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Abbreviations: FBS, fetal bovine serum; ATP, adenosine 
triphosphate; PBS, phosphate buffer saline each time; ECM, 
extracellular matrix; HFF-1, human foreskin fibroblasts.

Introduction
There has been an immense interest in creatine and turmeric 

research over the years and they have been widely studied. Creatine 
is important for energy storage, Adenosine triphosphate (ATP) 
generation and also acts as an antioxidant.1–3 It is widely used as a 
supplement to improve muscle strength.4 The main purpose of creatine 
supplementation is to increase the resting phosphocreatine levels in 
muscles which could potentially delay fatigue and enhance physical 
activity.5 In muscles, creatine generally exists as phosphocreatine and 
is excreted in the form of creatinine.6 Around ninety-five percent of 
creatine is stored in skeletal muscle and serves as an energy substrate 
for muscle cells contraction.5 Turmeric is the main natural polyphenol 
found in the rhizome of Curcuma longa.7 It is a spice that has long been 
recognized for its medicinal properties.8 It also has antioxidant and 
anti-inflammatory properties. The medicinal properties of turmeric 
are attributed to its ability to enhance tissue formation, collagen 
deposition, tissue remodeling, and wound contraction.7– 9 Individual 
effect of creatine and turmeric has been widely examined on a variety 
of cell lines.10–12 No known studies are available to compare the 
combined effect of turmeric and creatine on non-muscle and muscle 
cell lines. In this study, we have examined the separate and combined 

effect of creatine and turmeric in an in-vitro matrix on muscle and 
non-muscle (fibroblast) cell lines. Human foreskin fibroblast (HFF-1) 
cells were used as non-muscle cell and L6 myoblast cells were used 
as muscle cells.

HFF-1 cells are derived from new-born humans and are grown in 
fetal bovine serum (FBS) media.13 Fibroblast cells occur in connective 
tissue of animals and synthesizes the extracellular matrix (ECM) 
which is made of growth factors and proteins that directly affect the 
differentiation, proliferation, and migration of cells.14 Fibroblasts cells 
are spindle-shaped, anchorage-dependent, members of the connective 
tissue family. They secrete type I and III collagen into the ECM 
and play an important role in wound healing and immune response 
during tissue injury.15 Fibroblasts bind directly to fibronectin fibrils 
which subsequently attach to collagen scaffolds which in turn provide 
structure, support, growth, and communication.14,16 L6 myoblast cells 
are from the skeletal muscle tissue and originate from Rattus norvegicus 
otherwise known as the “brown rat”. L6 muscle cells are adherent 
and have a cellular product of myosin.17,18 L6 cells fuse in culture to 
create striated fibers and multinucleated myotubes.19 Muscle cells are 
found in muscle tissue and are long, tubular cells which develop from 
myoblasts to form muscles by the process of myogenesis.20 There are 
various types of muscle cells like cardiac, skeletal, and smooth muscle 
cells and each one has specialized properties.20,21 Muscle cell plays an 
important role in providing movement, motion, and heat generation 
to various organs of the body.22 In this study, both muscle and non-
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Abstract

Creatine is important for energy storage and is widely used as a supplement to improve 
muscle strength. Turmeric is a potential therapeutic agent, and used in the management 
of oxidative, and inflammatory conditions. There has been an immense interest in 
creatine and turmeric research over the years and they have been extensively studied. 
However, there have been no studies available on their combined effect at the cellular 
level. The purpose of this study was to investigate the individual and combined effects 
of creatine and turmeric on muscle and non-muscle (fibroblast) cells. The differential 
effect was observed on both cell line in the presence of creatine alone and turmeric 
alone treatment. When creatine and turmeric were tested separately, creatine increases 
the proliferation rate of muscle cells and decreases proliferation rate of non-muscle 
cells at tested concentrations (3.25µg/mL, 32.5µg/mL, and 325µg/mL). On the other 
hand, turmeric increases the proliferation rate of non-muscle cells compared to muscle 
cells at tested concentrations (4.62µg/mL, 23.1µg/mL, and 46.2µg/mL). Non-muscle 
cells showed a decreased proliferation with creatine (325µg/mL) and increased 
proliferation with turmeric (46.2µg/mL) at maximum tested concentrations. Hence, 
for testing their combined effect on both cell lines higher concentrations (650µg/mL 
and 925µg/mL) were used. The combined concentrations of creatine and turmeric at 
650µg/mL and 925µg/mL did not show a significant effect on muscle cells. However, 
the same concentrations increased the proliferation of non-muscle (fibroblast) cells 
compared to muscle cells. Although creatine alone or turmeric by itself was found to 
be more effective on the proliferation of non-muscle cells than combining both of them 
together. The results of this study suggest that creatine and turmeric supplementation 
together may not be beneficial for post-workout recovery. However, both of them 
together may be used in skin cosmetics formulation to improve skin cells. 	

Keywords: human foreskin fibroblasts, L6 muscle, anti-inflammatory, antioxidant, 
ATP generation
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muscle cell lines displayed variable rates of proliferation when treated 
with different concentrations of creatine and turmeric for a period of 
seven days. 

Materials and methods
HFF-1 and L6 -muscle cell culture

HFF-1 and L6-muscle cell solutions (ATCC, Manassas, VA, 
USA) were prepared separately in T 75 flasks (Thermo ScientificTM, 
Waltham, MA, USA) and stored in an incubator (Thermo ScientificTM, 
Waltham, MA, USA) at 37°C and 5% CO₂. After confirmation 
of appropriate confluency via phase contrast microscope CKX41 
(Olympus®️, Shinjuku, Tokyo, Japan), existing media from the HFF-1 
cells was removed. Cells were washed twice with 5mL of phosphate 
buffer saline each time (PBS) (GE Healthcare, Chicago, IL, USA) 
and subsequently removed. Trypsinization of cells was performed by 
the addition of 5mL of trypsin (GE Healthcare, Chicago, IL, USA), 
the cells were allowed to rest for 10minutes at room temperature to 
allow them to detach from the surface of the flask. The flask was 
then examined under the phase contrast microscope to confirm the 
detachment of cells from the flask surface. For L6 muscle cells, 
a similar procedure was performed with L6 muscle cell media. To 
stop trypsin activity, 5mL of media with serum was added to the 
flask. The total suspension of 10mL was placed into a 15mL conical 
centrifuge tube (Fisherbrand, Waltham, MA, USA) and subjected to 
centrifugation in a centrifuge (Eppendorf AG, Hamburg, Germany) 
at 200rpm for 5minutes. The supernatant was then removed and the 
remaining pellet was re-suspended in 1mL of HFF-1 or L6 muscle 
media. 20μL of the cell solution was added to a cellometer cell 
counting chamber (Nexcelom Bioscience, Lawrence, MA, USA) and 
cell density was measured by the Cellometer Auto T4 (Nexcelom 
Bioscience, Lawrence, MA, USA) and average live cell concentration 
was calculated. Cell proliferation assays on the 2D matrix were 
performed at different concentrations of creatine (Sigma-Aldrich®️, 
St. Louis, MO, USA) and turmeric (Finest Nutrition, Deerfield, IL, 
USA) for both muscle and non-muscle cells.

2D HFF-1 cell proliferation assay

Collagen and fibronectin

Three 24-well plates (Corning Incorporated, Corning, NY, USA) 
were coated with either collagen (5µg/mL), collagen (10µg/mL), 
fibronectin (5µg/mL), or fibronectin (10µg/mL) as an extracellular 
matrix (Sigma-Aldrich®️, St. Louis, MO, USA). HFF-1 cells with an 
initial cell density of 10,000 per well were seeded in a 24 well culture 
cluster; grown in HFF-1 media and incubated at 37‎°C, 5% CO₂ inside 
the incubator for day 1, day 4 and day 7.

