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Abstract:
BACKGROUND: Cell therapy and cell culture have received much attention in recent decades. 

Suitable cell growth requires growth supplements such as fetal bovine serum (FBS). FBS is 
component rich in nutrients, growth factors and supplementary compounds. However, FBS 
utilization has some limitations including mass production. Therefore, finding alternatives with 
the same growth promoting effects is inevitable.

OBJECTIVES: This study was designed to compare the effect of bovine platelet lysate (PL) and 
PRP on different cell lines as a cost effective and available alternative for FBS.

METHODS: Three conventional cell lines were investigated. Protein pattern of PL and platelet 
rich plasma (PRP) in comparison to FBS was determined using SDS page electrophoresis, and 
MTT and plating efficiency of cell lines in presence of PL and PRP were evaluated.

RESULTS: The results demonstrated that platelet rich plasma and platelet lysate could increase 
cells’ viability similar to FBS. These results were significant in comparison with control group.

CONCLUSIONS: It can be concluded that platelet lysate could be a valuable candidate to re-
place FBS in cell culture techniques, however, more studies should be done to understand its 
exact efficacy.
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Cell culture techniques have played an 
important role in cell biology and biomed-
ical sciences in recent years (Abbott, 2003; 
McKee & Komarova, 2017; Witzeneder et 
al., 2013). Moreover, these techniques have 
replaced animal experiments in many clini-
cal trials, however, production of high doses 
of cells is somewhat complicated (Abbott, 
2003; Witzeneder et al., 2013). Growth 
supplements are necessary for natural me-
tabolism, growth and mitogenicity of cells 
in culture conditions (Gershon, 1991). Fe-
tal bovine serum (FBS) has been the most 
valuable supplementary product in cell cul-
ture techniques for many years (Bieback et 
al., 2009; Davey, Monte, Galel, Tressler, & 
Barlow, 2016; Gstraunthaler, 2003; Heme-
da, Giebel, & Wagner, 2014; Kølle et al., 
2013). According to previous reports pro-
duction rate of FBS is about 500000 liters 
per year and this rate must increase each 
coming year (Brunner et al., 2010). Howev-
er, FBS application has become challenging 
in recent years (Bieback et al., 2009;  Rauch 
et al., 2011).  It is mostly due to produc-
tion limitations and variations in different 
batches of FBS. In addition, FBS might 
contain unwanted particles including en-
dotoxins and xenogenic proteins (Rauch et 
al., 2011; Witzeneder et al., 2013). Hence 
researches have been done to find appropri-
ate alternatives for FBS in cell culture and 
tissue engineering techniques (Bieback et 
al., 2009; Gstraunthaler, 2003; Kølle et al., 
2013; McKee & Komarova, 2017; Rauch et 
al., 2011; Witzeneder et al., 2013). 

Platelet rich plasma (PRP) is a blood de-
rived component rich in growth factors and 
cytokines such as platelet-derived growth 
factor [PDGF] and transforming growth 

factor beta (TGFß), epidermal growth fac-
tor (EGF) and basic fibroblast growth fac-
tor (bFGF) (de Vos et al., 2010; Marx et al., 
1998; Saucedo, Yaffe, Berschback, Hsu, & 
Kalainov, 2012; Schallmoser et al., 2007). 
It has been applied in bone and tissue heal-
ing and has gained interest in tissue and 
cell therapy (Marx, 2001).  Platelet lysate 
(PL), derived from PRP, is rich in growth 
factors as well and it has been called a po-
tential alternative to FBS in mesenchymal 
cell cultures (Capelli et al., 2007; Chevalli-
er et al., 2010; Iudicone et al., 2014). How-
ever, there is still the risk of transmission 
of pathogens through blood collecting and 
providing high concentrations of human 
platelet lysate is difficult and costly (Iudi-
cone et al., 2014). Thus, it is important to 
search for more cost effective and available 
products as an alternative to FBS. 

