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Introduction: Glucose-dependent insulinotropic polypeptide (GIP) plays a crucial role in 
the regulation of lipid metabolism via lipoprotein lipase (LPL). GIP receptor antagonist, 
SKL-14959, suppressed the weight gain in the diet-induced obesity model. However, the 
mechanism is not unclear. Therefore, we aimed to give insight into the reason.
Methods: Mice were divided into three groups of the low-fat diet, high-fat diets mixture 
with or without SKL-14959 for 151 days, and were monitored body weight and food 
consumption through the test. Oral glucose tolerance test (OGTT) and insulin tolerance 
test (ITT) were also performed. After that, blood, liver, muscle and adipose tissue were 
collected. Blood samples were measured glycosylated hemoglobin A1c (HbA1c), glucose, 
insulin, GIP level and plasma LPL activity. Triacylglycerol (TG) contents of liver and 
muscles were also measured. Moreover, a simple correlation analysis was performed.
Results: SKL-14959 suppressed the body weight gain, decreased body mass index (BMI), 
HbA1c, and fasting glucose level, and trended to decline adipose tissues weight and TG 
contents compared with the vehicle, and inhibited plasma LPL activity. OGTT and ITT in the 
SKL-14959 group were not significantly changed relative to the vehicle. Additionally, upon 
treatment with SKL-14959 treatment, weight gain had weak correlation with lipase activity. 
Furthermore, lipase activity was associated with the fat mass and not white but red muscle 
TG contents and liver TG contents were not associated with lipase activity but HbA1c.
In Conclusion: SKL-14959 might direct lipids metabolism to catabolism by inhibition of 
plasma LPL activity, resulting in the suppression of weight gain on diets-induced obesity mice.
Keywords: GIP, GIP receptor antagonist, anti-obesity, lipase activity, lipid metabolism

Introduction
Overweight and obesity are defined as abnormal or excessive fat accumulation that 
may impair health, and it recently has been a common issue in developed countries 
as well as the developing world.1 People who have obesity, compared to those with 
a normal or healthy weight, are at increased risks for many serious diseases and 
health conditions, including mortality, type 2 diabetes, insulin resistance, hyperten-
sion, dyslipidemia, cardiovascular disease, cancer, and sleep apnea and breathing 
problems.2
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GIP is well known as a kind of incretin hormone released 
from duodenal intestine K-cell,3,4 which plays a crucial role 
in lipid accumulation through the anabolic pathway. GIP 
promotes intake and synthesis of the fatty acids5,6 following 
by the enhancement of lipoprotein lipase (LPL; EC3.1.1.3) 
activities on adipocytes.7,8 GIP extinguished plasma chylo-
micron triglyceride (TG) faster than the control in the dog,9 

and suppressed the post-prandial hypertriglyceridemia by 
intraduodenal fat load and GIP antiserum treatment counter-
acted this in rat.10 In humans, there is clear evidence that has 
an association between post-prandial GIP concentration and 
TG levels, suggesting that this correlation may depend on 
changes in LPL activity.11 LPL is responsible for hydrolyz-
ing the TG of the triglyceride-rich lipoproteins such as 
chylomicrons (CM) and very low-density lipoproteins 
(VLDL),12 and hepatic lipase (HL; EC3.1.1.3) works as 
both phospholipase and a TG lipase and affects the lipid 
composition of all lipoprotein classes including in the inter-
mediate-density lipoprotein (IDL) and low-density lipopro-
tein (LDL), and plays an important role in high-density 
lipoprotein (HDL) metabolism.13,14

Additionally, GIP receptor knock-out mice showed the 
suppression of the body weight compared with the wild mice 
in the high-fat diets (HFD)-induced model,15 and treatment 
with GIP receptor antagonist, (Pro3)GIP, has protected 
against obesity, insulin resistance and glucose tolerance in 
diet-induced obesity (DIO) mice and genetic mice, 
respectively.16,17 On the contrary, the subchronic treatment 
with the GIP receptor antagonist, GIP (3–30) NH2, increased 
body weight and fat mass compared with the vehicle in 
rats.18 This apparent contradiction might be because those 
compounds were modified native GIP, making hormone 
regulation be disrupted by the feedback system.

