significant. Remarkably, insulin treatment
reduced plasma adiponectin levels in T1DM dogs. Insulin resistance results in an increased risk of
atherosclerosis on a long term basis as evidenced by atherogenicity markers of the plasma
lipoprotein profile such as increased CETP and PLTF activities. Under obese condition adiponectin
has been shown to negatively correlate with several inflammatory mediators (IL-1p, IL-6, IL-8,
TNF-¢). Low-grade chronic systemic inflammation has been associated with obesity potentially
leading to insulin resistance.
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INTRODUCTION

Plasma glucose and lipid metabolite concentrations reflect changes in energy metabolic and
physical conditions of animal suffering from wvarious metabolic disorders (Arai ef al., 2003;
Hsiac et al., 2007). It is known that plasma insulin concentration decreases whereas Free Fatty
Acid (FFA) and glucose concentrations significantly increase in Type 1 Diabetes Mellitus (T1DM)
dogs. Plasma lipoprotein profiles are possible to characterize different species by fraction patterns
{Terpstra et al, 1982). As such, animals are generally classified into 2 main lipoprotein groups:
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HDL and LDL dominant mammals. Dogs are classified with HDL dominant mammals as cats,
horses, mice and rats; whereas the LDL dominant group includes humans, hamsters, guinea pigs,
pigs and rabbits (Chapman, 1988). The dog is a species with predominant HDL and very few VLDL
{(Mahley and Weisgraber, 1974). Hence, in this species, HDL is the main plasma carriers of
cholesterol, with 2 HDL sub fractions being identifiable (Bauer, 2004). small dense particles called
HDLZ2 and 3 and large buoyant particles called HDL1. HDL1 1s unique to dogs and is enriched in
both cholesterol and apolipoprotein (apo) B, tending to be prevalent in dogs fed on high amounts
of cholesterol and or, saturated fat. They are also referred to as HDLe (Watson, 1996),
Coincidentally, adiponectin concentrations also markedly decrease in plasma of dogs suffering from
obesity. Adiponectin is an adipokine secreted by mature adipocytes and is commonly found in
systemic blood circulation (Ishioka et @l., 2006). Its characterized effected functions include:
enhancement of insulin sensitivity, anti-inflammatory properties and inhibiting atheroseclerosis in
humans (Whitehead ef al., 2008). Moreover, it 1s known that tumor necrosis factor-alpha (TNF-«)
inhibits adiponectin secretion while stimulating FFA release. Studies have shown that cbesity
promotes a pro-inflammatory state thereby potentially increasing circulating TNF-¢ level in plasma.
Studies have previcusly reported on insulin-induced predicted changes and alterations to glucose
and energy metabolism 1in T1DM dogs, by comparing pre and post insulin metabaolic values
{(Mori et al., 2007). However, it 18 unknown how and whether insulin treatment has any effect on
lipid metabolism. Therefore, the aim of this study was to determine what insulin-induced daily
changes occur with plasma levels of adiponectin, TNF-¢ and other relevant lipid metabolic
parameters in dogs suffering from Type 1 DM,

MATERIALS AND METHODS

This study started 26th February 2010. Six dogs (age: 1-10 years; sex: 5 female and 1 male)
housed and treated for diabetes mellitus at the Nippon Veterinary and Life Seience University
Animal Clinical Center were selected for this research. They were clinically diagnosed to be
suffering from T1DM by signs of polydipsia, polyuria, glycosuria and high fasting plasma glucose
(over 250 mg ALY and T1DM classification specifically based on anamnesis, clinical signs and
clinical chemistry, respectively. Diabetic dogs were treated with 0.5to 3.0 IU kg™" body weight of
insulin injections, Determir insulin or NFPH insulin {(Both insulin; Nove Neordisk, Tokyo), twice daily
(8 am and 8 pm) depending on their diabetic states. Fasted pre-insulin treatment blood samples
were obtained from the jugular vein and collected into heparinized plastic tubes prior to 8 am
breakfast. Animals were given 5-15 min to finish their breakfast, before they received appropriate
amounts of insulin treatment depending on each individual animal’s status. Six hours post insulin
injection, post-insulin treatment blood samples were collected again from the same dogs. Plasma
was recovered by centrifugation at 1700 g for 10 min at 4°C and subsequently stored at -25°C,