Different concentrations of creatine

Creatine stock solution was created in hff-1 media and filtered 
through Nalgene™ 25mm Syringe Filters (Thermo ScientificTM, 
Waltham, MA, USA). 3.25µg/mL (1X), 32.5µg/mL (10X) and 325µg/
mL (100X) concentrations of creatine were created from standard 
stock by serial dilution method and pH of each solution was measured. 
HFF-1 cells with an initial cell density of 10,000 per well were seeded 
in 24 well culture cluster coated with 10µg/mL collagen and grown 
in HFF-1 media. All three plates for day 1, day 4 and day 7 were 
prepared by the same method and placed inside the incubator at 37‎°C 
with 5% CO₂. 

Different concentrations of turmeric 

Turmeric is soluble in dimethylsulfoxide (DMSO) and hence 
turmeric stock solution was created in 1.5% DMSO with media¹² 
and filtered through Nalgene™ 25mm Syringe Filters (Thermo 
ScientificTM, Waltham, MA, USA). 4.62µg/mL (1X), 23.12µg/mL 
(5X) and 46.2µg/mL (10X) concentrations of turmeric were created 
from standard stock by serial dilution method and pH of each solution 
was measured. For the control, an adequate amount of DMSO as a 
vehicle was added in the media. The final concentration of DMSO 
to the cells is less than 0.5%. HFF-1 cells with an initial cell density 
of 10,000 per well were seeded in 24 well culture cluster pre-coated 
with 10µg/mL of collagen and grown in HFF-1 media then incubated 
at 37‎°C, 5% CO₂ inside the incubator. Three plates were prepared by 
the same method and placed inside the incubator for day 1, day 4 and 
day 7.

Creatine and turmeric combined effect

HFF-1 cells with an initial cell density of 10,000 cells per well 
were seeded in 24 well culture cluster coated with 10µg/mL collagen 
and treated with either 650µg/mL creatine, 92.5µg/mL turmeric, their 
combined concentrations or with just HFF-1 media. 1.5% of DMSO 
was used as a vehicle to dissolve turmeric and hence an equal amount 
of DMSO was added to each experimental and control condition.
Three plates were prepared by the same method and placed inside the 
incubator at 37‎°C with 5% CO₂ to be analyzed for initial adhesion on 
day 1, after one hour of incubation, and cell proliferation on days 4 
and 7.

2D L6 muscle cell proliferation assay

Different concentrations of creatine

L6 muscle cells with an initial cell density of 10,000 cells per 
well were seeded in 24 well culture cluster pre-coated with 10µg/mL 
collagen and treated with either 3.25µg/mL (1X), 32.5µg/mL (10X), 
325µg/mL (100X) concentrations of creatine, or just L6 Muscle cell 
media and incubated at 37‎°C, 5% CO₂. Three plates were prepared 
by the same method and placed inside the incubator to be analyzed 
for initial adhesion on day 1, after one hour of incubation, and cell 
proliferation on days 4 and 7.

Different concentrations of turmeric

4.62µg/mL, 23.12µg/mL and 46.2µg/mL concentrations of 
turmeric were created from the standard stock of turmeric solution. 
Turmeric standard stock solution was prepared with 1.5% of DMSO 
and L6 media. L6 muscle cells with an initial cell density of 10,000 
per well were seeded in 24 well culture cluster plate pre-coated with 
10µg/mL collagen and treated with either 4.62µg/mL, 23.12µg/mL, 
46.2µg/mL concentrations of turmeric, or with the control.Three plates 
were prepared by the same method and placed inside an incubator at 
37‎°C, 5% CO₂ to be analyzed for initial adhesion on day 1, after one 
hour of incubation, and cell proliferation on days 4 and 7.

Different concentrations of creatine and turmeric

L6 muscle cells with an initial cell density of 10,000 per well 
were seeded in 24 well cell culture cluster plate coated with 10µg/
mL collagen and treated with either 650µg/mL creatine, 92.5µg/mL 
turmeric, their combined concentrations (650µg/mL creatine with 
92.5µg/mL turmeric) or with just L6 media (Blank). Three plates were 
prepared by the same method and placed inside an incubator at 37‎°C, 
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5% CO₂ to be analyzed for initial adhesion on day 1, after one hour of 
incubation, and cell proliferation on days 4 and 7.

HFF-1 and L6 muscle cell analysis

HFF-1 and L6 muscle cells were analyzed by fluorescent staining 
with calcein to measure the rate of initial adhesion on day 1 and the 
rate of cell proliferation on days 4 and 7. On day 1 after one hour 
of incubation, two washes were given to the plate by the addition of 
0.5mL of PBS per well and subsequently removed. A calcein solution 
consisting of a ratio of 10µL of calcein-AM (Life Technologies, 
Carlsbad, CA, USA) and 5mL of PBS was prepared and used to 
perform fluorescent staining to obtain a live cell count. 200µL of 
calcein solution was added into each well and incubated for a period of 
15 minutes in a dark drawer. Cell proliferation was measured by using 
a Filtermax F5 Microplate Reader (Molecular Devices, San Jose, 
CA, USA) and data was calculated on Microsoft Excel and graphs 
were created using GraphPad Prism software. Fluorescent images 
were captured under a fluorescent microscope 1X71 with a Cy3 filter 
(Olympus®️, Shinjuku, Tokyo, Japan) at 100x and 40x magnification. 
The exact same procedure was used on days 4 and 7 plates to measure 
live cell concentration and analyzed by the same method.

Statistical analysis

The statistical analysis of the data was presented with the 
mean±standard deviation (sd). A paired student t-test was used 
between the study groups to determine the significance of observed 
differences. A p-value of <0.05 is considered statistically significant.

Results
Effect of collagen and fibronectin matrix on HFF-1 
Cells

The initial adhesion rate was determined after one hour of 
incubation by measuring the number of cells attached to the surface of 
either collagen (5µg/mL), collagen (10µg/mL), fibronectin (5µg/mL), 
or fibronectin (10µg/mL). Initial adhesion was compared between 
conditions on day 1 after one hour of incubation. Rate of proliferation 
for the cells was examined on days 4 and 7 and compared to the 
condition with control. Day 7 test conditions were compared to the 
day 7 condition with control for statistical significance. Fluorescent 
staining with calcein was performed to study cell morphology on days 
1, 4 and 7.

HFF-1 cells with an initial density of 10,000 per well were seeded 
onto four separate conditions with either collagen (5µg/mL), collagen 
(10µg/mL), fibronectin (5µg/mL), or fibronectin (10µg/mL). This was 
an essential step in order to establish which matrix is most suitable 
for testing the effects of turmeric and creatine. HFF-1 cells that were 
seeded on the substrate of fibronectin (5µg/mL) displayed the most 
initial adhesion. The condition which showed the second greatest 
amount of initial adhesion for HFF-1 cells was fibronectin (10µg/
mL). The condition of collagen (5µg/mL) had the third best initial 
adhesion. Finally, collagen (10µg/mL) condition had the least amount 
of initial adhesion for HFF-1 cells. 