So far, we have reported19,20 that GIP receptor-specific 
antagonist, SKL-14959, shows suppressing the weight gain 

without affecting food intake in high-fat DIO mice model, 
and reducing the liver and muscle TG contents and improv-
ing hepatic transaminase activities by reducing the ketone 
level. It was suggested that SKL-14959 inhibited fat intake 
in adipocytes and improved lipids metabolism. However, the 
mechanism of the effects described above remains to be 
clarified. In the present study, we aimed to estimate the 
flow in lipids metabolism by SKL-14959 treatment.

Materials and Methods
Chemicals
SKL-14959 was synthesized in-house laboratory. Human 
recombinant insulin, NovolinR 100 (100 I.U./mL) was pur-
chased from Novo Nordisk Pharma Ltd. (Bagsvaerd 
Denmark). All other chemicals were used in molecular biol-
ogy grade.

Animal Study
All experiments were approved by the committee on animal 
care of Sanwa Kagaku Kenkyusho, SKK in accordance with 
the low “Guidelines for Proper Conduct of Animal 
Experiments”. The animal study was performed as described 
below (Figure 1). Male ICR mice purchased from Clea 
Japan (Osaka, Japan) at 10 weeks of age were fed standard 
powder diet, CRF-1 (Oriental Yeast Co., Ltd. Tokyo, Japan). 
Mice were maintained at a constant temperature of 23 ± 2°C 
under a 12-hr light-dark cycle (lights on from 7:00 to 19:00) 
and were allowed ad libitum access to food and water.

Modeling Obesity and Evaluation of 
Treatment with SKL-14959
At 16weeks of age, mice were divided into two groups of 
low-fat diet (LFD), CR-LPF (Oriental Yeast Co., Ltd. 
Tokyo, Japan; fat 5%, protein 16.8%, carbohydrate 
60.9%; 358.9 kcal/100g) and HFD21 (Oriental Yeast Co., 

Figure 1 The outline of animal study. Male ICR mice were arrived at 10 weeks of age were fed standard diet to acclimate for 6 weeks. After that, mice were divided into two 
group of LFD and HFD group, moreover, the HFD group was divided into two groups with or without SKL-14959. That day was defined at day 1 and the terms of 
administration were 151 day. A mouse in the LFD group was excluded because of death by ITT, resulting was in the 8 mice. A mouse in the SKL-14959 treatment group was 
excluded because of a severe abrasion injury on the neck by the lid of food dispenser, resulting was in the 8 mice.
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Ltd. Tokyo, Japan; beef tallow 40%, corn starch 10%, 
sugar 9%, vitamin mixture 1%, mineral mixture 4% and 
casein 36%; 563.4 kcal/100g), and they were individually 
acclimated in the plastic cage for 4 weeks. Thereafter, the 
group of fed HFD was further divided into two groups 
with or without SKL-14959 with matched the body mass 
and food consumption, and the study was evaluated the 
effect of anti-obesity for 150–151 days. That day was 
defined on day1. SKL-14959 was administered by 
0.133% mixed diets during the elucidating term. Body 
mass and food intake were continuously measured until 
the end of the study. Anatomy was split into two days to 
be as same as the condition of circadian rhythm in a day. 
Mice were measured the nose-to-anus lengths by caliper 
under ether anesthesia. Body mass index (BMI) was cal-
culated as body weight (g) divided by the lengths (cm) 
squared. Blood collection was withdrawn from inferior 
vena cava followed by centrifuging to separate plasma, 
and then were kept at –80°C until each assay. Heart, 
liver, kidney, lung, spleen, adipose tissues (mesenteric, 
epididymal, perirenal and retroperitoneal adipose pads), 
muscle tissues (soleus, adductor, gastrocnemius and vastus 
lateralis) were immediately removed and was weighed. 
The small piece of liver and muscle tissues were stored – 
80°C for TG contents.

