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Introduction:Vitamin D deficiency has been associated with obesity, 

diabetes mellitus type 2, and hypertension diseases. The active vitamin 

D binds to nuclear vitamin D receptor (VDR) and regulating lipids and 

carbohydrates metabolism genes; however, prophylaxis is ruled out 

because induce hypercalcemia and hyperphosphatemia. VDR and the 

peroxisome proliferator–activated receptor gamma (PPARγ) cross-talk 

regulates lipid and glucose metabolism genes.  

Methods: In this study was analyze the effect of cholecalciferol (CCF) 

as vitamin D plus pioglitazone (PIO) on mature 3T3-L1 adipocytes on 

proliferation, fat accumulation by colorimetric methods and the mRNA 

genes involved in lipid signaling by RT-PCR.  

Results: cellular proliferation in mature 3T3-L1 adipocytes treated 

with CCF plus PIO combination during 0.5, 6 and 24 hours, were not 

affected; however, high CCF concentrations decreased cell 

proliferation. The combined treatment decreased fat accumulation, as 

well as increases glycerol release with CCF plus PIO-treated 

adipocytes. Key adipogenic genes were down-regulated (CEBP-α, 

SREBP-, PPARᵞ) whereas lipogenic genes (PPAR-α) were up-regulated 

at mRNA level.  

Conclusion: These findings imply that CCF plus PIO induce lipolysis 

through the expression of PPAR-alpha in adipocytes. 

 
Copy Right, IJAR, 2022,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
CCF or vitamin D3 is the active form of vitamin D, or calcitriol (1, alpha-25-dihydroxyvitamin D3)[1], then binds to 

its receptor (VDR) activating signaling pathways linked with lipid metabolism [2] and glucose transport[3]. 

Furthermore, current studies has linked vitamin D insufficiency to chronic illnesses such as obesity and D [4, 5], 

also has been associated to metabolic dysregulation including insulin resistance and hyperlipidemia[4, 6]. Likewise, 

has been reported that vitamin D supplementation improves insulin sensitivity, and glucose transport, this because 

VDR is expressed on pancreatic β cells [7]. Furthermore, calcitriol-bound VDR inhibited adipogenesis in 3T3-L1 

adipocytes [8]. However, vitamin D supplementation is not recommended due to the risk of hypercalcemia and 
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hyperphosphatemia caused by vitamin D excess[1, 9]. In contrast, hypovitaminosis D has as a risk factor for insulin 

resistance and metabolic syndrome[4-6]. 

 

On the other hand, the peroxisome proliferator–activated receptor (PPAR) regulates genes involved in lipid 

metabolism and glucose transport. Endogenous or synthetic ligands such as pioglitazone (PIO) can active these 

receptors[10-12]. Cross-talk between VDR and PPARγ has been reported, both belong to the nuclear receptor group 

and have been shown to regulate genes involved in the same signaling pathways via molecular cross-regulation of 

their transcription factors[11, 13, 14]. The retinoic X receptor (RXR) and PPAR Coactivation is hypothesized to 

have synergistic effects on glucose and lipid metabolism[13]. This might be because vitamin D retains its beneficial 

effects by avoiding hyperphosphatemia and hypercalcemia. FGF23 is a hormone that regulates phosphate 

homeostasis; it has been shown that excessive quantities of phosphate high levels are toxic, producing oxidative 

stress and DNA damage in animal models[15-17]. Hyperphosphatemia also induces autophagy in endothelial cells 

by inhibiting the Akt/mTOR signaling pathway, which may protect against high phosphate inorganic-induced 

apoptosis[16, 17]. 

 

The goal of this study was to analyze the combined effect of CCF a form of vitamin D and PIO on lipid content, cell 

viability and gene expression involved in adipogenesis and lipogenesis (CEBP, SREBP and PPARgamma), lipolysis 

(PPAR-α) in mature 3T3-L1 adipocytes. Previously, it was shown that 3T3-L1 adipocytes express CYP27A1 and 

CYP27B1 enzymes, which transform cholecalciferol into calcitriol, the active form of vitamin D[18]. 