This study was designed to investigate 
the growth promoting effects of bovine 
PRP and PL on three conventional cell lines 
in comparison with FBS as possible nation-
al produced candidates for FBS substitution 
in Iran.

Materials and Methods

This study was conducted in veterinary 
biological products research group of Ac-
ademic center for Education, Culture and 
Research (ACECR), Tehran Organization. 

Blood collection: Sterile blood was col-
lected from Jugular vein of healthy calves, 
between 6-12 months old, kept in Mardabad 
Veterinary Research and Teaching Hospital, 
Faculty of Veterinary Medicine, University 
of Tehran. They were physically examined 
before blood collection by a veterinary in-
ternal medicine expert and their health was 
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confirmed. Sodium citrate 4% was used to 
avoid clot formation. Blood was transferred 
to laboratory under cool condition.

Preparation of PRP: PRP was obtained 
according to Akhundov et al method with 
minor modifications (Akhundov et al., 
2012). In brief blood was centrifuged at 
300g for 10 min. The supernatant containing 
platelets were collected and centrifuged for 
another 10 min in 1800g. The upper half of 
the supernatant was removed and cell pellet 
was resuspended in the remaining plasma. 

Preparation of platelet lysate: Platelet 
lysate was prepared according to Schall-
moser and Strunk method (Schallmoser & 
Strunk, 2009). First, PRP was prepared and 
kept at -20 °C. Platelets were lysed by put-
ting frozen PRP for 10 min at room tem-
perature and then two hours at 37 °C bath. 
Platelets were centrifuged at 4000 g, 4 °C 
for 15 min in order to remove cell parti-
cles. Supernatant was collected and sterile 
filtered using 0.22µ membrane filter. Hep-
arin solution (0/002U/L, AlborzDarouCo 
Production, Iran) was added to prevent gel 
formation in culture condition. 

Quality control (Sterility test): Micro-
bial contamination was examined by cultur-
ing 100 µl of PRP and PL on blood agar and 
Sabouraud’s dextrose agar (Merck, Germa-
ny). Samples were incubated at 37 °C. Any 
bacterial and/or fungal growth was investi-
gated for seven days. 

Evaluating the amount of platelets: 
Amount of platelets in PRP and PL were 
measured by hematology analyzer (Celltac, 
Nihonkohden, MEK-650) according to user 
instructions. 

Protein measurement using Bradford 
method: Total protein in PRP and PL was 
measured using Bradford method. In brief 
absorption of each sample in presence of 

Bradford reagent was read at 595nm. Total 
protein was calculated from standard curve 
linear equation (Bradford, 1976).  

Gel electrophoresis (SDS-PAGE): 
SDS-PAGE electrophoresis was used to 
compare protein patterns of PRP, PL and 
FBS. Resolving and stacking gels concen-
trations were 10% and 4% respectively. 
15 µl of each diluted sample was added to 
SDS-PAGE wells. Protein marker covering 
molecular weights from 10-250 KDa was 
added to a single well, too. Electrophore-
sis was done on 80v voltage for 90min. Gel 
was fixed on glutaraldehyde 5% and dyed 
with Coomassie brilliant blue G for 20min. 
Gel was destained by acetic acid 10% for 
3h (Su, Kuo, Tseng, Su, & Burnouf, 2009). 
Molecular weight and protein patterns of 
samples were determined comparing sam-
ple bonds with protein marker. 

Growth promoting effect of PRP and 
PL on different cell lines (Cell line prepa-
ration): Three cell lines with different mor-
phology characteristics including NIH/3T3 
(fibroblastic), MDBK (epithelial) and Jur-
kat (lymphoblastoid) were purchased from 
Iranian Biological Research Center. Cells 
were cultured on high glucose DMEM me-
dium containing 5% FBS and kept at 37 °C 
incubator with 5% CO2 before use. 

