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ABSTRACT

The present study aimed to evaluate the 
hematology of buffalo blood stored in plastic bags 
containing either CPDA-1 or CPD/SAG-M. Ten 
healthy adult male buffaloes were used. In total, 
900 g of blood was collected from each specimen, 
450 g of which was packed in a bag containing 
CPDA-1; the other 450 g was packed in a bag 
containing CPD/SAG-M. The bags were then 
stored at 2oC to 6oC for 42 days. The blood samples 
were evaluated 7 times during this period: day 0 
(D0; immediately after collection), D7 (7 days 
after collection), D14 (14 days after collection), 
D21 (21 day after collection), D28 (28 days after 
collection), D35 (35 days after collection) and 
D42 (42 days after collection). At each time point, 
the following hematological parameters were 
analyzed: globular volume, red blood cell count, 
mean corpuscular volume, degree of hemolysis, 
number of leukocytes, and plasma hemoglobin. 
During storage, the number of red blood cells and 
leukocytes decreased, whereas plasma hemoglobin 
values and mean corpuscular volume increased 
(P<0.05). Buffalo whole blood packed in bags 

containing either CPDA-1 or CPD/SAG-M 
underwent hematological changes during storage; 
however, the blood remained viable for transfusion 
when stored for up to 42 days at 2 to 6oC. No 
clinically important differences were observed 
between CPDA-1 and CPD/SAG-M in terms of the 
conservation of total buffalo blood. Therefore, both 
types of bag were indicated for use in this species.

Keywords: Bubalus bubalis, buffalo, hematology, 
hemolysis, transfusion, conservation 

INTRODUCTION

Transfusion of whole blood is carried 
out in animals to re-establish their capacity for 
transport and diffusion of oxygen to tissues after 
significant reductions in hemoglobin values, such 
as occur during severe anemia or acute blood loss 
(Purdy et al., 2014). Transfusion blood should be 
stored in plastic bags. However, during storage, 
blood tissue becomes increasingly damaged. Such 
changes are known collectively as storage lesions 
(Salaria et al., 2014).
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Storage lesions are characterized 
by metabolic, biochemical, molecular, and 
morphological changes in blood components, 
as well as by the accumulation of bioreactive 
substances that are potentially harmful and 
may have adverse clinical effects during blood 
transfusion, especially in critically ill patients 
(Aubron, 2013). If technicians fail to monitor these 
changes throughout the preservation period, stored 
blood may become unusable or less effective. 
Studies have shown that the tissue of each animal 
species presents different behaviors when stored 
in plastic bags; specifically, various investigations 
have evaluated storage lesions in sheep (Sousa 
et al., 2013), donkeys (Barros, 2011), and goats 
(Tavares, 2013).

Buffaloes are important economic animals 
in the Amazon region, especially in Pará State, 
which has the largest herd in Brazil (Vale et al., 
2014). Considerable economic losses are incurred 
as a result of herd mortality due to blood loss, which 
can be caused by surgical procedures and hemolytic 
diseases such as hemoparasites (Silva et al., 2014). 
In such cases, to replace blood volume, transfusion 
of whole blood, or its components, should be carried 
out (Sousa et al., 2012). However, no reports have 
been published regarding the storage lesions that 
occur during the conservation of buffalo blood; 
consequently, there are no indices that allow a safe 
transfusion procedure in buffaloes. The objective 
of the present study was to evaluate hematological 
alterations in buffalo blood stored for 42 days in 
plastic bags containing either CPDA-1 or CPD/
SAG-M.

MATERIALS AND METHODS

This project was approved by the 

Commission of Ethics in the Use of Animals of 
the Federal University of Western Pará (process 
number: 07006/2013). Ten healthy cross-breed 
male buffaloes were used in the present study. 
The buffaloes were aged 2.5 years and weighed an 
average of 416 kg (SD ± 18.1 kg). They belonged 
to a commercial farm, where they were submitted 
to semi-intensive management, receiving forage-
based feeding, mineral supplementation, and 
free access to water. Prior to the experiment, the 
buffaloes received a moxidectin-based endectocide. 
The animals selected were clinically evaluated 
and submitted to laboratory tests to ensure that 
they were physiologically normal and free of 
hemoparasites.

