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Background: Studies have shown that bariatric surgery, such as sleeve gastrectomy (SG), has an adverse effect on bone,
including decreased bone mineral density (BMD) and bone metabolism. Peripheral 5-hydroxytryptamine (5-HT)
has an adverse regulatory effect on bone formation. Here, we assessed changes in bone metabolism and wheth-
er 5-HT is involved in the effect of SG on bone metabolism.

Material/Methods: A rat model of obesity was established using Wistar rats. After successful modeling, rats were randomly as-
signed to 2 groups — the SG group and the Sham group — with 10 rats in each group. We then performed sleeve
gastrectomy or sham operation. Bone metabolic markers and BMD of rats were measured at 2 and 16 weeks
after the operation and the level of 5-HT in serum was determined. Rats were killed at 16 weeks after the op-
eration, and bones of the hind limbs were harvested to measure 5-HT by immunofluorescence.

Results: BMD was decreased and bone metabolism demonstrated a trend of bone destruction in the rats after SG. A sig-
nificantly increasing trend in the level of serum 5-HT was found, and bone immunofluorescence showed in-
creased expression of 5-HT.

Conclusions: BMD was decrease and bone metabolism demonstrated a trend of bone destruction after SG. SG can affect
the level of 5-HT in serum or bone tissue and the 5-HT may be involved in the process through which SG af-
fects bone metabolism.
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Material and Methods

The incidence of obesity is steadily increasing, making it a se-
rious human health problem [1,2]. China has one of the largest
populations of obese people in the world. Obesity can cause
many related complications, such as type 2 diabetes mellitus,
cerebrovascular diseases, and cardiovascular diseases [2,3].
Bariatric surgery, including sleeve gastrectomy (SG), has been
proven to be a widely applicable surgery for obesity and it has
been accepted by the medical community. Bariatric surgery can
continuously reduce the weight of obese people, and it can im-
prove many obesity-related complications [4-6]. Studies have
shown that bariatric surgery has a negative impact on bone,
including increased postoperative bone resorption, decreased
BMD, and increased risk of fracture [7-9]. A wide array of stud-
ies confirms that there is an increased risk of bone fracture after
bariatric surgery [7,10-14]. The activity of osteoblasts in bone
and the formation and destruction of bone can be judged by
4 related indicators of bone metabolism [15]. Serum calcium
is an important bone nutrient, levels of which reflect chang-
es in bone metabolism. Osteocalcin (OC) can regulate bone
calcium and decrease bone mass, and the loss of calcium in
bone decreases OC. High levels of bone isoenzyme of alkaline
phosphatase (BALP) indicate insufficient calcium deposition.
N-terminal pro-peptide of type 1 collagen (P1NP) is a mark-
er used in the diagnosis of osteoporosis, and increased levels
of PINP are common in osteoporosis caused by some factors
and other diseases. C-terminal telopeptide (CTX) is a marker of
bone resorption, and high levels of CTX reflect increased deg-
radation of bone matrix, suggesting that the rate of bone re-
sorption is increased [16]. Generally speaking, OC, BALP, and
P1NP are markers of bone formation, while CTX is a marker of
bone absorption. Recent research shows that the neurotrans-
mitter 5-HT is involved in bone metabolism, including bone
formation and bone resorption [17,18]. Bone formation can
be inhibited by peripheral 5-HT, which can block the link be-
tween the transcription factor FOXO1 and the cyclic adenos-
ine response element binding protein (CREB), inhibiting bone
formation [19-21]. However, whether 5-HT plays a role in the
process of SG affecting bone metabolism has not been stud-
ied. Based on the above research, our group made assump-
tions and proposed that SG can regulate bone metabolism
and reduce BMD by affecting the level of peripheral 5-HT, and
we sought to assess the effect of SG on bone metabolism and
BMD. We also explored whether SG affects serum 5-HT level
and whether 5-HT participates in bone metabolism. Our goal
was to help prevent development of osteopenia and fracture
by providing data to guide comprehensive clinical monitoring
of bone health and treatment in people who underwent bar-
iatric surgery. We assessed the relationship between 5-HT and
bariatric surgery to provide a theoretical basis and scientific
evidence for further research.

