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Abstract 

Purpose: To investigate the efficacy and underlying mechanism of action of Rhodiola rosea L. on 
diabetic gastroparesis (DGP) based on Synapsin-I.  
Methods: The extract of Rhodiola rosea L. was obtained by preparing the crude medicine of traditional 
Chinese medicine. The Sprague-Dawley (SD) rats were randomly allocated to three groups: normal, 
DGP, and DGP+Rhodiola rosea L. groups. Rats in DGP+Rhodiola rosea L. group were treated with 
Rhodiola rosea L. once daily for 5 weeks at a dose of 150 mg·kg-1·day-1, while rats in DGP group 
received an equivalent volume of saline by oral gavage. Parameters were evaluated include body 
weight, fasting glucose level, gastric emptying rate and gastric acid secretion. Histopathological 
examination of the stomach was performed by hematoxylin-eosin (H&E) staining. 
Immunohistochemistry, cellular immunofluorescence, as well as western blot were employed to 
determine the expressions of Synapsin-I and protein gene product 9.5 (PGP9.5). 
Results: Compared normal group, the body weight or rats in DGP group decreased, blood glucose was 
elevated, gastric acid secretion level decreased, and gastric emptying rate increased (p < 0.05). 
Besides, they also showed signs of misalignment of gastric mucosal glands, enlarged intercellular 
space, and significantly reduced protein expressions of PGP9.5 and Synapsin-I. Administration of 
Rhodiola rosea L. extract reversed the above changes in DGP rats, and also elevated the protein 
expression of both PGP9.5 and synapsin-I. 
Conclusion: Rhodiola rosea L. extract exerts a protective effect in DGP by enhancing synaptic 
plasticity via upregulation of expression of synapsin-I. Thus, an experimental basis has been 
established for the potential clinical application of Rhodiola rosea L. extract in the management of 
diabetic peripheral neuropathy. 
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INTRODUCTION 
 
Diabetic gastroparesis (DGP) is one of the most 
common neuropathies of diabetes [1]. 

Approximately 30 – 50 % of individuals with long-
term diabetes experience significantly delayed 
gastric emptying, which has a profound impact 
on their overall well-being and quality of life [2]. 
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DGP is generally caused by a combination of 
factors, including neuropathy, hyperglycemia, 
gastrointestinal hormones, and microvascular 
disease. Enteric nervous system (ENS) lesions 
and severe hypofunction of synaptic transmission 
are important contributors to gastrointestinal 
dysfunction in DGP [3]. 
 
Impaired gastric emptying in individuals with 
diabetes is primarily attributed to the pathological 
changes in the ENS. Gastrointestinal motility 
disorders are caused by impaired transmission of 
neurotransmitters and electrical signals between 
neurocytes, or between neurocytes and smooth 
muscle cells. Understanding the pathological 
mechanisms involving the nerves and synapses 
in the ENS, as well as researching synaptic 
plasticity are highly relevant in developing 
effective therapeutic approaches for DGP. 
Synaptic proteins are a group of neuron-specific 
phosphoproteins closely associated with synaptic 
vesicles. They are distributed in almost all nerve 
terminals and are located on the surface of 
presynaptic vesicle membranes [4]. Synapsin-I is 
one of the main synapsins. It regulates the 
release of neurotransmitters through 
phosphorylation and non-phosphorylation, and 
plays an integral role in  neuronal development 
and regeneration [5]. Protein gene product 9.5 
(PGP9.5) is an ubiquitin hydroxyl hydrolase with 
specific effects, and it is the hallmark of neuronal 
fibers, and serves as a characteristic marker for 
assessing the function of autonomic nervous 
system [6]. 
 
Salidroside is the main compound found in 
Rhodiola rosea L. It has anti-hypoxia, anti-
fatigue, anti-aging, sedative, anti-cold properties 
[7]. Rhodiola rosea L. glycosides, known for their 
neuroprotective effects, have shown promise as 
a neuroprotective agent in the treatment of 
peripheral nerve injury. However, there is limited 
research on their application specifically in 
diabetic neuropathy and gastroparesis till now. 
 

EXPERIMENTAL 
 
Animals 
 
For this study, eight-week-old male Sprague-
Dawley (SD) rats weighing 180 – 220 g were 
used as experimental subjects. They were 
provided by Hangzhou Medical College 
Laboratory Animal Center. This animal 
experiment was approved by The Institutional 
Animal Care and Use Committee of Zhejiang 
Centre of Laboratory Animals (approval no. 
ZJCLA-IACUC-20030065), and all the 
experimental procedures were strictly in 
compliance with international guidelines 2.0 [8]. 