Two bags of whole blood-totaling 900 g were 
collected from each animal; 450 g of the blood was 
packed in a sterile bag containing the preservative 
CPDA-1, which is composed of citrate, phosphate, 
dextrose, and adenine. The other 450 g were 
packed in a sterile bag containing CPD/SAG-M, 
wherein the primary bag contains a preservative 
solution composed of citrate, phosphate, and 
dextrose, and a satellite bag contains a solution of 
sodium chloride, adenine, glucose, and mannitol. 
In the CPD. SAG-M bags, the additive solution in 
the satellite bag was transferred to the main bag 
immediately before blood collection. Whole blood 
was then collected. To determine how much blood 
was collected, the bags were weighed on a precision 
scale. They were then stored immediately after 
collection in a temperature-controlled refrigerator 
(2oC to 6oC, mean: 3.7oC±0.5oC) for 42 days; they 
were homogenized manually on alternate days 
during this period. The blood was collected in a 
containment trunk without any anesthetic, and 
the order of the type of bag used was alternated 
throughout these collections.

Hematological evaluations of the whole 
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blood were carried out at seven different time 
points: immediately after collection (D0), 7 days 
after collection (D7), 14 days after collection 
(D14), 21 days after collection (D21), 28 days after 
collection (D28), 35 days after collection (D35) and 
42 days after collection (D42). At each time point, 
the following parameters were measured using 3 
ml of whole blood taken from the pocket of each 
bag: erythrocyte count, total leukocyte count, and 
globular volume. The erythrocyte and leukocyte 
counts were determined by macrodilution using the 
manual method, which involves a Neubauer chamber 
and follows the procedures of Hendrix (2005). 
Globular volume was measured by centrifugation 
for microhematocrit using capillary tubes 75 mm in 
length. Samples were centrifuged at 1000 × g for 5 
minutes and read in a microhematocrit table (Kerr, 
2003). The mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH), and mean 
corpuscular hemoglobin concentration (MCHC) 
were calculated using the equations introduced by 
Jain (1993). The total hemoglobin concentration 
was determined using the cyanometahemoglobin 
method, whereby 10 μl of whole blood were diluted 
in 2.5 ml of Drabkin’s solution, and a subsequent 
spectrophotometer reading was performed at 540 
nm, as described by Hendrix (2005).

To guarantee that no contaminations could 
interfere with the results, microbiological analyses 
were performed at all experimental times using the 
three-phase Hemobac Triphasic system (Hemobac 
Trifásico; Probac, São Paulo, SP, Brazil), 
which uses chocolate agar, sabouraud agar, and 
MacConkey agar. The collected samples were kept 
in a greenhouse (Sterilifer digital SX1.1; Sterilifer, 
Diadema, SP, Brazil) for 7 days at 35oC. During 
microbiological examination, all procedures 
were performed according to the manufacturers’ 
instructions.

Initially, data were analyzed using 
the Kolmogorov-Smirnov test to verify their 
distribution. Data that presented a normal 
distribution were analyzed using two-way repeated 
measure analysis of variance, followed by Dunnett’s 
means-comparison test, which evaluates the effect 
of time (different days of evaluation). Sidak’s test 
was then used to compare the results between the 
types of bag (CPDA-1 or CPD/SAG-M). GraphPad 
Prism® statistical software was used to perform 
the analyses; P-values <0.05 were considered 
significant.

