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ABSTRACT
Background: Diabetes is a degenerative disease associated with metabolic disorders. The majority of people have type 
2 diabetes mellitus (DM) insulin resistance due to an unhealthy lifestyle. The development of DM treatment is also 
growing, one of which is using conditioned medium.
Aim: This study aims to determine the effect of Bovine umbilical mesenchymal stem cell-conditioned medium 
(BUMSC-CM) on nicotinamide (NA) and streptozotocin (STZ) induced rats as an animal model of DM.
Methods: The study began with the in vitro docking of Cholecalciferol with aldolase reductase and glucokinase. In the 
in vivo study, animal models were divided into five groups: group A (negative control), group B (diabetic rats), group 
C (NA+STZ+Metformin), group D (NA+STZ+ BUMSC-CM 0.2 ml/kg BW), and group E (NA+STZ+ BUMSC-CM 
0.5 ml/kg BW). Blood sugar levels were checked, and BUMSC-CM was administered by intramuscular injection at 
four-day intervals for a duration of 16 days. Blood sugar levels were also sampled, and GLUT4 histochemical and 
immunohistochemical staining was performed.
Results: The results showed that Cholecalciferol can bind to aldolase reductase ASP43 and TYR48 and bind to 
glucokinase at TYR214 with hydrogen bonds. BUMSC-CM administration was able to reduce blood sugar well. In 
addition, BUMSC-CM also helped repair the tissue structure of the pancreas damaged by inflammation from STZ 
administration.
Conclusion: This study can be concluded that the administration of BUMSC-CM can be an alternative cell-free 
therapy for patients with DM.
Keywords: Diabetes melitus, BUMSC-CM, Cholecalciferol, GLUT-4.

Introduction
Diabetes mellitus (DM) is a chronic metabolic 
disorder with multiple etiologies characterized by 
high blood sugar levels and impaired carbohydrate, 
lipid, and protein metabolism due to impaired insulin 
secretion and/or insulin resistance (American Diabetes 
Association, 2009; Galicia-Garcia et al., 2020). Diabetes 
is one of the biggest global public health problems, 
imposing a heavy global burden on public health and 
socioeconomic development. Approximately 422 
million people worldwide have diabetes, the majority 
living in low- and middle-income countries and 1.5 

million deaths are directly attributable to diabetes each 
year (Lin et al., 2020). By 2019, an estimated 463 
million people are expected to be living with diabetes, 
representing 9.3% of the global adult population (20–
79 years). This number is expected to increase to 578 
million (10.2%) by 2030 and 700 million (10.9%) by 
2045 (Saeedi et al., 2019).
DM is a chronic metabolic disorder in which the 
pancreas does not produce enough insulin, or the body 
cannot use the insulin produced effectively (Sone, 
2017; Dilworth et al., 2021). Insulin is a hormone 
that regulates the balance of blood sugar levels. 
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Insulin resistance develops in the early stages of 
T2DM and is defined as a loss of insulin sensitivity, 
resulting in impaired glucose uptake from the blood. 
Glucose transporter type 4 (GLUT4) is an exocytotic 
vesicle that regulates insulin in glucose uptake in fat 
and muscle cells. Reduced gene expression of this 
transporter is directly related to the development of 
insulin resistance (Leguisamo et al., 2012; Leto and 
Saltiel, 2012). Inflammatory cytokines produced by 
adipose tissue, such as TNF-α (tumor necrosis factor-α) 
and interleukin-6 (IL-6) have been associated with 
reduced GLUT4 expression (Lainampetch et al., 2019).
With the development of technology and knowledge 
in the field of health, treatment using stem cells 
provides hope for people with diabetes. However, this 
treatment still gives concerns about stem cell rejection 
of infections that occur due to a decrease in the immune 
system (Hoang et al., 2022). Some studies reveal that 
stem cells are able to repair tissues because they have 
the ability to secrete growth factors that have an impact 
on tissue repair (Pawitan, 2014; Ozkan et al., 2022). 
Growth factors secreted in stem cells can be found in 
a culture medium, called conditioned medium. The use 
of CM has several advantages over the use of stem cells 
as it can be produced, frozen, packaged and transported 
more easily. In addition, since it does not contain cells, 
there is no need to match donors and recipients to 
avoid rejection issues (Pawitan, 2014; Chouaib et al., 
2023). Previous studies reported various benefits from 
CM such as increasing skeletal tissue regeneration, 
stimulating vascular repair mechanisms, improving 
acute lung injury, and other benefits in the medical 
field (Timmers et al., 2011; Ionescu et al., 2012; 
Ando et al., 2014). Therefore, stem cell-derived CMs 
have promising prospects to be produced as drugs for 
regenerative medicine and will develop rapidly shortly. 
We also hypothesized that CM may also exert beneficial 
effects on diabetes. The objective of this study was to 
explore the effect of bovine umbilical mesenchymal 
stem cell-conditioned medium (BUMSC-CM) on rats 
induced nicotinamide (NA) and streptozotocin (STZ) 
to mimic DM.

