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Abstract 
Background: Storage of platelet concentrates (PCs) at room temperature (20-24°C) limits its storage time to 5 
days due to the destructive effects of platelet storage lesion (PSL) and bacterial contamination. Although 
prolonged storage of platelets (PLTs) at 4°C reduces the likelihood of bacterial contamination and PSL levels, it 
is accompanied by an increase in the clearance rate and changes in the surface markers of PLTs. The goal of this 
study was to evaluate the effects of sodium octanoate (SO) as a stabilizer on PLTs during storage at 4°C. 
Materials and Methods: In this experimental study, PCs were divided into three portions and stored for 5 days 
at 3 different conditions, including 20-24°C, 4°C temperature, and 4°C in presence of SO. PLTs enumeration 
was performed using an automated hematology analyzer. To measure the metabolic activity and survival rate of 
PLTs, the water-soluble tetrazolium salt (WST-1) assay was performed. The activity of lactate dehydrogenase 
enzyme (LDH) was measured by a biochemical analyzer. Additionally, the levels of PLT glycoprotein Ibα 
(GPIbα) and CD62P (P-selectin) were measured on PLTs by flow cytometry technique.  
Results: PLTs count was higher in SO-treated (4°C) PLTs than two other studied samples. Additionally, the 
viability was higher in the SO-treated PLTs than that in other groups. LDH amount was lower in the SO-treated 
PLTs than that in other groups (P>0.05). GPIbα expression was significantly higher in SO-treated PLTs than 
that other groups (P<0.05). On the other hand, the expression of CD62P was lower at 4°C in PLTs in the 
presence of SO (P>0.05).  
Conclusions: SO could modulate the effects of cold temperatures on PLTs. Furthermore, we found that the 
survival of platelets was better maintained in the presence of SO at 4°C. 
Keywords: CD62P, GPIbalpha, LDH, Platelet, Sodium Octanoate  

 
 

Introduction 
Today, platelets (PLTs) are stored at 20-
24°C for 5 to 7 days because of the 
likelihood of bacterial contamination (1-3). 
Platelet storage lesion (PSL) is another 
deleterious effect of 20-24°C temperature 
storage on PLTs, which is associated with 
reduced recovery, survival and, the 
hemostatic activity of PLTs (4). During the 
storage at 20-24°C, alteration in the shape 
and size of PLTs is occurred. In this 
condition, the form of PLTs alters from 
discoid to sphericity thus leading to 
reduction of the mean platelet volume 
(MPV) (5-6). During the storage of PLTs 
at 20-24° C, due to the release of proteins 
from the alpha granules, the expression of 

