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Abstract

Background: Betatrophin/angiopoietin-like protein (ANGPTL8) is defined as an adipokine that regulates blood glucose and triglyc-
eride levels.
Objectives: This study aimed to evaluate the effect of propolis supplementation for the first time on serum levels of the hormone
betatrophin, as a drug target in the treatment of dyslipidemia, in male endurance athletes for four weeks.
Methods: 44 male athletes with an average age of 22 ± 3 years, a height of 177.5 ± 6.5 cm, and a weight of 76 ± 6 kg were selected
in Qazvin. They were randomly divided into four groups: Supplementation, placebo, physical activity, and control. The supplemen-
tation and placebo groups received two 500 mg tablets of propolis and cellulose (in terms of shape and color, are similar to the
original supplement and have no properties, flavor, and aroma) once after lunch and once after dinner, respectively. The drug treat-
ment lasted for four weeks. The athletes’ weight and serum levels of betatrophin were measured at the beginning and the end of 4
weeks of treatment. The ELISA method was used to assess the serum concentration of betatrophin. Analyzes were performed by the
ANCOVA method.
Results: The results showed that the long-term endurance training plus propolis supplementation would result in significant
changes in the betatrophin serum levels and weight in participants (P = 0.001), but in the athletes without supplementation, these
changes were not significant (P > 0.05).
Conclusions: The results indicated that betatrophin serum levels in endurance athletes are increased by propolis supplementation,
and their weight is decreased.
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1. Background

Metabolites and metabolic adaptations have an impor-
tant effect on the performance of athletes, and research
on these factors has always been of interest to researchers
(1). Carbohydrate and lipid-rich diets are recommended
for endurance exercise. Carbohydrates, as a factor in the
delayed onset of fatigue, are associated with increased
muscle glycogen stores. Also, lipids that originate from
the fatty acids of adipose tissue, intramuscular triacylglyc-
erides (IMTG), and cholesterol are used as a fuel source
for energy stock during the time of submaximal exercise
(2, 3). Many hormones and enzymes are involved in the
metabolism of carbohydrates and lipids. Betatrophin or

angiopoietin-like protein (ANGPTL8) plays a double role in
the regulation of triglyceride (TG) and glucose metabolism
(4, 5). The ANGPTL8 gene is expressed in the liver; next,
the betatrophin protein is released in the blood (6). Beta-
trophin has been proposed as a possible mediator of the
increased β-cell duplication in diabetic patients (7, 8). De-
spite the recent publications that have manifested, betat-
rophin was increased in patients with type 2 diabetes (T2D)
(9, 10), others reported that betatrophin was decreased
in patients with T2D (11). However, the levels of betat-
rophin decrease during starvation and lead to an increase
in lipoprotein lipase (LPL) levels to provide the required
energy for the muscles and the entire body through lipid
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metabolism (12). In addition, there is a reverse correla-
tion between IMTG content and insulin sensitivity in the
obese and people with T2D, but a paradox in endurance
athletes is that although they have very high insulin sen-
sitivity, their IMTG content is also high (13, 14). Besides,
betatrophin is a stress-response protein that regulates the
metabolism of lipids by suppressing the expression of adi-
pose triglyceride lipase (ATGL), which indicates a regula-
tion mechanism between betatrophin and lipid hemosta-
sis in mammalian cells (15).

In general, betatrophin is involved in carbohydrates
and lipid metabolism under various nutritional condi-
tions. Likewise, any substance that can affect the levels of
betatrophin in different nutritional conditions will be able
to change the metabolism of carbohydrates and lipids. In
this study, for the first time, we investigated the effect of
propolis as a herbal supplement along with exercise on be-
tatrophin alterations.

Propolis has shown great therapeutic effects and is
widely used in the food and medicine industry. Its biologi-
cal effects include anti-inflammatory (16), antibacterial (17,
18) antifungal (19), antioxidant (20), antidiabetic (21), and
anticancer activities (22); it is also known as an immune
system booster (23). In addition, propolis has a strong an-
tioxidant activity. It contributes to lipid metabolism so the
use of herbal and natural supplements improves the side
effects of reactive oxygen species (ROS) production in ath-
letes (24).

The serum betatrophin changes have only been stud-
ied under clinical conditions such as diabetes and fatty
liver, and there is no clear information on the changes
of betatrophin in athletes. The previous studies have re-
ported controversial findings and showed different expres-
sion patterns of betatrophin in individuals with obesity
and T2D, but the consideration of propolis’ role in improv-
ing diabetes suggests increased betatrophin by propolis
supplementation to be associated with improved carbohy-
drate and lipid metabolism (21, 24, 25).

2. Objectives

Therefore, to address this issue, we evaluated the
weight of participants after the changes in the betatrophin
serum levels to achieve a better understanding of the role
of betatrophin in carbohydrate and lipid metabolism.

