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ABSTRACT 
 
Glucose metabolism and lung function have been affected by viral respiratory infections, leading to 
increased hospitalization and death of diabetic patients. In this study, cells from lung epithelium and skeletal 
muscle, A549 and C2C12 respectively, were cultured and treated with some used drugs (lopinavir, ritonavir, 
oseltamivir, and/or celecoxib) and andrographolide (ADP). The transcription of genes, including il-6, tnf-α, 
inos, cox-2, enos, glut4, and irs-1, was investigated using the Real-Time PCR method. Concerning gene 
translation levels, the activity of the phosphor-p65 transcription factor, the amount of GLUT4 protein 
expression, and the production of nitric oxide (NO) were quantified using a specific ELISA kit, western 
blotting method, and an enzymatic detection kit. enos-Transcription and NO-production were regulated in 
ADP-treated A549 cells. Modulations of il-6, tnf-α, and inos gene transcriptions, GLUT4 protein expression, 
and phosphor-p65 transcription factor activity were evident in C2C12 cells after ADP treatment. Using ADP 
as a drug adjuvant might be advantageous for diabetic patients infected with respiratory viruses due to its 
demonstration of anti-inflammatory and anti-hyperglycemic effects. These data might be applicable to 
formulating ADP tablets or nasal sprays for diabetes. 
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INTRODUCTION 
 
Based on the clinical efficiency of using Andrographis 
paniculata and its major active, e.g., andrographolide 
(ADP), for curing respiratory tract infections caused by 
viruses for decades, there has been a recent interest of 
researchers to research more about molecular 
pharmacology and pharmacokinetics, as well as 
pharmaceutical stability of the active compound (Adiguna 
et al., 2021). It was noted that A. paniculata was 
dispensed as a component of the “Xiyanping” Chinese 
traditional recipe to most patients attacked by SARS-
CoV-2 in China, to whom satisfactory treatments were 
acquired (Wang et al., 2021). In Vero cell culture, the 
killing of the infected SARS-CoV-2 by the herb’s extract 

was reported (Lim et al., 2021). By using computational 
approaches, several proteins of human infectious viruses 
were presumed as ADP-targets and commonly 
associated with attachment-, replication-, and spreading 
out-processes rendered by such pathogens 
(Kaewsrichan et al., 2024; Veerasamy and Karunakaran, 
2022). An immune-modulating effect of ADP was 
additionally suggested by Rajanna et al. (2021). 
Therefore, using ADP to prevent influenza infection in 
healthy adults was evident (Rajanna et al., 2021). 

In general, influenza infection causes mild symptoms of 
a disease called flu. However, people with comorbid 
conditions like obesity, chronic obstructive pulmonary
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disease, vascular diseases, and diabetes may have 
higher risks of flu-related hospitalization and death 
(Costantini et al., 2021; Lina et al., 2020). Annual flu 
vaccination is thus recommended to vulnerable people by 
the World Health Organization to help them protect 
themselves from serious illnesses, while 100% protection 
cannot be expected. By the recent season (A.D.2024), 
the US-CDC have approved all nasal spray vaccines 
composed of quadrivalent influenza strains for flu 
vaccination of healthy, non-pregnant persons between 2 
and 49 years of age. In regard to immune-compromised, 
older, or pregnant persons, another intramuscular or sub-
cutaneous influenza vaccine can be applied instead. It is 
accepted that pains at injection sites and allergic 
reactions are major causes of repudiation to injecting 
vaccines. A decrease in mass compliance to such 
vaccination routes is a fair result (CDC, 2023). 

Epithelial cells that line the respiratory tract may form 
an active barrier to sense any changes in the airway, and 
it is the first site to be assaulted by airborne pathogens 
and allergens. Once interactions between the barriers 
and uncommon matters are sensed, recruitment of cells 
of innate immunity is initiated, and the cells begin body 
protection (Kia'i and Bajaj, 2023). Adenosine triphosphate 
(ATP) is an important energy source for driving and 
supporting many cellular processes. Therefore, regular 
glucose metabolism of cells, especially of skeletal 
muscles, is essential for the acquisition of sufficient ATPs. 
In diabetes, complications like muscle fatigue and 
weakness are common, resulting from defective glucose 
uptake, glucose intolerance, and insulin insensitivity (Lien 
et al., 2018). These patients may have impaired immune 
responses and are susceptible to infections (Costantini et 
al., 2021). Accordingly, this work aimed to examine 
molecular targets of ADP in cells of lung epithelium and 
skeletal muscle, using A549 and C2C12 cells of ATCC 
cell lines, respectively. After incubated with a quadrivalent 
flu vaccine in high glucose (HG)-containing medium, data 
of cell treatments using ADP and other common drugs 
(e.g., lopinavir, ritonavir, oseltamivir and celecoxib) were 
compared. This would be helpful to develop 
pharmaceutical formulations containing ADP as an active 
for diabetes in the future.  
 