MTT assay: This method was used to 
evaluate cells viability/proliferation (Coel-
ho, Cabral, & Fernandes, 2000). Different 
Cell lines were trypsinized and adjusted to 
106cells/ml. 100µl of cell suspension was 
added to each well of a 96 well plate. Then 
100 µl of DMEM media containing concen-
tration of 0, 5 and 10% of PRP, PL, and FBS 
in replicates of three was added to each well. 
Cells were incubated at 37 °C, 5% CO2 for 
24h. At the end of 24h, plates were centri-
fuged and media was removed. 100 µl of 
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MTT reagent (0.5mg/ml PBS) was poured 
to each well and cells were incubated at 
37 °C, 5% CO2 for another 4 h. Then 100 
µl isopropanol was added to wells to stop 
the reaction and well absorbance was read 
at 540nm. Below formula was used to de-
termine viability of each cell line. All tests 
were done in three replicates.

 Plating or cloning efficacy test: Dif-
ferent cell lines were cultured on DMEM 
medium and their number was adjusted to 
3×103 cells /ml. The concentrations of 0, 
5 and 10% of FBS, PRP and PL were add-
ed to each well of 6 well plates containing 
DMEM media in replicates of three. 0.1 ml 
of the prepared cell suspension (300 cells) 
was added into each well and plates were 
kept at 37 °C, 5% CO2 for eight days. After 
this time, culture media was removed and 
adhered cells were washed by PBS. Wells 
were stained with 1% methylene blue for 
30 min and then the dye was removed and 
plates were washed with PBS. Number of 
colonies formed by each cell line was count-
ed. Platting efficiency (PE) was calculated 
using the following formula:

PE (%) = (Colonies Counted / Cells Inoc-

ulated) x 100 
(Taylor, Richter, Evans, & Sanford, 1974; 

Rheinwatd & Green, 1975)
Statistical analysis: Data were analyzed 

using SPSS software version 21. All numer-
ical data are expressed as mean and stan-
dard deviation has been calculated. One 
way ANOVA and Dunnett’s post hoc test 
were applied to investigate possible signif-
icant differences. Values of P<0.05 were 
considered significant. 

Results

SDS-PAGE analysis and protein mea-
surement: Total protein of PRP and PL 
was 52 and 50 mg/ml respectively. These 
amounts are equal to protein content of 
FBS. Figure 1 shows the protein pattern 
of PRP, PL and FBS on polyacrylamide 
gel. According to this figure there is only a 
slight difference between protein bonds of 
PRP/PL and FBS. This difference is in the 
130Kd bond in which a bond is observed in 
PRP and PL electrophoresis. 

MTT assay: Viability of three different 
cell lines, NIH/3T3, MDBK and Jurkat was 
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Table1. The comparison between different concentration of FBS, PRP and PL on viability of studied cell lines. Data are 
shown as mean ± SE. *different letters indicates significant difference (P<0.05). ** Capital letters indicate significant dif-
ferences in 10% concentration of studied compounds, while small letters show significant differences in 5% concentrations.
Cell lines FBS Platelet lysate PRP

5% 10% 5% 10% 5% 10%
NIH/3T3 145.87±7.80a 160.24±6.58A 164.22±12.71a 225.08±4.28A** 149.54±14.83a 205.81±34.56A

MDBK 107.00±4.07b 124.90±1.24B 111.74±15.05b 167.14±17.48B 147.42±3.29a 146.90±1.24B

Jurkat 105.20±1.07b 114.50±2.01B 132.83±3.74c 187.47±2.18C 133.83±0.43b 182.21±4.35C

Table 2. Plating efficacy of NIH/3T3 and MDBK cell lines in presence of 5 and 10% FBS, PRP and PL. Data are shown as 
mean ± SE. *different letters indicates significant difference (P<0.05). **S=significant, NS=non significant. ***FBS: Fetal 
Bovine Serum, PRP: Platelet Rich Plasma, PL: Platelet Lysate.