 

Material And Method:- 
Culture of mouse fibroblast cell line 3T3-L1 

The mouse fibroblast preadipocytes cell line 3T3-L1 was obtained from American Type Culture Collection (ATCC). 

They were propagated in DMEM medium supplemented with 3.7 g/L sodium bicarbonate, phenol red, supplemented 

with 10% fetal bovine serum (FBS). The cells were maintained at a temperature of 37°C and a 5% CO2 atmosphere. 

The 90% fibroblasts were disaggregated with 0.25% trypsin/EDTA solution and 1 x 10
6
 cells were reseeded in 6-

well Petri dishes for experiments. 

 

3T3-L1 cell line differentiation 

3T3-L1 cells were cultured in DMEM medium in 6-well plates, for 24 hours at a density of 1 x 10
6
. When cells 

reached 80% confluence, differentiation medium (high glucose DMEM, 10 µg/mL insulin and 1 µM 

dexamethasone) was added. On the second day, maintenance medium (high glucose DMEM and 10 µg/mL insulin) 

was changed to maintenance medium (high glucose DMEM and 10 µg/mL insulin) for 6 days.  

 

Experimental groups 

Cholecalciferol, CCF (≥98% purity), pioglitazone hydrochloride (PIO), dexamethasone (DEX), phosphate buffer 

saline (PBS), trypsin/ethylenediaminetetraacetic acid (EDTA), and insulin were obtained from Sigma-Aldrich, 

Mexico. Dulbecco's modified Eagle's medium (DMEM) and fetal bovine serum (FBS) were purchased from 

Gibco®. 3T3-L1 adipocytes were treated with 1, 5 and 10 µM PIO; 0.5, 5, 15 and 50 µM CCF; 1 µM PIO and 0.5, 

5, 15 and 50 µM CCF; 5 µM PIO and 0.5, 5, 15 and 50 µM CCF;10 µM PIO and 0.5, 5, 15 and 50 µM CCF. The 

control group was treated with dimethyl sulfoxide (DMSO). Exposure times were during 0.5, 6 and 24 hours. 

 

Trypan blue assay 

Adipocytes were washed with 1X PBS, trypsinized and then stained with trypan blue (Sigma Aldrich Inc.). Stained 

and colorless cells were observed microscopically and counted. Cell viability was determined as follows: colorless 

cells/total cells) x 100 = % cell viability. 

 

Oil-red O staining 

Fat accumulation was analyzed by oil-red O staining. The mature adipocytes were washed with 1X PBS and fixed in 

10% formaldehyde for 30 minutes at room temperature. Formaldehyde was removed, washed twice with 1X PBS 

and 5% oil red (Sigma-Aldrich) was added for 30 minutes. After two washes with 1X PBS, 98% isopropanol was 

added and absorbance was determined at 550 nm. 

 

Quantification of cholesterol, triglycerides and free glycerol 

A cholesterol kit (Sigma-Aldrich) was used for cholesterol determination. Total cholesterol determination was done 

by a colorimetric (570 nm) / fluorometric (λex = 535/ λem =587 nm) cholesterol product measurement. 
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Quantification of triglyceride content was measured using a Triglyceride Quantification colorimetric/fluorometric 

kit (BioVision). Mature adipocytes were resuspended in 1X PBS containing 5% Triton X-100. The contents were 

taken and heated at 80°C for 5 min, then placed on ice for 1 min. Each sample was placed in 96-well plates and 50 

µL of buffer + 2 µL of lipase standard was added; the plate was incubated in agitation for 20 min at room 

temperature. Subsequently, 50 µL of the reaction mixture was added and incubated again for 60 min at room 

temperature. The absorbance was measured in a SpectraMax 190 spectrophotometer at a wavelength of 570 nm. 

Free glycerol levels in culture media were measured at 540 nm using Free Glycerol Reagent (Sigma-Aldrich).  