Animals and experimental group

Wistar rats were used as experimental animals. These rats
are easy to breed and are sensitive to changes in levels of
various nutrients, making them suitable for the study of nu-
tritional and metabolic diseases. Wistar rats are large, which
makes them easier to perform surgery on. We purchased 40
male Wistar rats (age 4 weeks, weight 200 g) from Shandong
University’s Laboratory Animal Center in Jinan. These animals
had not been used in other experimental studies, and had not
been administered any drugs. They were housed individually
in separate cages with good ventilation, temperature 24-26°C,
and 50-60% humidity, with a 12/12 h light/dark cycle [22].
Rats were randomly assigned to 2 groups: a normal-diet group
(20 rats) and a high-fat diet group (20 rats). The normal-diet
group was fed a normal diet and the high-fat diet group was
fed a high-fat diet (Huafukang Biotech, China) for 8 weeks. All
rats were given tap water to drink. When the rats in the high-
fat diet group were 20% heavier than those in the normal-diet
group, they were considered to be obese and the model was
regarded as successfully established [23-25]. The obese rats
were randomly assigned to 2 groups, the sleeve gastrectomy
(SG) group and the Sham surgery group, with 10 rats in each
group. Rats in the SG group underwent sleeve gastrectomy,
while rats in the Sham group underwent a sham operation.
Rats in the normal-diet group underwent continued feeding for
other experimental studies. All animal research was approved
by the Laboratory Animal Ethics and Welfare Committee of
Shandong University, Cheeloo College of Medicine.

Process of surgery

All rats were fed with a residue-free diet for 48 h and fasted
for 16 h before surgery. During the operation, rats were anes-
thetized with 10% chloral hydrate. The dosage of anesthet-
ics for each rat was calculated according to the body weight
(3 ml/kg). The anesthetic dosage, anesthetic time, and surgery
time were recorded. Rats were fed with free access to water
at 24 h after the operation. Three days later, rats were given
a dregs-free liquid diet for 3 days. After 7 days, a high-fat diet
was given to all rats.

SG

Rats were anesthetized after weighing. An upper-abdomi-
nal longitudinal incision was made to enter the abdomen.
Then, the greater curvature of the stomach was freed from
the cardia to the pylorus. The left gastroepiploic vessel, short
gastric vessel, and posterior gastric vessel were cut off and
ligated. The greater curvature of the stomach and fundus of
the stomach were completely dissociated, then were removed
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longitudinally. Approximately 70-80% of gastric volume was
removed. After hemostasis and alcohol disinfection, the gas-
tric stump was sewn shut with intermittent sutures. The belly
was continuously closed layer-by-layer with sutures. The stom-
ach was adequately freed and vessels were ligated in large
curves to reduce bleeding [26,27]. We were careful to remove
an appropriate volume of the stomach because if the volume
removed is too large, it will affect eating and reduce survival
after surgery, but if the volume is too small it will reduce the
effectiveness of bariatric surgery.

Sham operation

The preoperative preparation and anesthesia in the sham group
was the same as in the SG group. After performing laparotomy
from the midline abdominal incision, the ligaments and blood
vessels of the greater curvature of the stomach were cut off,
but the greater curvature of the stomach was not removed.
The exposure time and anesthetic dosage of the sham group
were the same as in the SG group. Then, we closed the abdom-
inal cavity and disinfected it. We compared the SG group with
the Sham group to eliminate the influence of some factors on
the experimental results, such as the effect of anesthetics on
rats or the stress response of rats caused by surgery [28,29].

Measurement of basic data and collection of blood
samples

The success of modeling was estimated according to rat body
weight. The basic data measured were body weight and dai-
ly food intake, measured about 3 days before the operation.
After the surgery, we monitored basic data of rats at various
time points. At 2 and 16 weeks after surgery, fasting blood
samples were collected from a tail vein after a 12-h fast, then
centrifuged at 3000 rpm for 15 min at 4°C. The supernatant
was collected and stored in a freezer at =80°C.