Materials and Methods
In silico molecular docking
BUMSC-CM metabolite compounds were analyzed 
using liquid chromatography-mass spectrometry (LC-
MS). The screening results can be seen in Larasati et 
al. (2021). BUMSC-CM metabolite compounds were 
downloaded from the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/). The target proteins 
namely (PDB ID: 3G5E and glucokinase (PDB ID: 
4IXC) were downloaded from the RCSB PDB database 
database (https://www.rcsb.org/ligand/). The bioactive 
compound of BUMSC-CM and target proteins 
(aldolase reductase and glucokinase) were prepared 
sequentially with the PyRX 0.8 and discovery studio 
ver 19.0.0 program (https://www.3ds.com/products-

services/biovia/) (Widiyananda et al., 2021). Then, 
the proteins and bioactive compounds were interacted 
using AutoDock Vina software and visualized with 
Discovery Studio Visualizer ver.19.0.0 (https://
www.3ds.com/products -service/biovia/) (Widyananda 
et al., 2023).
BUMSC-CM preparation
Isolation of endothelial cells from the umbilical cord 
vein was obtained by dissociating endothelial cells 
by introducing collagenase in the umbilical vein. The 
initial stage is umbilical sterilization with sterile DPBS 
and antibiotics, and then the umbilical cord is cut into 
15 cm. One end of the umbilical cord is closed so that 
the collagenase solution in HBBS can be deposited in 
the lumen of the umbilical vein; close the other end 
with arterial clamps, then incubate for 30 minutes. 
After incubation, the umbilical is massaged so that the 
endothelial cells are released and can be collected in 
a conical tube. The collagenase solution mixed with 
endothelial cells was centrifuged at 2,400 rpm for 5 
minutes at 24◦C. The supernatant was discarded, and the 
pellet was collected to be grown on a DMEM growth 
medium supplemented with 10% FBS, 2% Penicillin/
Streptomycin, and 0.5% amphotericin). Cells were 
cultured in T25 flasks with 7 ml of medium. After 
80%, the medium is collected and filtered, while the 
endothelial cells will be subcultured or cryopreserved 
if not used.
Experimental design
Twenty-five healthy male Sprague Dawley (SD) 
rats aged 7–9 weeks weighing 150–180 g were used 
in this study. Rats were obtained from the Integrated 
Research and Testing Laboratory (LPPT) of Gadjah 
Mada University and maintained at the Laboratory of 
Animal Experiments, Faculty of Veterinary Medicine, 
Brawijaya University. Animals were adapted 7 days 
before the experiment started. Animals were kept in 
group cages with covers and well-conditioned in a 
controlled room with standard temperature (22°C), and 
humidity (55%). Mice were provided with standard 
feed and water i. A 12-hour alternating light-dark cycle 
was maintained.
After acclimatization, male SD rats were randomly 
divided into five groups,

•	 Group 1 (negative control), rats were given sterile 
water orally with a volume of 1% BW for 16 days.