Oral Glucose Tolerance Test (OGTT) and 
Insulin-Sensitizing Test (ITT)
OGTT was performed on day 95. Glucose (2 g/kg) was 
gavaged in 16-h fasted mice, and the blood sample was 
collected from the cut tip of the tail at 0, 30, 60, 90 and 
120 minutes after the challenge. ITT was carried out on 
day 122. Insulin (0.5 U/kg) was subcutaneously injected in 
5-h fasted mice, and the blood sample was drawn from the 
cut tip of the tail at 0, 15, 30, 45, 60, 90, and 120 minutes 
after the challenge. Blood glucose level was determined 
using by glucose analyzer, Glutest Pro (Sanwa Kagaku 
Kenkyusho Co., Ltd., Nagoya, Japan).

TG Content in Liver and Muscles
TG level in tissues was measured according to the mod-
ified procedure reported previously.22 In brief, liver and 
muscle were homogenized in the chloroform-methanol 
mixture (2:1) using 5 mm yttria-stabilized zirconia ball 
(Tosho, Tokyo, Japan), and extracted organic layers by 
the same reagent and phosphate-buffer. The extracts solu-
tion was dried up under the stream of nitrogen and 

reconstructed in isopropanol-TritonX-100 (9:1). 
Thereafter, the TG concentration was determined using 
L-type Wako TG-H (Wako pure Chemicals, Osaka, 
Japan), and the TG contents in each tissue were expressed 
as µmol/g tissue.

Blood Analysis
Glycated hemoglobin A1c (HbA1c) was measured using 
high-performance liquid chromatography, HLC- 
723GHbV (Tosoh Corporation, Tokyo, Japan). Plasma 
GIP, insulin, leptin and adiponectin levels were mea-
sured using an enzyme-linked immunoassay Kit 
(LINCO RESEARCH, INC., Missouri USA, Shibayagi, 
Gunma, Japan, Morinaga Institute of Biological Science, 
Inc., Yokohama, Japan, and Otsuka pharmaceutical 
LTD., Tokushima, Japan, respectively). Lipoprotein 
lipase (LPL) activity was measured using the Total 
Lipase Test (PROGEN Biotechnik, Heidelberg, 
Germany) according to the manufacture’s instruction. 
Briefly, the plasma sample was diluted with the buffer 
containing physiological salt concentration at pH8.2 for 
total lipase activity or high salt concentration at pH8.8 
for hepatic lipase (HL) activity, respectively.23 The rate 
assay was detected fluorescence intensity (at 342 nm 
excitation and 400 nm emission wavelengths) every 2 
min at 37°C after the substrate was added to the mixture. 
The substrate is 1-trinitrophenyl-amino-dodecanoyl-2- 
pyrendecanoyl-3-0-hexadecyl-sn-glycerol (12-TA-10-P- 
H6), a triglyceride in which the pyrene fluorescence is 
intramolecularly quenched by the trinitrophenyl group.24 

According to the standard curve, the molar fluorescence 
of the released pyrene group was calculated, and activ-
ities were expressed as pmol/min/mL, and the LPL activ-
ity is the total lipase activity minus the HL activity.