Determination of BMD and body fat

BMD and body fat of rats were measured at 2 and 16 weeks
after the operation in the Endocrine Laboratory at Qilu Hospital
of Shandong University, using a GE Lunar Prodigy X-ray Tube
Bone Densitometer for measurement and Prodigy software for
data analysis. During the measurement, the rats were anes-
thetized with an appropriate amount of inhalation anesthe-
sia to keep the body stable.

Retention of bone
The rats were killed 16 weeks after surgery. Then, specimens

were harvested, bones of hind limbs were harvested for im-
munofluorescence analysis, and other specimens were stored
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Enzyme-linked immunosorbent assay

Blood samples were centrifuged at 3000 rpm for 15 min at 4°C
in a tabletop centrifuge (TGL-16C). Then, the supernatant was
put into a refrigerator at 4°C. The specific operations are per-
formed according to the instructions of the ELISA kit (Huamei
Biology). We determined detection indexes for serum calcium,
OC, BALP, PINP, CTX, and 5-HT.

Immunofluorescence

Bones were decalcified by EDTA (Google Biology) decalcifica-
tion solution at room temperature for 1 month, then under-
went dehydration and embedding to make paraffin sections.
Sections were dewaxed and placed in a repair box filled with
citric acid antigen repair buffer (G1202, Google Biology) for
antigen repair. The slides were washed in phosphate-buff-
ered saline (PBS, pH7.4, G0002, Google Biology) and sealed at
room temperature for 30 min after drying. After we discarded
the blocking solution, the primary antibody, anti-5-HT (1: 50,
10443-1-AP, Wuhan Three Eagles) was added to the slices and
incubated overnight at 4°C. The slides were washed in PBS, then
dripped with the second antibody, cy3-goat anti-rabbit (1: 300,
GB21303, Google Biology), and incubated at room tempera-
ture for 50 min. The slides were then washed in PBS, dripped
with 4’,6-diamidino-2-phenylindole (DAPI) (G1012, Google
Biology) solution, then incubated for 10 min at room temper-
ature. After slides were washed in PBS, they were sealed with
anti-fluorescence quenching tablets (G1401, Google Biology).
We obtained images of immunofluorescence under a Nikon in-
verted fluorescence microscope with a camera (Nikon DS-U3)
at 40x magnification, and then were analyzed using Image)
software to assess the positive signals in the of immunofluo-
rescence images. We evaluated the expression of 5-HT by cal-
culating the average optical density (AOD) of immunofluores-
cence images. Three areas were selected randomly from each
image for measurement, and then the results were averaged.

Statistical analysis

We used SPSS 22.0 (IBM, Chicago, IL, USA) software for data
analysis and GraphPad prism 7.0 software to draw curves.
The Shapiro-Wilk test was used to check whether the mea-
sured data were normally distributed. Normally distributed
measurement data were assessed using the independent-
samples t test. Results are presented as meantstandard de-
viation (xxs). P<0.05 was considered to indicate a statistical-
ly significant difference.
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Figure 1. Body weights of normal-diet rats and high-fat diet
rats (20 rats in each group). Rats in the high-fat
diet group were significantly heavier than those in
the normal-diet group, and were considered to be
obese (* P<0.05).

Results

Obese rat model

Rat weights were used to determine whether the obese rat
model was constructed successfully (Figure 1). None of the rats
died during the modeling process, and none died due to sur-
gery or postoperative complications. All the rats in the study
survived until they were killed.

Weight and food intake

Figure 2 shows that the body weights in the SG and Sham
groups both decreased during the first week after surgery,
then they both increased gradually, but the body weights of
rats in the Sham group increased faster than in the SG group.
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Weights in the 2 groups were significantly different at 2 weeks
after surgery (* P<0.05). In the first week after the operation,
food intake decreased in all rats, then the daily food intake
increased and gradually stabilized at about 4 weeks after the
operation. The numerical value in the SG group was signifi-
cantly lower than in the Sham group 2 weeks after the oper-
ation (* P<0.05).