3. Methods

This study was a semi-experimental and applied re-
search, including pretest and posttest phases.

3.1. Participants

Forty-eight male professional athletes from long-
distance running and physical fitness teams of Qazvin
city were selected. All participants were verbally in-
formed about the study, and those that agreed to their
data being used signed a written informed consent
form. This study was approved by the Ethics Committee
of Qazvin University of Medical Sciences (Ethical code:
ir.qums.rec.1397.407).

Of the 48 participants, 44 met the inclusion crite-
ria and consented to have their data included. Eligibil-
ity criteria for the participants were identified as healthy,
non-smokers, and had no history of pulmonary, heart,
metabolic diseases, lipid profile disorders, and hyperten-
sion. At the beginning of the study, athletes were told that
they should not use any supplements for one month before
the start of the study; also, they would be excluded from
the study if they took extra supplements.

The study participants have included a mean age of 22
± 3 years, mean height of 177.5 ± 6.5 cm and mean weight
of 76 ± 6 kg. The diet of athletes was monitored by the
nutritionist through an oral recall form one month before
the start of the study until the end of the study. Athletes’
dietary and energy intake data were collected using a 24-
hour feed-in questionnaire.

In the following, 44 participants were randomly di-
vided into four groups consisting of supplementation (n
= 10), placebo (n = 12), physical activity (n = 10), and control
(n = 12), (Figure 1).

3.2. Assessments

One month after the diet, without any supplementa-
tion and before the intervention, the serum betatrophin
levels of the participants were collected (pretest phase).
Next, the supplementation and placebo groups received
two 500 mg capsules of propolis supplementation and cel-
lulose, respectively (daily, one after lunch, and one after
dinner) according to the Samadi protocol with some mod-
ification (26). The capsules given to the placebo group
in terms of shape and color were similar to those given
to the supplement group; the cellulose capsules had no
specific properties, aroma, or taste. The physical activ-
ity group did not take any supplementation, and the con-
trol group included healthy participants with no history
of exercise; also, the serum betatrophin levels of the par-
ticipants were measured four weeks after the intervention
(posttest phase) (Figure 1).

3.3. Testing Procedures

The blood samples (5 mL) were taken from all 44 par-
ticipants once as a pretest in the morning, after at least
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Figure 1. Research design. Drug, propolis supplementation; FAS, full analysis set; SS, safety set.

11 hours of fasting in a sitting position, and once as a
posttest after four weeks of intervention in a fasting state
(blood sampling conditions were the same in pretest and
posttest).

The blood samples were separated by centrifugation
at 3000 rpm for 15 minutes at -4°C and maintained at -

80°C until biochemical analysis. The serum levels of beta-
trophin were measured using an ELISA kit (MyBioSource,
Germany). The inter- and intra-assay coefficient of varia-
tion was 8% and 10%, respectively; the sensitivity of the kit
was 2.8 ng/dL.
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3.4. Statistical Analysis

The Kolmogorov-Smirnov test is used to assess the nor-
mality of the data and the results were expressed as mean
± standard deviation. ANCOVA was applied for inferential
statistics. The statistical analyses were performed at the
significance level of 0.05 using SPSS version 20.

4. Results

According to the results presented in Table 1, there
was no significant decrease in the serum levels of betat-
rophin in three groups of the placebo, physical activity,
and control in the intragroup comparison between the
pretest and posttest (P > 0.05); the difference was signif-
icant only in the supplementation group (P = 0.001). In
the intergroup comparison, betatrophin serum levels in-
creased significantly in the supplementation group com-
pared to the other three groups (P = 0.001). In the placebo
group, serum levels of betatrophin also increased, but the
difference was not significant. On the other hand, in the
intragroup comparison, the weight difference was signif-
icant only in the supplementation group (P = 0.027), but
in the intergroup comparison, this difference was insignif-
icant (P = 0.132). Figure 2 shows the alteration in serum lev-
els of betatrophin.

5. Discussion

Propolis is a natural material that is formed from the
secretion of the wax and parotid glands of bees using sub-
stances gathered from the buds and bark of plants (27)
Propolis has great therapeutic effects and has been widely
used in the food and drug industries (27). Betatrophin is
a newly uncovered adipokine that plays a major role in en-
ergy homeostasis, and carbohydrate and lipid metabolism
(4).

In this study, the authors intended to investigate the
modifications of betatrophin serum levels by exercise
training and the use of propolis that can work as a sup-
plement in athletes. For this purpose, the intake of the
supplementation propolis, which has been known to have
effects on various physiological activities, and training
were applied to 44 male professional athletes for four
weeks. Blood sampling was performed twice (pretest and
posttest). Next, the serum levels of betatrophin (as a possi-
ble target of propolis) were measured by ELISA.