Establishment of DGP model 
 
Following a one-week period of acclimation 
with standard diets, the SD rats were subjected 
to glycosuria test. The glucose in the collected 
urine samples were tested using glycosuria test 
paper. Any samples that indicated a positive 
result were excluded from the study. Following 
a 12-hour period of fasting, the rats were 
injected with 0.1 mol/L streptozotocin (STZ) 
(Sigma, The United States) citrate buffer (pH 
4.5) at a dose of 50 mg/kg in the left lower 
abdomen. After a 72-hour interval, the samples 
of rats’ blood were taken from their tail vein. 
The successful induction of diabetes in rats 
was confirmed if their immediate non-fasting 
blood glucose levels were detected ≥ 16.7 
mmol/L. Intraperitoneal injection of citrate 
buffer solution (0.1 mol/L, pH 4.5) were given to 
rats in the normal group at an equivalent 
volume.  
 

To establish the DGP model, the diabetic rats 

were fed with high-glucose and high-fat diets, 

whereas rats in the normal group were 

provided with regular diets. Following 8 weeks 

of continuous feeding, if the rats were observed 

to have symptoms of gastroparesis (abdominal 

distension, weight loss, and loose stool), the 

DGP rat model construction was successful. 

 

Extraction of Rhodiola rosea L. 

 

100 g of Rhodiola rosea L. was finely crushed, 

and then heated with 10 times the amount of 

water. The mixture was subjected to reflux for 1 

h, and the process repeated three times. After 

filtration, the collected filtrates were combined 

and made up with distilled aqueous solution to 

100 mL, thus giving a solution of Rhodiola 

rosea L. extract containing 1 g/mL of the crude 

drug. 

 

Animal grouping 

 

Rhodiola rosea L. was obtained from The 

Second Affiliated Hospital of Zhejiang Chinese 

Medical University and prepared into 1.0g 

crude medicine/milliliter. Following the 

establishment of the DGP rat model, Rhodiola 

rosea L. was used for treatment. The dose of 

Rhodiola rosea L. administered was 150 

mg·kg-1·day-1, prepared using normal saline. 

Rats in DGP+Rhodiola rosea L. group received 

daily intragastric administration of Rhodiola 

rosea L. once a day for 5 weeks, while those in 

DGP group was given an equal volume of normal 

saline by gavage. 
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Determination of gastric acid secretion 
 
Following a 24-hour fasting period, the rats were 
anesthetized and euthanized. The gastric cardia 
and pylorus of the rats were clamped, and their 
stomachs were taken out and placed in oxygen-
saturated saline solution. Using Topfer's as an 
indicator, the solution containing gastric contents 
was centrifuged, then 0.1 mL of the supernatant 
was titrated with NaOH (0.01 mmol/L), and the 
total acid secretion was taken as the entire 
gastric acid secretion. 
 
Determination of gastric emptying rate 
 
The 1.5% methylene blue was added into the 
methyl cellulose solution (final concentration 1 
mg/mL). Following a 24-hour fasting period, the 
rats were injected with 0.4 mL of methylene blue 
solution in the stomach, and euthanasia was 
performed 30 min after the injection. 
Subsequently, following the opening of the 
abdominal cavity, the gastric contents of the rats 
were flushed with 4 mL of normal saline, and the 
rinse solution was collected and centrifuged. The 
absorbance at 620 nm was determined, and 
gastric emptying rate computed by quantifying 
the methylene blue residues. 
 
Determination of blood glucose 
 
Following a 24-h fasting period, the SD rats 
were subjected to tail-tip blood sampling. The 
level of fasting blood glucose was measured 
using blood glucose assay kit (Biosino, China), 
and the corresponding serum concentration of 
fasting glucose was calculated. 
 
Hematoxylin-eosin (H&E) staining 
 
The gastric body was excised from the rats. The 
tissue samples were preserved using 4% 
paraformaldehyde fixation and subsequently 
embedded in paraffin. Afterwards, the paraffin-
embedded tissues were sectioned into 5 µm-
thick slices, subjected to H&E staining, and 
finally observed under a light microscope and 
photographed for further analysis. 
 
Western blot 
 
The gastric body tissues of rats were subjected 
to treatment with RIPA lysis buffer, followed by a 
30-minute incubation on ice for tissue lysis. After 
centrifugation, the resulting supernatant was 
collected at 4 ℃ for 10 min. The samples were 
subjected to the SDS-PAGE gel (10 %) 
electrophoresis for 2 h, and then transferred to 
PVDF membrane (Thermo, The United States) 
using wet method. Membrane blocking was 

performed using the Tris-buffered saline 
(containing 5 % BSA) for 2 h at 37 ℃. The 
primary antibodies (Abcam, The United 
Kingdom) Anti-PGP9.5 and anti-Synapsin I 
(1:1000) were incubated overnight at 4 ℃. The 
secondary antibody (Abcam, The United 
Kingdom) (1:2000) was incubated at a 
temperature of 37 ℃ for 1 h. PVDF membrane 
was first subjected to a reaction with Enhanced 
Chemiluminescence (ECL) reagents (Protech, 
The United States), and then exposure imaging. 
 