Cell lines FBS PRP PL Control
5% 10% 5% 10% 5% 10%

NIH/3T3 16±0.0a 40±7.42bc 31.44±1,86b 70.78±16.70d 17.89±5.90a 53.8±30.08cd 0.44±0.88e
MDBK 16.33±11.92a 34.27±7.09b 13.17±1.33a 32.5±8.14b 31.33±5.55b 53.83±1.45c 0.5±0.57d
Significance NS NS S S S NS -
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determined using MTT assay and 5 and 10% 
concentrations of FBS, PRP and PL. Viabil-
ity percentage results are shown in Figs. 2, 
3 and 4. In NIH/3T3 cell line PL and PRP in 
concentrations of 5 and 10% could increase 
the viability of cells equal to FBS in com-
parison to non-treated cell (P<0.05). Com-
paring the viability rates of NIH/3T3 cells 
in PRP and PL groups in comparison to FBS 
as control, cell viability had grown in PRP 
and PL group, however, this increase was 
not significant (P>0.05). PL had the highest 
effect on NIH/3T3 cells.

In MDBK cells, PL in the concentration of 
5% could not significantly increase viability 
rate in comparison with the negative control 
group. All experimental groups had signifi-
cantly increased the viability rate of cells 
in concentration of 10% (P<0.05). Putting 
FBS as the positive control, both PRP and 
PL groups had significantly higher viabili-
ties (P<0.05); although in 5% concentration 
cells treated with PL had a viability equal 
to FBS (P>0.05). Interestingly, in 10% con-
centration PL had the highest viability rate 
among different groups while in 5% con-
centration PRP group hold the highest rank.

As for lymphoblastic cell line (Jurkat), 
in groups treated with 5% concentration of 

studied compositions, PRP and PL treat-
ed groups had the highest viability rates in 
comparison with the control group, howev-
er this difference was found significant only 
in 5% PRP concentration (P<0.05). Whilst 
in 10% concentrations, like MDBK cells the 
highest cell viability belonged to PL treat-
ed cells. The viability rate of cells treated 
with PRP and PL was significantly higher in 
the concentration of 10%, using FBS as the 
control for MTT calculations.

The effect of different concentrations of 
FBS, PRP and PL on all cell lines was stud-
ied as well. All compositions in concentra-
tions of 5 and 10% had the highest growth 
promoting rate on NIH/3T3 cells (P<0.05). 
Whereas the lowest growth promoting rate 
belonged to MDBK cell line in all under-
study compositions (Table 1). 

Plating efficacy test: Table 2 shows 
plating efficacy results of FBS, PRP and 
PL on two under study cell lines. Accord-
ing to these results, in NIH/3T3 cell line, 
cloning efficacy had increased in all treat-
ment groups (P>0.05). PRP at concentration 
of 5% showed highest colony formation 
(P<0.05). Although PL could induce more 
colonies in comparison to FBS, this differ-
ence was not significant (P>0.05). 

In contrast, in MDBK cell line, PL in-
duced most colonies in both concentrations 
(P<0.05) and although PRP treated group 
had more colony counts than FBS treated 
ones, no significant difference was observed 
between them (P>0.05). Since the appropri-
ate method to study plating efficacy test on 
Jurkat cells could not be performed. This 
test was not applicable for this cell line. 

Discussion

FBS has been used as a growth supple-
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Figure 1. Protein patterns of bovine platelet lysate (PL), 
platelet rich plasma (PRP) and FBS on SDS-PAGE.
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ment in cell culture techniques for more 
than 50 years (Mannello & Tonti, 2007). 
However, development of cell culture ap-
plication and limitations in FBS has in-
creased the need for a suitable alternative to 
FBS (Gstraunthaler, Lindl, & van der Valk, 
2013). Many researchers have studied the 
possible alternatives to FBS (Bieback et al., 
2009; Gstraunthaler, 2003; Gstraunthaler et 
al., 2013; Rauch et al., 2011). Some of these 
products have been commercialized as well 

(Cao et al, 2009). But there is still the lack 
of a cost effective easy to use compound 
which is similar to FBS in composition and 
could be used in culture of almost every cell 
line and stem cell. 

