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Abstract

Platelet storage lesion is the degradation of platelets when stored in an external environment,
causing a loss in platelet viability, in turn, causing their low availability. The aim of the study is to
compare the effects of I-carnitine with its derivative acetyl l-carnitine with respect to platelet count,
mean platelet volume, pH, and platelet shape change. Three blood bags were used and separated into
three setups: 1-carnitine, acetyl 1-carnitine, and saline, and were stored at 20 to 24°C. Platelet count and
mean platelet volume were determined by using a hema-analyzer, and pH was determined by using a
pH meter. Platelet morphology was assessed by collecting stained samples and observed under a
microscope, where regular and irregular platelets were recorded. One-way ANOVA analysis for mean
platelet volume, pH and morphology did not show any significant difference (p>0.05) among the
setups, indicating that there is insufficient evidence to conclude that acetyl 1-carnitine can be used as a

platelet preservative.
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Introduction. Platelet storage lesion (PSL) is a
term that covers the progressive degradation of
platelets in storage [1]. This degradation is seen with
the lowering of pH, platelet count and volume, and
changes in platelet morphology, and accordingly
there is a significant societal motivation to decrease
PSLs. Whereas current platelet-storage protocols are
deemed adequate, there are nevertheless societal gains
to be achieved by examining alternatives. These gains
include cost-per-day-of-storage, collection and
disposal costs, and the associated administrative costs.

PSLs cause platelet metabolism inadequacy thus
reducing the efficiency of intracellular metabolism.
This further causes the platelet’s shelf-life to decrease
to only five to seven days [2]. The true cause of PSL
has not been clearly understood; however, it has been
observed to be linked to lactic acid accumulation and
platelet aggregation [3]. Additionally, it has been
shown that heightened metabolic activity within the
platelet contributes to the production of PSLs [3].

There is research on preserving platelets using
preservatives, one being l-carnitine. L-carnitine is a
common ergogenic acid due to its importance in the
conversion of fat into energy [4]. It can change the
metabolic pathway in platelet mitochondria from
glycolysis to B-oxidation, which uses fatty acids
instead of glucose to make energy available at the
cellular level [1]. The use of fatty acids instead of
carbohydrate  complexes lowers lactic acid
accumulation and thus lowers the chance of PSLs
occurring in the platelets. Studies have shown that 1-
carnitine is a significantly effective platelet
preservative [1,5] and its derivative, acetyl 1-carnitine
(ALCAR), has its uses in the medical field. ALCAR is
also able to metabolize fats to make energy available
at the cellular level; however, it is mainly used to treat

neurological diseases such as cerebral ischemia [6], a
condition wherein there is a reduction in the supply of
blood to the brain. ALCAR is vital for mitochondrial
lipid transport which is important for the
mitochondria’s function [7]. Additionally, ALCAR has
anti-aging abilities for cells [7,8] and is more effective
than 1-carnitine against oxidative stress [9]—the excess
of production of free radicals vis-a-vis the body’s
capacity to neutralize them— which is a factor in
producing PSLs. L-carnitine itself has been proven to
be a successful platelet preservative; however, further
research is needed to determine whether its
derivatives exhibit the same results [5].

ALCAR is less expensive than 1-carnitine; but, that
alone does not signal efficacy. The motivation of
researching ALCAR is to determine whether
decreased per-unit application cost is dominated by
shorter storage periods or increased PSLs or a
combination thereof.

The study aimed to determine the effects of
ALCAR as a preservative against PSLs in comparison
to the tested l-carnitine. It specifically aimed to:

(i) determine platelet count, mean platelet volume,
platelet pH, and platelet morphology with respect
to platelet concentrates treated with 1mL each of
15mM ALCAR, saline as the negative control, and
l-carnitine as the positive control at Days O (before
treatment), 3 and 5 after application of
preservatives; and

(ii) compare mean change (with respect to Day 0)
of platelet count, mean platelet volume, platelet
pH, and platelet morphology at Days 0, 3, and 5
among the different treatments and control.
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Methods. The study aimed to determine if
ALCAR is an effective platelet preservative and to
compare its efficacy with 1-carnitine. Platelet count,
mean platelet volume, platelet pH, and platelet
morphology was observed and analyzed to determine
the efficacy of l-carnitine and ALCAR. Platelet
samples were obtained and separated into three blood
bags to be treated with ALCAR, 1-carnitine, and saline
for five days. The first three parameters were
measured on Days O, 8, and 5 using a hema-analyzer
and platelet morphology was observed on Day 5.