HFF-1 cell proliferation was measured on days 4 and 7. Each 
condition followed the same trend and on each subsequent day there 
were more HFF-1 cells present than on the previous day, in Figure 1A. 
HFF-1 cells which were grown on fibronectin (5µg/mL) had the least 
amount of proliferation over the seven days period. This was followed 

by the fibronectin (10µg/mL) condition which had the third best 
proliferation over the same time period. Overall, the cells which were 
seeded onto the collagen conditions proliferated better when compared 
to the fibronectin. Collagen with a concentration of 5µg/mL had the 
second-best proliferation results out of the four test conditions. Lastly, 
the condition which had collagen with a concentration of (10µg/mL) 
provided the best environment for HFF-1 cells to proliferate (Figure 
1B).

Figure 1 (A) HFF-1 cells were seeded on substrates of either collagen (5µg/
mL), collagen (10µg/mL), fibronectin (5µg/mL), or fibronectin (10µg/mL) and 
grown over seven days. Cellular growth was measured on days 1, 4, and 7 with 
a calcein treatment and read using a FilterMax F5 Microplate Reader.

Figure 1 (B) Images were taken at 10x magnification using a Olympus® 1X71 
fluorescent microscope and Cy3 filter. The statistical analysis on the data was 
presented with the mean±standard deviation (SD). A Paired Student t-Test 
was used between the study groups to determine significance of observed 
differences. A p-value of <0.05 is considered statistically significant.

Figure 1 Effect of Fibronectin and Collagen on HFF-1 Cells.

The morphology for the HFF-1 cells was consistent across all 
conditions. On day 1, HFF-1 cells appear to be round in shape with 
some displaying a slightly ruffled edge. Next, on day 4 the cells are 
more numerous and elongated in shape when compared to day 1 cells. 
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Day 7 HFF-1 cells were similar in shape to day 4 but they appear to be 
greater in number when compared to day 4. In addition the day 7 HFF-
1 cells look to be wider in shape when compared to the day 4 cells. 

After examining which substrate provided the best environment 
for cells, it was found that collagen (10µg/mL) allowed for the 
most proliferation over a seven day period while fibronectin (5µg/
mL) conditions had the most initial adhesion. There was little to no 
noticeable difference in morphology for the cells between conditions 
seen. 

Effect of creatine on fibroblast and L6 muscle cells

Effect of various concentrations of creatine on HFF-1 cells

The rate of initial adhesion of HFF-1 cells was examined on day 
1 after one hour of incubation. Creatine concentrations of either 
3.25µg/mL, 32.5µg/mL or 325µg/mL were used as treatments on 24 
well plate pre-coated with 10µg/mL collagen. An initial density of 
10,000 cells per well were seeded on 24 well plates. Cell proliferation 
was measured on days 4 and 7. Day 7 proliferation results of the test 
conditions were compared to day 7 of the treatment with the control 
condition. Fluorescent staining with calcein was performed on 
different days and images of cells were captured under a fluorescent 
microscope to compare the morphology of cells.

Initial adhesion on day 1 was examined after one hour of incubation 
and it confirmed the presence of cells. The control condition had 
the lowest rate of initial adhesion hence it was used as a reference 
point with a numerical value of 100% to compare to the other 
experimental conditions. Creatine concentration of 3.25µg/mL had 
the greatest rate of initial adhesion (144%) on HFF-1 cells whereas 
325µg/mL concentration showed the lowest rate (123%) of initial 
adhesion compared to the control. The 32.5µg/mL concentration of 
creatine had almost the same rate of initial adhesion (126%) with 
325µg/mL concentration of creatine. All P-values were found to be 
statistically non-significant (P>0.05). Although there is an observed 
increasing trend in the rate of cell initial adhesion in the presence 
of lower concentrations of creatine. Figure 2A shows the results for 
the proliferation of HFF-1 cells. Cell proliferation is expressed as a 
percentage of the number of cells present on day 1 (100%) therefore 
day 4, and day 7 are expressed as a percentage of the number of 
cells present compared to day 1. As shown in Figure 2A, the control 
showed the highest rate of cell proliferation among all the conditions. 
However, cells treated with 3.25µg/mL, 32.5µg/mL and 325µg/mL 
concentrations of creatine decreased in proliferation when compared 
to media condition. 3.25µg/mL concentration of creatine had the 
lowest rate of cell proliferation over the seven days amongst all test 
conditions. 32.5µg/mL had the highest proliferation rate between 
all creatine conditions. 325µg/mL concentration of creatine had cell 
proliferation rate between 3.25µg/mL and 32.5µg/mL test condition. 
The morphology of HFF-1 cells can be seen in Figure 2B. On day 1, 
HFF-1 cells appeared to be round in shape and show a similar size and 
number between all test conditions.	

On day 4, the HFF-1 cells were spreading on the matrix and become 
elongated and flattened in shape however, it was more numerous 
when compared to day 1. The 32.5µg/mL condition of creatine on 
day 4 looks more confluent compared to all other test conditions. On 
day 7, the cells appear to spread across the entire matrix, they are 
more elongated or oblong in shape and are more confluent compared 
to day 4. The control condition on day 7, it was more densely packed 
compared to all other test conditions.

Figure 2 (A) HFF-1 cells were seeded at an initial density of 10,000 per 
well in concentrations of either creatine (3.25µg/mL, 1X), creatine (32.5µg/mL, 
10X) or creatine (325µg/mL, 100X) for seven days in an incubator at 37℃ with 
5% CO₂. On day 1, after an hour of incubation, day 4, and day 7 measurements 
of proliferation were taken. During those reading, cells were treated with 
calcein and analyzed using a FilterMax F5 Microplate Reader.

Figure 2 (B) Images were taken of HFF-1 cells at 4x magnification using a 
Olympus® 1X71 fluorescent microscope and Cy3 filter.

Overall, the results of initial adhesion confirmed the presence of 
cells on day 1. HFF-1 cells showed a higher rate of initial adhesion 
in the presence of creatine. On the other hand, cell proliferation 
decreased in the presence of creatine. Cell morphology is nearly 
identical between different conditions on each day. The primary 
difference seems to be the number of cells present is greater in some 
conditions and less in others. Cells in the presence of creatine are less 
confluent on day 7 when compared to the control. The results showed 
that creatine decreases proliferation for HFF cells but increases initial 
adhesion. Cell morphology is not greatly influenced by creatine but 
does seem to affect the number of cells present.

Effect of creatine on L6 cells

Cells were incubated on plates coated with 10µg/mL of collagen. 
The rate of initial adhesion for L6 muscle cells treated with either 
3.25µg/mL, 32.5µg/mL or 325µg/mL concentrations of creatine 
were measured on day 1 after one hour of incubation. The rate of cell 
proliferation was measured on days 4 and 7 and compared to its own 
day 1. Statistical analysis was used to compare the proliferation results 
between the day 7 conditions. The images of cells were captured using 
a fluorescent microscope and cell morphology was compared between 
different test conditions on different days.