Effect of surgery on BMD and body fat rate

At 2 weeks after the operation, the BMD measured in the SG
group was not significantly difference from the Sham group,
and at 16 weeks after the operation, in the SG group, the BDM
of rats was lower than in the Sham group (* P<0.05) (Figure 3).
In addition, in the SG group, the BMD measured at 16 weeks
was lower than at 2 weeks (* P<0.05), while in Sham group the
difference was not significant (Figure 3). At 16 weeks after the
operation, the body fat rate of rats in the SG group was lower
than in the Sham group, and there was no significant differ-
ence in body fat rate between the SG group and Sham group
at 2 weeks after the operation (Figure 4A). The body fat rate
at 16 weeks after the operation in the SG group was lower
than at 2 weeks after the operation, while in Sham group it
was higher (Figure 4B).

Effect of operation on serum calcium, OC, BALP, P1NP, CTX,
and 5-HT

Bone metabolism markers and 5-HT measured at 2 weeks af-
ter surgery were not significantly different between the SG
group and Sham group. At 16 weeks after the operation, the
following indexes in serum in the SG group were significantly
different (* P<0.05) compared to Sham group: the level of se-
rum calcium and OC were lower, while the levels of BALP,
P1NP, CTX, and serum 5-HT were higher (Figure 5). In the SG
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Figure 2. (A) Body weight in Sham group and SG group before and after surgery at different timepoints. (B) Daily food intake of rats
before and after surgery at different timepoints. Body weight and food intake in the SG group were lower than in the Sham

group (* P<0.05).
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Figure 4. (A) Body fat measured at 2 and 16 weeks after surgery in Sham and SG group (* P<0.05). (B) Body fat rate measured at

different timepoints in the 2 groups (* P<0.05).

group, the level of serum calcium and OC at 16 weeks after
the operation were lower than at 2 weeks, while BALP, P1NP,
CTX, and 5-HT levels were higher. In the Sham group, the dif-
ferences between levels at 2 weeks vs. 16 weeks was not sig-
nificant (Figure 6).
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Immunofluorescence

Levels of 5-HT in bones of hind limbs were assessed by immuno-
fluorescence (Figure 7). We used Image) software to deter-
mine the AOD in immunofluorescence images, which showed
higher expression of 5-HT in SG group rats than in the Sham
group (* P<0.05).
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Figure 5. (A) Level of serum calcium. (B) OC. (C) BALP. (D) PINP. (E) CTX. (F) 5-HT BALP measured at different timepoints after surgery

in the 2 groups (* P<0.05).

Discussion

Numerous studies have shown that bariatric surgeries, such as
SG, can result in weight loss [4-6], and our study supports this.
We established an obese rat model based on relevant research
and literature [23-25]. We found that the weight of rats fed a
high-fat diet vs. those fed a normal diet were significantly dif-
ferent after 2 months. The obesity model was successfully es-
tablished in all rats fed a high-fat diet. Based on the monitor-
ing of body weight after surgery, we found that the weight of
rats in both groups decreased at an earlier date due to gastrec-
tomy, food restriction, and surgical stress. Subsequently, rats
in both groups gained weight, and, compared to Sham group,
the weights in the SG group increased more slowly. After 2
weeks, the rats’ weights gradually stabilized. In the SG group,
the rats’ weights were significantly lower than in the Sham
group, showing that the weight-loss surgery was successful.

The mechanism underlying the effect of SG on human organs is
not completely understood. Some clinical studies have shown
that bariatric surgery has a negative effect on bone, includ-
ing increased bone resorption, decreased BMD, and increased
risk of fracture, and BMD showed a downward trend for a lon-
ger period after surgery [7-9]. Recent studies have shown an

increased risk of postoperative fracture [11-14]. Based on the
effect of bariatric surgery on patients’ BMD, whether SG will
increase the risk of fracture in patients has become a topic of
concern in the clinical setting. Some scholars have proposed
that bone metabolism is changed in patients after bariatric sur-
gery [15], and our data confirm this view. The mechanism by
which bariatric surgery affects bone metabolism is not clear.
Some studies [17-21] have found that 5-HT is involved in bone
resorption and bone remodeling as a neurotransmitter, and
reported that peripheral 5-HT inhibits bone formation. In the
present study, we focussed on peripheral 5-HT and hypothe-
sized that SG affects BMD and bone metabolism by affecting
peripheral 5-HT levels.