Immunohistochemistry 
 
The paraffin-embedded gastric tissues were 
initially blocked with 5 % bovine serum, and then 
incubated with the primary antibody, anti-
PGP9.5 (1:500), at a temperature of 37 ℃ for 1 
h, followed by incubation with the secondary 
antibody at the same temperature for 1 h. 

Following staining with DAB kit (Boster，China), 

the tissue sections were dehydrated with 
gradient ethanol, made transparent with xylene, 
sealed, and finally examined under an optical 
microscope. 
 
Immunofluorescence 
 
The tissue sections were blocked as described 
above, and then subjected to an incubation with 
the primary antibody, anti-Synapsin I (1:500), at 
37 ℃ for 1 h, followed by the addition of FITC-

labelled secondary antibody at 37 ℃ for 1 h. 
Afterwards, the tissue sections underwent three 
washes with PBS, followed by imaging using a 
fluorescence microscope. 
 
Statistical analysis  
 
The data obtained in this study were processed 
using SPSS 10.0, and presented as mean ± 
standard deviation (SD). Group comparisons 
were conducted using Student’s t-test, and p < 
0.05 was considered statistically significant. 
 

RESULTS 
 
Effect of Rhodiola rosea L. on blood 
glucose and body weight of rats 
 
In comparison to the normal group, the rats in 
the DGP group were revealed to have 
significant weight loss and elevated levels of 
blood glucose (p < 0.05). In DGP+Rhodiola 
rosea L. group, the rats that were administered 
with Rhodiola rosea L. solution, showed weight 
gain and decreased levels of blood glucose 
when compared with rats in t DGP group (p < 
0.05). The results are shown in Figure 1. 
 



Sun & Li 

Trop J Pharm Res, June 2023; 22(6): 1214 

 

 
 
Figure 1: Effect of Rhodiola rosea L. on blood glucose level and body weight of DGP rats. *P < 0.05, **p < 
0.01, ***p < 0.001 
 

 
 
Figure 2: Effect of Rhodiola rosea L. on gastric acid secretion and gastric emptying rate of rats. A. Gastric 
acid secretion. B. Gastric emptying rate. *P < 0.05, **p < 0.01, ***p < 0.001 

 
Effect of Rhodiola rosea L. on gastric acid 
secretion and gastric emptying rate of rats 
 
The rats in the DGP group exhibited lower 
levels of gastric acid secretion, deficient gastric 
motility, and significantly delayed gastric 
emptying in contrast with normal controls (p < 
0.05). In comparison with the rats in DGP 
group, those in the DGP+Rhodiola rosea L. 
group showed elevated levels of gastric acid 
secretion and decreased gastric emptying rate 
(p< 0.05). The results are shown in Figure 2. 
 
Effect of Rhodiola rosea L. on the gastric 
histopathological status of rats 
 
For rats in the normal group, the glandular cells 
and smooth muscle cells within the gastric 
mucosa were regularly and closely arranged, 
with moderate intercellular spaces, and no 
vacuolar degeneration or vasodilation (Figure 
3). Conversely, for rats in the DGP group, the 
glands showed irregular alignment, along with 
enlarged intercellular spaces, and the gland 

cells had reduced cytoplasm, light-colored 
staining, mucosal vacuolar degeneration, and 
submucosal hyperemia. Furthermore, there 
was an observed vasodilation, and the 
cytoplasm of the smooth muscle cells within the 
gastric wall were light-stained, along with 
noticeable vacuolar degeneration. In 
comparison to the DGP group, the 
DGP+Rhodiola rosea L. group showed relieved 
mucosal and submucosal hyperemia, well-
arranged mucosal gland cells and smooth 
muscle cells with reduced vacuolar 
degeneration, enlarged intercellular space, and 
decreased vacuolar degeneration in the 
stomach wall. 
 
Effect of Rhodiola rosea L. on the neurons 
of rat gastric tissues 
 
Figure 4 shows that, in contrast with the normal 
group, the protein expressions of the total 
neuronal marker PGP9.5 was significantly 
reduced. Following administration of Rhodiola 
rosea L. extract through gavage, there was an  
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           Figure 3: Effect of Rhodiola rosea L. on gastric histopathological status of rats 
 

 
 
Figure 4: Effect of Rhodiola rosea L. on the neurons in the gastric tissues of rats. A. Immunohistochemistry 
for PGP9.5. B. Western blot for PGP9.5 
 

increase in the intestinal neurons of the DGP 
rats. The PGP9.5 expression detected by 
western blot were consistent with that from 
immunohistochemistry. 
 