The 325µg/mL concentration of creatine had the lowest rate 
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of initial adhesion so it was used as 100% to compare to the other 
experimental conditions. The 32.5µg/mL creatine concentration had 
the greatest rate of initial adhesion (205%) which is slightly higher 
than control (194%). The 3.25µg/mL concentration of creatine 
(112%) had an almost similar rate of initial adhesion with 325µg/mL 
(100%) concentration of creatine. Figure 2C represents the rate of cell 
proliferation for L6 muscle cells on day 4 and day 7 compared to day 
1. Cell proliferation is expressed as a percentage of the number of 
cells present on day 1 (100%) therefore day 4, and day 7 is expressed 
as a percentage of the number of cells present compared to day 1. 
The 325µg/mL concentration of creatine, had the highest proliferation 
rate compared to the other experimental conditions followed by the 
3.25µg/mL concentration of creatine. 32.5µg/mL concentrations 
of creatine had the lowest rate of proliferation when compared to 
the other experimental conditions of creatine but more than the 
control. L6 muscle cells grown in the control condition displayed 
the lowest rate of cell proliferation among all test conditions. Figure 
2D represents the morphology of L6 muscle cells. On day 1, cells 
on different experimental conditions look round in shape and cells in 
media condition and at 32.5µg/mL concentrations of creatine appear 
to be more in number when compared to other test conditions. On 
day 4, cells were more elongated, spindle-shaped and numerous when 
compared to day 1. Cells in the presence of creatine conditions look 
more confluent compared to media condition. On day 7, cells appear 
to be wider in appearance when compared to day 4. Cells with 3.25µg/
mL and 325µg/mL concentrations of creatine are more confluent 
compared to media condition.

Figure 2 (C) L6 cells were seeded at an initial density of 10,000 per well 
in concentrations of either creatine (3.25µg/mL), creatine (32.5µg/mL) or 
creatine (325µg/mL) for seven days in an incubator at 37℃ with 5% CO₂. 
On day 1, after an hour of incubation, day 4, and day 7 measurements of 
proliferation were taken. During those reading, cells were treated with calcein 
and analyzed using a FilterMax F5 Microplate Reader.

Overall, the results of initial adhesion confirmed the presence 
of L6 muscle cells on day 1. For certain conditions, the presence 
of creatine decreases the rate of initial adhesion whereas for some 
conditions it increases. Although there was no trend observed between 
creatine concentrations and the rate of initial adhesion. The results of 
cell proliferation showed L6 muscle cells exhibited an increase in the 
rate of cell proliferation in the presence of creatine. Cell morphology 
images confirmed that on day 4 and day 7, cells proliferate more 
and become more numerous when compared to day 1 and reach 
confluency on day 7. 

Figure 2 (D) Images were taken of L6 cells at 4x magnification using a 
Olympus® 1X71 fluorescent microscope and Cy3 filter. The statistical analysis 
on the data was presented with the mean±standard deviation (SD). A Paired 
Student t-Test was used between the study groups to determine significance of 
observed differences. A p-value of <0.05 is considered statistically significant.

Figure 2 Effect of Creatine on HFF-1 and L6 Cells.

Effect of turmeric on fibroblast and L6 muscle cells

Effect of turmeric on fibroblast cells

Initial adhesion at which cells attach to the surface of the well 
was measured on day 1 after one hour of incubation with different 
concentrations of turmeric. The HFF-1 cells at an initial density of 
10,000 cells per well were seeded onto collagen-coated (10µg/mL) 
plate. Cell proliferation with different concentrations of turmeric was 
measured on day 4 and day 7 and compared to day 1. Fluorescent 
staining with calcein was performed on days 1, 4 and 7 plates to 
analyze the data and morphology of cells. This analysis was then used 
to compare the results obtained on different days within different test 
conditions.

The control showed the highest rate of initial adhesion (135%) 
whereas 4.62µg/mL and 23.1µg/mL concentration of turmeric 
showed the lowest rate of initial adhesion (102%, 100%). 46.2µg/mL 
concentration of turmeric had the second highest amount (115%) of 
initial adhesion. It can be seen that in the presence of turmeric there is 
a decreased trend of initial adhesion compared to control. The P-value 
is greater than 0.05 and there is a larger standard deviation bar for 
initial adhesion results also none are statistically significant. Figure 
3A represents the rate of cell proliferation for HFF cells with different 
concentrations of turmeric. The control showed the lowest rate of cell 
proliferation whereas all other experimental conditions in the presence 
of turmeric showed increase in the rate of cell proliferation on day 
4 and day 7. The 4.62µg/mL concentration of turmeric showed the 
highest rate of HFF-1 cell proliferation on day 7 this was followed by 
23.1µg/mL concentrations of turmeric. 46.2µg/mL concentrations of 
turmeric showed a decrease in the rate of cell proliferation compared 
to 4.62µg/mL and 23.1µg/mL concentrations of turmeric. There is an 
increasing trend of proliferation between the presence of turmeric and 
HFF-1.

Overall, the results of initial adhesion confirmed the presence of 
cells on day 1. It was observed for HFF -1 cells, in the presence of 
turmeric, rate of initial adhesion decreases and cell proliferation rate 
increases. On day 1, cells appeared to be round in shape and on days 
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4 and 7 they become oblong and elongated in shape and were more 
numerous when compared to day 1 (Figure 3B).

Figure 3 (A) HFF-1 cells were seeded at an initial density of 10,000 per 
well in concentrations of either turmeric (4.6µg/mL, 1X), turmeric (23.1µg/mL, 
5X), or turmeric (46.2µg/mL, 10X) for seven days in an incubator at 37℃ with 
5% CO₂. On day 1, after an hour of incubation, day 4, and day 7 measurements 
of proliferation were taken. During those reading, cells were treated with 
calcein and analyzed using a FilterMax F5 Microplate Reader.

Figure 3 (B) Images were taken of HFF-1 cells at 4x magnification using a 
Olympus® 1X71 fluorescent microscope and Cy3 filter.

Effect of turmeric on L6 muscle cells

The rate of initial adhesion was examined first. Cells were 
seeded with an initial density of 10,000 cells per well with different 
concentrations of turmeric on 24 well plate coated with collagen 
(10µg/mL). Cell proliferation was examined on days 4 and 7 and then 
compared to day 1. Calcein-AM staining was performed on HFF-1 
cells on days 1, 4 and 7 to study the morphology of cells.

 From initial adhesion, it was observed that the control displayed 
the lowest rate of initial adhesion among all other test conditions and 
hence it was considered as 100%. 4.62µg/mL and 23.1µg/mL turmeric 
concentration showed similar rate of initial adhesion (122%, 123%). 
The 46.2µg/mL turmeric concentration showed 107% of initial 

adhesion. An increasing trend of adhesion was observed between the 
presence of turmeric and L6 muscle cells. Figure 3C shows the results 
of L6 cell proliferation. Cell proliferation is expressed as a percentage 
of the number of cells present on day 1 (100%) and therefore days 4 and 
7 are expressed as a percentage of the number of cells present compared 
to day 1. The 23.1µg/mL turmeric concentration showed the highest 
rate of cell proliferation among all experimental conditions followed 
by 46.2µg/mL concentration of turmeric. 4.62µg/mL concentration 
of turmeric showed the lowest rate of cell proliferation among all 
experimental conditions. The control showed a slightly higher rate of 
proliferation compared to 4.62µg/mL concentration of turmeric but 
still lower than 46.2µg/mL and 23.1µg/mL concentrations. 

Cell morphology for L6 muscle cells is seen in Figure 3D. L6 
muscle cells on day 1 appear circular and a showed a similar size to 
other cells observed at all test conditions. Cell images on day 1 appear 
nearly similar in shape when compared to different test conditions. Day 
4 and day 7 images of cells at 23.1µg/mL and 46.2µg/mL condition 
appear more confluent compared to the other two conditions which 
reflect the results of cell proliferation from Figure 3C. A spindle-like 
shape for the cells is observed on day 4 and day 7. Day 7 cells are 
elongated in shape like day 4 but appear to have empty spots present.