Materials. Platelet concentrates (PCs) was isolated
from whole blood using a large, specialized centrifuge
at a soft spin of 110 rpm then a hard spin of 1000 rpm
both for 15 minutes at 20-24 °C . The platelets were
separated into three bags and stored at 20-24 °C.
Citrate Phosphate Dextrose Adenine (CPDA-1) was
already introduced inside the blood bag upon being
purchased as it is the standard chemical which lines
the bag specifically to work as a preservative. L-
carnitine and ALCAR, obtained from in powdered
form from Now Foods and iHerb respectively, and
were each dissolved in sterile normal saline to
produce 1 mL of 15 mM of l-carnitine and ALCAR
solutions. After PC extraction, the preservatives were
thoroughly mixed with the PCs by gently shaking the
blood bag. The local blood bank that assisted with the
study by supplying healthy blood samples,
equipment, and guidance requested not to be named
in the research paper for confidentiality purposes.
Models and other specific settings of equipment used
are not mentioned under the blood bank’s request.

Sampling.  Blood samples were acquired from a
local blood bank agency at Day 0. From each of the
three donors, 450 mL of blood was extracted by a
phlebotomist in a triple bag. CPDA-1 contained in the
bag was used as an anticoagulant after blood
extraction. The blood bank ensured that no
contaminants or pathogens that can affect the results
were present in the samples by analysis of
Transfusion Transmitted Infections (TTIs). In order
to ensure confidentiality, no name, age, sex, or any
other personal data of the donor was given to the
researchers.

Extraction of Platelet Concentrate. The platelets
were extracted by a medical technologist via the
platelet-rich plasma method to obtain the PCs.

The blood unit was subjected to a soft spin of 110
rpm for 15 minutes using a large, specialized
centrifuge machine. Afterwards, the platelet-rich
plasma was collected and transferred to the first
satellite bag then subjected to a hard spin of 1000 rpm
for 15 minutes. Both spins were conducted in a blood
centrifuge at 20-24 °C. Separation of PC from
platelet-poor plasma was done using a plasma
separator by transferring the platelet-poor plasma to
the primary bag. PCs with a volume of 60-70 mL was
obtained from the procedure, to be used for one
replicate each. The obtained PCs were tested by
medical technicians to see if the platelets were
infected with any disease (i.e. malaria, AIDS, hepatitis,
etc.). The healthy PCs were stored at 20-24 °C with
constant gentle agitation using a platelet agitator.

Separation of Setups.  Each PC was used for one
replicate of each setup. Blood extraction was done on

a quadruple bag to enable the use of three setups:
ALCAR, I-carnitine, and saline.

Before storage in the agitator, the PC was
separated into three parts, each approximately at a
volume of 60mL. The PC in the first satellite bag was
transferred and equally divided to all three satellite
bags. Approximately 60 mL PC each was transferred
to both the second and the third satellite bags. The
first bag became the negative control setup, the
second the positive control and the third for the
ALCAR variable setup. The primary bag was used to
contain unwanted red blood cells and platelet-poor
plasma, which was returned to the blood bank.

The negative control setup consisted of the PC
with ImL saline solution. The positive control setup
consisted of the PC and 1ImL of 15mM I-carnitine.

Storage and Preservation. CPDA-1 has been added
during blood extraction at around 63 mL per blood
unit in order to prevent coagulation. The samples
were stored at a volume of 20 mL at 20-24 °C with
constant gentle agitation in their respective satellite
bags. Three replicates were prepared, and each
replicate consisted of the three setups: l-carnitine
(positive control), saline (negative control), and
ALCAR.

The chosen concentration for the preservatives
used in the study was 15 mM based on a pilot study of
Deyhim et al. [l] in determining the best
concentration and volume of 1-carnitine in preserving
PCs.

L-carnitine solution was prepared by dissolving
the l-carnitine powder in sterile, normal saline at a
concentration of 15 mM. A volume of 1 mL l-carnitine
solution was added to the positive control setup [1].
ALCAR was prepared and added to the variable setup
the same way as l-carnitine. The preservatives were
added to the PCs one day after blood extraction.

One mL of l-carnitine and ALCAR each were
introduced into the platelet bag via aseptic infusion
one day after extraction. Insulin syringes were used
after filtering the preservative solution through a 0.22
pm filter. Sterile normal saline was used in order to
dissolve the l-carnitine and ALCAR powders. As a
control, an equal volume of 1 mL of saline was also
added to the third setup. The site of puncture was
sealed and a stripper was used to mix the preservative
with the blood bag contents. A biosafety cabinet level
II located in a nearby hospital from the site of storage
was used. Transportation of samples was done using
an approved Styrofoam box and was returned after
application of preservatives.