Statistical Analysis
Data were expressed as means ± standard error. Statistical 
analysis was carried out using BellCurve for Excel (Ver.2, 
Social Survey Research Information Co., Ltd. Tokyo, 
Japan). Two-way repeated-measures analysis of variance 
was performed to determine whether significant differ-
ences occurred between the weight, the weight gain, and 
the food intake, and then an unpaired t-test was performed 
between the LFD and HFD group or the HFD control and 
SKL-14959 treated group, respectively. Next, a single 
correlation analysis was performed to provide insight 
into the mechanism. A p-value <0.05 was considered 
statistically significant.
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Results
Effects of SKL-14959 Treatment in the 
Biological and Physiological Test
The control group of mice fed HFD was significantly 
increased the body weight, weight gain, food intake, 
BMI, and HbA1c relative to the LFD group, and SKL- 
14959 treated group was significantly declined body 
weight gain, BMI, and HbA1c compared with that of 
the HFD control group. But, body weight and food 
intake were not significant (Table 1A). Next, the HFD 
control was significantly increased the weight of liver, 
adipose pads; mesenteric, epididymal, retroperitoneal 
and perinephric, and the sum of the individual white 
adipose tissues (WATs) compared with the LFD con-
trol, and SKL-14959 treated group was trended to 
decrease the WATs compared with that of HFD control 
(p<0.088, Table 1B), but heart, kidney, spleen, and 

lung were not observed the differentiation (data not 
shown).

Blood Analysis
Plasma leptin, total GIP, and insulin level in the HFD group 
were higher than that of LFD group, and the SKL-14959 
treated group was shown to be not significantly reduced 
their levels relative to the HFD group. On the contrary, the 
plasma adiponectin level in the HFD group was lower than 
that of the LFD group, and SKL-14959 treated group did 
not observe any differences. Total GLP-1 level was no 
significant difference among three groups (Table 1C).

Effect of SKL-14959 Treatment on the 
OGTT and ITT in DIO Mice
OGTT and ITT were performed on day 95 and 122, 
respectively. In OGTT, the fasting glucose level, it is at 

Table 1 Effects of SKL-14959 Treatment

A. Biophysical Data of SKL-14959 on DIO Mice

Parameter LFD 
n=8

HFD 
n=9

HFD + SKL-14959 
n=8

Boby-weight

Initial (g) 39.7±0.69 48.2±1.18### 48.6±1.29

Final (g) 41.6±0.62 54.8±2.22### 51.2±2.09
Gain (g) 1.9±0.3 6.6±1.4### 2.6±1.1*

Food intake (g) 701.7±21.7 501.3±14.5### 504.0±12.3

BMI (g/cm/cm) 0.33±0.01 0.42±0.01### 0.39±0.01*

B. Weight of Adipose Tissues and Liver on SKL-14959 Treatment in DIO Mice

Tissue LFD 
n=8

HFD 
n=9

HFD + SKL-14959 
n=8

Mesenteric (g) 0.52±0.04 1.15±0.12### 0.91±0.1

Epididymal (g) 0.86±0.1 2.28±0.22## 2.06±0.23

Retroperitoneal (g) 0.444±0.03 1.766±0.16## 1.37±0.12
Perinephric (g) 0.431±0.047 1.325±0.12## 0.994±0.101

WAT Total (g) 2.25±0.19 6.52±0.47### 5.33±0.45

Liver (g) 1.91±0.04 2.43±0.11 2.24±0.24

C. Plasma Analysis on SKL-14959 Treatment in DIO Mice

Maker LFD 
n=8

HFD 
n=9

HFD + SKL-14959 
n=7 or 8

Leptin (pg/mL) 11.2±1.5 87±13### 64.4±14.7

Adiponectin (μg/mL) 631±11 574±4.4### 567±6.1
GIP (pg/mL) 169±39 449±73# 378±114

Total GLP-1 (pmol/L) 0.9±0.4 0.5±0.2 0.8±0.2

Insulin (ng/mL) 2.0±0.5 4.12±0.62# 3.88±0.97

Notes: Data are expressed as means ± standard error. Note; Plasma insulin in the treatment group was excluded one data because of technical trouble in the assay, resulting 
was n=7. #p<0.05, ##p<0.01, ###p<0.001 vs LFD (t-test), *p<0.05 vs HFD control (t-test).
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the beginning of the challenge, was increased in the HFD 
group, SKL-14959 treated group was significantly 
declined the level (Figure 2A), and thereafter the treated 
group was not significant reduced in the change of glucose 
level and the area under the curve (AUC) compared with 
HFD group (Figure 2B and C). The HbA1c in the group of 
HFD control was significantly increased compared with 
the LFD group, and SKL-14959 treatment group was sig-
nificantly declined it relative to the HFD control group 
(Figure 2D). In ITT, SKL-14959 treatment was tended to 
be declined the glucose level compared with HFD control 
at 15 min after the challenge (p=0.088), thereafter the 
profile was inverted from 60 min, and the AUC was not 
significant (Figure 2E and F).