 

Determination of mRNA by RT-PCR 

Total RNA extraction was performed with TriReagent (Sigma-Aldrich). Cells in Petri dish were spiked with 

TriReagent and incubated at room temperature. The sample was transferred to 1.5 mL eppendorf tubes and 

chloroform was added. It was manually mixed and incubated for 10 minutes at room temperature, followed by 

centrifugation at 12,000 rpm for 5 minutes at 4°C. The aqueous phase was transferred to another eppendorf tube and 

isopropanol was added, again mixed and incubated for 10 minutes, then centrifuged at 12,000 rpm for 10 minutes at 

4°C. The pellet obtained was washed 3 times with 75% cold ethanol, between each wash it was centrifuged at 7,500 

rpm for 5 minutes at 4°C. The ethanol was allowed to evaporate and the pellet was re-suspended in sterile water.  

 

Quantification was performed on a multiple volume spectrophotometer, using only 2 µL of the sample at an optical 

density reading at 260 and 280 nm, to measure nucleic acids and proteins, respectively. RNA integrity was analyzed 

by horizontal electrophoresis in 2% agarose gel with ethidium bromide as fluorescence marker. The mRNA was 

synthesized to cDNA, using ReverTra Ace® qPCR RT master mix. Quantitative real-time PCR was conducted with 

a SensiFAST™ SYBER® No-ROX Kit (SIGMA) in an Eco™ Real-Time PCR System (ROCHE). C/EBPα,forward: 

5′-GGATACTCAAAACTCGCT CC-3′, reverse: 5′-CTAAGTCCCTCCCCTCTAAA-3′; PPARγ,forward: 5′-

TTTTCAAGGGTGCCAGTTTC-3′, reverse: 5′-AATCCTTGGCCCTCTGAGAT-3′[19]; PPAR-α forward: 5´-

TCAGGGTACCACTACGGAGT3´, reverse 5´CTTGGCATTCTTCCAAAGCG-3´; SREBP-1c forward: 5´-

GGAGCCATGGATTGCACATT-3´, reverse 5´-CCTGTCTCACCCCCAGCATA-3´[20]; and β-actin,forward: 5′-

CCACAGCTGAGAGGGAAATC-3′, reverse 5′-AAGGAAGGC TGGAAAAGAGC-3′. Denaturation was carried 

out at 94 °C during 3 min, next 40 cycles: 35 s at 94 °C, 30 s at 60 °C and 30 s at 72 °C. The relative expression was 

calculated to the housekeeping geneβ-actin normalized as an internal controlwith the 2
−ΔΔC

Tmethod. 

 

Statistical analysis 

Results were analyzed with the statistical program GraphPad PRISM version 6.0, and data were represented as mean 

± standard deviation (SD). Student's t-tests, two-way ANOVA and Dunnet's post hoc were performed and p values < 

0.05 were considered statistically significant. 

 

Results:- 
Effect of CCF plus PIO on the viability and phosphate content of mature 3T3-L1 adipocytes 

Total phosphate concentration was measured to assess the negative cellular effects of CCF and PIO on adipocyte 

viability. The mature 3T3-L1 adipocytes were treated to CCF (5-50 µM) and PIO (1-10 µM) or both, with only with 

50 µM CCF causing a significant reduction in cell viability (Figure 1A). CCF and PIO had no effect on cell 

proliferation as compared to control adipocytes (Figure 1B), even at 50 µM of CCF.  
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Figure1:- 

Figure 1:- CCF and PIO effects on cell viability, total phosphate and FGF23 expression in mature 3T3-L1 

adipocytes.Adipocytes were treated with CCF (5, 15 and 50µM) and PIO (5 µM) or both and after of 0.5, 6 and 24-

hour cell viability was measurement by trypan blue assay. A, and B, cell viability (n=6) All values are expressed as 

mean ± SD. n = 3. *p< 0.05, ***p< 0.001 vs control. ***p < 0.001 vs control adipocytes (vehicle). 

 

Effect of CCF plus PIO reduces fat accumulation and induces lipolysis in mature 3T3-L1 adipocytes 

Total Oil red lipids, total cholesterol, triglycerides and glycerol release were measured to determine fat accumulation 

and lipolysis. CCF, at doses as of 15 and 50 µM, increased total lipid content in adipocytes after 24 hours (Table 1). 