CD62P increases on the PLTs surface (7, 
8). In addition, the expression of the 
surface markers such as GPIIb, GPIIIa, 
CD41, and CD61 increases during storage 
at 20-24°C. Studies have shown that PLTs 
storage at 20-24°C leads to the clustering 
of α-subunits of GPIb. Moreover, the 
processes of cell apoptosis are activated 
during storage at 20-24°C (9-10). 
Agitation of platelet concentrate (PC) 
during storage can lead to the release of 
lactate dehydrogenase enzyme (LDH) 
from the cytosol that is associated with 
PLT lysis (11). The new approaches for 
the better quality of PLTs are included 
cold storage of PLTs, usage of PLT 
additive solutions, and improvement in the 
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processing and preparation of PLTs (12). 
Cold storage could increase the shelf life 
of PLTs by reducing the risk of bacterial 
contamination, diminishing the PLT 
metabolism, and preserving their 
functionality potential (13). Despite the 
benefits of 4ºC storage of PLTs, 
transfusion of cold-stored PLT was 
stopped in 1970. This was due to the rapid 
removal of cold-stored PLTs after 
transfusion (14). Based on the recent 
studies, hepatic macrophages selectively 
detect the clustered β-N-acetylglucosamine 
(β-GlcNAc) glycan residues on PLTs 
when stored for short time at cold. In this 
condition, the rapid clearance of PLTs is 
occurred from the circulation (15, 16). 
Interestingly, after long-time storage at 
cold, PLTs are removed by a different 
mechanism. Removing is performed by 
hepatocytes via their Ashwell-Morell 
receptors. It was shown that cold storage 
of PC induces significant alterations in the 
expression level and localization of both 
surface and intracellular proteins (17-19). 
Several methods have been suggested to 
overcome the problems related to PLTs 
stored at cold. Capping of β-GlcNAc 
residues by enzymatic galactosylation 
improves the circulation of PLTs kept for a 
short time in the cold (20). Another 
suggested method is to use the 
cryoprotective reagents. Studies have 
shown that trehalose can inhibit the 
phagocytosis of PLTs stored at cold by a 
human monocytic cell line (THP1 cells). 
Trehalose can also inhibit the apoptosis of 
PLTs stored at cold temperature (21). N-
acetylcysteine can also preserve the 
refrigerated PLTs by inhibiting the PLTs 
activation, preserving sialidase activity, 
and decreasing their metabolic activity 
(22). On the other hand, octanoic acid is a 
saturated medium-chain fatty acid with an 
eight-carbon backbone (C8H15O2-). 
Octanoic acid exists in the human serum at 
the amount of 0.2 μM. It was shown that 
sodium octanoate (SO) had not negative 
effects on embryonic and fetal growth at 
the concentration of 400 µM or lower (23). 

Besides, it was known that the medium-
chain fatty acids and medium chain 
triglycerides had no toxicological effects 
on animals and humans (24). SO was 
previously used for the production of 
infusible PLT membranes as a heat 
stabilizer (25). In this study, we intended 
to investigate the effects of SO as a 
stabilizer on the metabolic activity, 
viability, and the expression levels of 
markers enrolled on the PLTs function 
during storage at cold temperature (4º C). 
 

Materials and Methods 
 
Preparation of platelet concentrates 
(PCs) 
This experimental study was approved by 
the Ethics College's Bioethics Committee 
(IR. TMI.REC.1396.004). Twelve PC bags 
(Macopharma, France) were prepared from 
Iranian Blood Transfusion Organization 
(IBTO).  
Prior to the addition of SO to the bags, all 
the parameters of the study  including 
MPV, PDW, PLT count, CD62P, GPIbα 
(CD42b), LDH, and WST-1) were 
evaluated. Then, PC bags were divided 
into three equal portions (A, B, C) using a 
digital balance (Sartorius, Germany) and a 
Terumo Sterile Connecting Device (TSCD 
- II, Terumo Tubing welder, Japan). SO 
was added to one of the bags. The SO 
containing bag and the second control bag 
were transferred to 4°C refrigerator, and 
the third bag was stored at 20°-24°C in a 
shaker- incubator. 
 
Determination of the effective 
concentration of SO 
Different concentrations of SO (100, 200, 
400, 800 µM) were examined. The 
selection of the concentrations of SO was 
based on the previous studies (23, 25). The 
PLT bags were placed at 4°C for 5 days in 
the refrigerator without agitation. The 
parameters of PLT count, MPV, PDW, and 
PS were examined on the storage days of 
1, 3 and 5.  
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PLT enumeration and MPV and PDW 
measurement 
After diluting the PCs in phosphate 
buffered saline (PBS),  the PLT count, 
PLT volume (MPV), and PLT distribution 
(PDW) measurements were done using an 
automated hematology analyzer (Sysmex 
XT- 2000i, Kobe, Japan). This hematology 
analyser uses unique fluorescence flow 
cytometry technology. 
 