RESULTS AND DISCUSSION

Two bags, collected from the same 
animal (buffalo 2), already yielded growth of 
microorganisms at D7 and maintained this result 
throughout the other time points. It was considered 
likely that contamination had occurred at the time 
of collection, because buffalo 2 was particularly 
aggressive and difficult to restrain. For this reason, 
these bags were removed from the study, and all 
analyses were performed using only 9 animals and 
18 blood bags. At none of the experimental time 
points were any microbiological changes observed 
in the blood conserved in the remaining 18 plastic 
bags, and no microorganism growth occurred in 
any of the culture media used, suggesting that the 
results were reliable.

Table 1 presents the results of the 
hematological analyses pertaining to red blood 
cells, globular volume, and total hemoglobin. The 
number of red blood cells decreased during the 42 
days of storage with differences (P<0.05) from D7 
onwards in both the CPDA-1 and CPD/SAG-M 
bags but without differences (P>0.05) among bag 
types during the experimental period. Reductions 
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in red cells count are a common finding in studies 
on blood conservation (Cancellas, 2014; Erve et 
al., 2014; Obrador, 2014). This phenomenon is 
attributed to hemolysis that occurs throughout the 
shelf life of the blood and is a result of its natural 
aging (Hees, 2014). At the end of the present 
experiment, the red blood cell was 80% of the 
baseline count, confirming that these cells are 
preserved in these bags. In a similar experiment, 
Barros (2011) analyzed the preservation of donkey 
blood and demonstrated that, after 42 days stored, 
87% of erythrocytes survived in CPDA-1 bags, 
whereas 80% survived in CPD/SAG-M bags.

The globular volume did not change 
throughout the study period in the present 
experiment (P>0.05). However, at all experimental 
time points, globular volume differed between 
the bag types (P<0.05), being higher in CPDA-1 
bags than in CPD/SAG-M bags. Tavares (2013) 
reported the same discrepancy after analyzing 
blood conservation in goats using the same bags. 
Therefore, the differences between the globular 
volumes were predicted; they occur because the 
CPD/SAG-M bags contain greater amounts of 
diluents. Despite the reduction in erythrocytes, the 
globular volume remains stable because the MCV 
increases.

Regarding total hemoglobin, there was 
no significant difference between the bag types 
(P>0.05) at any of the time points evaluated. 
Bertoletti (2011) found a similar result. During the 
42 days of the present experiment, the hemoglobin 
values differed between the two bag types; the 
CPDA-1 bags had higher values than the CPD/
SAG-M bags. Tavares (2013); Barros (2011), who 
performed experiments on goats and donkeys, 
respectively, also reported differences between the 
bags in terms of hemoglobin concentration. The 
different hemoglobin concentrations are due to 

the greater amount of diluents found in the CPD/
SAG-M bags. The same two researchers described 
reductions in hemoglobin concentration over the 
duration of storage, contradicting the findings 
of the present experiment. These data suggest 
that buffalo hemoglobin is less sensitive to the 
denaturation process during the conservation time 
applied in this study.

Table 2 presents the MCV, MCHC, and 
leukocyte count in buffalo total blood throughout 
the experiment. The MCV noticeable increased 
over time in the two conservation bags. With regards 
to the OD, the CPDA-1 bags showed marked 
changes from D35 onwards (P<0.05), whereas, in 
the CPD/SAG-M bags, such changes were seen 
only at D42. When the two bags were compared in 
this regard, significant differences were observed 
at all experimental times. The MCV is a marker 
of erythrocyte size, and its increase is directly 
proportional to the growth of these cells (Harvey, 
2012). Therefore, an increase in MCV indicates 
engorgement of the red blood cells, which occurs 
due to faults in the sodium and potassium pumps 
that maintain hypertonicity in the intracellular 
medium, with a consequent inflow of water into the 
cell (Tuo et al., 2014). The percentage MCV found 
in this study indicated that a 16% increase occurred 
in this variable throughout the study period; this 
is a smaller increased than that reported by Barros 
(2011), who found, in a study involving donkeys, 
that the MCV increased by 21% in CPDA-1 bags 
and by 27% in CPD/SAG-M bags. Similarly, 
Sousa et al. (2012) reported a 36% MCV increase 
in sheep. Such precedents suggest that buffalo 
erythrocytes are less sensitive to storage changes 
than the erythrocytes of other species.