PIO 5 µM plus CCF 5 to 50 µM reduced fataccumulation in mature adipocytes; this effect was dose dependent and 

reduced it at 24 hours (Table 1). In addition, PIO 10 µM plus CCF 5, 15 and 50 µM, did not show significant 

increases in fat content after 24 hours. In contrast, for both CCF, and its combination (Table 1) induces a significant 

increase in triglyceride and total cholesterol content after 24 hours compared to control adipocytes. At 24 hours of 

treatment, the combined PIO 1-15 µM with CCF 5-15 µMinduced a concentration-dependent decrease in the 
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quantity of triglycerides and total cholesterol at 24 hours of treatment, which was significant compared to control 

adipocytes. 

 

Table 1:- shows the effect of combining CCF and PIO on adipogenesis and lipolysis markers in mature 3T3-L1 

adipocytes. 

Assay Total Lipids 

 (oil red Abs 

550nm) 

P 

value 

Cholesterol 

(µg/mL) 

P 

Value 

Triglycerides 

(µM/mg 

protein) 

P 

value 

Free 

glycerol 

(µg/mL) 

P 

value 

Vehicle 1.001±0.104 - 1.001±0.03 - 1.000±0.016 - 10.37±1.76 - 

CCF 

5µM 

1.226±0.035 0.05 0.853±0.10 0.05 0.935±0.024 0.05 11.28±2.09 NS 

CCF 15 

µM 

1.361±0.152 0.01 0.777±0.01 0.01 0.708±0.025 0.01 12.80±2.20 NS 

CCF 50 

µM 

1.440±0.075 0.01 0.644±0.01 0.01 0.579±0.028 0.01 12.13±1.91 NS 

CCF5 

µM +PIO 

1µM 

1.012±.084 NS 0.701±0.01 0.01 0.863±0.017 0.05 13.29±0.98 NS 

CCF5 

µM +PIO 

1µM 

1.067±0.084 NS 0.616±0.03 0.01 0.862±0.017 0.05 11.19±2.33 NS 

CCF5 

µM +PIO 

1µM 

1.174±0.203 0.05 0.600±0.01 0.001 0.841±0.063 0.05 14.12±1.91 0.04 

CCF15 

µM +PIO 

5µM 

1.205±0.211 0.05 0.765±0.03 0.01 0.910±0.060 0.05 17.31±2.30 0.01 

CCF15 

µM +PIO 

5µM 

1.418±0.210 0.01 0.666±0.042 0.01 0.835±0.043 0.01 26.71±3.18 0.001 

CCF15 

µM +PIO 

5µM 

2.100±0.220 0.001 0.538±0.020 0.001 0.597±0.056 0.001 20.53±4.76 0.001 

CCF50 

µM +PIO 

10µM 

1.105±0.119 0.05 0.644±0.055 0.001 0.333±0.034 0.001 18.01±2.02 0.01 

CCF50 

µM +PIO 

10µM 

1.508±0.180 0.01 0.539±0.061 0.001 0.384±0.057 0.001 17.22±1.79 0.01 

CCF50 

µM +PIO 

10 µM 

1.830±0.207 0.001 0.440±0.042 0.001 0.287±0.071 0.001 23.09±1.23 0.001 

The values are presented as the means ± SD. by duplicated. P<0.05 represents a significant difference vs Vehicle. 

(n=6), ND: not determined; NS: Not significant 

 

In Figure 2 A, B and C, PIO-induced up-regulation of PPARλ,C/EBP-α, and SREBP-1c mRNAs expressions at 

5µM. In contrast, both CCF and PIO causing down-regulation of mRNA of C/EBP-α, SREBP-1c and PPARλ 

(Figure 2A, B and C). Adipocytes treated with CCF plus PIO combination released significant free glycerol into the 

medium after 24 hours than control adipocytes, as shown in Table 1. This impact was more prominent with CCF 15 

µM and PIO 5 µM combination. Figure 2 shows that CCF, and CCF plus PIO promoted upregulation of PPAR-α 

mRNA when compared to CCF and control treated adipocytes, this data show that CCF plus PIO induces lipolysis 

on mature adipocytes. 
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Figure 2:- 

 

 
 

 

 

 

 

 

 

 

 

F
o

ld
 i

n
d

u
c

ti
o

n

(r
e

la
ti

v
e

 t
o

 c
o

n
tr

o
l)