Evaluation of the PLT metabolic activity 
using WST-1 assay 
 To measure the mitochondrial activity of 
PLTs, we used the WST-1 cell 
proliferation assay kit (WST-1, Cayman, 
USA). In this method, the tetrazolium salt 
is altered to formazan in viable cells by 
cellular mitochondrial dehydrogenases. 
For this purpose, PLTs were diluted with 
PBS and 10×10⁶ PLTs (100 µl) were 
added into each well. Then, 10 µl of WST-
1 mixture was added to each well and the 
plate was incubated for 4 hours at 37°C in 
a CO₂ incubator. The absorbance of the 
wells was measured using a microplate 
reader at the wavelength of 450 nm. 
 
Lactate dehydrogenase (LDH) 
measurement 
The activity of LDH enzyme was 
measured at 340 nm using the pyruvate-
Lactate method using LDH kit (Pars 
Azmoon, Iran) by a biochemical analyzer 
(Hitachi 911, Japan) and the amount of this 
parameter was evaluated by a standard 
curve. 
 
Evaluation of GPIbα (CD42b) expression 
CD42b expression level was determined 
by flow cytometry technique. To the tube 
containing 1.5 × 10⁶ PLTs, 5 μl of PE-
conjugated anti-CD42b antibody) 
Biolegend, US (was added. The tube was 
placed at 4°C for 45 minutes. After 3 times 
washing, the cells were analyzed by flow 
cytometry technique using the CyFlow® 
Space (Partec, Germany). 
 
 

Evaluation of CD62P expression 
CD62P was considered as a PLT 
activation marker. The levels of CD62P 
were determined using 3×105 PLTs, which 
stained with FITC-conjugated anti-CD62P 
(BioLegend, US (for 45 minutes at 4°C. 
We used an IgG1 isotype control. The 
samples were then analyzed rapidly using 
flow cytometry technique. 
 
Statistical analysis  
SPSS (version 22) was used to analyze and 
process the data. For the evaluation of the 
effects of each treatment at different time 
points, we used two-way repeated measure 
ANOVA with two within-subject factors 
(3 paired group×3 times). 
 

Results 
 
Determination of the effective 
concentration of SO 
The optimum concentration of SO was 
determined. In this concentration (200 
µM), PS exposure was lower on the third 
and fifth days of storage in comparison to 
other concentrations. Additionally, based 
on WST-1 assay, better viability of PLTs 
was observed at this concentration of SO 
(Table I). 
 
PLT enumeration, MPV, and PDW 
The number of PLTs was decreased during 
storage in all the groups of study. A 
decreasing trend for platelet count was 
seen as follows:  SO (4°C) PLTs > 4°C 
PLTs > 22°C PLTs during storage (Table 
II, Figure 1). The differences between the 
groups were not statistically significant.  
MPV and PDW levels were increased in 
the both groups of 4°C and SO (4°C) in 
comparison to the group of 22°C PLTs, 
but the differences were not statistically 
significant. At the temperature of 22°C, 
the amount of MPV was decreased on day 
5 compared to day 1 and the difference 
was statistically significant (P< 0.05). 
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PLTs survival rates using WST-1 assay 
The metabolic activity and the survival 
rate of PLTs were decreased during 
storage and the highest reduction was 
related to 22°C-kept PLTs. The differences 
with other groups were statistically 
significant (P <0.05). The metabolic 
activity of PLTs was well-maintained at 
SO (4°C) in comparison to 4°C (Fig.2A), 
but the differences were not statistically 
significant. 
 
The activity of LDH 
The LDH amount of PLTs was 
significantly increased during storage and 
it was higher at 22°C compared to 4°C (p< 
0.05). It is of note that the amount of LDH 
was lower in PLTs in the presence of SO 
(4°C) (Fig.2B), but the difference with 4°C 
group was not statistically significant. 
 
The level of GPIbα expression  
GPIbα expression on PLTs was higher in 
the group of SO (4°C) during storage time 

in comparison to other groups. GPIbα on 
PLTs had the lowest expression during 
storage at 22°C in comparison to cold 
storage condition (Table II, Figure 3). The 
difference in the GPIbα expression 
between the SO group and 4°C group was 
significant (P= 0.046). Besides, this 
difference between the SO group and 22°C 
group was also significant (P= 0.001). 
 