Figure 3 (C) L6 cells were seeded at an initial density of 10,000 per well 
in concentrations of either turmeric (4.6µg/mL), turmeric (23.1µg/mL), or 
turmeric (46.2µg/mL) for seven days in an incubator at 37℃ with 5% CO₂. 
On day 1, after an hour of incubation, day 4, and day 7 measurements of 
proliferation were taken. During those reading, cells were treated with calcein 
and analyzed using a FilterMax F5 Microplate Reader.

Figure 3 (D) Images were taken of L6 cells at 4x magnification using a 
Olympus® 1X71 fluorescent microscope and Cy3 filter. The statistical analysis 
on the data was presented with the mean±standard deviation (SD). A Paired 
Student t-Test was used between the study groups to determine significance of 
observed differences. A p-value of <0.05 is considered statistically significant.

Figure 3 Effect of Turmeric on HFF-1 and L6 Cells.
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Overall, the results of the experiment suggested that L6 muscle 
cells exhibited a higher rate of initial adhesion in the presence of 
turmeric. There was no trend observed between the presence of 
turmeric and L6 muscle cells proliferation rate. The fluorescent 
images of cells reinforced that cell proliferation rate was increasing 
at higher concentrations of turmeric and it was decreasing at lower 
concentrations of turmeric when compared to the control. 

 Combined effect of creatine and turmeric on HFF-1 
and L6 muscle cells

Combined effect of creatine and turmeric on HFF-1 cells

At first, the rate of initial adhesion was examined on day 1 after one 
hour of incubation. HFF-1 cells were seeded with an initial density of 
10,000 cells per well with different concentrations of either creatine, 
turmeric, or both components combined. The cell proliferation was 
examined on days 4 and 7 and compared to day 1. Calcein-AM 
staining was performed on HFF-1 cells on days 1, 4 and 7 to study the 
morphology of cells.

The initial adhesion is compared from day 1 data between different 
test conditions to the lowest initial adhesion percentage which was 
observed in 92.5µg/mL of turmeric. 92.5µg/mL of turmeric initial 
adhesion was considered as 100% for comparison between different 
test conditions. The 650µg/mL creatine combined with 92.5µg/mL 
turmeric showed the highest rate of initial adhesion (140%). 650µg/
mL creatine and 92.5µg/mL of turmeric when treated separately 
have a similar rate of initial adhesion (102%, 100%). The control 
showed 111% of initial adhesion. Creatine or turmeric when treated 
separately, had their initial adhesion decrease whereas when both of 
them were combined together, the rate of initial adhesion increases 
for HFF-1 cells. Figure 4A shows the results of cell proliferation for 
HFF-1 cells on 24 well plates initially coated with collagen. Cells 
were seeded with either regular media or in different concentration 
of creatine, turmeric, or both combined and observed at days 1, 4, 
and 7. The control shows the lowest rate of cell proliferation among 
all conditions. The 650µg/mL of creatine had the highest rate of cell 
proliferation followed by 92.5µg/mL concentration of turmeric. The 
650µg/mL creatine and 92.5µg/mL turmeric together showed a lower 
rate of proliferation than the individual effect of creatine and turmeric. 
The day 7 results of different test conditions to were compared day 
7 of the control. The P-value was < 0.05 indicating that HFF-1 cell 
has lower proliferation at a combined concentration of creatine and 
turmeric and is lower than creatine alone or turmeric alone. Fluorescent 
staining with calcein was performed on days 1, 4 and 7 to study the 
morphology of cells. On day 1, cells appear round in shape and almost 
similar in number between different test conditions. On day 7, cells 
were more confluent, elongated and oblong in shape. On days 4 and 7, 
cells treated with just creatine or turmeric alone looks more confluent 
than combined treatment. Cells also look more flattened and showed 
a granular appearance. Overall, combining creatine and turmeric 
together increased initial adhesion and decreases cell proliferation rate 
of HFF-1 cells when compared to individual treatment of creatine or 
turmeric. Creatine treatment by itself is more effective than turmeric 
alone in increasing the proliferation of HFF-1 cells (Figure 4B). 

Combined effects of turmeric and creatine on L6 
muscle cells

Initial adhesion, proliferation, and morphology results were 
examined for L6 muscle cells. For initial adhesion, the data were 
obtained on day 1 one hour of incubation. Later on days 4 and 7, 
proliferation data were collected using a calcein treatment and read 
with a microplate reader. The calcein treatment also allowed for 

images to be taken on days 1, 4, and 7 of living cells (Figure 4C).

Figure 4 (A) HFF-1 cells were seeded at an initial density of 10,000 per 
well in concentrations of either creatine (650µg/mL), turmeric (92.5µg/mL), 
or both components combined (650µg/mL + 92.5µg/mL) for seven days in an 
incubator at 37℃ with 5% CO₂. On day 1, after an hour of incubation, day 4, 
and day 7 measurements of proliferation were taken. During those reading, 
cells were treated with calcein and analyzed using a FilterMax F5 Microplate 
Reader.

Figure 4 (B) Images were taken of HFF-1 cells at 4x magnification using a 
Olympus® 1X71 fluorescent microscope and Cy3 filter.

Figure 4 (C) L6 cells were seeded at an initial density of 10,000 per well in 
concentrations of either creatine (650µg/mL), turmeric (92.5µg/mL), or both 
components combined (650µg/mL + 92.5µg/mL)for seven days in an incubator 
at 37℃ with 5% CO₂. On day 1, after an hour of incubation, day 4, and day 7 
measurements of proliferation were taken. During those reading, cells were 
treated with calcein and analyzed using a FilterMax F5 Microplate Reader.
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It was observed that the control had the lowest initial adhesion 
(100%) and 650µg/mL concentration of creatine had the highest 
(186%) rate of initial adhesion among all experimental conditions. The 
92.5µg/mL concentration of turmeric had the second highest (155%) 
rate of initial adhesion. Whereas the combined treatment of 650µg/mL 
of creatine with 92.5µg/mL of turmeric had the lowest (114%) amount 
of initial adhesion amongst all the test conditions. Cell proliferation 
can be seen in Figure 4D, creatine (650µg/mL) with turmeric (92.5µg/
mL) had the highest rate of cell proliferation. The control and 92.5µg/
mL treatment of turmeric had a very similar amount of proliferation. 
While the 650µg/mL concentration of creatine had the lowest rate of 
proliferation for the period of seven days. Cell morphology was very 
similar across all conditions for day 1. On day 1, the cells were circular 
in shape. On day 4, the cells began to have a more elongated shape 
and were more numerous when compared to day 1 cells. Combined 
treatment of creatine with turmeric looks more confluent on day 7 
compared to all other test conditions. Day 7 cells are similar in shape 
to day 4 but are even more numerous.

Figure 4 (D) Images were taken of L6 cells at 4x magnification using a 
Olympus® 1X71 fluorescent microscope and Cy3 filter. The statistical analysis 
on the data was presented with the mean±standard deviation (SD). A Paired 
Student t-Test was used between the study groups to determine significance of 
observed differences. A p-value of <0.05 is considered statistically significant.

Figure 4 Effect of Turmeric, Creatine, and Both Combined on HFF-1 and L6 
Cells.

The results for initial adhesion showed that the combined 
treatment of creatine and turmeric for L6 muscle cells allowed for less 
initial adhesion than these individual components by themselves. The 
creatine and turmeric by themselves allowed for more initial adhesion. 
Cell proliferation for L6 cells shows increased in proliferation in 
the presence of creatine with turmeric (combined treatment) and 
decreased in proliferation when treated separately. Cell morphology 
was similar amongst all conditions and the control on day 1 but cells 
look more confluent on day 7 for combined treatment.