Plasma Alburmin (ALB), Alkaline Phosphatase (ALP), Alanine Aminotransferase (ALT),
Aspartate Aminotransferase (AST) and Lactate Dehydrogenase (LDH) activities and Bleood Urea
Nitrogen (BUN), Creatinin (CRE), Glucose (GLU), Total-Cholestercl (T-Cho) and TG concentrations
were measured using an Olympus AUSB80 auto analyzer (Olympus Corperation, Tokyo, Japan) with
the manufacturer’s reagents. Adiponectin, CETP, FFA, insulin, PLTP and TNF-¢ were determined
with the following commercial kits, respectively: Mouse/Rat adiponectin ELISA kit (Otsuka
Pharmaceutical Co., Tokyo, Japan), CETP Activity Assay Kit and PLTP Activity Assay Kit
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(BioVision Reseach Products, Mountain View, CA), NEFA-C test Wako(Wako Pure Chemical
Industries, Ine., Tokyo, Japan), Lbis Insulin kit (SHIBAYAGI Co., Gunma, Japan) and Canine
TNF-«/TNF SF1A Immunoassay(R and D Systems, Ine., Minneapolis, MN).

Plasma cholestercl lipoprotein fractions were determined by biphasic agarose gel electrophoresis
method and analyzed using an Epalyzer 2 Electrophoresis (Helena Laboratories, Saitama, Japan)
according to the manufacturer’s protocol. High-density lipoprotein 1, 2 and 3 (HDL1, HDLZ and
3), low-density lipoprotein and very low-density lipoproetein (LDL and VLDIL) and chylomicron
fractions were assessed and analyzed using Edbank III analysis software (Helena Laboratories).

Statistical analysis: Results are presented as Means+95% C.I. The Student’s t-test for paired
groups was performed on the various data sets in order to determine significance using Graph Pad
Prism software version 4.0 (Graph Pad Soft ware, San Diego, CA). Differences were considered as
significant when the p-value was <0.05.

RESULTS AND DISCUSSION
Table 1 shows that pre- treatment TG concentrations were low, whereas ALT, AST activities
and FFA concentrations were high which are common characteristics of DM (Radin ef al., 2009).

Table 1: Comparison of plasma metaboalites, hormones, TNF-x concentrations and enzyme activities in type 1 diabetes mellitus dogs

pre/post insulin treatment

Parameters Pre insulin (n = 6) Post insulin (n = 6)
Age (year) 6.30+2.5

Lipid metabolism

Adiponectin (ug mL~) 65.30+28.9 54.40+30.1
CETP (pmol pLi ! sample h™) 28.60+£2.6 30.90+£2.7%
PLTP (pmol pLi ! sample h™) 40.40£7.5 42.50+6.2
FFA (mEq LY 0.7040.35 0.2240.03*
Triglyceride (mg dL™%) 34.00£8 52.00£11%
Total cholesterol (mg dL™%) 191.00+£25 171.00+£21%
HDL2/3-cho (mg dL %) 144.60+16.5 130.50412.2
HDL1-cho (mg dL 1) 28.30+13.8 24 4047 .9
VLDL/LDL-cho (mg dL) 17.60£7.0 13.9045 3%
Chyromicron-cho (mg dLL. ™) 0.90+0.1 2.20+0 5%
TNF-x (pg mL™Y) 2.86+1.13 2.9541.15
Glucose metabolism

Glucose (mg dL™1) 164.00+£98 96.00+48
Insulin (ng mL") 2.01+1.93 5.68+3.71
Liver metabolism

ALB (mg dL %) 2.60+0.2 2.4040.2
ALP(UL™Y 575.00£119 BO7.00+£117*
ALT(UL™Y 157.00+41 140.00+38%
AST (UL~ 44,007 42,0048
BUN {mg dL™Y) 12.00+£2.2 15.80+1 9%
Creatinin (mg dL™%) 0.70£0.1 1.10+0.1%
LDH (U L™ 103.00+23 110.00+31
Protein (g ALY 6.10+0.4 5.30+£0.2%