 
MATERIALS AND METHODS 
 
Drugs, reagents and antibodies 
 
A pre-filled syringe influenza vaccine (Sanofi, UK) was 
obtained from the Pharmacy Department of PSU 
Hospital, Thailand. Other used items were ordered from 
distributors in the nation. Celecoxib (PHR1683), lopinavir 
(192725-17-0), ritonavir (155213-67-5), and oseltamivir 
phosphate (204255-11-8) were drugs used as positive 
controls and bought from Merck (Darmstadt, Germany). 

ADP was extracted from Andrographis paniculata grown 
under our previously established hydroponic system 
(Petty Patent No. 2303001648, Thailand) and 
standardized for the % authentic ADP according to the 
protocol of Thai Herbal Pharmacopoeia 2021 before use 
(Kaewsrichan et al., 2024). Recombinant human insulin 
(4 mg/ml) (2451703) was obtained from Gibco (NY, USA). 
BCA Protein Assay Kit, as well as chemicals and 
reagents for cell culture technique, such as fungizone, 

penicillin-streptomycin, trypsin, Trizol reagent, RIPA 
buffer, F-12K medium, Dulbecco's Modified Eagle's 
Medium (DMEM) (02854), DMEM high glucose (06492), 
and fetal bovine serum (FBS) were purchased from 
Thermo Fisher Scientific (MA, USA). A nitric oxide assay 
kit (MAK454) was bought from Sigma-Aldrich (Darmstadt, 

Germany). ELISA assay kits of COX-2 and NF-B p65 
transcription factor were acquired from RayBiotech Inc. 
(GA, USA). Primary antibodies against GLUT4 (ab33780) 

and -actine (4970S) were obtained from Abcam 
(Singapore) and Cell Signaling Technology (MA, USA), 
respectively. HRP-linked secondary antibody (7074S) 
was bought from Cell Signaling Technology. 
 
 
Test drug solutions  
 
A stock solution of drugs, including lopinavir (10 mM in 
ethanol), ritonavir (6.6 mM in ethanol), oseltamivir (10 
mM in water), celecoxib (2 mM in ethanol), and ADP (6.6 
mM in methanol), was prepared and filtered through a 
0.22-µm membrane filter before use. From tailored 
approaches, each solution was diluted to a final 
concentration by using a growth medium specific for a 
used cell line. These were 100 µM lopinavir and 
oseltamivir, 67 µM ritonavir, 67 and 80 µM ADP, 80 µM 
celecoxib, and 100 nM insulin.  
 
 
Cell culture conditions 
 
A549 is the human alveolar basal epithelial cell line of 
ATCC, which was normally maintained in 10% FBS 
containing F-12K medium. Also, C2C12 is a myoblast cell 
line from ATCC. The cells were commonly cultured in 
DMEM supplemented with 10% FBS. DMEM high 
glucose (HG-DMEM) was used to replace DMEM when 
specified. Routinely, these cells were grown in a CO2 
(5%) incubator, 95% relative humidity, 37

O
C. After 

treatments, cells were either extracted for total RNA by 

using Trizol reagent or prepared as cell lysates by 
using RIPA buffer following the manufacturer’s protocols.   
 
 
The IC20 of a drug on A549 or C2C12 cells 
 
The general MTT assay method was applied to determine  
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the IC20 of lopinavir, ritonavir, oseltamivir, celecoxib, and 
ADP on A549 and C2C12 cells. Cells of 95% confluency 
in a well of 96-well plates were separately incubated with 
a drug for 24 h using a concentration range between 0 
and 300 µM. After the test solution was removed, MTT 
solution (5 mg/ml in PBS) of 100 µl was added and 
incubated in a CO2 incubator for another 4 h and 
removed. Then, a 150-µl DMSO was added to dissolve 
the formazan product formed in live cells. OD570 data was 
collected by using a microplate reader. The percentage 
(%) of cell viability was calculated, while that of the 
untreated cells was considered as 100% viability.  
 