Data Gathering.  After extraction, platelet count
and mean platelet volume were measured by running
a sample of ImL through the hema-analyzer three
times and taking the average. The pH was tested using
a pH meter by sampling a ImL volume of the PCs and
washing the bulb of the pH meter after every
measurement. All successive measurements were
taken on Days 3 and 5 of storage.

Platelet = morphology was analyzed by
photographing microscope smears of the platelets in
each setup and manually counting the ratio of
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activated platelets to the total number of platelets. For
a qualitative comparison, microscopic analysis of the
samples involving the shape and concentration of
platelet change was also done to show their shape and
configurations. Discoid and irregular shapes were
noted among the platelets. Six photographs were
taken from each slide and were gridded and printed
into paper for manual counting. A four-by-four area
was used to count the platelets. The number of
irregularly-shaped platelets was divided by the total
number of platelets to obtain the percent change of
platelet morphology.

Statistical Analysis. One-way ANOVA and paired
t-test (a=0.05) was used to compare the mean changes
of Day 0 and Day 3, and Day 3 and Day 5 between all
setups. Post-hoc tests were conducted to see if there
were any significant differences. The results were
verified by a statistics teacher of Philippine Science
High School — Western Visayas Campus.

Safety Procedure. The researchers wore the
necessary personal protective equipment such as lab
gowns, surgical gloves, and lab goggles. Proper
grooming (i.e. hair was short/tied up) was observed.
The researchers followed the standard operating
procedure of the American Association of Blood
Banks, under the supervision and guidance of a
hematology professional. Platelet samples, and
instruments used for blood extraction and
preservative application were treated and handled as
biohazards and were safely disposed. Sharp objects,
i.e. blood syringes, were disposed in their respective
containers. The waste bags were discarded to specific
medical waste contractors.

Results and Discussion. The aim of the study is
to determine the effects of ALCAR on the prevention
of PSLs by observing the treated platelets’ platelet
count, mean platelet volume, platelet pH, and change
in platelet morphology. An error was made in the
preparation of the l-carnitine and ALCAR solutions
wherein the study used 1ImL of 15 mM preservative
solution then mixed with their respective PCs. This
resulted in a final concentration much lower than 15
mM and thus may have contributed to the
inconclusive results collected. Instead of 15 mM
concentration, ImL stock preservative concentration
0f 1000 mM should have been used to make the final
and intended 15 mM concentration.

Despite the dubious results, there is potential
value in observing the effects of small concentrations
of preservatives on platelets, and hence they are
presented. Other than the major flaw in the
preservative preparation and application method, it is
possible there are other factors that had an effect on
the results.

Platelet Count. The saline setup had a smaller
platelet count compared to the I-carnitine and ALCAR
setups on Day O, but each setup equalized from Day 3
of storage onwards. Days 8 and 5 showed similar
results, with the biggest change on the saline setup.
Day 0 showed no samples with platelet count higher
than 1x10°/mm?3. Days 3 and 5 showed platelet counts
greater than 2x10%/mm?. There was an insignificant
increase in platelet count between all measurements.

Platelet Count Based on Preservative Used
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Figure 1. Platelet count means (103/mms3) on Days 0, 3, and 5
of storage with three replicates of L-Carnitine (solid), ALCAR
(lined), and Saline (dotted).

An anomaly was observed during the experiment
wherein there was an increase in platelet count from
Day 0 to Day 3 instead of a decrease. For this reason,
the data could not be analyzed to accurately represent
the effects of the preservatives on platelet count. It is
unknown exactly why this occurred in the
experiment. So far, no related research has been
found to explain this phenomenon, therefore the data
cannot be analyzed. It is possible that this was due to
the measurement on the first day, where platelet
count was low even during preliminary experiments.

Mean Platelet Volume Mean platelet volume
measurements were taken at the same time as platelet
count. The gathered data for all setups were 5.5 pm3
on Day 0, 5.8 pm3 on Day 3, and 6.1 pm? on Day 5
which were all below the normal range of values
between 7.2 pm? and 11.7 pm?3 [10]. A trend whereby
the volume of the platelets increased was observed
during subsequent analyses.

Mean platelet volume of ALCAR setup was highest
in Day 5 during preservation. L-carnitine consistently
resulted in the lowest values among all measurements.

Mean Platelet Volume Based on
Preservative Used
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Figure 2. Mean platelet volume means (pm3) on Days 0, 8, and
5 of storage with three replicates of L-Carnitine (solid),
ALCAR (lined), and Saline (dotted) each.

