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A study to assess the relationship 
between donor uric acid levels and 
supernatant hemolysis in stored 
packed red blood cell units
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Abstract:
BACKGROUND: Most of the red blood cell (RBC) storage lesions can be attributed to oxidative stress 
encountered by the RBCs throughout the duration of their storage. Various donor variables at the 
time of donation may be responsible for the total antioxidant capacity of the supernatant and thus, 
the “storability” and the magnitude of development of these RBC storage lesions. It is known that 
uric acid (UA) is responsible for more than 60% of the TAC of the blood. This study aims to explore 
the relationship between donor UA levels and the difference in percentage hemolysis, an important 
RBC storage lesion, on day 1 and day 21, in stored packed RBCs (PRBCs) units.
MATERIALS AND METHODS: The serum UA of 100 healthy voluntary male blood donors was 
estimated at the time of blood donation. The percentage hemolysis in the supernatant of the 
leukoreduced citrate phosphate dextrose/saline–adenine–glucose–mannitol RBC units (n = 100) 
prepared from these donors was calculated on day 1 and day 21. The difference in percentage 
hemolysis between donors with high normal serum UA levels (>7 mg/dL) was compared to that of 
the donors with low normal serum UA levels (<5 mg/dL) to observe the effect of donor UA levels on 
the difference in percentage hemolysis.
RESULTS: The mean of the differences in percentage hemolysis in the supernatant in low UA 
group (<5 mg/dL) was higher than the mean of the differences in percentage hemolysis in the supernatant 
in high UA group (>7 mg/dL) and this was statistically significant (P < 0.001). The donor serum UA level 
and difference in percentage hemolysis on day 21 and day 1 were found to be negatively co‑related.
CONCLUSION: Higher levels of serum UA of blood donors seem to have a protective effect on the 
stored PRBC units as shown in this study. Hence, the potential of UA as one of the constituents 
of RBC additive solutions might lead to the enhancement of the quality of stored PRBC units by 
decreasing the RBC storage lesions.
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Introduction

The continuous evolution of blood 
storage systems including the constant 

tinkering and fine tuning of the additive 
solutions has led to the present scenario 
where packed (red blood cells [PRBCs]) 

are routinely stored for up to 42 days 
using (citrate phosphate dextrose/saline–
adenine–glucose–mannitol [CPD/SAGM]) 
bags.[1] However, the stored RBCs tend to 
undergo various metabolic and physical 
changes during their storage which are 
collectively known as “RBC storage 
lesions” and although we have succeeded 
in slowing down these “storage lesions” 
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substantially over the last few decades, these changes 
are inevitable.

These storage lesions are both metabolic (decline in the 
concentrations of 2,3‑diphosphoglycerate, reduction 
of adenosine 5’‑triphosphate, declining pH, and 
increase in the extracellular potassium concentration) 
and physical (loss of RBC membrane, changes in RBC 
shape and rheology, and the consequent increase in the 
supernatant free hemoglobin [fHb] concentration).[2]

Out of the various putative mechanisms proposed 
for the development of these RBC storage lesions, the 
cumulative oxidative injury to the stored RBC units 
and the accompanying reduction in the antioxidant 
capacity (AOC) of both stored RBCs and the supernatant 
have gained the maximum acceptance.[3]

The “storability” of the PRBCs is determined by a number 
of factors including donor variables, the storage system 
used for their preservation, and the duration of their 
storage.[4,5] Donor characteristics differ widely and these 
factors may determine the AOC of the PRBCs as well as 
their supernatant. These factors will subsequently result in 
a variation in the rate and magnitude of the development 
of RBC storage lesions in these stored RBC units.[6]

Uric acid (UA) is an important antioxidant present in the 
plasma and has been found to be responsible for more than 
60% of the total AOC of the plasma.[7] The serum UA levels 
of the donors may be influenced by a number of factors. 
Serum UA levels are found to be relatively higher in 
males, individuals consuming a purine‑rich diet (meat and 
seafood), alcohol consumption (beer), moderate to heavy 
exercise, and with high muscle mass.[8] Serum UA levels 
may also be transiently increased in individuals with 
chronic inflammatory conditions. Age has not been found 
to have a significant effect on serum UA levels.[4,8] It acts 
as a scavenger for the reactive oxygen species (ROS) and 
mops up the free radicals, thereby reducing the oxidative 
RBC membrane damage. Donor variations in serum UA 
levels at the time of blood donation, in addition to various 
other factors, determine the capacity of the stored RBCs 
to resist the accumulation of storage lesions by reducing 
the oxidative damage sustained by them due to the ROS.[9]

This study aimed at finding whether the serum UA 
levels of blood donors have an effect on the increase in 
the supernatant fHb levels in leukoreduced CPD/SAGM 
stored PRBC units.