As a result, the serum levels of betatrophin increased
after four weeks of long-term endurance training with
propolis supplementation, and endurance training alone
had no significant effect on the serum levels of betatrophin
in the placebo and physical activity groups.

It considers that this can result from the enhancement
effect of propolis on serum levels of betatrophin, and con-
sequently, the metabolism was improved, and a decrease
in weight was induced. A study on serum betatrophin lev-
els after four weeks of endurance training in diabetic rats
showed that endurance exercise alone did not cause signif-
icant changes in serum betatrophin levels. However, it had
positive effects on pancreatic tissue in diabetic specimens
(28).

Although no studies have examined the effect of propo-
lis on betatrophin levels, several studies have investigated
the influence of propolis in the treatment of diabetes. In
this way, a study has shown that propolis consumption
(daily 900 mg) for 12 weeks could improve blood glucose
and some lipid parameters in patients with T2D; however,
no significant effects were observed on insulin resistance
parameters (26). In research by Tang et al., the antidiabetic
effects of propolis led to a significant decrease in insulin
resistance in T2D rats with high-fat diet-fed (21); similar re-
sults were also reported by Kitamura et al. and Fukuda
et al. (25, 29). Therefore, concerning the relationship be-
tween betatrophin and propolis with glucose metabolism,
propolis has increased the serum level of betatrophin in
the participants of this study.

On the other hand, betatrophin is involved as a new
potent improver of glucose tolerance in patients with in-
sulin resistance (30). Although recent reports investigat-
ing a betatrophin link to glucose metabolism showed con-
tradictory data, which seems is mainly due to differences
in the sample size and the examination of diverse types
of betatrophin by different kits (31, 32). For example, Abu-
Farha et al. showed that serum betatrophin levels were
significantly reduced in T2D patients compared to non-
diabetics (32). A further study by Gomez-Ambrosi et al. re-
ported that concentrations of circulating betatrophin di-
minished in obesity and T2D subjects (33). These studies
are consistent with our theory of the role of betatrophin in
increasing the carbohydrate and lipid metabolism of ath-
letes. However, another study showed that circulating lev-
els of betatrophin were augmented in subjects with T2D
compared to subjects without T2D (10), which this increase
may be associated with increased insulin resistance and
demand for insulin in T2D subjects. In consistence with
our findings, Quagliarini et al. have also shown that betat-
rophin is involved in the metabolism of TG and fatty acids
by ANGPTL3 (34). Furthermore, recent research has shown
that increased betatrophin by exercise and physical activ-
ity leads to an increase in brown fat and weight loss (28).

The barriers to the current study included the lack of
references to compare the results; all the previous stud-
ies were only focused on obese and diabetic participants,
and no research was conducted on healthy athletes to com-
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Table 1. Comparison of Changes in Measured Variables Before and After Four Weeks of Intervention

Variables & Groups Frequency Pretest Posttest t P (Within Group) P (Between Group)

Betatrophin (ng/dL) 0.001 a

Control 12 300.87 ± 50.59 299.85 ± 45.44 0.057 0.956

Supplementation 10 330.70 ± 35.39 476.19 ± 59.7 9.428 0.001 a

Placebo 12 313.37 ± 45.93 334.05 ± 14.29 1.680 0.121

Physical activity 10 315.20 ± 22.14 305.22 ± 15.71 0.485 0.639

Weight (kg) 0.132

Control 12 74.33 ± 1.23 74.25 ± 1.13 1.000 0.339

Supplementation 10 73.75 ± 7.7 73.45 ± 7.50 2.548 0.027 a

Placebo 12 78.60 ± 4.88 78.3 ± 4.97 1.964 0.081

Physical activity 10 77.80 ± 6.87 77.80 ± 6.87 1.000 0.343

a P < 0.05.

600

500

400

300

200

100

0

Pretest

Posttest

C
h

an
g

e 
in

 b
et

ar
o

p
h

in
 le

ve
ls

 (n
g

/d
L)

Control                            Supplementation                     Placebo                           Physical activity

Figure 2. Changes in serum levels of betatrophin (ng/dL) in 4 groups in pretest and posttest.

pare, and we applied their results. So, it is possible, that the
cycle of changes in the betatrophin serum levels in healthy
and athletic participants is different from that of individ-
uals with obesity and diabetes. Therefore, further studies
are required in this regard.

5.1. Conclusions

In conclusion, we have shown the first evidence that
endurance training plus propolis supplementation in-
creases the betatrophin serum levels of male athletes. Our
findings also suggest a potential association between the
betatrophin serum levels and loss of weight that indi-
cates betatrophin involvement in carbohydrate and lipid

metabolism. In addition, the propolis-mediated changes
in betatrophin levels can be a fundamental approach in
obesity-related disorders, including blood pressure. How-
ever, due to the lack of similar research for the comparison
of the results, additional studies are needed to elucidate
the role of betatrophin in athletes’ health.
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