C
o

n
tr

o
l 

(D
M

S
O

C
tr

l 
+

 (
In

s
u

li
n

)

C
C

F
 1

5
 µ

M

P
IO

 5
 µ

M

C
C

F
 5

 µ
M

/P
IO

 5
 µ

M

C
C

F
1

5
 µ

M
 /

P
IO

 5
 µ

M

C
C

F
5

0
 µ

M
 /

P
IO

 5
 µ

M

0 .0

0 .5

1 .0

1 .5

2 .0

*

*

**

***

A

C o n tro l

P P A R 

F
o

ld
 i

n
d

u
c

ti
o

n

(r
e

la
ti

v
e

 t
o

 c
o

n
tr

o
l)

C
o

n
tr

o
l 
(D

M
S

O

C
tr

l 
+

 (
In

s
u

li
n

)

C
C

F
 1

5
 µ

M

P
IO

 5
 µ

M

C
C

F
 5

 µ
M

/P
IO

 5
 µ

M

C
C

F
1
5
 µ

M
 /
P

IO
 5

 µ
M

C
C

F
5
0
 µ

M
 /
P

IO
 5

 µ
M

0 .0

0 .5

1 .0

1 .5

2 .0

**

*

**

C o n tro l

**

B
C E B P 



ISSN: 2320-5407                                                                            Int. J. Adv. Res. 10(04), 641-650 

647 

 

 
 

 
Figure 2:- Effects of CCF plus PIO on adipogenesis and lipolysis as well as PPAR-α, PPAR-ᵞ, CEBPα and 

SREBP-1C mRNA expression in mature 3T3-L1 adipocytes.Adipocytes were treated with CCF (5, 15 and 

50µM) and PIO (5 µM) or both and after of 6 hours of treatment the amount of mRNAs of genes indicated above 

were quantified by real-time PCR method as described in methods. A, PPARᵞ expression; B, CEBPα; C, SRBP-1c 

and D, PPARα. The amounts of each gene are expressed relative to the control housekeeping gene β-actin. All 

values are expressed as mean ± SD. n = 3. *p< 0.05, ***p< 0.001 vs control. 

 

Discussion:- 
In this study CCF at 50 µM decreases adipocyte viability from 6 to 24 h post-treatment. In contrast, Kim and 

coworkers demonstrate that CCF reduces the percentage of viability 50 µM, after 24 hours [21]. The difference 

might be attributable to the fact that the methods used to achieve micro molar concentrations of CCF different. We 

underline that the combination of CCF plus PIO did not decrease cell viability at 6 hours, but only until 24 hours 

with CCF 5 plus PIO 10 µM. In this way, Spigoni et al, describe that PIO 10 µM improves cell viability in 

endothelial cells [22], which was demonstrated in this study, since cell viability recovered when CCF plus PIO were 

combined.Hyperphosphatemia is caused by vitamin D prophylaxis, with serum phosphate levels exceeding 5 mg/dl 

in adults and 6 mg/dl in children [23-25]; this causes inorganic phosphate to bind to calcium, inducing precipitation 

and deposition of calcium phosphate in soft tissues provoking organ calcification [26], as a result, preventing 
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hyperphosphatemia is critical. Hyperphosphatemia can also cause trigger autophagy in cultured endothelial cells, 

according to in vitro studies and decrease the number cells [17, 27, 28].  

 

In this study, an increase of lipid content was observed, in contrast with the reported by Kim and collaborators, who 

reported a decrease in lipid accumulation. The difference between both studies were that their test was conducted on 

adipocytes in the process of differentiation rather than mature adipocytes, as is this study [21]. To assessment of 

triglyceride and cholesterol concentrations, in particular, demonstrated that the combination of CCF plus PIO 

generate a lipolytic effect. The described could have occurred because PPARα participates in beta oxidation of fatty 

acids and regulates the expression of several proteins involved in lipid (triglyceride) metabolism, such as fatty acid 

binding protein aP2, fatty acid transport protein (FATP), acyl-CoA synthetase (ACS), lipoprotein lipase (LPL) and 

malic enzyme (ME) [12, 29]. Likewise, our findings on the content of free glycerol in the culture medium support 

