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Background - The collection of the first blood flow into a diversion pouch (DP) 
has become widely adopted in blood donation systems to reduce whole-blood 
unit contamination from skin bacteria. The strict control of pre-analytical 
variables, such as blood collection and proper anticoagulant selection, is 
critical to diminish experimental variability when studying different aspects 
of platelet biology. We hypothesize that the functional, mitochondrial, and 
metabolomic profiles of platelets isolated from the DP are not different from 
the ones isolated from standard venipuncture (VP), thus representing a suitable 
collection method of platelets for experimental purposes. 
Materials and methods - Whole blood from the blood DP or VP was 
collected. Platelets were subsequently isolated and washed following 
standard protocols. Platelet function was assessed by flow cytometry, light 
transmission aggregometry, clot retraction, and under flow conditions 
using the total thrombus formation analyzer (T-TAS). Mitochondrial 
function and the platelet metabolome profiles were determined by 
the Seahorse extracellular flux analyzer (Agilent, Santa Clara, CA, USA) 
and ultra-high-pressure liquid chromatography-mass spectrometry 
metabolomics, respectively.
Results - Platelets isolated from VP and the DP have similar functional, 
mitochondrial, and metabolic profiles with no significant differences between 
both groups at baseline and upon activation by any of the assays mentioned 
above.
Discussion - The findings of our study support the use of platelets from the 
DP for performing functional and metabolic studies on platelets from a wide 
range of blood donors.  The DP may serve as an alternative blood collection 
method to standard VP, allowing the study of diverse aspects of platelet 
biology, such as age, sex, race, and ethnicity, in many eligible individuals for 
blood donation.  

Keywords: platelet biology, pre-analytical variables, platelet activation, platelet 
bioenergetics, platelet metabolomics.
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utilized for routine donor testing, and the remaining 
volume is subsequently discarded as biological waste. 
If suitable, collecting blood from the DP may provide 
a convenient method to obtain platelets for functional 
studies from many individuals. 
We hypothesize that the functional, bioenergetic, and 
metabolomic profiles of platelets isolated from DPs are not 
significantly different from the ones isolated by standard 
venipuncture (VP). Metabolomic and bioenergetic 
assays allow us to understand the metabolic regulation 
of platelets in health and disease. Differences in these 
parameters will provide specific signatures associated 
with the onset or progression of chronic and degenerative 
diseases, for example.

MATERIALS AND METHODS

Healthy volunteer blood collection 
To compare VP and DP samples among healthy volunteers, 
blood was collected from healthy adult (24-72 years) 
donors. This study was approved by the Colorado Multiple 
Institutional Review Board (COMIRB 00-004 and 
10-0477). All donors gave voluntary and informed consent 
to allow the use of samples for research. 

Platelet preparation
Whole blood from sex- and age-matched healthy volunteers 
was collected via standard VP or from the DP. Healthy 
volunteers underwent phlebotomy with a 19-gauge needle. 
To prevent sample clotting, whole blood from the DP 
was collected into citrate tubes within 1 minute of initial 
venipuncture. Whole blood from the DP was collected 
directly into a 2.7 mL, 3.2% buffered sodium citrate tube 
(Cat. # BD 363083) via a Vacutainer Luer-Lok connection 
(Cat. # BD 364902) that is attached to the DP. VP whole 
blood collection was performed according to standard 
protocol into a 2.7 mL, 3.2% buffered sodium citrate tube. 
Platelets were isolated as follows. The whole blood was 
centrifugated. Platelet-rich plasma (PRP) was separated 
and incubated with PIG2 (1.5 µg/mL) for 3 minutes, then 
centrifuged. Isolated platelets were resuspended in 
Tyrode’s buffer (pH 7.3) as previously described16. 