Platelets are known to have high levels 
of growth factors thus they could be an ef-
ficient replacement for FBS (Kølle et al., 
2013; Marx, 2001; Marx et al., 1998). Hu-
man platelet lysate has been investigated as 
FBS alternative in mesenchymal cells and 
promising results have been obtained (As-
tori et al., 2016; Capelli et al., 2007; Schall-
moser et al., 2007). However, a remarkable 
point in these studies is the lack of adequate 
blood donors in preparation of PL. It should 
be considered that expired platelets must be 
used with more caution because they could 
have gotten contaminated with pathogens 
and the derived lysate could be less efficient 
as well. By the way, Human PL availability 
is limited and it cannot be produced in large 
amounts. Our research studied calf Platelet 
lysate and PRP as potential alternatives to 
FBS; for this purpose composition and pro-
tein content of calf platelet lysate and PRP 
were compared to FBS and their effect on 
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Figure 2. Viability percentage of NIH/3T3 cells treated 
with different concentration of fetal bovine serum (FBS), 
Platelet lysate (PL) and Platelet rich plasma (PRP) in com-
parison with non-treated control measured by MTT assay. 
*different letters indicates significant difference (P<0.05)

Figure 4.Viability percentage of Jurkat cells treated with 
different concentration of fetal bovine serum (FBS), Plate-
let lysate (PL) and Platelet rich plasma (PRP) in compar-
ison with non-treated control by MTT assay. *different 
letters indicates significant difference (P<0.05)

Figure 3.Viability percentage of MDBK cells treated with 
different concentration of fetal bovine serum (FBS), Plate-
let lysate (PL) and Platelet rich plasma (PRP) in compar-
ison with non-treated control measured by MTT assay. 
*different letters indicates significant difference (P<0.05)
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proliferation and viability of the morpho-
logically different cell lines using routine 
concentrations was investigated. 

Our results demonstrated that protein con-
tent and composition of FBS, PL and PRP 
are very similar with a slight difference be-
tween 130 and 170 Kd region in which PRP 
and PL had an additional thick bond. This 
bond could be related to IgG, though further 
analysis is needed to identify the exact pro-
tein (Chou, Burnouf, & Wang, 2014). IgG 
might have negative results on therapeutic 
use of cell culture technique.

Studying the viability and proliferation 
of different cell lines treated with PL, PRP 
and FBS revealed that all treatment could 
significantly increase the viability of cell 
lines in comparison with the control group 
(P<0.05). No difference in gross morpholo-
gy of cells was observed. Interestingly PL 
had the highest viability percentage while 
PRP usage showed most colony formations. 
The effect of PL on NIH/3T3 (fibroblast 
like) cells was better in comparison with 
other cell lines and this finding is inconsis-
tent with other researches that studied the 
effect of human PL on mesenchymal cells 
(Capelli et al., 2007; Hemeda et al., 2014; 
Kølle et al., 2013; Schallmoser et al., 2007; 
Schallmoser & Strunk, 2009). Lower viabil-
ity rates in MTT test of FBS treated cells 
could be because this product provides a 
long term promoting support for cells and 
thus a short term experiment alone can-
not indicate FBS efficacies. In a study on 
equine platelet lysate, equine platelet lysate 
was added at concentrations of 5% to 60%, 
as an alternative to FBS, equine mesenchy-
mal stromal cells (MSC). No significant 
difference was found between PL and FBS 
cultured cells in concentrations up to 30%, 
however cell numbers reduced in higher PL 

concentrations. The authors concluded that 
equine PL is efficient for short term prolif-
eration of MSC (Russell & Koch, 2016). 
However, our results on plating efficiency 
of different cell lines demonstrate that PL 
and PRP are suitable for long term prolifer-
ation of cells as well. 