the existence of a lipolysis process, since the concentrations of free glycerol in the culture media with adipocytes 

treated with CCF plus PIO increased significantly, in accord, it is worth mentioning that calcitriol-bound VDR can 

inhibit or delay the adipogenesis process[30]. Similarly, PPARα mRNA expression was measured, and it increased 

with the combination of CCF and PIO. This result agrees with those obtained when determining cholesterol and 

triglyceride concentrations, because PPARα activation raises HDL cholesterol (high-density cholesterol) and free 

fatty acid levels, improving the lipid profile; in addition to having anti-inflammation and anti-insulin resistance 

effects [31, 32]. 

 

In our study, the expression of PPARγ remained steady at 6 hours with CCF plus PIO compared to the control; 

however, the expression of CEBPα, SREBP-1c and PPARα decreased, this transcription factors control adipogenesis 

and lipogenesis process in the second or late phase; in this study, its expression decreased significantly with CCF 15 

µM plus PIO 5 µM and with CCF 50 µM plus PIO 5 µM. Although some study has indicated that vitamin D only 

intervenes by inhibiting early adipogenic factors, that is, whiting the first 48 hours of differentiation[33, 34]; when 

paired with pioglitazone, it can regulate second phase adipogenic factors such as CEBPα and PPARγ [35, 36]. 

Likewise, SREB-1c which is also involved in adipocyte differentiation decreases with CCF 15 µM plus PIO 5 µM 

and CCF 50 µM plus PIO 5 µM. This finding are important since previous research has not shown that vitamin D as 

CCF may decrease adipogenesis beyond 48 h of differentiation; nevertheless, our findings suggest that it is possible 

because it has a coadjuvant effect with PIO.  

 

Conclusions:- 
This study found that combining CCF plus PIO reduces its toxic effects in viability and induces lipolysis by down-

regulating adipogenesis genes and up-regulating lipolytic PPAR-α gene; however, further investigation is needed to 

determine the efficacy of combined CCF plus PIO in the prevention or treatment of chronic diseases using animal 

models, as well as the molecular mechanism involved. 

 

Acknowledgment:- 
Janeth Hernández-Jimenez were supported by graduate fellowships 860287 from CONACyT. The authors also wish 

to thank Irene Xochihua Rosas for proofreading.  

 

Funding 

This study had financial support from Public Health Institute POA 2021-2022, Biomedical Research Center POA 

2022, Universidad Veracruzana, SIREI 36941-201360 and CONACyT no. CB-2012-01-176513 grants. 

 

Competing interests 

The authors declare that they have no competing interest. 

 

Referencias:- 
1. Sosa Henriquez M, Gomez de Tejada Romero MJ. Cholecalciferol or Calcifediol in the Management of 

Vitamin D Deficiency. Nutrients. 2020;12(6). 

2. Abbas MA. Physiological functions of Vitamin D in adipose tissue. J Steroid Biochem Mol Biol. 

2017;165(Pt B):369-81. 

3. Manna P, Achari AE, Jain SK. Vitamin D supplementation inhibits oxidative stress and upregulate 

SIRT1/AMPK/GLUT4 cascade in high glucose-treated 3T3L1 adipocytes and in adipose tissue of high fat diet-fed 

diabetic mice. Arch Biochem Biophys. 2017;615:22-34. 



ISSN: 2320-5407                                                                            Int. J. Adv. Res. 10(04), 641-650 

649 

 

4. Greco EA, Lenzi A, Migliaccio S. Role of Hypovitaminosis D in the Pathogenesis of Obesity-Induced 

Insulin Resistance. Nutrients. 2019;11(7). 

5. Nur-Eke R, Ozen M, Cekin AH. Pre-Diabetics with Hypovitaminosis D Have Higher Risk for Insulin 

Resistance. Clin Lab. 2019;65(5). 

6. Boucher BJ, John WG, Noonan K. Hypovitaminosis D is associated with insulin resistance and beta cell 

dysfunction. Am J Clin Nutr. 2004;80(6):1666; author reply -7. 