 The levels of CD62P expression 
The level of CD62P expression was 
evaluated on PCs during storage. The 
expression level of CD62P on PLTs was 
lower in the presence of SO (4°C) in 
comparison to 4°C during storage, but the 
differences were not statistically 
significant. Additionally, the expression of 
CD62P on PLTs was lower at 22°C than 
4°C during storage and the differences 
were statistically significant between the 
groups (P< 0.05) ( Table II, Figure 4). 

 
 
 

 

Figure1. Effects of temperature and sodium octanoate on the PLT enumeration, MPV and PDW. A) 
PLTs count was decreased during storage in all the groups of study. But, the decline was higher in 
PLTs stored at room temperature in comparison with the PLTs stored at 4°C. The lowest decrease of 
PLTs count was observed at 4°C+SO. B) MPV amount was increased in both groups of 4°C and SO 
(4°C) and decreased at room temperature during storage. C) PDW amount was increased in both 
groups of 4°C and SO (4°C) and decreased at room temperature during storage. 
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Figure2. Effects of temperature and SO on the survival rate (WST-1) and LDH amount of platelets in 
different days of storage. A) The viability was reduced in all the groups of study during storage time, 
specifically in PLTs stored at room temperature. The highest viability was observed in SO- treated PLTs. The 
differences weren’t statistically significant. B) The level of LDH enzyme was lower at 4ºC than that of room 
temperature. SO could reduce the amount of enzyme compared with 4ºC. 
 

 

Figure 3. Flow cytometry plot for GPIbα staining. Effects of temperature and SO on the expression 
level of GPIbα on PLTs. The decreased expression of GPIbα was observed in all the groups of study 
during storage. The expression of GPIbα on SO-treated PLTs (4°C) was higher than other groups 
during storage and there was the lowest expression of GPIbα on PLTs stored at room temperature. A) 
The expression level on day 1. B) The expression level at 4°C on day 3. C) The expression level at 
4°C+SO on day 3. D) The expression level at 4°C on day 5. E) The expression level at 20-24°C on 
day 3. F) The expression level at 4°C+SO on day 5. G) The expression level at 20-24°C on day 5. H) 
A diagram for showing the expression level of GPIbα on PLTs at different days of storage in all the 
groups of study .The difference in the GPIbα expression between the SO group and 4°C group was 
significant (P= 0.046). Besides, this difference between the SO group and 22°C group was also 
significant (P= 0.001). 
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Figure 4. Flow cytometry plot for CD62P staining. Effects of temperature and SO on the 
expression level of CD62P during storage. There was an increase in the expression level of 
CD62P in PLTs of PCs stored at 4°C. The expression of CD62P was lower in the SO-treated 
PLTs during storage at 4°C compared to 4°C alone. A) The expression of CD62P on day 1. B) 
The expression level at 4°C on the third day. C) The expression level at 4°C+SO on the third 
day. D) The expression level at 20-24°C on the third day. E) The expression level at 4°C+SO on 
the fifth day. F) The expression level at 4°C on the fifth day. G) The expression level at 20-24°C 
on day 5. H) A diagram for showing the expression level of CD62P levels on PLTs at different 
days of storage in all the groups of study. 
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Table I:  Determination of more suitable concentration of sodium octanoate for platelets during storage at 4ºC 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sodium 
octanoate 
concentration

Storage 
days 

Platelet 
count 

(10³/µL) 

MPV(fL) PDW(fL) Phosphatidyl- 
serine (%) 

WST-1 
 (OD 450 nm) 