Materials and Methods

Study population
This single‑center prospective observational study was 
carried out in the department of immunohematology 

and blood transfusion in a tertiary care hospital in 
western India for a period of 2 years (September 2018 to 
September 2020). The study population included healthy 
voluntary male blood donors who met the latest (2017) 
donor selection criteria laid down by National Blood 
Transfusion Council, India. A total of 100 cases were 
evaluated. Ethical approval for this study was obtained 
from the institutional ethics committee.

Sample size estimation
The sample size was estimated using the two‑tailed 
test for hypothesis testing about the difference between 
means. The sample size was estimated to be a minimum 
of 24 in each group, with a sample error of 5% at a 95% 
confidence interval. The study was powered at 90%.

Inclusion criteria
All healthy voluntary male blood donors who met the 
latest donor selection criteria and consented to participate 
in the study were included. Only PRBC units collected in 
450 ml CPD‑SAGM bags with integral leukofilters were 
included in the study. Written informed consent was 
obtained from all the volunteers.

Exclusion criteria
Female donors and male smokers were excluded. Female 
donors were excluded from this study because the average 
serum UA level in females is lower than that in males[10,11] 
and also because the female hormone (estrogen) has been 
found to reduce the RBC storage lesions[12‑14] and thus, 
would have been a confounding factor in this study.

Methodology
Blood samples for serum UA estimation of donors 
were collected from the diversion pouch attached to 
the blood bag. The serum UA levels were estimated 
on the same day using Siemens Dimension® EXL™ 
200 Integrated Chemistry System using Kalckar 
modification of the uricase method.[15] Thereafter, 
the collected whole blood was separated into 
components – leukoreduced PRBC units, fresh frozen 
plasma, and RDP. These PRBC units were then stored 
at 2°C–6°C post processing.

The PRBC units from donors with serum UA 
>7 mg/dL constituted the high UA group. Those 
with serum UA <5 mg/dL constituted the low UA 
group. PRBC units from donors with serum UA 
levels between 5 and 7 mg/dL were not included in 
the study. Representative samples (10 ml) were taken 
from the PRBC units through the pilot tube of the 
blood bag while observing strict aseptic precautions. 
The samples were collected in Falcon tubes (graduated 
conical bottom centrifuge tube) of 14 ml capacity 
which was centrifuged at 1500 g for 5 min to separate 
the supernatant.
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Thereafter, the supernatant FHb levels were estimated 
on day 1. The blood bags were then stored back at 
2°C–6°C for another 20 days and assessed again on 
the 21st day of collection for supernatant fHb levels as 
stated above.

The hematocrit of the PRBC in the blood bags was 
determined using five‑part fully automated cell 
counter (COULTER® LH 750 Hematology Analyzer) on 
both day 1 and day 21. These hematocrit values were 
later used for the calculation of percentage hemolysis. 
fHb was estimated using plasma low hemoglobin 
system with a microcuvette (HemoCue®, Angelholm, 
Sweden).

In a unit of stored PRBCs, the concentration of fHb 
depends on the number of disintegrated RBCs and the 
volume of plasma.[16] The same percentage hemolysis 
may thus give a much higher concentration of free 
plasma hemoglobin in a red cell concentrate with higher 
hematocrit.[17‑19] Therefore, the degree of hemolysis is 
often described as the percent of fHb in relation to the 
total. It is essential to correct for the hematocrit to avoid 
overestimation of the percent hemolysis in a product. 
The formula for calculating the percent hemolysis is 
given below:

Percent hemolysis (%) = (100 − hematocrit) × fHb in 
plasma or suspending medium (g/dL)/total Hb (g/dL)

Statistical analysis
Data were captured in MS Excel spreadsheet. For data 
analysis, computer software (Statistical Package for 
Social Sciences, IBM SPSS, Version 23.0 for Windows, 
IBM Corp., Armonk, NY, USA) was used. Descriptive 
statistics were elaborated in the form of means and 
standard deviations for continuous variables, and 
frequencies and percentages for categorical variables. The 
difference in the percentage hemolysis was calculated by 
subtracting percentage hemolysis in the supernatant on 
day 1 from that on day 21 for each blood bag. Independent 
samples t‑test assuming unequal variances was used for 
comparison of the difference in percentage hemolysis 
on day 1 and day 21 in the two groups of blood donors, 
i.e., those with serum UA >7 mg/dL versus those with 
serum UA <5 mg/dL at the time of donation. Pearson’s 
correlation coefficient was calculated to explore the linear 
correlation between two continuous variables. The level 
of significance was taken as P < 0.05.