7. Mitri J, Pittas AG. Vitamin D and diabetes. Endocrinol Metab Clin North Am. 2014;43(1):205-32. 

8. Blumberg JM, Tzameli I, Astapova I, Lam FS, Flier JS, Hollenberg AN. Complex role of the vitamin D 

receptor and its ligand in adipogenesis in 3T3-L1 cells. J Biol Chem. 2006;281(16):11205-13. 

9. Seida JC, Mitri J, Colmers IN, Majumdar SR, Davidson MB, Edwards AL, et al. Clinical review: Effect of 

vitamin D3 supplementation on improving glucose homeostasis and preventing diabetes: a systematic review and 

meta-analysis. J Clin Endocrinol Metab. 2014;99(10):3551-60. 

10. Cheng HS, Tan WR, Low ZS, Marvalim C, Lee JYH, Tan NS. Exploration and Development of PPAR 

Modulators in Health and Disease: An Update of Clinical Evidence. Int J Mol Sci. 2019;20(20). 

11. Mirza AZ, Althagafi, II, Shamshad H. Role of PPAR receptor in different diseases and their ligands: 

Physiological importance and clinical implications. Eur J Med Chem. 2019;166:502-13. 

12. Duval C, Fruchart JC, Staels B. PPAR alpha, fibrates, lipid metabolism and inflammation. Arch Mal Coeur 

Vaiss. 2004;97(6):665-72. 

13. Matsuda S, Kitagishi Y. Peroxisome proliferator-activated receptor and vitamin d receptor signaling 

pathways in cancer cells. Cancers (Basel). 2013;5(4):1261-70. 

14. Sertznig P, Dunlop T, Seifert M, Tilgen W, Reichrath J. Cross-talk between vitamin D receptor (VDR)- and 

peroxisome proliferator-activated receptor (PPAR)-signaling in melanoma cells. Anticancer Res. 2009;29(9):3647-

58. 

15. McKenna MJ, Crowley RK, Twomey PJ, Kilbane MT. Renal Phosphate Handling: Independent Effects of 

Circulating FGF23, PTH, and Calcium. JBMR Plus. 2021;5(2):e10437. 

16. Sosa P, Alcalde-Estevez E, Plaza P, Troyano N, Alonso C, Martinez-Arias L, et al. Hyperphosphatemia 

Promotes Senescence of Myoblasts by Impairing Autophagy Through Ilk Overexpression, A Possible Mechanism 

Involved in Sarcopenia. Aging Dis. 2018;9(5):769-84. 

17. Zhang YY, Yang M, Bao JF, Gu LJ, Yu HL, Yuan WJ. Phosphate stimulates myotube atrophy through 

autophagy activation: evidence of hyperphosphatemia contributing to skeletal muscle wasting in chronic kidney 

disease. BMC Nephrol. 2018;19(1):45. 

18. Zoico E, Franceschetti G, Chirumbolo S, Rossi AP, Mazzali G, Rizzatti V, et al. Phenotypic shift of 

adipocytes by cholecalciferol and 1alpha,25 dihydroxycholecalciferol in relation to inflammatory status and calcium 

content. Endocrinology. 2014;155(11):4178-88. 

19. Natthawut Wong-a-nan, Kewalin Inthanon, Aroonchai Saiai, Angkhana Inta, Wutigri Nimlamool, 

Siriwadee Chomdej, et al. Lipogenesis inhibition and adipogenesis regulation via PPARγ pathway in 3T3-L1 cells 

by Zingiber cassumunar Roxb. rhizome extracts. Egyptian Journal of Basic and Applied Sciences. 2018;5(4). 

20. Mahmood S, Birkaya B, Rideout TC, Patel MS. Lack of mitochondria-generated acetyl-CoA by pyruvate 

dehydrogenase complex downregulates gene expression in the hepatic de novo lipogenic pathway. Am J Physiol 

Endocrinol Metab. 2016;311(1):E117-27. 

21. Kim JH, Kang S, Jung YN, Choi HS. Cholecalciferol inhibits lipid accumulation by regulating early 

adipogenesis in cultured adipocytes and zebrafish. Biochem Biophys Res Commun. 2016;469(3):646-53. 