The human skeleton has an active metabolism, and like oth-
er tissues and organs, it features some biological phenomena
such as growth, aging, and disease [30]. Bone tissue produc-
es many metabolites in the process of synthesis and catabo-
lism, and these products are distributed in bone, blood, urine,
or other body fluids in various concentrations and structures.
A variety of hormones that regulate bone metabolism not only
affect bone remodeling, but also provide feedback via multiple
links of bone metabolism to maintain bone metabolism bal-
ance and internal environment stability [31]. Therefore, various
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Figure 6. (A) Level of serum calcium. (B) OC. (C) BALP. (D) PINP. (E) CTX. (F) 5-HT in 2 groups at different timepoints (* P<0.05).

metabolic states of bone can be inferred indirectly by detect-
ing bone metabolites or related hormones in the blood. Bone
formation and destruction are reflected by levels of bone met-
abolic markers, which we assessed in the present study. Serum
calcium is one of the most important substances involved in
bone formation. As an important bone nutrient, calcium is the
basis of preventing and treating osteoporosis. Although serum
calcium cannot be used as a diagnostic criterion for osteopo-
rosis, it has reference value in preventing osteoporosis [32].
Bone alkaline phosphatase is an enzyme protein secreted by
osteoblasts. BALP is a specific marker of differentiation of os-
teoblasts, and the level of BALP expressed in cells can reflect
the degree of differentiation and functional status of cells [33].
P1INP enters the blood and urine as a metabolite, and P1NP
level can reflect bone formation [34]. OC is mainly synthesized
by osteoblasts, odontoblasts, and proliferative chondrocytes,
and it has a strong effect on regulating bone calcium metab-
olism and is negatively correlated with age [35]. CTX is the
most abundant form of collagen in the human body and is the
only collagen component in bone, accounting for more than
90% of bone matrix. CTX plays an important role in osteopo-
rotic fracture and has a high predictive value for osteoporot-
ic fracture; therefore, it is used as a marker of bone resorp-
tion [36]. In the present study, various indicators in serum were
detected. Bone metabolism indicators measured at 2 weeks
after surgery were not significant different between the SG

group and Sham group. At 16 weeks after surgery, compared
to the Sham group, the level of serum calcium and OC in the
SG group were lower, and the levels of BALP, PINP, CTX were
higher. In the SG group, serum calcium and OC measured at
16 weeks were lower than at 2 weeks, while BALP, PINP, and
CTX levels were higher. Between 2 weeks and 16 weeks after
surgery, the markers of bone metabolism in the Sham group
was not significantly different, and bone metabolism after SG
tended toward bone destruction. This was also confirmed by
assessment of BMD. At the 16 weeks after surgery, BMD in
the SG group was significantly lower than in the Sham group,
but there were no significant differences in the 2 groups at 2
weeks after surgery. In the SG group, BMD at 16 weeks after
surgery was lower than at 2 weeks, but in sham group the dif-
ference was not significant.

As a neurotransmitter, 5-HT participates in bone resorption
and bone remodeling [18,20]. Peripheral 5-HT is mainly dis-
tributed in gastrointestinal chromaffin cells. It can block the
relationship between transcription factor forkhead box pro-
tein O1 (FOXO1) and cyclic adenosine phosphate effect ele-
ment binding protein (CREB) to inhibit bone formation [37].
Peripheral 5-HT also can promote the expression of interleu-
kin (IL)-6 and induces bone resorption [38]. In this study, we
detected 5-HT in serum, and found that there was no signifi-
cant difference in 5-HT in 2 weeks after surgery between the
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Figure 7. (A) Detection of 5-HT in a rat hind limb bones by immunofluorescence. The primary antibody was anti-5-HT, and the second
antibody was cy3-goat anti-rabbit. 5-HT was red-stained and the nuclei were blue-stained by DAPI staining. (B) Average
optical density of the SG group and Sham group. The positive expression of 5-HT in the SG group was higher than in the
Sham group (* P<0.05). (C) Images were observed under a microscope at 40x magnification. The upper row of the picture is
the immunofluorescence of the lower limb bone of rats in the Sham group, and the lower row is that in SG group. Red color

indicates the expression of 5-HT.