•	 Group 2 (positive control), rats were induced with 
NA + STZ and sterile water was administered orally 
at 1% BW for 16 days.

•	 Group 3 (commercial drug control), rats were 
induced NA + STZ and administered sterile water 
perorally with a volume of 1% BW for 16 days

•	 Group 4 (BUMSC-CM 0.5 ml/kg), rats were 
induced with NA + STZ and BUMSC-CM 0.5 
ml/kg was administered intramuscularly for four 
injections every 4 days.
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•	 Group 5 (BUMSC-CM 0.2 ml/kg), rats were 
induced with NA + STZ and BUMSC-CM 0.5 ml/
kg was injected intramuscularly four times every 4 
days.

Experimental procedure and induction of type 2 diabetes 
animal model
Diabetes induction refers to the method of Furman 
et al. (2021) with several modifications (Furman et 
al., 2021). NA (Merck KGaA, Darmstadt, Germany) 
dose 110 mg/kg BW dissolved in 0.9% NaCl was 
administered intraperitoneally. STZ (Nucalai Tesque, 
Kyoto, Japan) dose of 65 mg/kg BW dissolved in citrate 
buffer was administered intraperitoneally given 15 
minutes after NA administration. NA + STZ was used 
in this study to induce type 2 diabetes. Seven days post 
NA + STZ induction, blood sugar was checked using 
a glucometer (EasyTouch-GCU, Miaoli, Taiwan). The 
animals with blood glucose concentrations >200 mg/
dl will be used for the study. Blood sugar checks were 
performed on days 0, 7, 12, 17, 22, and 27. Rats were 
sacrificed on day 28 using high dose ketamine 10% 
(Holland, Metaalweg, Netherland) 100 mg/kg BW and 
xylazine 2% 10 mg/kg BW were collected for hepatic 
organ samples.
Histological investigation by hematoxylin-eosin staining
Liver samples were fixed in 10% formalin. After 
fixation, dehydration using graded alcohol and clearing 
using xylene were performed before immersion 
in paraffin wax. Block preparations were cut to a 
5-μm thickness using a microtome. For histological 
examination,  staining using hematoxylin and eosin 
(H&E) was performed. Observations were made with a 
microscope and Optilab (Cardiff et al., 2014).
GLUT4 immunohistochemical staining
GLUT 4 immunohistochemistry was carried out 
according to the method of Feitosa et al. (2014) with 
some necessary modifications (Feitosa et al., 2018). 
Immunohistochemical staining with StreptAvidin 
biotin complex (SABC) technique was performed using 
an IHC Kit (Biocare Medical, Prinsessegracht, The 
Netherland) to determine GLUT 4 in the preparations. 
The IHC step begins with deparaffinization and 
rehydration, then washing with phosphate buffer saline 
(PBS) for 5 minutes. Drop biocore background sniper 
and incubate for 15 minutes at room temperature, 
followed by administration of the primary antibody, 
rabbit anti-GLUT-4 (Invitrogen, USA), dilution ratio 
antibody and diluent was 1:800 for 2 hours at room 
temperature; slides were washed again with PBS for 5 
minutes then drop Trek Universal Link and incubate for 
20 minutes at room temperature. wash slides using PBS 
5 minutes before administration of Trek Avidin HRP. 
The Avidin HRP tracks are incubated for 15 minutes. 
Wash with PBS and drop diaminobenzidine (DAB) 
in the dark condition. Images were observed under a 
microscope. Immune-rectified cells were scored by 
five observers. -: no intensity; +: weak intensity; ++: 

moderate intensity; +++: strong intensity, ++++: very 
strong intensity.
Ethical approval
Ethical standards were followed and all protocols 
were authorized by the ethical clearance committee of 
Brawijaya University (No. 16-KEP-UB-2023).