22. Spigoni V, Picconi A, Cito M, Ridolfi V, Bonomini S, Casali C, et al. Pioglitazone improves in vitro 

viability and function of endothelial progenitor cells from individuals with impaired glucose tolerance. PLoS One. 

2012;7(11):e48283. 

23. von Kries R, Gobel U. Vitamin K prophylaxis and vitamin K deficiency bleeding (VKDB) in early infancy. 

Acta Paediatr. 1992;81(9):655-7. 

24. Nakagawa T, Yazawa T, Watanabe K. Prophylaxis of vitamin K deficiency in infancy. Acta Paediatr Jpn. 

1992;34(2):117-25. 

25. Markestad T, Hesse V, Siebenhuner M, Jahreis G, Aksnes L, Plenert W, et al. Intermittent high-dose 

vitamin D prophylaxis during infancy: effect on vitamin D metabolites, calcium, and phosphorus. Am J Clin Nutr. 

1987;46(4):652-8. 

26. Tsuda T, Imanishi M, Oogoshi M, Goda M, Kihira Y, Horinouchi Y, et al. Rho-associated protein kinase 

and cyclophilin a are involved in inorganic phosphate-induced calcification signaling in vascular smooth muscle 

cells. J Pharmacol Sci. 2020;142(3):109-15. 



ISSN: 2320-5407                                                                            Int. J. Adv. Res. 10(04), 641-650 

650 

 

27. Hsu YJ, Hsu SC, Huang SM, Lee HS, Lin SH, Tsai CS, et al. Hyperphosphatemia induces protective 

autophagy in endothelial cells through the inhibition of Akt/mTOR signaling. J Vasc Surg. 2015;62(1):210-21 e2. 

28. Yao L, Wang J, Tian BY, Xu TH, Sheng ZT. Activation of the Nrf2-ARE Signaling Pathway Prevents 

Hyperphosphatemia-Induced Vascular Calcification by Inducing Autophagy in Renal Vascular Smooth Muscle 

Cells. J Cell Biochem. 2017;118(12):4708-15. 

29. Gervois P, Torra IP, Fruchart JC, Staels B. Regulation of lipid and lipoprotein metabolism by PPAR 

activators. Clin Chem Lab Med. 2000;38(1):3-11. 

30. Nimitphong H, Park E, Lee MJ. Vitamin D regulation of adipogenesis and adipose tissue functions. Nutr 

Res Pract. 2020;14(6):553-67. 

31. Sergio CR, Rossana Citlali Z, Monica FM, Isela SR, Omar AH. Lugol Increases Lipolysis through 

Upregulation of PPAR-Gamma and Downregulation of C/EBP-Alpha in Mature 3T3-L1 Adipocytes. J Nutr Metab. 

2020;2020:2302795. 

32. Guzman M, Lo Verme J, Fu J, Oveisi F, Blazquez C, Piomelli D. Oleoylethanolamide stimulates lipolysis 

by activating the nuclear receptor peroxisome proliferator-activated receptor alpha (PPAR-alpha). J Biol Chem. 

2004;279(27):27849-54. 

33. Wood RJ. Vitamin D and adipogenesis: new molecular insights. Nutr Rev. 2008;66(1):40-6. 

34. Zhou Z, Chen XY, Zhu AZ, Liu CC, Zhu JC, Liu GX. Inhibition of Adipogenesis Is Involved in the 

Protective Effects of 1,25-Dihydroxy Vitamin D3 on the Radiation-Injured Bone Marrow Microenvironment in 

Mice. J Nutr Sci Vitaminol (Tokyo). 2017;63(3):161-6. 

35. White U, Fitch MD, Beyl RA, Hellerstein MK, Ravussin E. Adipose depot-specific effects of 16 weeks of 

pioglitazone on in vivo adipogenesis in women with obesity: a randomised controlled trial. Diabetologia. 

2021;64(1):159-67. 

36. Hung SH, Yeh CH, Huang HT, Wu P, Ho ML, Chen CH, et al. Pioglitazone and dexamethasone induce 

adipogenesis in D1 bone marrow stromal cell line, but not through the peroxisome proliferator-activated receptor-

gamma pathway. Life Sci. 2008;82(11-12):561-9. 

 