Light transmission aggregometry 
Light transmission aggregometry (LTA) of washed platelets 
at 200,000 platelets per microliter was performed in a 
PAP-8E aggregometer PAP-8E (Bio/Data Corporation, 
Horsham, PA, USA). Aggregations were induced with 

Introduction
The study of platelets requires careful control of 
pre-analytical variables, including patient demographics, 
anticoagulant selection, needle size, blood collection 
method, processing time, transportation, and storage1-8. 
This is critical to minimize platelet priming or activation 
throughout the collection and isolation steps. In light of 
this, certain aspects of blood collection like the type of 
vacuum, needle size, collection method (venipuncture 
or central line), and post-collection practices (transport 
method and time or sample processing) must be 
controlled to diminish variability and ensure accurate and 
reproducible results. Common sample collection errors 
include using incorrect anticoagulants (citrate-based tubes 
are gold-standard for platelet analyses), incomplete filling 
of the tube, inadequate or vigorous mixing of the tube, and 
traumatic collections (e.g., extended use of tourniquet)9-11. 
Platelets are a critical blood component used to treat 
or prevent bleeding in multiple conditions. Platelet 
transfusions are a critical therapeutic intervention in 
trauma, surgery, hematologic diseases (such as cancer, 
bone marrow failure, and platelet dysfunction), and 
chemotherapy-induced thrombocytopenia. One limitation 
to advancing the knowledge in platelet biology is the 
access to blood for platelet isolation from large numbers 
of healthy individuals to investigate basic questions 
of platelet physiology or to serve as control groups 
(age and sex-matched) against platelets from patients 
with diverse pathologies. Therefore, obtaining blood 
for platelet isolation from eligible healthy individuals 
that participate in blood donation is an alternative to 
circumvent this limitation in a high throughput and 
cost-effective manner. This way, platelet products can 
serve two purposes, therapeutic transfusion, and basic 
research investigations. 
The use of a diversion pouch (DP) in blood collection 
systems has been widely implemented across blood donor 
centers to reduce bacterial contamination of whole-blood 
units12-14. The DP is located immediately after the access 
needle at a Y-junction in closed collection systems and 
captures any skin bacteria still found in the first few 
millimeters of blood collected15. After approximately 40 
mL of blood has been collected in the DP, the sequestered 
blood is isolated from the primary collection container, 
often by heat seal, to maintain sterility. DP blood is then 
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thrombin (0.1 IU/mL) or convulxin (2 µg/mL), and the 
change in light transmission was monitored over eight 
minutes at 37oC. Maximum aggregation was calculated as 
a percentage of the difference between washed platelets 
and Tyrode’s buffer, as previously described17.

Flow cytometry
Flow cytometry analysis of platelet activation was 
determined using thrombin (0.075 IU/mL) or ADP 
(1.25 µM). The activation profiles at baseline 
(unstimulated) and 5 minutes after stimulation with 
thrombin or ADP were measured. Platelet activation was 
determined using the activation-specific antibody against 
the αIIbβ3 integrin (PAC-1, BD Biosciences [Franklin 
Lakes, NJ, USA], 340507) and anti-P-selectin antibody 
(Biolegend [San Diego, CA, USA], 148304). Samples were 
acquired in a Cytof lex (Beckman Coulter, Brea, CA, USA). 
Flow cytometry data were analyzed using FlowJo V10 
software [Ashland, OR, USA], as previously described17.

Clot retraction
Clot retraction of platelet-rich plasma (PRP) at 300,000 
platelets per microliter was performed in a 10 mL glass tube. 
Glass tubes were filled with 745 µL of Tyrode’s buffer and 
5  µL  of red blood cell (RBC). 200 µL of PRP was gently added 
to the glass tube. Thrombin (1 U/mL final concentration) 
was subsequently added, and the tube was gently mixed. 
The reaction was incubated at room temperature for 
60 minutes. Clot retraction was assessed by the weight of 
the extruded serum as previously reported18. 

Total thrombus formation (T-TAS)
Total thrombus formation was performed with the 
Total Thrombus Analysis System (T-TAS, Kanagawa, 
Japan) using the AR-chip (a f low chamber coated with 
collagen and tissue thromboplastin). Brief ly, 480 µL of 
citrated-whole blood was mixed with 20 µL of 0.3M 
calcium solution containing 1.25 mg/mL corn trypsin 
inhibitor. The assay was immediately performed after the 
addition of calcium solution. Total thrombus formation 
was assessed by occlusion time (OT; measured in seconds), 
which is the time for complete occlusion of the capillary by 
the thrombus19. 