Effects of SKL-14959 Treatment in the 
TG Content
The HFD control group was increased lipids accumulation 
in the liver and muscle (soleus, adductor, gastrocnemius 
and vastus lateralis, and the sum of each muscle) com-
pared with the LFD group. SKL-14959 treated group was 
significantly declined the liver TG contents and was a 
tendency to decrease their muscles TG contents compared 
with the HFD control (Figure 2G–L).

Lipase Activity
SKL-14959 treated group was tended to decrease the 
plasma total lipase activity (p=0.069) and decreased the 
LPL activity relative to the HFD control group (Figure 3A 
and B). However, HL activity did not observe any differ-
ence (Figure 3C).

Correlation Analysis
A simple correlation analysis was performed to estimate 
the factors influencing the suppression of body weight gain 
in the SKL-14959 group. In the present study, the physio-
logical and biological characterization of the high-fat DIO 
model was initially analyzed. The result showed that the 
body weight gain was positively associated with body 
weight, the liver and WATs weight and BMI, and was a 
weak correlation with TG contents in the liver and muscle 
(Figure 4). Thus, these results suggested that, at least, the 
reduction of ectopic fat accumulation in the organ might 
be important for weight loss. Secondly, according to the 
SKL-14959 administration, total lipase activity was asso-
ciated with WATs weight and was a weak correlation with 
the weight gain and the not white but red muscle TG 

contents. Liver TG contents were associated with not 
total lipase activity but HbA1c (Figure 5A–F). 
Furthermore, GIP was weakly associated with not insulin 
but LPL activity (Figure 5G and H).

Discussion
In the present study, SKL-14959 suppressed the body 
weight gain without affecting food consumption in high- 
fat DIO mice (Table 1A) as described previously report,20 

and glucose tolerance and insulin-sensitizing were evalu-
ated. It had been previously reported that SKL-14959 
showed to mechanically deteriorate the impaired glucose 
tolerance compared with the vehicle owing to the inhibi-
tion of insulin secretion when an intraperitoneal glucose 
tolerance test was performed.19 But, in the present study, 
SKL-14959 slightly lowered the glucose excursion com-
pared with HFD control after the challenge in OGTT and 
ITT (Figure 2B and E), regardless of insulin level in the 
fed state was not significant among the HFD control and 
treatment group (Table 1C). Moreover, BMI, fasting glu-
cose, and HbA1c levels were significantly decreased by 
SKL-14959 administration (Table 1A, Figure 2A and D). 
These results indicate that SKL-14959 might enhance the 
ability of glucose utilization in peripheral tissues and at 
least might not deteriorate the impaired glucose tolerance.

Herein, we provided insight into the mechanism that 
SKL-14959 reflected lipids and glucose metabolism fol-
lowed by weight gain loss. Diets induce the secretion of 
hormones such as GIP and insulin and simultaneously 
increase postprandially chylomicron remnants in blood, 
and then they are hydrolyzed in a chain by the lipolytic 
enzymes such as LPL and HL followed act metabolized to 
HDL via VLDL, IDL and LDL (Figure 6).25

GIP has an anabolism of lipids via LPL activity.7,8 Kim 
et al reported26 that GIP increased LPL activity via AMPK 
with insulin in the adipocyte. According to the simple 
correlation analysis, GIP level was weakly positively asso-
ciated with the LPL activity, but insulin was not significant 
(Figure 5G and H). It might be because that the LPL 
activity was not adipocyte or muscle but plasma, or the 
animal model was insulin resistance state. While SKL- 
14959 is the receptor antagonist, which is still unknown 
the influence for GIP secretion or the plasma GIP level. 
Thus, we would need to investigate the GIP-LPL signal 
pathway using animal tissues or cell lines in adipocytes or 
muscle.