Results
Molecular docking of cholecalciferol with aldose 
reductase and glucokinase
Interaction between aldose reductase and BUMSC-
CM compounds. The docking result shows that from 
14 compounds had a more negative binding affinity 
than Metformin as the native ligand when interacting 
with aldose reductase. In the active compounds of 
BUMSC-CM the most negative binding affinity value 
was cholecalciferol, which was −9.6 kcal/mol (Table 
1). Both compounds bind to the active site of the aldose 
reductase. Cholecalciferol interacts at the same site as the 
native ligand therefore it has potential as a competitive 
inhibitor of aldose reductase. Cholecalciferol interacted 
with aldose reductase by forming two hydrogen bonds 
in the active site, the amino acid residues are ASP43 
and TYR48 (Fig. 1).
Interaction between glucokinase and BUMSC-
CM compounds. The docking result shows that 14 
compounds had a more negative binding affinity than 
Metformin as the native ligand when interacting with 
glucokinase. In the active compounds of BUMSC-
CM  the most negative binding affinity value was 
cholecalciferol, which was −9.1 kcal/mol (Table 1). 

Tabel 1. Binding affinity value of the interaction between 
BUMSC-CM metabolite compounds and Metformin with the 
proteins.

Compound
Binding affinity (kcal/mol)

Aldose 
reductase Glucokinase

Cholecalciferol −9.6 −9.1
Tryptophan −8.7 −7.6
Oleamide −8 −6.9
Stearic acid −7.6 −6.5
Ethyl palmitoleate −7.6 −6.3
L-Leucyl-L-isoleucine −7.5 −6.8
Tyrosine −7.5 −5.7
Phenylalanine −7.2 −6.4
Ethyl tetradecanoate −7 −6
Arginine −6.7 −5.1
Histidine −6.3 −5
NA −6.2 −5.3
beta-D-glucose −6.2 −5.2
alpha-D-glucose −6.2 −5.2
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Both compounds bind to the active site of the aldose 
reductase. Cholecalciferol interacts at the same site 
as the native ligand; therefore, it has potential as an 
inductor of glucokinase. Cholecalciferol interacts with 
glucokinase by forming phi sigma bonds in the active 
site, the amino acid residue is TYR214 (Fig. 2).
The effect of BUMSC-CM body weights in T2DM rats
On the sixteenth day after treatment, groups of BUMSC-
CM treatment do not show reduced body weight as the 
metformin treatment and negative control do (Fig. 3). 
Between the BUMSC-CM at 0.05 and 0.125 ml, the 
dose of 0.05 ml shows better body weight increases.
The effect of BUMSC-CM on fasting blood glucose 
levels in T2DM rats
On day seven after STZ induction, groups 2, 3, 4, and 5 
experienced an increase in fasting blood sugar levels to 
> 200 mg/dl (Fig. 4). Group 2 experienced an increased 
fasting blood sugar until the 27th day of treatment (Fig. 
4). After treatment for 20 days, there was a decrease in 
fasting blood sugar in groups 3, 4, and 5. The decrease 
in fasting blood sugar in groups 3 and 4 was not 
significant compared to group 2, whereas in group 5 on 
days 22 and 27, after administering 0.125 ml BUMSC, 
there was a significant decrease in fasting blood sugar 
compared to group 2 (p < 0.05, Fig. 4).
Histopathological change of pancreas
Histopathology of the pancreas showed that the pancreas 
of control rats (A) showed no structural changes. The 
islets of Langerhans could be distinguished from the 
surrounding acinar cells. Significant changes were 

seen in the pancreas of the positive control (diabetic 
rats), the acinar cells showed small vacuoles indicating 
swelling. The difference between islets of Langerhans 
and acinar cells was less clearly observed and almost 
disappeared. In rats given metformin (C), there was 
also swelling of acinar cells, thickened connective 
tissue, and congestion. In the treatment groups (D) and 
(E), it was seen that the acinar cells and Langerhans 
islets could be distinguished, although there was still 
congestion.
Immunoreactivity of GLUT-4 in rat’s pancreas tissue
Based on the results of immunoreactivity, in the 
pancreas, using GLUT-4 in IHC staining, no brown 
color was detected, indicating a small amount of GLUT-
4 expression. The analysis by visualized is included in 
Table 2.