Bioenergetics
Platelet mitochondrial bioenergetics was measured using 
the Seahorse XFe24 bioenergetic analyzer (Seahorse 
Bioscience, North Billerica, MA, USA). Brief ly, platelets 

were isolated and washed as described above. Platelets 
(22×106/well) were seeded in XF DMEM media (containing 
10 mM glucose, 2 mM L-glutamine, and 1 mM sodium 
pyruvate with pH 7.4). The mitochondrial stress test was 
performed using oligomycin (1.5 µM), carbonyl-cyanide-
p-trif luoromethoxyphenylhydrazone (FCCP [1.0 µM]) and 
rotenone/antimycin A (0.5 µM) as previously described17. 
Mitochondrial function parameters were calculated 
according to the manufacturer.

Metabolomics
Sample processing and metabolomic analysis were 
performed as previously described17,20. 

Statistics
Statistical analyses were performed using the unpaired 
2-tailed Student t test (GraphPad [San Diego, CA, USA] 
Software v9.1.2). Data expressed as mean plus or minus 
standard error of the mean (SEM). Significance was 
determined at p<0.05. 

RESULTS
A total of 75 sex- and age-matched subjects (38 VP and 37 
DP group) were included in this study. Flow cytometry 
(No.=16), LTA (No.=10), clot retraction (No.=7), total thrombus 
formation (No.=8), bioenergetics (No.=22), and metabolomics 
(No.=12) analyses were performed. Subjects were distributed 
among the two groups (VP and DP) for each specific assay. 

Platelets from diversion pouch and venipuncture 
have similar functional profiles
The platelet functional profile was interrogated using 
LTA, clot retraction, total thrombus formation, and f low 
cytometry. Percent platelet aggregation was measured 
after activation with thrombin and convulxin. No 
differences were noted in platelet aggregation between the 
VP and DP groups with both agonists (p=0.54 and p=0.65, 
respectively) (Figure 1A). Clot retraction was measured 
after activation with thrombin and an incubation period of 
60 minutes. No differences were noted in the weight of the 
extruded serum between the VP and DP groups (p=0.89) 
(Figure 1B). Total thrombus formation was measured with 
a microf luidics f low chamber (T-TAS analyzer) coated 
with collagen and tissue thromboplastin. No differences 
were measured in the OT between the VP and DP groups 
(p=0.54) (Figure 1C). We subsequently measured platelet 
activation under static conditions using f low cytometry.  
No differences were identified regarding the activation 

© SIM
TIP

RO Srl



491
Blood Transfus 2023; 21: 488-493  doi: 10.2450/BloodTransfus.519

PLTs collection from diversion pouches are suitable for functional studies

Figure 1 - The functional profiles of platelets isolated by venipuncture (VP) or from diversion pouches (DPs) are similar
(A) Light transmission aggregometry as measured by the change in light transmission after activation with thrombin and convulxin. (B) Clot 
retraction was measured by the weight of extruded serum one hour after activation with thrombin. (C) Total thrombus formation was measured in 
seconds on a collagen and tissue thromboplastin-coated flow chamber. (D) Platelet activation profile by flow cytometry at baseline (not activated) 
and upon activation with thrombin and ADP.

Figure 2 - The platelet bioenergetic profiles of platelets 
isolated by venipuncture (VP) and diversion pouches 
(DPs) are similar
(A) The platelet bioenergetic profiles of platelets from VP and DP 
groups. (B) Glycolytic function as measured by the extracellular 
acidification rate (ECAR). (C) Metabolome principal component 
analysis of platelets from the VP and DP groups. OCR, oxygen 
consumption rate; ECAR, extracellular acidification rate; PCA, 
principal component analysis.
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of the αIIbβ3 integrin between the VP and DP groups at 
baseline (resting conditions, p=0.65) or upon activation 
with thrombin (p=0.24) and ADP (p=0.17). Similarly, 
platelet degranulation, as measured by P-selecting 
surface marker expression, was not different between 
groups under resting conditions (p=0.53), activation with 
thrombin (p=0.23), and activation with ADP (p=0.53) 
(Figure 1D). We detected platelet degranulation directly 
by measuring P-selectin exposure at baseline and after 
activation using f low cytometry. Although not measured 
directly, dense granule content is likely not different 
between VP and DP, as platelet aggregation studies and 
total thrombus formation under f low (T-TAS) were not 
different between them. These results suggest alpha and 
dense granules similarly contributed to clot formation 
in both VP and DP groups.  If dense granule content 
or exposure differed between groups, we would have 
expected to find differences in platelet aggregation 
profiles (disaggregation) or prolonged occlusion times.