In both bag types, there was a difference in 
MCHC between D0 and D7 (P<0.05), as measured 
using OD. However, none of the other time 
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Table 1. Mean and standard deviation of red blood cell count, globular volume, and total hemoglobin in 
buffalo whole blood stored in CPDA-1 or CPD/SAG-M bags.

Day 
Red blood cells (x 106) Globular volume (%) Total hemoglobin (g/dL)

CPDA-1 CPD/SAG-M CPDA-1 CPD/SAG-M CPDA-1 CPD/SAG-M
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

D0 7.6aA±0.4 7.2aA±0.3 31.8aA±2.5 25.9aB±2.1 9.6aA±0.6 8.2aB±0.6
D7 7.4bA±0.4 7.0bA±0.3 31.6aA±3.0 25.2aB±2.6 9.4aA±1.2 8.3 aB±0.5

D14 7.1bA±0.3 6.7bA±0.3 29.8aA±2.8 23.9aB±3.6 10.3aA±1.2 8.6aB±0.6
D21 6.9bA±0.3 6.5bA±0.3 30.5aA±2.0 24.5aB±2.2 10.2aA±0.6 8.4aB±0.6
D28 6.7bA±0.3 6.3bA±0.3 29.1aA±2.9 24.1aB±2.7 9.6aA±0.8 7.6aB±0.8
D35 6.4bA±0.2 5.9bA±0.3 29.8aA±2.2 23.2aB±3.2 10.0aA±0.5 7.5aB±0.9
D42 6.0bA±0.3 5.7bA±0.4 29.6aA±2.4 24.6aB±2.9 9.7aA±0.7 7.8aB±0.7

Different lower case letters in the same column indicate a significant difference between baseline (D0) and 
the experimental time points, determined by Dunnett’s multiple comparison test (P<0.05). Different upper 
case letters in the same line indicate a significant difference between the types of blood bags, determined 
using Sidak’s multiple comparison test (P<0.05).

Table 2. Mean and standard deviation of mean corpuscular volume (MCV), mean corpuscular hemoglobin 
concentration (MCHC), and white blood cell count (WBC) of whole buffalo blood stored in CPDA-
1 or CPD/SAG-M bags.

Day
MCV (fL) MCHC (g/dL) WBC  (x 103)

CPDA-1 CPD/SAG-M CPDA-1 CPD/SAG-M CPDA-1 CPD/SAG-M
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

D0 40.8aA±4.6 35.8aB±3.3 30.2aA±2.0 32.3aA±2.3 12.1aA±1.7 11.8aA±1.8
D7 42.4aA±4.1 35.9aB±4.5 29.9bA±3.5 33.3bA±2.9 10.3bA±1.5 9.3bA±0.9

D14 41.9aA±3.7 35.3aB±6.0 35.1aA±4.0 36.6aA±5.0 9.5bA±1.3 9.1bA±1.0
D21 43.5aA±2.7 37.7aB±4.4 33.4aA±0.9 33.5aA±3.2 7.6bA±1.1 7.7bA±1.2
D28 43.1aA±3.8 40.2aB±6.3 33.2aA±4.4 30.7aA±3.6 7.3bA±1.1 6.5bA±1.3
D35 46.2bA±2.3 38.8aB±5.4 33.8aA±2.1 32.6aA±2.1 6.6bA±0.8 5.8bA±1.0
D42 48.6bA±3.4 42.8bB±5.1 32.7aA±2.3 31.9aA±2.4 6.1bA±0.6 5.3bA±0.9