LPL is a rate-limiting enzyme to hydrolyze TG in 
lipoprotein particles, which has the effect of removing 

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
1099

Dovepress                                                                                                                                                      Nakamura et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 2 Effects of fasting blood glucose (A), change in blood glucose (B) and the AUC (C) in OGTT, HbA1c (D), blood glucose (E) and the AUC (F) in ITT, total, liver (G), 
soleus (H), adductor (I), gastrocnemius (J), vastus lateralis (K) and sum of muscle (L) TG contents on SKL-14959 treatment in the DIO mice. Data are expressed as means ± 
standard error in each group; LFD n=8, HFD n=9, HFD+SKL-14959 n=8. #p<0.05, ##p<0.01, ###p<0.001, vs LFD (t-test), *p<0.05 vs HFD control (t-test).
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the blood lipoproteins.27 LPL derived free fatty acids 
(FFAs) are incorporated into TG to store as energy in 
the tissues such as adipocyte, muscle, and liver, and are 
also utilized it for life activity. In the present study, SKL- 
14959 inhibited plasma LPL activity (Figure 3B). So far, 
SKL-14959 showed that although it was not significant, 
the plasma TG and FFA levels were high compared with 
that of HFD control (TG; 122 ± 19 vs 108 ± 17 mg/dL, 

FFA; 1.98 ± 0.2 vs 1.76 ± 0.2 μEq/L).20 Additionally, 
SKL-14959 neither altered the level of leptin and adipo-
nectin (Table 1C) nor influenced the size of adipocyte.20 

Thus, it was suggested that the reduction of LPL activity 
by SKL-14959 might enhance catabolically degradation 
of excessive ectopic lipids preserved in the adipocyte, 
muscle, and liver to procure metabolic energy in starva-
tion tactics state.

Figure 3 Effects of total lipase activity (A), LPL activity (B), and HL activity (C) on SKL-14959 treatment in the DIO mice. Data are expressed as means ± standard error in 
each group; LFD n=8, HFD n=9, HFD+SKL-14959 n=8. *p<0.05 vs HFD control (t-test).

Figure 4 The relationship between weight gain versus body weight (A), liver weight (B), WATs(C), BMI (D), liver TG (E) and the sum of each muscle TG (F) of diabetic 
control group in DIO mice.
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Interestingly, lipase activity was weak in correlation 
with not white but red muscle TG contents (Figure 5C 
and D) and liver TG was associated with HbA1C (Figure 
5F). In general, red muscles are aerobic metabolism, which 
is abundant mitochondria and enzyme activity concerning 
with Krebs cycle and β-oxidation is high. On the other 
hand, white muscles are anaerobic metabolism, which is 
composed of glycolysis enzyme.28 Moreover, FFA is 

contributed to β-oxidation to generate metabolic energy 
for lives.29 The β-oxidation is produced acetyl-CoA fol-
lowed supplying for the Krebs cycle, and is simultaneously 
metabolized to ketone bodies which is an important fuel for 
an extra-hepatic organ such as brain substituted for dimin-
ished glucose utilities in diabetes mellitus and insulin resis-
tance state.30–32 SKL-14959 was trended to decrease the 
ketone body.20 Skeletal muscle-specific deletion of LPL in 