Statistical analysis showed  insignificant
differences in mean platelet volume among all setups.

Platelet pH.  L-carnitine dropped from 6.7 to 6.6
on Day 5 while ALCAR dropped from 6.7 to 6.6 on
Day 3 of storage. Saline dropped from 6.6 on Day 8 to
6.5 on Day 5. This data is all within the normal range
of values between 6.4 and 7.4 [11] and
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shows insignificant difference between Days O and 3
and Days 3 and 5.

Platelet pH Based on Preservative Used
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Figure 3. Platelet pH means on Days 0, 3, and 5 of storage with
three replicates of L-Carnitine (solid), ALCAR (lined), and
Saline (dotted).

Platelet Morphology. Statistical analysis showed

that the platelet morphology results are statistically
insignificant between all setups.
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Figure 4. Platelet morphology means on Day 5 of storage with
three replicates of L-Carnitine (solid), ALCAR (lined), and
Saline (dotted) treatments each.
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Plate 1. Regular (circled) and irregular (boxed) platelets taken
from a platelet sample.

All results showed an insignificant difference in
mean platelet volume, platelet pH, and platelet
morphology among all setups all throughout the five-
day observation period. This is because five days is the
standard storage period for platelets. Previous studies
showed that platelets were observed not to have
significant decrease in quality during this period
[12,13,14,15]. Multiple studies have since explored
more options on preventing PSLs and thus increasing
platelet shelf-life [14,15].

In previous literature, the focused factors included
the acidity of the platelet medium and the metabolic
activity of the platelets. With the current technology
used for platelet storage, there is an increase in
number of studies observing the metabolic activity of
platelets. In the body, platelets derive up to 80% of
their energy through B-oxidation [1]. The energy
from B-oxidation comes from fatty acids, reducing
the reliance on glucose. In vitro, however, requires
different mechanisms. Prevention of platelet
activation is necessary for long term storage and
increased platelet viability. Platelet metabolism shifts
to glucose during storage, increasing lactate
concentration, which is a byproduct of the metabolic
pathway. This accumulation leads to the decrease of
plasma pH, inducing platelet activation [1].

The studies of Deyhim et al. [1] and Sweeney et al.
[12] used l-carnitine to prolong platelet shelf-life. By
switching the metabolism of platelets from depending
on glucose to fatty acids, the metabolites that are
produced during glucose metabolism, primarily
lactate, is eliminated. This change can help prevent
the lowering of the pH inside the blood bag,
minimizing platelet storage lesion. The study that was
conducted followed these observations and tested to
see whether another chemical such as ALCAR could
be capable of obtaining similar results. The final data
showed that not only is there an insignificant
difference in comparison to l-carnitine, but that it
cannot be conclusively said that ALCAR is a viable
platelet preservative.

In the study of prolonging platelet shelf-life,
platelet storage lesion is the biggest hurdle against the
loss of platelet viability. It does not stem from a single
variable, but instead involves multiple factors that
influence platelet degradation [1,14,16]. In order to
improve platelet shelf life, factors such as
temperature, agitation, medium acidity, and oxygen
permeability are needed to be considered.
Understanding the mechanisms of platelet storage
lesion involves understanding each of these factors
and more in order to know their roles in maintaining
platelet viability.

Limitations. ~ The methods had the fundamental
flaw of preparing the wrong concentration which may
have resulted in insignificant data.

Conclusion. All four parameters showed no
significant results during the entire observation
period. It can be concluded that this study did not
yield enough information to say that ALCAR is
effective in improving platelet viability.

Recommendations. Future studies must use
1mL of stock 1-carnitine solution and ALCAR solution
of 1000 mM each rather than 15 mM in order to
achieve to achieve more accurate results. The
researchers also recommend the use of the Kruskal
Wallis and Wilcoxon tests to analyze the data due to
its small sample size.

Acknowledgement. This research would not
have been possible without the efforts of: Philippine
Red Cross - Western Visayas Chapter, with Dr.
Dennise Roy Pasadilla as the blood center manager;
Mrs. Rose Ababao, for assisting the researchers
through the preliminary studies of the research and



52| Alvarez and Oberio

allowing the researchers to use her home microscope;
Johannes Tré Maquiling and John Mark Villanueva,
for being the researchers’ groupmates in the academic
year 2017-2018; and Michelle Peneranda PhD in
Pathobiology and research scientist of UiT The Arctic
University of Norway for her recommendation on
future steps correcting the preservative preparation
and application as indicated in the discussion.