Discussion
Creatine and turmeric are used for different purposes and their use 

as an oral supplement is growing remarkably.23,24 It has been proven 
that creatine has multiple properties, it improves energy performance 
and also acts as an antioxidant.25,26 Turmeric has anti-inflammatory 
and antioxidant properties. 8,9,27 Creatine and turmeric are also used in 
skin cosmetics for topical formulations.28,29 One of the recent research 
study indicated that the topical formulation of folic acid and creatine 
appears to be a viable treatment option for the treatment of photo-
damaged skin.30

Creatine and turmeric are an active area of research and most of 
the research studies are focused on their medicinal and therapeutic 
properties either in human or animal models.31– 33 It is equally 
important to perform in vitro studies of these supplements at a 

cellular level before using them in animal models or in clinical trials. 
In this study, we have examined the effects of creatine and turmeric 
separately and in combination on muscle (L6) and non-muscle (HFF-
1) cells. Creatine is a popular and well-researched supplement mostly 
used during exercise.2 Turmeric may also help in the management of 
inflammation-induced after exercise and can also improve recovery 
and exercise performance.8

Most people take creatine and turmeric as separate supplements 
without knowing their health benefit and hence the researchers were 
interested to check the separate and combined impact of these two 
on muscle and non-muscle cells performance. Initially, for this study, 
collagen or fibronectin was tested as a matrix to better understand how 
fibroblast (non-muscle) cells interact with the ECM through integrins. 
Collagen at a concentration of 10µg/mL provided a better environment 
compared to fibronectin for HFF-1 cells to proliferate. The first 
possible reason for this could be (α1β1, α2β1) type of integrin that was 
present on the surface of an activated fibroblast cell which interacts 
with GFOGER sequence in collagen and this causes direct binding of 
collagen to the integrin of cell surface and helps to proliferate fibroblast 
cells on a collagen matrix.34 Fibronectin binding is important for tissue 
regeneration35 and hence collagen was consistently used to coat plates 
throughout this study for cell proliferation assays of both muscle and 
non-muscle cells. Cell proliferation assays were performed at varying 
concentrations of creatine and turmeric. Creatine as well as turmeric 
have limited solubility in water. Therefore, they were both initially 
tested at lower concentration ranges on muscle and non-muscle cell 
lines. In this study, creatine only treatment on muscle cells showed 
a higher rate of proliferation than non-muscle cells and in contrast 
turmeric only treatment displayed a higher rate of proliferation on 
non-muscle cells than a muscle cell. This differential cell behavior 
between the creatine treatment and turmeric treatment for muscle 
and non-muscle cells could be due to their anti-inflammatory and 
antioxidant properties.3,8,36 

Creatine is known for its property of increasing ATP synthesis and 
may cause an increase in muscle cell growth.2,5 Creatine’s effect of 
increasing ATP synthesis was reinforced by observing the increased 
proliferation rates seen in L6 muscle cells. This increase in ATP 
synthesis may aid non-muscle cells in reaching confluency before day 
7, resulting in contact inhibition and decrease the cell growth for non-
muscle cells. It also suggest that muscle cells needed more energy 
compared to non-muscle cells. The decrease in HFF-1 proliferation 
also might be due to the antioxidant property of creatine.3 The tested 
concentrations of creatine may act as an antioxidant on non-muscle 
cells by blocking oxidative pathways of cells and resulted in cell 
inhibition. Our results suggest that creatine has multiple roles, on 
muscle cells causing energy generation and on non-muscle cells it 
may act as an antioxidant. Non-muscle cells (HFF-1) showed a better 
rate of cell proliferation with turmeric when compared to muscle 
cells. This increase in proliferation could be attributed to the anti-
inflammatory property of turmeric. The concentration ranges for 
the combined study were selected based on the individual impact of 
creatine and turmeric on fibroblast cells (non-muscle). DMSO was 
used as a solvent to dissolve turmeric while checking the effect of 
turmeric. Therefore, for testing the combined effect of creatine 
and turmeric DMSO was used as a vehicle for all experimental 
conditions. DMSO is cytotoxic in nature and the presence of DMSO 
may decrease survival and viability of cells. Therefore, creatine and 
turmeric concentrations were increased (650µg/mL and 92.5µg/
mL) for testing their combined effect on both the cell lines. For 
the combined treatment, a difference in treatment response was 
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observed for both muscle and non-muscle cell line. Non-muscle cells 
showed a significant increase in proliferation rate compared to the 
muscle cell. The combined treatment on non-muscle cells showed an 
increase in the proliferation rate of non-muscle cells after 7 days of 
treatment with creatine or turmeric alone. Creatine alone caused an 
increase in proliferation than turmeric alone for a 7 days period. The 
combination treatment had a lower proliferation rate than creatine 
and turmeric alone. The combined treatment for muscle cells had a 
higher proliferation rate than creatine or turmeric alone. Turmeric 
alone showed better proliferation than creatine alone for a 7 days 
period although results were not statistically significant. The energy 
generation or antioxidant property of creatine and anti-inflammatory 
or antioxidant property of turmeric may be involved in the varying 
effect of creatine and turmeric on the proliferation of muscle and non-
muscle cell line.2,3,9,37 However, other factors such as the nature of cell 
line may also be responsible for this behavior. This data suggested 
that the effect of creatine and turmeric are vastly different on muscle 
and non-muscle cell lines and an alternate approach may be needed 
for studying them. Although the results of this experiment at a cellular 
level are not promising, increased use of creatine and turmeric as a 
supplement lead us to think whether they should be used separately or 
in a combined manner for their potential health benefit. There was no 
significant effect observed for the combined treatment on muscle cell 
which suggested that a combination of turmeric and creatine may not 
be effective in post-workout recovery although there was a significant 
effect observed for non-muscle cell proliferation (fibroblast) for 
combined treatment. This may suggest that creatine and turmeric 
together may be beneficial for use in skin cosmetics formulations such 
as anti-aging cream. The combined effect of creatine and turmeric can 
also be checked on normal, wounded and diseased skin cells. Creatine 
has multiple roles, antioxidant property of creatine can also be tested 
in presence of potential oxidising agent such as hydrogen peroxide on 
muscle and non-muscle cells. Creatine effects can also be checked on 
neuronal cell lines in order to understand the role of creatine in the 
central nervous system. 

Acknowledgments
None

Conflicts of interest
The author declares there are no conflicts of interest.

References
1.	 Cooper R, Naclerio F, Allgrove J, et al. Creatine supplementation with 

specific view to exercise/sports performance: an update. Journal of the 
International Society of Sports Nutrition. 2012;9(1):33.

2.	 Zhang Y, Li H, Wang X, et al. Regulation of T Cell Development and 
Activation by Creatine Kinase B. PLoS ONE, 2009;4(4). 

3.	 Araujo MB, Moura LP, Junior RC, et al. Creatine supplementation and 
oxidative stress in rat liver. Journal of the International Society of Sports 
Nutrition. 2016;10(1). 

4.	 Kreider RB. Effects of creatine supplementation on performance and 
training adaptations. Guanidino Compounds in Biology and Medicine. 
2003;p. 89–94. 

5.	 Butts J, Jacobs B, Silvis M. Creatine Use in Sports. Sports health. 
2018;10(1):31–34. 

6.	 Arkel M, Garbati P, Salis A, et al. A Novel Method to Synthesize 
Phosphocreatine and Phosphocreatine Prodrugs. Med Chem. 
2018;14(4):387–393.