Figure 5 The relationship between weight gain versus total lipase activity (A), total lipase activity versus WATs (B), red muscle; soleus and adductor (C), white muscle; 
gastrocnemius and vastus lateralis (D) and liver TG (E), HbA1c versus liver TG (F), and GIP versus LPL activity (G) and insulin (H) on the SKL-14959 group in DIO mice. 
Note; Plasma insulin in the treatment group was excluded one data because of technical trouble in the assay, resulting was n=7.
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mice reduced muscle TG contents, and increased glucose 
intake and insulin signaling in skeletal muscle,33 suggesting 
that long-term reduction of LPL derived FFAs uptake is 
increased in glucose utilization.34 Thus, excessive FFAs 
incorporated into the red muscle or liver promoted β-oxida-
tion, and glucose incorporated into the white muscle or liver 
promoted glycolysis followed by conducting to Krebs cycle 
(Figure 6). Therefore, it was suggested that SKL-14959 
might let an energy substrate switch from lipid to glucose 
under insulin resistance and obesity state, resulting in the 
amplification of glucose utility with FFA oxidation and 
decrease the TG contents followed the suppression of the 
weight gain.

In the present study, pre-heparin plasma lipase activity 
was measured. That was because that hemodynamic 
change by intravenous heparin administration wanted to 
avoid affecting the systemic molecular and metabolic reg-
ulation. In general, it seems that many studies with regard 
to LPL and HL protein and activity were evaluated using 
post-heparin plasma or tissue samples owing to the low 
level of pre-heparin ones.7,8,35,36 However, Robert et al13 

reported that the measurement of pre-heparin plasma 
lipase activities (LPL and HL) does not require the 

administration of intravenous heparin, and pre-heparin 
plasma LPL and HL activity were associated with that of 
post-heparin. Per Tornvall et al reported12 that pre-heparin 
LPL activity was higher in patients with myocardial 
infarction compared with control. Moreover, there have 
been reported that pre-heparin plasma LPL mass was 
lower in type 2 diabetic mellitus compared with the con-
trol subject,37 suggesting that pre-heparin LPL mass might 
be a biomarker of metabolic syndrome and considered to 
be the indicator of insulin resistance of the whole body.37– 

39 In the present study, although the pre-heparin plasma 
LPL mass did not observe, the activity might be a con-
tributing factor in the progression of lipid metabolism 
disorder. Thus, additional studies would be needed to 
elucidate the play a role in the pre-heparin plasma lipase 
activities.

There are some limitations to the study. Firstly, plasma 
glucagon levels did not determine. It was because that the 
IC50 value against the receptor was over 18 folds compared 
with that of GIP receptor,19 and it was not significantly 
different by SKL-14959 treatment.20 Secondly, it had 
needed to measure the LPL activity in muscle and adipocyte 
to speculate the lipids flow by SKL-14959. However, it is 

Figure 6 The mechanism of SKL-14959 in lipids and glucose metabolism. Diets secret GIP and insulin as well as increase postprandially chylomicron remnants in blood, and 
then chylomicron particles are sequentially hydrolyzed by LPL and HL, being metabolized to VLDL, IDL, LDL, and HDL. The inhibition of LPL activity can decrease the 
production of FFAs from lipid particles, catabolizing excess ectopic fat in adipocyte and muscle. After that, glucose uptake is enhanced, and increase glucose utility with beta- 
oxidation in muscle and liver.
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likely to be difficult to apply the muscle or adipose tissue in 
the point of view in clinical. Finally, the protein expression 
of the Krebs cycle or β-oxidation components had been 
analyzed. Thus, it should need to perform more study to 
elucidate in detail the glucose or lipids metabolism pathway 
by SKL-14959 in the future study.

In summary, SKL-14959 showed to suppress the body 
weight gain regardless of food intake as well as to inhibit 
the plasma LPL activity. Herein, we provided insight into 
the mechanism of SKL-14959. The inhibition of plasma 
LPL activity was conducted to the catabolically degrada-
tion of TG in the adipocyte under insulin resistance and 
the obesity state, simultaneously, enhanced the ability of 
glucose utilization in white muscle and liver as well as 
FFA-oxidation in red muscle and liver, resulting in mod-
erated the lipids and glucose metabolism. Therefore, 
SKL-14959 decreased the ectopic fat depots through the 
inhibition of plasma LPL activity, followed by suppres-
sing the weight gain.
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