Results

Three hundred and fifty seven blood donors who 
fulfilled the inclusion criteria were selected for the 
estimation of serum UA levels. The age of the donors 
ranged from 19 to 52 years and it showed a normal 

distribution [Figure 1]. The mean age of the donors 
was 35.07 ± 5.02 years [Table 1]. The serum UA levels 
showed normal distribution [Figure 2]. The mean 
donor serum UA level was 5.75 ± 1.15 mg/dL [Table 1]. 
Out of these 357 donors, PRBC units collected from 
100 donors (50 donors with serum UA >7 mg/dL who 
constituted the high UA group and 50 donors with serum 
UA <5 mg/dL who constituted the low UA group) were 
selected for the final study.

Only 14% of the donors had serum UA >7 mg/dL and 
22% had serum UA <5 mg/dL [Figure 3].

In the low UA group (serum UA <5 mg/dL), the mean 
percentage hemolysis in supernatant on day 1 was 
0.105 ± 0.022 and on day 21, it was 0.246 ± 0.048. The mean 
of difference in percentage hemolysis in supernatant on 
day 21 and day 1 was 0.140 ± 0.031 [Table 2 and Figure 4]. 
Whereas, in the high UA group (serum UA >7 mg/dL), 
the mean percentage hemolysis in supernatant on day 
1 was 0.104 ± 0.022 and on day 21 it was 0.198 ± 0.036. 
The mean of difference in percentage hemolysis in 
supernatant on day 21 and day 1 was 0.092 ± 0.019 
[Table 2 and Figure 4].

The mean of the differences in percentage hemolysis in 
the supernatant in low UA group (<5 mg/dL) was higher 
than the mean of the differences in percentage hemolysis 
in the supernatant in high UA group (>7 mg/dL) 
and this was statistically significant (P < 0.001) using 
the two samples t‑test assuming unequal variances. 
The percentage hemolysis on day 21 was within 
regulatory limits (<1%) in all of the bags included in 
this study. The donor serum UA level and difference in 
percentage hemolysis on day 21 and day 1 were found 

Figure 1: Age distribution of blood donors (n = 357). Age of blood donors is 
represented on X-axis and total no of blood donors on Y-axis

Table 1: The age distribution and serum uric acid 
levels of blood donors

Mean SD Minimum Maximum
Age (Years) 35.07 5.02 19 52
Serum Uric Acid level (mg/dL) 5.75 1.15 2 9



Singh, et al.: A study to assess the relationship between donor uric acid levels and supernatant hemolysis in stored packed red blood cell units

254 Asian Journal of Transfusion Science  - Volume 16, Issue 2, July-December 2022

to be negatively co‑related with Pearson’s correlation 
coefficient r = ‒0.62 [Figure 5].

Discussion

This study evaluated whether the donor‑related variation 
in serum UA levels is associated with the storability of 
donated RBCs under storage in CPD/SAGM.

The “storability” of the blood collected from healthy 
regular blood donors depends on a number of factors 
including the blood bag/anticoagulant – preservative 
system used, processing techniques, storage conditions, 
and donor characteristics.[5] Donor characteristics will 
decide various donor variable associated factors in the 
stored RBCs and the supernatant, and therefore, the 
resistance to the development of storage lesions as well 
as the posttransfusion recovery of the red cells.[20] The 
rate and magnitude of development of RBC storage 
lesions depend on the ability of stored units to cope with 
a range of oxidative stimuli and defects.[14,17] Intrinsic 
variability in donor UA levels seems to influence RBC 
storage lesions. Although it is not known at present 
whether this protective effect conferred by UA is by a 
direct antioxidant function of UA inside the RBCs unit 
or due to its capability to reveal the redox homeostasis 
of the individual donor, normal‑range variation in UA 
might be used to evaluate the susceptibility of stored 
PRBC units to storage lesions.[12,18]