SG group and Sham group, but at 16 weeks after surgery the
5-HT in the SG group was higher than in the Sham group. In
addition, in the SG group, the 5-HT at 16 weeks after surgery
was significantly higher than at 2 weeks. Our results show that
5-HT in serum increased after SG surgery.

Yadav [39] found that peripheral 5-HT produced a marked ef-
fect on bone metabolism by acting on bones. In the present
study, we performed immunofluorescence detection in the hind
limb bones of rats, showing that 5-HT was highly expressed in
bone and the 5-HT level in the SG group was significantly high-
er than in the Sham group, indicating there was more 5-HT act-
ing on bone after surgery. Our results suggest that SG affects
the level of serum 5-HT, and 5-HT appears to be involved in
the mechanism by which SG surgery affects bone metabolism.

The present study explored changes in serum 5-HT levels af-
ter SG and whether 5-HT participates in the process of bone
metabolism after surgery. The specific mechanism involved

requires further study and discussion. Other studies by our
research group showed that after SG surgery, gastrointesti-
nal tract structure and hormone levels were changed [40,41].
In addition, relevant studies have found that intestinal flora
was associated with bone mass loss and osteoporosis, and re-
searchers [42] have suggested that SCFAs, the major metabo-
lite of intestinal flora, act directly on bone cells. SCFAs can in-
crease bone mineral density and bone strength in rats. In some
pathological conditions, such as inflammation, the decrease
of intestinal probiotics resulted in a decrease of SCFAs pro-
duced by intestinal flora, thus promoting osteoporosis. It has
been suggested that the production of 5-HT is affected by the
intestinal flora and its metabolites, especially spore-produc-
ing (SP) bacteria and SCFAs [43-46]. Based on the above re-
search, we discussed the potential mechanisms by which SG
surgery regulates 5-HT levels by changing of the structure and
hormone level of the gastrointestinal tract caused by changes
in of intestinal probiotics and the change of SCFAs produced
by intestinal flora, and then it affected the change of 5-HT in
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peripheral tissues. From the perspective of obese rats, there
were some factors that could affect BMD and bone metab-
olism. For example, overweight could affect bones, and the
lack of exercise could affect bone formation and absorption.
Whether there are other mechanisms that alter bone metabo-
lism and whether they interact with 5-HT require further study.

In summary, we explored the effect of SG surgery on bone
metabolism and serum 5-HT by measuring the change of bone
metabolic markers, BMD, and 5-HT after surgery. We detected
5-HT in the hind limb bones of rats and speculated that 5-HT
was involved in the process of bone metabolism after SG. On
the one hand, this can guide and intervene in comprehensive
clinical monitoring of bone health in people who underwent
weight-loss surgery to prevent bone loss and fracture. On the
other hand, with increasing attention paid to peripheral 5-HT
and its related receptors, although there have been many con-
troversial conclusions, significant progress has been made in
this area. With the deepening understanding of the pathogen-
esis of osteoporosis and the further study on the role of pe-
ripheral 5-HT, 5-HT and its related system had shown great po-
tential as a new therapeutic target and an effective treatment
for osteoporosis. 5-HT receptor blockers and 5-HT receptor
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antagonists were expected to become a new class of effec-
tive drugs to prevent and improve the osteoporosis caused by
weight-loss surgery.

Conclusions

The findings of this study showed that BMD decreases and
bone metabolism is damaged after SG. We found that SG sur-
gery affected the level of 5-HT in serum and bone tissue and
that the 5-HT may be involved in the process through which
SG affects bone metabolism. These results may help improve
comprehensive clinical monitoring of bone health in people
who underwent weight-loss surgery to prevent bone loss and
fracture. Research on the pathogenesis of osteoporosis and the
role of peripheral 5-HT and its related system will help discov-
er new therapeutic targets and improve prevention and treat-
ment of osteoporosis caused by weight-loss surgery.
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