 
Quantitative real-time PCR (qPCR) 
 
cDNA-strands were synthesized in a 25-µl reaction 
mixture composed of SensiFAST™ cDNA Synthesis Kit 
reagent (Bioline, USA), oligo(dT)20 primer, and 500 ng 
RNA template for which thermal cycles of 25

O
C, 10 min; 

42
O
C, 15 min, and 85

O
C, 5 min were set-up. Of each 

sample, the qPCR experiment was done in triplicate on 
Magnetic Induction Cycler (Mic qPCR) (Bio Molecular 
Systems, Australia) using a temperature program of 
95

O
C, 5 min; 40 cycles of 95

O
C, 30 sec and 60

O
C, 1 min, 

and qRT-PCR Brilliant III SYBR Master Mix (Agilent, CA, 
USA). Genes  to  be  investigated  included  il-6,  tnf-α, 
enos, inos, cox-2, glut4, and irs-1. Oligonucleotide 

primers were obtained from Origene Technology, 
including MP206798 (il-6), MP217748 (tnf-α), 
NM_000603 (enos), NM_000625 (inos), NM_000963 
(cox-2), MP215705 (glut4), MP206572 (irs-1), and 

MP200232 (-actin). The primer specificity of a PCR 
product was confirmed by dissociation curve analysis. 

Data belonging to the -actin gene were used for 
expression normalization. Expression of a tested gene 
was corresponded to the Ct value. After normalized with 

that of the -actin gene and compared with that of the 
untreated control, relative gene expression in folds 
changed was reported. 
 
 
Growing A549 cells in a conditioning medium  
 
A549 cells of 80% confluency in T25 culture flasks were 
separately incubated with 0 µl, 75 µl, 150 µl and 250 µl of 
the flu vaccine (see Materials and Methods) for 24 h. The 
cultured supernatant (CS-0, CS-75, CS-150 and CS-250) 
was removed, filtered through a 0.22-µm membrane filter, 
and kept at -20

O
C until use. One volume of a CS and 9 

volumes of fresh growth medium were mixed to prepare a 
conditioning medium (CM) of CM-0, CM-75, CM-150 and 
CM-250. The effects of celecoxib and ADP towards enos 
and cox-2 gene transcription and NO production after 
incubation of A549 cells with each of these CM were 
determined. 

Western blot analysis 
 
The protein concentration of cell lysate samples was 
determined by using the BCA Protein Assay Kit. A 100-µg 
protein per sample was separated on a 12.5% SDS-
PAGE gel and electro-transferred to a PVDF membrane 
(Millipore, Germany). The membrane was blocked in 
TBS-tween for 4 h and incubated with 1

O
 antibodies 

(1:1000 dilution in TBS-tween) at 4
O
C overnight. Excess 

1
O
 antibodies were washed away by using TBS-tween. 

The membrane was next incubated with HRP-linked 2
O
 

antibody (1:2000) for 1 h, followed by washing excess 2
O
 

antibody away by using TBS-tween. An enhanced 
chemiluminescence kit (Millipore) was utilized for signal 
generation. Band visualization was done using 
Luminescent Image Analyzer (GE Healthcare, Sweden). 
Band density was computed by using ImageQuant™ TL 
10.2 analysis software. 
 
 
Nitric oxide (NO) assay 
 
The assay of NO was based on the total amounts of NO2

-
 

and NO3
-
 present in a sample, which were promptly 

obtained by the oxidation of NO. All existing NO3
-
 species 

were reduced to NO2
-
 by Griess reagent. The NO2

-
 

standard curve was constructed according to the kit’s 
protocol and used to determine the NO concentration in a 
sample. This result was normalized with its 
corresponding protein concentration before reporting.     
 
 
Determination of COX-2 enzyme synthesis 
 
The enzyme COX-2 secreted by cells into cell 

supernatant was measured by using RayBio COX-2 
ELISA kit. A range of COX-2 standard solutions were 
prepared according to the kit’s protocol. The standard 
and a test sample were separately added into wells of 
anti-COX-2 pre-coated plate, incubated for 2.5 h at room 
temperature, and removed. Then, biotin-linked anti-COX-
2 antibody was added, followed by incubation for 1 h at 
room temperature with gentle shanking, and removed. 
Excess antibodies were washed away. HRP-conjugated 
streptavidin was added and incubated at room 
temperature for 45 min before removal. After complete 
washing, TMB solution was added for color development 
at room temperature for 30 min. The stop-solution was 
added, and the OD450 was measured immediately. The 
concentrations of COX-2 in samples were calculated by 
comparing with the standard curve.   
 