4
°C

 4
°C

+
S

O
 

4
°C

 4
°C

+
S

O
 

4
°C

 4
°C

+
S

O
 

4
°C

 4
°C

+
S

O
 

4
°C

 4
°C

+
S

O
 

100 μM 3 1012 889 10.6 10.6 9.3 9.2 38 36.5 0.496 0.523 

5 795 805 10.5 10.4 9.2 9.2 46.8 45.2 0.398 0.402 

200 μM 3 1492 1685 10.7 10.6 9.5 9.4 36.3 22 0.502 0.685 

5 1340 1560 10.7 10.8 9.4 9.5 42 30 0.432 0.620 

400 μM 3 958 1117 8.6 8.8 9.6 9.3 52.4 51.78 0.499 0.501 

5 952 1100 8.5 8.6 9.6 8.9 83.3 86.16 0.411 0.418 
600 μM 3 895 912 8.1 8.3 9.2 9 26 27.1 0.642 0.634 

5 703 826 8.2 8.1 9.3 8.9 34.6 33.5 0.510 0.528 

800 μM 3 958 1104 8.6 8.7 9.6 9.1 52.4 48.66 0.589 0.578 

5 952 1020 8.5 8.4 9.6 8.9 83.3 78.8 0.462 0.470 
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Table II: The mean ± standard deviation for different parameters of platelets during the storage days at different conditions 

 
Day 5 of 

storage at 22°C 
Day 5 of 

storage at 4°C 
with SO 

Day 5 of 
storage at 4°C 

Day 3 of 
storage at 

22°C 

Day 3 of 
storage at 4°C 

with SO 

Day 3 of 
storage  at 4°C 

Day 1  Parameters, 
N=12  

SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean  

±253  486  ±271  895  ±232  814  ±229  755  ±277  970  ±304  903  ±293  1120  Platelet count  
(10³/µL)  

0.846 
±  

6.9  0.844±  8.56  0.745
±  

8.51  0.519
±  

7.97  0.915
±  

8.62  0.771
±  

8.58  0.779
±  

8.02  MPV (fL)  

±1.63  7.38  ±1.5  10.2  ±1.65  10.21  ±1.07  9.30  ±1.64  10.43  ±1.65  10.44  ±1.41  9.45  PDW (fL)  

0.67±  0.226  0.56±  0.412  0.55±  0.358  0.60±  0.274  0.78±  0.493  0.56±  0.421  0.97±  0.522  WST-1 (OD)  

±15.39  38.86  ±7.09  84.58  ±5.94  78.93  ±16.1
8  

58.68  ±4.41  89.54  ±5.02  83.77  ±3.42  93.51  GPIbα (%)  

±6.61  18.37  ±9.7  31.34  ±9.87  35.41  ±9.46  18.78  ±6.93  26.35  ±9.88  30.32  ±8.64  18.79  CD62P (%)  
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Discussion 
In this study, the potential of SO was 
evaluated on the viability and the 
expression level of PLTs’ surface markers 
during storage at 4°C. For this purpose, 
PCs were kept for 5 days under the 
following conditions: 20-22°C, 4°C, and 
4°C + SO. It was observed that PLT count 
decreased during storage in all the groups 
of study. However, the highest reduction 
was observed in PLTs of PCs at room 
temperature in comparison with the PLTs 
stored at 4°C. The differences were 
statistically significant. Our study showed 
that SO could keep the PLT count at 4°C 
and it also led to better survival rate of 
PLTs. The results of this study were 
correlated with Wood et al.,'s study 
(2016), indicating PLTs count was reduced 
in both groups of PLTs stored at room and 
cold temperature during storage. However, 
despite the higher count of PLTs at cold 
temperature, the difference was not 
statistically significant (19). In another 
study by Handigund et al.,'s on PLTs of 
PCs at cold temperature, similar results 
were observed (22). 
Further, higher MPV and PDW were 
observed in PLTs at cold (4°C and 4°C + 
SO) than 22°C which could be due to PLT 
deformation from discoid to sphericity. At 
room temperature, the MPV and PDW of 
PLTs were lower during storage compared 
to the day one; this may also be due to the 
formation of microvesicles from PLTs 
similar to the results reported by 
Seghatchian et al.,'s (12). Similar to this 
study, Johnson and Becker showed 
significant changes in the morphology and 
increased PLT volume when PCs were 
kept at cold (26). 
WST-1 test was done to unravel the 
mitochondrial metabolic activity and the 
survival rate of PLTs during storage. The 
survival of PLTs was decreased during 
storage and one of the reasons for this 
reduction was the production of lactate and 
reducing the pH (27, 28). In this study, the 
viability was reduced in all the groups 
during storage time and the highest 