Discussion
Type 2 DM is one of the most common metabolic 
problems in the world, and its development is 
primarily caused by a combination of two main factors: 
inadequate insulin secretion by pancreatic cells and the 
failure of insulin-sensitive tissues to respond to insulin 
(Vaiserman, 2017). Insulin release and action must 
precisely meet metabolic demand; thus, the molecular 
mechanisms involved in insulin synthesis and release 
and insulin response in tissues must be closely 
controlled (Galicia-Garcia et al., 2020). Diabetes-
related complications are exacerbated by treatment 
issues. Treatment issues also support current problems 

Fig. 1. The interaction between aldose reductase with ligands. (A) Ligands binds in the aldolase reductase active site. (B) The 
visualization of the interaction between aldose reductase and ligands. The ligands are metformin and cholecalciferol
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Fig. 2. The interaction between glucokinase with ligands. (A) Ligands binds in the glucokinase active site. (B) The visualization of 
the interaction between glucokinase and ligands. The ligands are metformin and cholecalciferol.

Fig. 3. The effect of BUMSC on the body weight of rats after 16 days of treatment.
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related to diabetes. Recently, therapy using endothelial 
cells has been considered, one of which is BUMSC-
CM. In this study, we explore BUMSC Type 2 DM in 
Mouse (Rattus norvegicus).
Based on the in silico modeling, we have to explore the 
aldose reductase, which is present in all targeted tissues 
for diabetes. In hyperglycemic conditions, aldose leads 
to further complications in diabetes due to the polyol 
pathway (Thakur et al., 2021). The polyol pathway 
operates parallel with glycolysis (a minor route of 
glucose metabolism). An aldose reductase inhibitor can 
subtract the secondary diabetic complication (Singh et 
al., 2021). Different from aldose reductase, glucokinase 
has an important role in blood glucose homeostasis 
(Ren et al., 2022). Glucokinase recognizes levels of 

blood glucose like a sensor, so this is an important key 
role.
In pancreatic beta-cells, it ensures that insulin secretion 
is matched to the circulating blood glucose level, in 
the liver it facilitates glycogen storage and the post-
prandial clearance of glucose from the bloodstream, 
and in certain neurons and neuroendocrine cells, it 
mediates glucose sensing. Its critical importance for 
insulin secretion is convincingly demonstrated by 
inactivating mutations in the glucokinase gene that 
cause diabetes, whereas activating mutations result 
in congenital hyperinsulinism. Another component 
is Cholecalciferol, which binds to aldolase and 
glucokinase proteins at their active sites. Its binding 
affinity value is also lower than Metformin as a drug 
standard, indicating that cholecalciferol can act as a 
good competitor for aldose glucokinase and an inductor 
for glucokinase.
Cholecalciferol, also known as vitamin D3, is a 
secosteroid that can be found in dairy products and 
eggs. Cholecalciferol has a role in maintaining 
calcium and phosphate levels (Borojević et al., 
2022). Cholecalciferol also has an important role 
in improving blood glucose control and cholesterol 
profiles in vitamin D3-deficient individuals who have 
type 2 diabetes. In another study, the indication for 
cholecalciferol is one of the dietary supplementations 
for hypothyroidism, osteoporosis prevention, and 
vitamin D deficiency/insufficiency in healthy patients 

Fig. 4. The effect of BUMSC on the fasting blood sugar levels of rats after 20 days of treatment.

Table 2. The GLUT-4 expression in pancreas.