7.	 Aggarwal BB, Kumar A, Bharti AC. Anticancer potential of curcumin: 
preclinical and clinical studies. Anticancer Res. 2003;23(1A):363–398.

8.	 Hewlings S, Kalman. D. Curcumin: A Review of Its’ Effects on Human 
Health. Foods. 2017;6(10):92.

9.	 Akbik D, Ghadiri M, Chrzanowski W, et al. Curcumin as a wound healing 
agent. Life Sci. 2014;116(1):1–7.

10.	Walters DK, Muff R, Langsam B, et al. Cytotoxic effects of curcumin on 
osteosarcoma cell lines. Invest New Drugs. 20087;26(4):289–297. 

11.	 Barbieri E, Guescini M, Calcabrini C, et al. Creatine Prevents the 
Structural and Functional Damage to Mitochondria in Myogenic, 
Oxidatively Stressed C2C12 Cells and Restores Their Differentiation 
Capacity. Oxidative medicine and cellular longevity, 2016;5152029:1.

12.	Kossler S, Nofziger C, Jakab M, et al. Curcumin affects cell survival and 
cell volume regulation in human renal and intestinal cells. Toxicology. 
2012;292(2–3):123–135. 

13.	HFF-1 (ATCC® SCRC-1041™), ATCC.

14.	Da Rocha-Azevedo B, Ho CH, Grinnell F. Fibroblast cluster formation 
on 3D collagen matrices requires cell contraction dependent fibronectin 
matrix organization. Experimental cell research. 2013;319(4):546–555.

15.	Eckhart K,Vaghasia N, Kniseley A, et al. The effect of soft drink on 
proliferation, cell cycle analysis, and integrin expression of human 
foreskin fibroblast. Journal of Applied Biotechnology & Bioengineering. 
2018;5(4):212‒220. 

16.	Darby IA, Laverdet B, Bonté F, et al. Fibroblasts and myofibroblasts in 
wound healing. Clin Cosmet Investig Dermatol. 2014;7:301–311. 

17.	Favero G, Rodella LF, Nardo L, et al. A comparison of melatonin and 
α-lipoic acid in the induction of antioxidant defences in L6 rat skeletal 
muscle cells. Age (Dord). 2015;37(4):9824. 

18.	Squire JM, Paul DM, Morris EP. Myosin and Actin Filaments in Muscle: 
Structures and Interactions. In: Parry D, Squire J, editors. Fibrous Proteins: 
Structures and Mechanisms. Subcellular Biochemistry. 2017;82:31919–
371.

19.	ATCC® CRL 1458™), ATCC.

20.	Bentzinger CF, Wang YX, Rudnicki MA. Building muscle: molecular 
regulation of myogenesis. Cold Spring Harb Perspect Biol. 
2012;4(2):a008342. 

21.	Sanger JM, Sanger JW. Recent advances in muscle research. Anatomical 
record (Hoboken). 2014;297(9):1539–1542. 

22.	Gillies AR, Lieber RL. Structure and function of the skeletal muscle 
extracellular matrix. Muscle & nerve. 2011;44(3):318–331. 

23.	Buford TW, Kreider RB, Stout JR, et al. International Society of Sports 
Nutrition position stand: creatine supplementation and exercise. Journal 
of the International Society of Sports Nutrition. 2007;4:6.

24.	Daily JW, Yang M, Park S. Efficacy of Turmeric Extracts and Curcumin 
for Alleviating the Symptoms of Joint Arthritis: A Systematic Review and 
Meta-Analysis of Randomized Clinical Trials. Journal of medicinal food, 
2016;19(8):717–729. 

25.	Riesberg LA, Weed SA, McDonald TL, et al. Beyond muscles: The 
untapped potential of creatine. Int immunopharmacol. 2016;37:31–42.

26.	Guescini M, Tiano L, Genova ML, et al. The Combination of Physical 
Exercise with Muscle-Directed Antioxidants to Counteract Sarcopenia: 

https://doi.org/10.15406/jabb.2019.06.00189
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-9-33
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-9-33
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-9-33
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005000
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0005000
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-10-54
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-10-54
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-10-54
https://link.springer.com/chapter/10.1007/978-1-4615-0247-0_13
https://link.springer.com/chapter/10.1007/978-1-4615-0247-0_13
https://link.springer.com/chapter/10.1007/978-1-4615-0247-0_13
https://www.ncbi.nlm.nih.gov/pubmed/29059531
https://www.ncbi.nlm.nih.gov/pubmed/29059531
https://www.ncbi.nlm.nih.gov/pubmed/29165089
https://www.ncbi.nlm.nih.gov/pubmed/29165089
https://www.ncbi.nlm.nih.gov/pubmed/29165089
https://www.ncbi.nlm.nih.gov/pubmed/12680238
https://www.ncbi.nlm.nih.gov/pubmed/12680238
https://www.ncbi.nlm.nih.gov/pubmed/29065496
https://www.ncbi.nlm.nih.gov/pubmed/29065496
https://www.ncbi.nlm.nih.gov/pubmed/25200875
https://www.ncbi.nlm.nih.gov/pubmed/25200875
https://www.ncbi.nlm.nih.gov/pubmed/18071634
https://www.ncbi.nlm.nih.gov/pubmed/18071634
https://www.hindawi.com/journals/omcl/2016/5152029/
https://www.hindawi.com/journals/omcl/2016/5152029/
https://www.hindawi.com/journals/omcl/2016/5152029/
https://www.hindawi.com/journals/omcl/2016/5152029/
https://www.ncbi.nlm.nih.gov/pubmed/22178266
https://www.ncbi.nlm.nih.gov/pubmed/22178266
https://www.ncbi.nlm.nih.gov/pubmed/22178266
https://www.atcc.org/products/all/SCRC-1041
https://www.ncbi.nlm.nih.gov/pubmed/23117111
https://www.ncbi.nlm.nih.gov/pubmed/23117111
https://www.ncbi.nlm.nih.gov/pubmed/23117111
https://medcraveonline.com/JABB/JABB-05-00140
https://medcraveonline.com/JABB/JABB-05-00140
https://medcraveonline.com/JABB/JABB-05-00140
https://medcraveonline.com/JABB/JABB-05-00140
https://www.ncbi.nlm.nih.gov/pubmed/25395868
https://www.ncbi.nlm.nih.gov/pubmed/25395868
https://www.ncbi.nlm.nih.gov/pubmed/26250907
https://www.ncbi.nlm.nih.gov/pubmed/26250907
https://www.ncbi.nlm.nih.gov/pubmed/26250907
https://www.ncbi.nlm.nih.gov/pubmed/28101867
https://www.ncbi.nlm.nih.gov/pubmed/28101867
https://www.ncbi.nlm.nih.gov/pubmed/28101867
https://www.ncbi.nlm.nih.gov/pubmed/28101867
https://www.ncbi.nlm.nih.gov/pubmed/22300977
https://www.ncbi.nlm.nih.gov/pubmed/22300977
https://www.ncbi.nlm.nih.gov/pubmed/22300977
https://www.ncbi.nlm.nih.gov/pubmed/25125167
https://www.ncbi.nlm.nih.gov/pubmed/25125167
https://www.ncbi.nlm.nih.gov/pubmed/21949456
https://www.ncbi.nlm.nih.gov/pubmed/21949456
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-4-6
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-4-6
https://jissn.biomedcentral.com/articles/10.1186/1550-2783-4-6
https://www.ncbi.nlm.nih.gov/pubmed/27533649
https://www.ncbi.nlm.nih.gov/pubmed/27533649
https://www.ncbi.nlm.nih.gov/pubmed/27533649
https://www.ncbi.nlm.nih.gov/pubmed/27533649
https://www.ncbi.nlm.nih.gov/pubmed/26778152
https://www.ncbi.nlm.nih.gov/pubmed/26778152
https://www.hindawi.com/journals/omcl/2017/7083049/
https://www.hindawi.com/journals/omcl/2017/7083049/


Effect of creatine and turmeric on muscle and non-muscle cells 169
Copyright:

©2019 Calixto et al.