Effect of Rhodiola rosea L. on Synapsin-I 
expression in rat gastric tissues 
 
The expressions of Synapsin-I in rat gastric 
tissues detected by western blot and 
immunofluorescence are shown in Figure 5. In 
comparison to the normal controls, the DGP 
rats showed significantly reduced levels of 
Synapsin-I expression, whereas there were 
increased protein expression levels of 
Synapsin-I for rats in the DGP+Rhodiola rosea 
L. group as compared with the DGP group. 
 

DISCUSSION 
 
DGP is often accompanied by autonomic 
neuropathy [9]. Currently, the therapeutic 
methods for DGP are far from ideal, as they 
mainly rely on the use of drugs for gastric 
emptying, and the effect is weakened after 

long-term use. In this study, compared with the 
normal controls, the DGP rats had significantly 
decreased body weight, elevated levels of 
blood glucose, reduced levels of gastric acid 
secretion, increased rgastric emptying rate, 
irregularly aligned gastric mucosal glands and 
enlarged intercellular space. 
 
ENS lesions are gastrointestinal dysfunction of 
DGP caused by decreased function of synaptic 
transmission. This study investigated the 
protein closely associated with synaptic 
plasticity and protein impact on the synaptic 
plasticity in ENS in diabetic neuropathy. 
Synaptic vesicles formed by Synapsin-I with 
other isoforms such as synapsin-II and 
synapsin-III have found to be crucial in 
synaptogenesis and neurotransmission, axon 
formation and synaptic plasticity in the central 
and peripheral nervous systems [10]. Previous 
studies were mostly limited to cerebral 
ischemia-reperfusion, vascular dementia, 
depression, and other areas of neural 
differentiation [11]. Synapsin-I has also been 
shown to be abnormally expressed and down 
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Figure 5: Effect of Rhodiola rosea L. on the expression of Synapsin-I in the gastric tissues of rats. A. Western 
blot for Synapsin-I. B. Immunofluorescence for Synapsin-I. 
 

regulated in other complications of diabetes 
such as diabetic retinopathy and diabetic 
encephalopathy [12,13]. 
 
PGP9.5 staining is the most widely used 
technique in assessing the neurosome and 
nerve fibers in the gastric wall in DM. Some 
studies have shown that the nerve fibers in the 
longitudinal or circular muscle layers is 
significantly reduced in the gastric wall sections 
of patients with poorly-controlled DM [14]. Some 
researchers reported delayed gastric emptying 
in the established mouse model of ENS 
absorption, which may be directly associated 
with the loss of neurons [15]. Li et al. found 
severe neuronal damage, such as axonal 
depletion, mitochondrial swelling, and 
significantly reduced expression of PGP9.5 in 
the muscle layer of mice 12 weeks after the DM 
rat model was established [16]. High glucose-
induced apoptosis, advanced glycosylation end 
products, and inflammatory responses induced 
by the interaction of neuropeptides with immune 
cells in ENS can lead to neuronal loss and 
gastrointestinal motility disorders [17]. In this 
study, compared with the normal controls, 
decreased expression of Synapsin-I and 
PGP9.5 was found in the gastric tissues of 
DGP rats. 
 

Salidroside protects mice from diabetes-
induced oxidative stress, and has hypoglycemic 
activity. Salidroside also significantly reduces 
the level of fasting blood glucose, the contents 
of triglyceride and total cholesterol [18]. Zhang 
et al reported that salidroside inhibited the c-
Jun N-terminal kinase and p38 mitogen-
activated protein kinase phosphorylation 
induced by amyloid beta peptide (25-35) in 
human neuroblastoma cells, thereby protecting 
against oxidative stress in the nerves [19]. 
Furthermore, some scholars have 
demonstrated that taxosin can remove 
intracellular reactive oxygen species and free 
radicals, improve damaged hippocampal 
neurons, and protect rat neural stem cells in an 
Alzheimer's disease rat model [20]. 
 
The foregoing studies indicate that salidroside 
can be used as a versatile agent to prevent or 
treat neuronal damage in patients with 
neurodegeneration. In the present study, 
Rhodiola rosea L. effectively improved the 
symptoms of gastroparesis in rats, mitigated 
the decrease in gastric acid secretion and body 
weight, increased the levels of blood glucose, 
and improved delayed gastric emptying, etc. At 
the same time, the expressions of synapsin-I 
and PGP9.5 in gastric tissues were elevated 
after intervention using Rhodiola rosea L. 
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CONCLUSION 
 
The findings of this study indicate that Rhodiola 
rosea L. could relieve DGP-induced symptoms in 
rats and may have potential benefits for 
improving diabetic neuropathy in humans by 
enhancing synaptic plasticity through the 
upregulation of synapsin-I expression. However, 
clinical studies are required to validate findings. 
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