Group GLUT4 
expression

(A) Negative control -

(B) Positive group (diabetic rats) -

(C) STZ + metformin -

(D) NA+STZ+BUMSC 0.2ml/kg BW -

(E) NA+STZ+BUMSC 0.5ml/kg BW -

http://www.openveterinaryjournal.com
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Fig. 5. Histopathological Micrograph of Rat’s Pancreas Tissue induced by NA-STZ treated by BUMSC-CM. (A) Negative control 
group, (B) diabetic rats group (NA+STZ), (C) diabetic rats + metformin, (d) diabetic rats  BUMSC-CM 0.2 ml/kgBB, and (E) 
diabetic rats  BUMSC-CM 0.5 ml/kgBB. There are no structural changes in the control group, acinar cells and langerhans islets 
cannot be distinguished, there is congestion and hemorrhagic. The treatment group with BUMSC-CM showed an improvement in 
structure, and acinar cells and islets of langerhans began to be distinguished. Scale bar 50 µm.

Fig. 6. Immunohistochemical staining of Rattus norvegicus pancreatic tissue (100x magnification) (A) Negative control group, 
(B) diabetic rats group (NA+STZ), (C) diabetic rats + metformin, (D) diabetic rats BUMSC-CM 0.2 ml/kgBB, (E) diabetic rats  
BUMSC-CM 0.5 ml/kgBB., no detected brown color on the of Langerhans.
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or patients with chronic kidney disease (Lips et al., 
2017).
In this study, also observed in histopathology. 
The data were also obtained in this investigation. 
The findings revealed that there were substantial 
disparities between the groups, specifically between 
group E (STZ+BUMSC 0.5 ml/kg) and the other 
diabetic groups. Bovine umbilical mesenchymal 
stem cells (BUMSCs) can also influence and 
regulate angiogenesis, as well as play a function in 
immunomodulation and angiogenesis (Cajero-Jua Rez 
et al., 2023). In contrast, in the pancreas, using GLUT-
4 immunohistochemical staining, no brown color was 
found, indicating the absence of GLUT-4 expression. 
GLUT-4 can be found in muscle and fat. Meanwhile, 
in the pancreas, fat tissue is also found. The results of 
this study are slightly different from previous studies 
which reported that CM increased insulin resistance in 
C2C12 cells with increased GLUT4 expression (Kim 
et al., 2019). Based on this, it shows that things can be 
concluded: first, the pancreas did not experience fatty 
degeneration, second, the pancreas did not experience 
fat infiltration, and third, GLUT4 expression in the 
pancreas was not found (da Silva Rosa et al., 2020; 
Yin et al., 2022).
In another study, in contrast, glucose transporter 
GLUT4 is widely known for facilitating blood 
glucose transfer into insulin-sensitive muscle 
and adipose tissue. GLUT4 is also found in the 
endocrine pancreas of mice, rats, and humans 
(Bähr et al., 2012). Furthermore, high glucose 
lowered and insulin increased GLUT4 expression 
in pancreatic cells. In contrast, high glucose levels 
boosted GLUT4 expression, whilst insulin decreased 
GLUT4 expression in pancreatic cells. In vivo, tests 
revealed that GLUT4 expression is much higher in the 
pancreatic tissue of type 2 diabetic rats and patients 
than in the nondiabetic control group.

Conclusion
The findings of our study elucidated that Cholecalciferol 
exhibited notable interactions, forming hydrogen bonds 
with aldose reductase at amino acid residues ASP43 and 
TYR48, and with glucokinase at TYR214. Moreover, 
administration of BUMSC-CM demonstrated 
efficacy in effectively lowering blood sugar levels. 
Additionally, BUMSC-CM exhibited promising 
capabilities in restoring the structural integrity of 
pancreatic tissue damaged by inflammation induced 
by STZ administration. Additional research involving 
a broader spectrum of diabetes-related target proteins is 
essential to substantiate and corroborate the promising 
antidiabetic efficacy of BUMSC-CM.
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