The biochemical and biophysical profile of different 
donors differs widely because of the inherent 
heterogeneity of the population. Hence, the capacity to 
resist oxidative stress during storage will also differ even 
if all other factors are constant.[20] It has been shown in 
various studies that various characteristics reflecting the 
storage lesions in stored PBC units such as RBC shape, 
fragility, hemolysis, metabolism, redox homeostasis, 
and other aging‑related variables are a function of donor 
factors as well as the storage system used.[20,21]

Our study, by assessing 100 voluntary, regular donors, 
showed that serum UA might be responsible for 
a significant part of the donor‑related AOC of the 
supernatant. In this study, the difference in percentage 
hemolysis in the supernatant decreased as the baseline 
UA of the donor increased. This might be due to the 
antioxidant effect provided by the UA present in the 
supernatant and/or its influx into the stored RBCs.

Figure 4: Box and whisker plot showing the mean of difference in percentage 
hemolysis in supernatant on day 21 and day 1 in low uric acid and high uric acid 

groups

Figure 2: Showing serum uric acid levels of blood donors (n = 357). Serum uric 
acid levels of blood donors are represented on X-axis and total no of blood donors 

on Y-axis

Figure 3: Pie chart showing the distribution of serum uric acid levels in blood 
donors (n = 357)

Table 2: Mean supernatant percentage hemolysis in low uric acid and high uric acid groups
Day 1 (mean 
Supernatant 

percentage hemolysis)

Day 21 (mean 
Supernatant 

percentage hemolysis)

Mean of Difference 
in Supernatant 

percentage hemolysis

P (Mean of Difference 
in Supernatant 

percentage hemolysis)
UA <5 mg/dL 0.105±0.022 0.246±0.048 0.140±0.031 < 0.05
UA >7 mg/dL 0.104±0.022 0.198±0.036 0.092±0.019 < 0.05
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The serum UA levels among the donors showed a normal 
distribution profile, and hence, we selected the “tails” 
of the Gaussian curve to study the potential impact of 
widely different baseline levels of UA on hemolysis in 
the supernatant. PRBC units from the donors located 
at the higher levels of the curve (higher‑UA donors) 
exhibited lower difference in percentage hemolysis in the 
supernatant at day 21 of the storage period compared to 
the units of low‑UA donors.

A similar study by Tzounakas et al.[4] did not find any 
statistical difference between supernatant fHb in the 
low and high UA groups. However, their sample size 
was very small (n = 8) and they used supernatant fHb 
for analyzing their data, whereas we used percentage 
hemolysis. Furthermore, the PRBC units used in their 
study were nonleukoreduced. Another study by Bardyn 
et al.[22] concluded that the antioxidant power (AOC) in 
RBC concentrates and the extracellular UA concentration 
were positively correlated.

Donor UA presents in the residual plasma of the RBCs 
unit might reduce the ROS and reactive nitrogen species 
accumulation, leading to fewer oxidative hits to protein 
and lipid targets in the soluble component and the RBC 
surface.[23‑25] Hence, the choice of a storage system with 
UA as one of the constituents of the red cell additive 
solution can lead to a further reduction in storage lesions 
and potentially enhance the quality of the RBC units.[7,8,22]

Conclusion

Accurate evaluation of the RBC storage lesions and their 
correlation with the donor characteristics will help us 
in determining which donor factors are important and 
which are not. This will help the transfusion services 
concentrate on the factors which they should study 
in detail. Moreover, this might lead to small changes 
in the RBC storage strategies (storage conditions and 
composition of the RBC additive solutions) which will 

accrue over time and lead to improvement in the quality 
of stored packed red cells.

Although this study had a few limitations namely, 
only serum UA levels of the donors were taken into 
consideration, whereas other factors contributing to 
inter‑donor variability (age, sex, dietary habits, exercise, 
alcohol consumption, smoking, obesity, etc.,) were left 
unexplored and supernatant hemolysis was the only red 
cell storage lesion that was analyzed in this study, there 
is ample evidence that higher donor UA levels improve 
the storability of PRBC units. Hence, we strongly 
recommend UA for consideration and evaluation in 
future large‑scale studies on donor variables, to explore 
the potential usefulness of UA as a constituent of RBC 
additive solutions.
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