The bioenergetic and metabolomic profiles of 
platelets from DPs and VPs are comparable
The mitochondrial stress test was performed to determine if 
there were any differences in mitochondrial bioenergetics 
of platelets isolated from VP and DP. No differences 
were detected in platelet mitochondrial bioenergetics 
(oxygen consumption rate [OCR] and extracellular 
acidification rate [ECAR]) between the VP and DP groups 
(Figure 2A, 2B). To further interrogate metabolic profiles, 
ultra-high-performance liquid chromatography-tandem 
mass spectrometer (UHPLC-MS/MS) based metabolomics 
was performed. Principal component analysis revealed no 
differences between the VP and DP groups (Figure 2C).

Discussion
The control of pre-analytical variables in the study of 
platelet biology is essential to ensure accurate and 
reproducible results. Collection of whole blood into 
citrated tubes must be carefully performed to avoid 
inadvertent activation of platelets or the coagulation 
system. To ensure that whole blood from DPs is a suitable 
alternative for the study of platelet biology, we have 
provided an in-depth analysis of functional, bioenergetic, 
and metabolomic analyses between whole blood from 
standard VP and DP. 
There are no significant differences in the functional 

profile of platelets isolated from VP or DP. Although the 
DP lacks an anticoagulant, this did not impact platelet 
aggregometry or platelet surface markers of activation 
(e.g., αIIbβ3 and P-selectin) when blood is quickly 
transferred from the DP into citrate-containing collection 
tubes within one minute of initial venipuncture using 
Vacutainer Luer-Lok connection.  We suspect that if whole 
blood from the DP is not immediately collected, albeit 
slowly, this could lead to spurious platelet activation, as 
this has been documented to occur in samples that are 
inappropriately collected9-11. 
In addition, there were no significant differences in 
the mitochondrial bioenergetics and metabolomic 
profiles of platelets isolated from VP and DP, and no 
significant differences were noted in the key parameters 
of mitochondrial respiration (e.g., basal respiration, 
maximal respiration, spare respiratory capacity, proton 
leak, non-mitochondrial oxygen consumption, and 
ATP-linked respiration). In platelets, over 90% of the 
ECAR can be ascribed to glycolysis. Our findings indicate 
that platelets from the VP and DP groups had similar basal 
ECAR and oligo-sensitive ECAR21. Our data shows that 
isolating platelets from the DP (collected within one minute 
from initiating the blood collection) does not impact their 
basal glycolysis or glycolytic capacity (i.e., the cell’s ability to 
increase glycolysis after ATP synthase is inhibited). 
Further interrogation of metabolic pathways via 
UHPLC-MS/MS based metabolomics revealed no 
significant differences between the two groups. Principal 
component analysis is an unsupervised analysis that shows 
sample clustering based on metabolic profiles. The analysis 
here shows that samples from the two groups overlap, with 
no clear and significant separation between the two groups, 
suggesting that the groups are overall indistinguishable 
based on metabolic phenotypes alone. Thus, our findings 
suggest that collecting whole blood from the DP has no 
impact on platelet mitochondrial respiration, glycolysis, or 
metabolic pathways involved in ATP production.

Conclusions
The presented data validate the use of platelets isolated 
from the DP as a suitable alternative for investigating the 
functional and bioenergetic-metabolome characteristics 
of platelets. This process requires tight coordination 
between the blood banking team to collect blood into 
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anticoagulated tubes within one minute of initiating the 
blood donation to avoid in vitro activation of platelets or 
the coagulation system. The widespread use of DPs across 
blood centers provides a unique opportunity. It opens the 
door to collecting platelets from large groups of healthy 
(eligible for blood donation) individuals as controls 
for comparison to platelets from patients with diverse 
pathologies. In addition, platelets isolated from DPs can 
be employed to investigate the impact of critical variables 
that modify platelet function, such as age, race, ethnicity, 
and anthropometric variables.
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