References

[l Deyhim MR, Mesbah-Namin SA, Yari F,
Taghikhani M, Amirizadeh N. 2014. L-carnitine
effectively improves the metabolism and
quality of platelet concentrates during storage.
Ann Hematol. 94:671-680. doi: 10.1007/s00277-
014-2243-5

[2] Sahlin K. 2011. Boosting fat burning with carnitine:
an old friend comes out of the shadow. ]
Physiol. 1509-1510. doi:
10.1113/jphysiol.2011.205815

[8] Bode AP. 1990. Platelet activation may explain the
storage lesion in platelet concentrates. Blood
Cells. 16(1): 109-126. Available from:
http://bit.ly/2RdSfsl

[4] Jain S, Singh SN. 2015. Effect of L-carnitine
Supplementation on Nutritional Status and
Physical Performance under Calorie
Restriction. Indian J Clin Biochem. 30(2): 187-
193. doi: 10.1007/512291-014-0437-1

[5] Mohammadi M, Talasaz AH, Alidoosti M. 2016.
Preventive effect of l-carnitine and its
derivatives on endothelial dysfunction and
platelet aggregation. ESPEN. 15: 1-10. doi:
10.1016/j.clnesp.2016.06.009

[6] Malaguarnera M. 2012. Carnitine derivatives:
Clinical usefulness. Curr Opin Gastroent. 28(2):
166-176. doi: 10.1097/MOG.0b013e3283505a3b

[7]1 Curran MWT, Olson J, Morhart M, Sample D, Chan
KM. 2016. Acetyl-L-carnitine (ALCAR) to
enhance nerve regeneration in carpal tunnel
syndrome: study protocol for a randomized,
placebo-controlled trial. Trials. 17(200). doi:
10.1186/s13063-016-1324-2

[8] Tanaka Y, Sasaki R, Fukui F, Waki H, Kawabata T,
Okazaki M, Hasegawa K, Ando s. 2004. Acetyl-
L-carnitine supplementation restores
decreased tissue carnitine levels and impaired
lipid metabolism in aged rats. ]J. Lipid Res. 45:
729-735. doi: 10.1194/jlr. M300425-JLR200

[91 Wang CH, Wang SS, Ko WJ, Chen YS, Chang CY,
Chang RW, Chang KC. 2013. Acetyl-1-Carnitine
and Oxfenicine on Cardiac Pumping
Mechanics in Streptozotocin-Induced Diabetes
in Male Wistar Rats. PLoS One. 8(7): €69977.
doi: 10.1371/journal.pone.0069977

[10] Demirin H, Ozhan H, Ucgun T, Celer A, Bulur S,
Cil H, Gunes C, Yildirim HA. 2011. Normal
range of mean platelet volume in healthy
subjects: Insight from a large epidemiology
study. Thromb Res. 128(4): 358-360. doi:
10.1016/j.thromres.2011.05.007

[11] Dekkers DWC, De Curper IM, Van der Meer P,
Verhoeven A], de Korte D. 2007. Influence of
pH on stored human platelets. Transfusion.
47(10): 1889-1895. doi: 10.1111/5.1587-
2995.2007.01412.x

[12] Sweeney ]JD, Blair AJ, Cheves TA, Dottori S,

Arduini A. 2000. L-carnitine decreases
glycolysis in liquid-stored platelets.
Transfusion. 40(11):1313-1319. doi:

10.1002/jca.21207

[18] Shrivastava M. 2009. The platelet storage lesion.
Transfus Apher Sci. 41(2):105-113. doi:
https://doi.org/10.1016/j.transci.2009.07.002

[14] Subota V, Vuceti¢ D, Balint B, Mujiskovi¢ Z,
Vojvodi¢ D, Pejovi¢ J, Mandi¢-Radi¢ S. 2007.
Evaluation of Platelet Activation Parameters as
Quality Markers for the Stored Platelets. JMB.
26(4):280-284. doi: 10.2478/v10011-007-0034-4

[15] Gupta A, Chandra T, Kumar A. 2010. Evaluation of
random donor platelets at different
temperatures for an ex-tended shelf life.
Biomed Res. 21 (4):433-436. Available from:
http://bit.ly/88s2vTd

[16] Richard NN, Mwamba MP, J G, Rajab J. 2014.
Quality Parameters of Platelet Concentrate at
Kenyatta National Hospital’s Blood
Transfusion Unit. Int J Blood Res Disord.
1(1):35-40. doi: 10.12691/ijhd-1-1-7