Values are presented as Means295%C.1. *indicates significance (paired t-test, p=0.05) when compared against corresponding pre insulin
shot group. Cho: Cholesterol, HDL: High density lipoprotein, LDL: Low density lipoprotein, VLDL: Very low density lipoprotein
FFA: Free fatty acid, CETP: Cholesteryl ester transfer protein, PLTP: Phospholipid transfer protein TNF-z: Tumor necrosis factor alpha

3
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TG concentrations significantly increased, whereas ALT and FFA levels significantly decreased post,
treatment. Significant reduction in concentrations of T-Cho and its sub-fractions (HDL1, HDLZ and
3, VLDL and LDIL-cho) was also cbserved. PLTP activity also increased post-insulin treatment,;
however unlike CETP, the increase in CETP activity was significant. Lastly, insulin treatment
reduced adiponectin concentrations in T1DM dogs.

In this study, significant reduction in plasma levels of FFA and ALT were cbserved following
insulin treatment. ALT is a sensitive liver-specific indicator of damage 1n dogs (Raja ef al., 2011)
and insulin treatment seemed to improve liver condition. FFA level has been shown to induce a pro-
inflammatory response in pancreatic islets via the IL-1 receptor (Boni-Schnetzler ef al., 2009),
therefore, a reduction in circulating FFA level would benefit T1DM dogs. Surprisingly, FFA level
positively correlated with levels of VLDL and LDL (pre-insulin: r = 0.55; post-insulin: r = 0.68) and
significant reductions in T-Cho, HDL1, HDLZ2 and 3, VLDL and LDL-cho levels were also observed
in the T1DM. HDL is the predominant type of lipoprotein in canine plasma and plays a major role
in cholesterol-transport. Canine HDL is compoesed of two sub fractions: HDL1 (large, buoyant
particles which overlap with LDL) and HDL2 and 3 (small, dense particles equivalent to human
HDL). In addition to its cholesterol-transport role, HDL can also reverse transport cholestercl that
is excessive to tissue requirements back to the liver for storage, excretion or redistribution. We
investigated the activity levels of two distinet lipid transfer proteins: CETP and PLTP, to see
whether they may have any role to play in the resultant changes. It 1s known that lipoprotein
particles can exchange lipid species (cholesterylesters, phospholipids, TG) between one another
{(Tall, 1995). Mareover, both CEKTFP and FLTP may constitute two determinants of the atherogenicity
of the plasma lipoprotein profile. Interestingly, animals with well-documented atherogenesis
susceptibility (chicken, pig, rabbit and humans) display significantly higher mean CETP activity,
but lower mean PLTP activity than known 'resistant’ animals (cat, dog, mouse and rat). CETP is
an important protein in regulating HDL-cho concentration and it catalyzes the transfer of
cholesterol esters from HDL te VLDL and LDL. It is believed that CETP mainly participates in the
reverse cholesterol transport pathway. In this study, CETP activity under post-insulin treatment
increased significantly. CETP positively correlated with T-Choe (r = 0.78) and specifically with HDL1
{r =0.50) and HDLZ2 and 3 {r = 0.58) sub fractions under pre-insulin conditions. CETP correlation
under post-insulin strongly increased for T-Che (r =0.85), HDL1 (r =0.76) and HDLZ and 3
{r = 0.66), while also positively correlating with TG, (r=0.54), VLDL (r =0.59) and chylomiecron
(r =0.66). Lagrost ef al. (1999) reported that levels of CETP, TG and non-high-density lipoprotein
cholesterol increased as CETPE activity increased in humans (Zeller ef al., 2007). CETP also
positively correlated with ALT (pre: r = 0.82; post: r = 0.84) and AST (pre: r = 0.91; post: r = 0.86)
as markers for liver failure. However, CETP activity tends to be low or undetectable in dogs as
compared to humans and other animals. Alternatively, regardless of insulin treatment, PLTP
appeared to be more active than CETP (33% increase) which 1s in agreement, with what has been
reported using radicimmunoassay measurement (Guyard-Dangremont et af., 1998). PLTP
regulates the size of HDL particles by transferring phospholipids from triglyceride-rich lipoproteins
to HDL. In addition, PLTP levels positively correlated with TG (r = 0.61) and VLDL and LDL
{r = 0.87) under pre-insulin conditions. However, post-insulin treatment resulted in lipid metabolic
changes whereby PLTP correlated positively with T- cho (r =0.49), HDLZ and 3 (r =0.42), LDL and
VLDL (r = 0.48) and chylomicron (r = 0.89). The correlation strength with LDL and VLDL was
significantly reduced. It is known that PLTP increases hepatic VLDL secretion and decreases
plasma HDL levels, resulting in a more atherogenic lipoprotein profile. Furthermore, PLTP