reduction in viability was observed in 
PLTs stored at room temperature. It is of 
note that the lowest reduction in viability 
was observed in PLTs treated with SO. 
The results of this study indicated that SO 
could be effective in the survival rate of 
PLTs. 
According to the results of this study, the 
level of LDH enzyme was decreased at 
4ºC than the room temperature. Moreover, 
SO could reduce the level of the enzyme in 
comparison to other groups. The reduction 
was not statistically significant. Based on 
the results, the highest level of enzyme 
activity was observed in PLTs stored at 
room temperature on the third and fifth 
days of storage. According to the previous 
studies, part of the activity of LDH is due 
to the release of the enzyme during PC 
agitation (15). One of the important factors 
in maintaining the quality and survival of 
PLTs of PC is the low level of LDH 
released in the plasma during storage (17-
18). With evaluating the effects of LDH, 
SO-treated PLTs have less damage in their 
membrane than other groups during 
storage, which could indicate the positive 
effect of SO on the maintenance and 
survival rate of PLTs during storage of PC. 
Like this study, previous reports stated that 
reducing the GPIbα expression occurred 
during the storage of PLTs regardless of 
the storage temperature (29). The 
prolonged storage of PLTs at cold 
temperature leads to increased exposure of 
galactose residues. Subsequently, PLTs are 
removed by liver hepatocytes using their 
asialoglycoprotein receptors (30). 
According to the previous studies, storage 
of PLTs at cold leads to the reduction of 
surface glycoproteins (GPIb, GPIX, GPIIb, 
and GPIV) on PLTs (19). In parallel, the 
results of this study showed decreased 
expression of GPIbα on PLTs during 
storage in all the groups of study. 
Additionally, GPIbα expression was 
higher on SO-treated PLTs at 4°C than 
other groups during storage. This can be 
due to the protective effect of SO. Studies 
indicated that the loss of GPIbα could be 
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considered as a cause of PLT clearance 
(31-32). The lowest expression of GPIbα 
was observed in PLTs stored at room 
temperature. This reduction can affect the 
function and survival of PLTs after 
transfusion. 
It has been suggested that CD62P acts as a 
mediator in the clearance of PLTs in the 
circulation (33-35). However, some 
studies did not agree and stated that 
despite the binding of PLTs to leukocytes 
via CD62P, this molecule did not have a 
role in the clearance of PLTs (36). It was 
previously reported that the expression of 
CD62P on PLTs increased in low-
temperature conditions (19،29). In this 
study, similarly, an increase in the 
expression of CD62P on PLTs was 
observed for 4°C-stored PLTs. Moreover, 
the expression of CD62P was lower in the 
SO-treated PLTs during storage at 4°C 
compared with 4°C alone.  In this study, 
the lowest expression of CD62P on PCs 
was observed at room temperature. Based 
on the previous studies, the level of 
CD62P expression on the surface of the 
PLTs was increased during storage at 
room temperature and this could imply the 
continuous release of CD62P from the 
surface of PLTs subsequent to their 
activation (10). Altogether, it could be 
concluded that SO had the potential to 
enhance PLTs survival and modulate the 
effects of cold temperatures on PLTs. 
Futher studies are required to unravel the 
other effects of SO on PLTs kept at 4ºC.   
 

Conclusion 
According to results of this study, SO 
could modulate the effects of cold 
temperatures on PLTs. Furthermore, we 
found that the survival of platelets was 
better maintained in the presence of SO at 
4°C. 
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