Citation: Calixto V, Benjamin H, Shital P, et al. Effect of creatine and turmeric on muscle and non-muscle cells. J Appl Biotechnol Bioeng. 2019;6(4):160‒169. 
DOI: 10.15406/jabb.2019.06.00189

A Biomedical Rationale for Pleiotropic Treatment with Creatine 
and Coenzyme Q10. Oxidative medicine and cellular longevity. 
2017;7083049:19.

27.	Ramadan G, Al-Kahtani MA, El-Sayed WM. Anti-inflammatory 
and antioxidant properties of Curcuma longa (turmeric) versus 
Zingiber officinale (ginger) rhizomes in rat adjuvant-induced arthritis. 
Inflammation. 2011;34(4):291–301.

28.	  Peirano RI, Achterberg V, Düsing HJ, et al. Dermal penetration of creatine 
from a face-care formulation containing creatine, guarana and glycerol is 
linked to effective anti-wrinkle and anti-aging efficacy in male subjects. J 
Cosmet Dermatol. 2011;10(4):273–281. 

29.	Vaughn AR, Branum A, Sivamani RK. Effects of Turmeric (Curcuma 
longa) on Skin Health: A Systematic Review of the Clinical Evidence. 
Phytother Res. 201630(8):1243–1264. 

30.	Shamban AT. Current and New Treatments for Photodamaged Skin. 
Facial Plastic Surgery. 2009;25(5):337–346.

31.	  Funk JL, Frye JB, Oyarzo JN, et al. Anti-arthritic effects and toxicity of 
the essential oils of turmeric (Curcuma longa L.). J Agric Food Chem. 
2010;58(2):842–849. 

32.	Wenqi Xu, Donghai L, Caihua H. NMR-based metabolomic analysis 
for the effects of creatine supplementation on mouse myoblast cell line 
C2C12. Acta Biochimica et Biophysica Sinica. 2017;49(7):617–627. 

33.	Hemati F, Rahmani A, Asadollahi K, et al. Effects of Complementary 
Creatine Monohydrate and Physical Training on Inflammatory and 
Endothelial Dysfunction Markers Among Heart Failure Patients. Asian J 
Sports Med. 2016;7(1):e28578. 

34.	Zeltz C, Gullbeg D. The integrin-collagen connection--a glue for tissue 
repair? J Cell Sci. 2016;129(4):653–664. 

35.	Colombo E, Calcaterra F, Cappelletti M, et al. Comparison of Fibronectin 
and Collagen in Supporting the Isolation and Expansion of Endothelial 
Progenitor Cells from Human Adult Peripheral Blood. PloS one. 
2013;8(6):e66734.

36.	Somaiah C, Kumar A, Mawrie D, et al. Collagen Promotes Higher 
Adhesion, Survival and Proliferation of Mesenchymal Stem Cells. PloS 
one. 2015;10(12):e0145068. 

37.	Menon VP, Sudheer AR. Antioxidant and anti-inflammatory properties of 
curcumin. Adv Exp Med Biol. 2007;595:105–125.

https://doi.org/10.15406/jabb.2019.06.00189
https://www.hindawi.com/journals/omcl/2017/7083049/
https://www.hindawi.com/journals/omcl/2017/7083049/
https://www.hindawi.com/journals/omcl/2017/7083049/
https://www.ncbi.nlm.nih.gov/pubmed/21120596
https://www.ncbi.nlm.nih.gov/pubmed/21120596
https://www.ncbi.nlm.nih.gov/pubmed/21120596
https://www.ncbi.nlm.nih.gov/pubmed/21120596
https://www.ncbi.nlm.nih.gov/pubmed/22151935
https://www.ncbi.nlm.nih.gov/pubmed/22151935
https://www.ncbi.nlm.nih.gov/pubmed/22151935
https://www.ncbi.nlm.nih.gov/pubmed/22151935
https://www.ncbi.nlm.nih.gov/pubmed/27213821
https://www.ncbi.nlm.nih.gov/pubmed/27213821
https://www.ncbi.nlm.nih.gov/pubmed/27213821
https://www.ncbi.nlm.nih.gov/pubmed/20024876
https://www.ncbi.nlm.nih.gov/pubmed/20024876
https://www.ncbi.nlm.nih.gov/pubmed/20025215
https://www.ncbi.nlm.nih.gov/pubmed/20025215
https://www.ncbi.nlm.nih.gov/pubmed/20025215
https://www.ncbi.nlm.nih.gov/pubmed/28475656
https://www.ncbi.nlm.nih.gov/pubmed/28475656
https://www.ncbi.nlm.nih.gov/pubmed/28475656
https://www.ncbi.nlm.nih.gov/pubmed/27217930
https://www.ncbi.nlm.nih.gov/pubmed/27217930
https://www.ncbi.nlm.nih.gov/pubmed/27217930
https://www.ncbi.nlm.nih.gov/pubmed/27217930
https://www.ncbi.nlm.nih.gov/pubmed/26857815
https://www.ncbi.nlm.nih.gov/pubmed/26857815
https://www.ncbi.nlm.nih.gov/pubmed/23824996
https://www.ncbi.nlm.nih.gov/pubmed/23824996
https://www.ncbi.nlm.nih.gov/pubmed/23824996
https://www.ncbi.nlm.nih.gov/pubmed/23824996
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145068
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145068
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0145068
https://www.ncbi.nlm.nih.gov/pubmed/17569207
https://www.ncbi.nlm.nih.gov/pubmed/17569207

	Title
	Abstract
	Keywords
	Abbreviations:
	Introduction
	Materials and methods 
	HFF-1 and L6 -muscle cell culture 
	2D HFF-1 cell proliferation assay 
	Different concentrations of creatine 
	Different concentrations of turmeric  
	Creatine and turmeric combined effect 
	2D L6 muscle cell proliferation assay 
	Different concentrations of turmeric 
	Different concentrations of creatine and turmeric 
	HFF-1 and L6 muscle cell analysis 
	Statistical analysis 

	Results 
	Effect of collagen and fibronectin matrix on HFF-1 Cells 
	Effect of creatine on fibroblast and L6 muscle cells 
	Effect of creatine on L6 cells 
	Effect of turmeric on L6 muscle cells 
	 Combined effect of creatine and turmeric on HFF-1 and L6 muscle cells 
	Combined effects of turmeric and creatine on L6 muscle cells 

	Discussion 
	Acknowledgments 
	Conflicts of interest 
	References 
	Figure 1 (A)
	Figure 1 (B)
	Figure 1 
	Figure 2 (A)
	Figure 2 (B)
	Figure 2 (C)
	Figure 2 (D
	Figure 2 
	Figure 3 (A)
	Figure 3 (B)
	Figure 3 (C)
	Figure 3 (D)
	Figure 3
	Figure 4 (A)
	Figure 4 (B)
	Figure 4 (C)
	Figure 4 (D)
	Figure 4