Asian J. Anim. Vet. Adv., 2011

unfavorably affects the anti-inflammatory and anti-oxidative properties of HDL particles
{(Moerland et al., 2008).

Plasma TNF-¢ concentration was almost not changed after insulin treatment and level of TNF-«
would corroborate with the reduced anti-inflammatory and anti-oxidative effect of HDL in plasma
due to reduced HDL. However, TNF-¢ positively correlated with adiponectin (pre: v = 0.99; post: r
= 0.78) which would seem to contradict with what has been reported, thus indicating that TINF-¢
may not funection as a trigger for decreasing adiponectin levels in dogs. Precicus evidence that
adiponectin plays a role in increasing insulin sensitivity and decreasing of circulating adiponectin
levels play causative role in the development of insulin resistance (Assal ef al., 2007). There was
some evidence that the primary mechanism by which adiponectin enhance insulin sensitivity
appears to be through fatty acid oxidation and inhibition of hepatic glucose production (El-Ghaffar
and El-Said, 2008). Adiponectin has also been reported to negatively correlate with TG and
positively correlate with HDL in humans from T2DM (Hotta et al., 2000). Interestingly, adiponectin
levels in this study also negatively correlated with TG (pre: r = -0.89; post: r = -0.77), while
positively correlating with HDL1 (pre: r = 0.58; post: r = 0.54), HDLZ2 and 3 (pre: r = 0.82; post:
r = 0.89) and chylomicron (pre: r = 0.75; post: r = 0.63), although the animals were suffering
from T1DM. On the other hand, adiponecitin negatively correlated with ALT (pre: r = -0.87; post:
r =-0.91) and AST (pre: r = -0.60; post: r = -0.99) indicating that sustained reduced adiponectin
levels could have a long term impact on liver stress. In addition, insulin treatment in T1DM dogs
reduces adiponectin levels which would indicate that adiponectin alene is not the sole factor for
enhancing insulin sensitivity. Instead, other factors may also contribute and have a synergistic
effect with insulin. The results are in agreement with the previous reported on the inverse
relationship between adiponectin and insulin. Moreover, euglycemic- hyperinsulinemie clamp tests
in both humans and rats have indicated that insulin injection leads to reduced circulating
adiponectin levels, partially because insulin exerts an acute effect on adipocytes to decrease
production and/or secretion of this adipoevtokine (Yu ef al., 2002). Therefore, adipocyte insulin
signal transduction may be more relevant to understanding adiponectin levels post-insulin
treatment rather than the absolute amount of insulin being given as treatment. Generally
adponectin has been shown to negatively correlate with several inflammatory mediators
(IL-1B, IL-6, IL-8, TNF-«) (Roth et al., 2010). Low-grade chronic systemic inflammation has been

associated with obesity potentially leading to insulin resistance.

CONCLUSION

Insulin treatment in dogs suffering from T1DM appeared to stimulate lipid metabolism and
improve liver condition as indicated by reduced ALT levels. In addition, exogenous insulin reduced
plasma adiponectin level which has been shown to positively correlate with TNF-¢ in TIDM dogs.
Although insulin treatment improve glucose metabolism in T1DM dogs, it may appear to bring an
increased risk for atheroscleresis on a long term basis.
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