 

Assay of NF-B p65 transcription factor activity 
 
The activity of the phosphor-p65 (p-p65) transcription
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factor was monitored by using RayBio NF-B p65 
Transcription Factor Activity Assay Kit. Samples of whole 

cell lysate were separately added into a well of NF-B 
binding sequence (5

/
-GGGACTTTCC-3

/
) pre-coated 

plate, incubated at 4
O
C overnight, and removed. A 

specific p-p65 primary antibody was added and incubated 
for 2 h at room temperature. Unbound antibodies were 
washed away. Next, an HRP-conjugated secondary 
antibody was included, incubated for 1 h at room 
temperature, and removed. TMB Substrate Reagent was 
added for color development at room temperature for 1 h. 
The stop-solution was added, and the OD450 was 
immediately measured.   
 
 

Statistical analysis 
 

All data were reported as the mean ± S.D. Differences 
between groups were evaluated at p = 0.05 using the 
Student t-test or ANOVA with post hoc test Bonferroni of 
the IBM SPSS software for multiple comparisons.  
 
 

RESULTS AND DISCUSSION 
 

Cells treated with drugs at IC20 
 

Regarding the US-CDC guidelines, antiviral drugs such 
as lopinavir, ritonavir, and oseltamivir have been 

recommended for use in high-risk outpatients with 
suspected and confirmed influenza (CDC, 2023). To 
others who have had pulmonary inflammation, which 
resulted from robust immune responses to the infection, 
celecoxib has been dispensed (Villa-Hermosilla et al., 
2022). There have been links between infectious 
influenza and inflammatory cytokines-mediated release 
(Kany et al., 2019). Therefore, the effects of ADP on 

transcriptions of il-6, tnf-, cox-2, inos, and enos genes in 
A549 and C2C12 cells were prior investigated. Different 
drugs at concentrations inducing cell death by 20% (IC20) 
were used for cell treatment. This was for obtaining 
maximum drug effect with minimum drug toxicity (Table 
1). Skeletal muscle is comprehended as the major site of 
the body for glucose disposal, and deficiency of its role 
can be easily monitored according to insulin response 
and glucose tolerance of the tissue cells (Merz and 
Thurmond, 2020). To prove these, cells of C2C12 grown 
in a high glucose medium with a drug added were 
examined. In Figure 1, about 20% of the cells were 
destroyed using the IC20 of ADP, lopinavir or ritonavir. 
Then, growth disruption was not apparent for these three 
drugs. A slight growth promoting effect was suggested for 
oseltamivir, i.e., less than 20% of the cells were killed. It 
would be certain to consider the effects of drugs on gene 
transcription and protein expression together with 
glucose uptake ability and inflammation of C2C12 cells 
grown on high glucose medium. 

 
 

 

Table 1. The IC20 (µM) of test drugs on A549 or C2C12 cells. 
 

Test drug 
IC20 (µM) 

A549 C2C12 

Lopinavir ND 100 
Ritonavir ND 67 
Oseltamivir ND 100 
Celecoxib 80 ND 
Andrographolide 80 67 

 

ND, not determined. 
 
 
 

 
 
Figure 1. Effects of high glucose on the growth of C2C12 cells after treatments using 
lopinavir, ritonavir, oseltamivir and ADP at each corresponding IC20, determined by MTT 
assay; *, p < 0.05. 
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Transcriptions of inflammatory genes in C2C12 
treated cells 
 

The transcriptions of genes including il-6, tnf-, cox-2, 
inos, enos, glut4, and irs-1 of C2C12 cells treated with 
lopinavir (100 µM), oseltamivir (100 µM), ADP (67 µM), or 
ritonavir (67 µM) for 24 h were investigated. In Figure 2, 

the levels of il-6, tnf-, and inos transcripts in a normal 
glucose medium were found to increase with lopinavir, 
ritonavir, and ADP treatments. These were even 
increased for the cells grown in a high-glucose medium. 
On the contrary, cox-2 transcription was decreased in 
both media by treatments using these three drugs. 

Significantly, transcriptions of il-6, tnf-, inos, and cox-2 
genes in both media were not influenced by the 
oseltamivir challenge. In Figure 3, there were no changes 
of irs-1 and glut4 gene transcriptions after treatments 
using lopinavir, ritonavir, oseltamivir, and ADP in either 
normal- or high-glucose containing medium.  
 