Huang et al. investigated the replacement 
of FBS with plasma derived from human 
umbilical cord blood (HCP) on endothelial 
colony forming cells (ECFC). These cells 
are very dependent on FBS for proliferation. 
They could successfully isolate and prolif-
erate human ECFC in vitro using a low con-
centration of HCP (1.5%) and no FBS sup-
plementation (Huang, Critser, Grimes, & 
Yoder, 2011). Since human umbilical blood 
is not available in large scale, it does not 
seem to be an appropriate replacement for 
FBS. Considering this limitation, calf serum 
and platelet lysate are more applicable. 

In a study in 2014 in Iran, the effect of 
human PRP as an alternative to FBS was 
investigated in the proliferation and differ-
entiation of mesenchymal stem cells. The 
results of this study showed a significant 
increase in the proliferation of mesenchy-
mal stem cells in PRP treated cells (Khos-
ravi, Mossavi, Parizadeh, & Aghagolzade 
Haji, 2014). Similar results were seen in our 
study as well and PRP was more efficient 
in colony forming of NIH/3T3 and MDBK 
cells than FBS.

In conclusion, our study illustrated the 
proper effects of calf derived PRP and PL on 
proliferation and colony formation of three 
cell lines. According to our results PL is 
more suitable alternative to FBS. Although 
more studies are needed to clarify safety of 
PL applications in cell culture techniques, 
its shelf life, and its exact composition. In 
addition, since FBS must be replaced with a 
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product which is more accessible and easier 
to be generated in high volumes, research-
es must be designed to determine the best 
method for high volume production. 
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مقایسه اثر لیزات پالکتی و پالسمای غنی از پالکت گوساله به عنوان محرک رشد بر 
میزان رشد و قابلیت حیات رده های مختلف سلولی

احمدعرفان منش1* دنیا نیک آئین2 طاهره مهاجرفر1

1( گروه پژوهشی فرآورده های بیولوژیک دامی، سازمان جهاددانشگاهی تهران جهاددانشگاهی، تهران ایران
2( مرکز تحقیقات قارچ شناسی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران

 )  دریافت مقاله: 10 بهمن ماه 1396،  پذیرش نهایی: 16 فروردین ماه 1397(

 چکیده 
زمینه مطالعه: ســلول درمانی و کشــت سلولی در دهه های اخیر توجه زیادی را به خود جلب کرده است. رشد مناسب سلول ها در 
محیط کشت نیازمند استفاده از مکمل های رشد مانند سرم جنین گاو )FBS( است. ترکیبFBS  غنی از مواد مغذی، فاکتورهای رشد 
و ترکیبات مکمل است. با این وجود استفاده از FBS محدودیت هایی دارد که از آن جمله تولید انبوه آن می باشد. بنابراین پیدا کردن 

جایگزینی با همان اثرات محرک رشد اجتناب ناپذیر است.
هدف: این مطالعه به منظور مقایسه اثر لیزات پالکتی گاو)PL(  و پالسمای غنی از پالکت )PRP( بر روی رده های مختلف سلولی 

به عنوان یک روش ارزان و موثر برای جایگزینی FBS  طراحی شده است. 
روش کار: در این مطالعه ســه رده ی ســلولی متعارف مورد بررسی قرار گرفتند. الگوی پروتئین PL و PRP در مقایسه با FBS با 

استفاده از الکتروفورز  SDS PAGE تعیین شد و MTT و قابلیت تشکیل کلونی در حضور PL و PRP به دست آمد.
نتایج: نتایج نشان داد که پالسمای غنی از پالکت و لیزات پالکتی می توانند حیات سلولی را مشابه با FBS افزایش دهند. این 

نتایج در مقایسه با گروه شاهد معنی دار بود.
نتیجه گیــری نهایــی: بنابراین می توان نتیجه گرفت که لیزات پالکتی گوســاله می تواند یک جایگزین مطــرح برای FBS در 

تکنیک های کشت سلولی باشد اما مطالعات بیشتری باید انجام شود تا بتواند اثر دقیق آن را درک کند.

واژه های کلیدی:  گوساله، سرم جنین گوساله، جایگزین سرم جنین، لیزات پالکتی، پالسمای غنی از پالکت
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