 

The activity of NF-B p65 transcription factor of 
C2C12 treated cells 
 
The NF-κB signaling is identified as a pivotal pathway in 
mediating inflammation through which immune cells are 
activated by infected pathogens, leading to the 
production and secretion of inflammatory cytokines such 
as IL-6 and TNF-α. Indeed, the pathway is driven by 
several transcription factors, but p65 is an important one 
(Guo et al., 2024). Under the non-activating stage, p65 
bonds to IκB-protein, forming an inactive complex in cell 
cytoplasm. Upon activation, the secreted cytokines signal 
to degrade the bound IκB and release the p65. This p65 
then forms a heterodimer with p50 and is translocated to 
the nucleus to bind to a specific response element of 
inflammatory genes downstream of the pathway. 
Aggressive production of inflammatory cytokines is the 
final result (Cesidio et al., 2018). The direct relationship 
between p65 transcription factor activity and inflammation 
has been established recently (Redd et al., 2015). Due to 

the increase of il-6, tnf-, and inos transcripts of C2C12 
cells treated with ADP in high glucose medium (Figure 2), 
it was rational to monitor the p65 transcription factor 
activity after drug challenges. In Figure 4a, inhibition of 
p65 transcription factor activity was higher for ADP-
treated cells in a normal glucose medium compared to 
insulin treatment. The effect of insulin on inflammation 
inactivation has been consistently reported (Kaewsrichan 
et al., 2020). But, in a high glucose medium, the p65 
activity was likely provoked by ADP and insulin 
challenges. Such activity induction was greater for insulin 
in comparison to ADP. Therefore, increased inflammation 
of C2C12 cells by insulin incubation in a high glucose 
medium was suggested. To know whether there was an 
impairment in the ability of glucose uptake of these 

inflamed cells, the expressed GLUT4 protein was 
measured by using the Western blotting technique. In 
Figure 4b, the protein was increasingly expressed by 
insulin-treated cells in a normal glucose medium, but this 
was decreased by ADP treatment. Notably, the effect of 
ADP and insulin on GLUT4 expression was reversed in 
high glucose medium, i.e., increased by ADP and 
decreased by insulin. In accordance, using ADP in 
diabetes might be suitable because of that glucose 
uptake could be facilitated due to the increased GLUT4 
protein, resulting in improvement of insulin sensitivity and 
glucose tolerance of skeleton muscles (Wang et al., 
2020).  
 
 
Responses of A549 cells to the quadrivalent influenza 
vaccine and drugs  
 
The structures and functions of epithelial cells that line 
the respiratory tract have been thoroughly characterized. 
This knowledge is applied to create different lung 
epithelial cell lines for screening and testing of matters 
passing through the airway to present effects (Miller and 
Spence, 2017). In consistence, the A549 lung epithelial 
cell line was recently used for the investigation of 
responses after incubated with a quadrivalent influenza 
vaccine and drugs (see Materials and Methods) 
(Salvemini et al., 2013; van der Vliet et al., 2000). COX-2 
is a representative inflammatory marker of several lung 
diseases (Grace et al., 2021). However, measurements 
of enos and cox-2 transcriptions, COX-2 enzyme activity, 
and NO production were currently performed. In Figure 5, 
NO of approximately 10.8, 10.6, 12.1, and 11.6 µM were 
determined for CS-0, CS-75, CS-150 and CS-250 
supernatants to which a 24-h incubation using 0, 75, 150, 
and 250 µL vaccine was respectively conducted. The 
concentration produced by CS-0 cells was consistently 
considered as the baseline (Sharma et al., 2007). 
Accordingly, cell inflammation would be initiated by using 
the vaccine of 150 and 250 µL, and this was a dose-
independent effect.  

The impact of this existing NO on cox-2 and enos gene 
transcriptions of fresh A549 cells were next investigated. 
A mixed medium containing one volume of each 
supernatant from CS-0, CS-75, CS-150, and CS-250 and 
nine volumes of fresh medium was prepared to result in a 
conditioning medium (CM) of CM-0, CM-75, CM-150, or 
CM-250, respectively.  

With this 10-fold dilution, CM-0 and CM-75 were 
estimated to contain 1-1.1 µM NO and 1.1-1.2 µM for 
CM-150 and CM-250 (Figure 5). As such, there was a 
narrow range of NO concentrations therein. In using ADP 
or celecoxib at its corresponding IC20 to treat the cells 
grown in each CM for 24 h, it was found that folds 

changed of cox-2 transcripts were 1, disregarding 
whether the cells were treated or untreated (Figure 6a).
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Figure 2. Transcriptions of il-6, tnf-, cox-2, inos and enos genes of C2C12 cells grown in 
normal- or high glucose medium, determined by qPCR technique. 
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Figure 3. Transcriptions of glut4 and irs-1 genes of C2C12 cells grown in normal- or 
high- glucose medium, determined by qPCR method. 

 
 
 

 
 
Figure 4. The p65 transcription factor activity (a) and the expressed GLUT4 protein (b) of C2C12 cells 
grown in normal- or high-glucose medium with ADP and insulin treatments for 24 h, determined by a specific 
assay kit (see Methods) and Western blotting technique, respectively; Ins, insulin; **, p < 0.01; *, p < 0.05. 
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Figure 5. Production of NO by A549 cells after incubated with Sanofi  
influenza vaccine of 0, 75, 150, or 250 µL for 24 h, determined in 
supernatant samples of CS-0, CS-75, CS-150 and CS-250, respectively; 
*, p < 0.05. 

 
 
 

 
Figure 6. Transcriptions of cox-2 (a) and enos (b) genes of A549 cells grown in CM-0, CM-75, CM-150 and CM-250 medium with or without drug 
treatment for 24 h, determined by qPCR method; *, p < 0.05. 
 
 
 

That the drug treatment would solely affect protein 
expressions but not gene transcriptions was further 
clarified. Production of COX-2 protein in cell supernatants 

was then analyzed by using RayBio COX-2 
immunoassay kit. There were minor amounts of the 
enzyme found in CM-0, CM-75, CM-150 and CM-250 
samples, which were lower than the LOQ of the kit 
(unpublished data). Consequently, it might not be suitable 
to predict the inflammation states of A549 cells by using 
COX-2 related signals, whether the gene transcription or 
the protein expression. Likewise, it would be doubtful for 
effective treatment of lung inflammation by using 
celecoxib. In Figure 6b, about 1.2 fold changes of enos 
transcription were calculated for CM-0, CM-75 and CM-
250 samples after ADP and celecoxib treatments. For 
CM-75 and CM-150 cells, the gene transcripts were 
increased by about 1.2 folds even when treated. Notably, 
enos transcription was not altered for both treated and  

untreated CM-250 cells.  
Regarding the difference in transcriptional activity of the 

enos gene of A549 cells, it was necessary to determine 
NO concentrations in culture supernatants again at the 
end of experiments. Respectively, about 13.1, 14.5, 13.9, 
and 13.5 µM NO were determined for CM-0, CM-75, CM-
150, and CM-250 cells of non-drug treatment; 12.3, 11.6, 
12.0, 12.3 µM NO of those challenged by celecoxib; and 
13.1, 12.6, 12.4, 12.5 µM NO of those with ADP 
treatment (Figure 7). Therefore, NO of 10-12 µM would 
be the concentrations optimal for the growth and survival 
of A549 cells without inducing cellular oxidative stress 
and inflammation (Sharma et al., 2007). Using ADP and 
celecoxib might help balance NO production through 
transcriptional regulation of the enos gene of lung 
epithelial cells. Nevertheless, administrations of ADP and 
celecoxib would be useful for preventing inflammations of 
the airway in the future (Verheyen et al., 2022).  
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Figure 7. Production of NO by A549 cells grown in a conditioning medium of CM-0, 
CM-75, CM-150 and CM-250 with or without treatments using ADP or celecoxib for 
24 h; *, p < 0.05. 

 

 
 

In conclusion, ADP was shown to decrease il-6, tnf-, 
and inos gene transcriptions and p65 transcription factor 
activity, as well as increase GLUT4 protein expression of 
skeletal muscle cells. Likewise, the effects of anti-
inflammation and anti-diabetes were suggested. For 
diabetes, improvements in insulin sensitivity and glucose 
tolerance were implicated. Concerning its potential on 
epithelial cells of the respiratory tract, regulations of enos 
transcription and NO production were determined. The 
compound would be protective for airway injuries caused 
by excessive production of NO and inflammatory 
cytokines. It was interesting to develop pharmaceutical 
products containing ADP as an adjuvant or a drug 
substance for use in diabetes with influenza infection.  
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