Different lower case letters in the same column indicate a significant difference between baseline (D0) and 
the experimental time points, determined by Dunnett’s multiple comparison test (P<0.05). Different upper 
case letters in the same line indicate a significant difference between the types of blood bags, determined 
using Sidak’s multiple comparison test (P<0.05).
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points differed from D0 in this regard (P>0.05). 
Furthermore, the bags did not differ from each 
other in terms of MCHC (P>0.05). The MCHC 
represents a percentage derived from the ratio of 
hemoglobin concentration to globular volume. The 
MCHC found in the present experiment stands to 
reason, because both the hemoglobin concentration 
and globular volume were constant throughout the 
experimental period. Clinically, this hematometric 
index is important in the investigation and 
etiological classification of anemias. Nonetheless, 
data about these indices are rare in blood storage 
studies; therefore, it is difficult to compare this 
parameter between species.

The leukocyte count underwent gradual 
decline throughout the present experiment. The 
reductions were significant (P<0.05) between D0 
and D7. However, no differences (P>0.05) were 
observed between the bag types in terms of the 
amount of leukocytes. Such leukoreduction is 

commonly found during blood storage (Sousa, 2009; 
Hu et al., 2014; Hess, 2014). Razouk (2004) stated 
that, at the end of their storage time, blood bags 
should contain a maximum of 5 x 103 leukocytes 
/µl. At the end of this experiment, averages of 
5.3 and 6 x 103 leukocytes /µl were found in the 
CPD/SAG-M and CPDA-1 bags, respectively. The 
percentages of leukocyte lysis in the present study 
were 50% in the CPDA-1 bag and 55% in the CPD/
SAG-M bag. These values were higher than those 
found in goats (Tavares, 2013), where only a 5% 
leukocyte lysis rate occurred in the CPDA-1 bags, 
and a 42% rate occurred in the CPD/SAG-M bags. 
These findings suggest that buffalo leukocytes are 
more sensitive to storage, especially in the CPDA-
1 pockets. Leukocytes are involved in several 
undesirable effects of blood transfusion, such as 
non-hemolytic febrile reactions, HLA antibody 
formation, platelet refractoriness, etc. Indeed, 
researchers agree that it is important to reduce 

Table 3. Mean and standard deviation of plasma hemoglobin concentration and degree of hemolysis in buffalo 
whole blood packed in CPDA-1 or CPD/SAG-M bags.

Day
Plasma hemoglobin (g/dL) Hemolysis degree (%)

CPDA-1 CPD/SAG-M CPDA-1 CPD/SAG-M
Mean± SD Mean Mean Mean

D0 0.06Aa±0.04 0.18Aa±0.17 0.45Aa±0.32 1.70Aa±1.5
D7 0.06Aa±0.03 0.45Aa±0.18 0.38Aa±0.23 3.41Aa±1.51
D14 0.59Aa±0.25 0.53Aa±0.31 3.01Aa±1.32 3.64Aa±1.90
D21 1.16Ab±0.32 1.49Ab±0.72 6.46Ab±1.68 11.0Bb±4.44
D28 1.00Ab±0.33 1.54Ab±0.92 5.45Ab±1.80 10.94Bb±5.57
D35 1.65Ab±0.59 1.46Ab±0.80 8.74Ab±3.59 10.2Ab±4.91
D42 1.95Ab±0.73 1.31Ab±0.55 10.4Ab±3.80 9.01Ab±4.16

Different lower case letters in the same column indicate a significant difference between the experimental 
time points, determined using Dunnett’s multiple comparison test (P<0.05). Different upper case letters in 
the same line indicate a significant difference between the types of blood bags, determined using the Sidak 
multiple comparison test (P<0.05) for each variable.
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leukocytes in blood components before transfusion, 
and several investigators have proposed efficient 
means to withdraw them or even render them 
inactive (Serinolli et al., 2013).

Table 3 presents the plasma hemoglobin 
concentrations and degree of hemolysis. There 
was a significant increase in plasma hemoglobin 
concentration between D0 and D21 in both the 
CPDA-1 and CPD/SAG-M bags (P<0.05 in both 
cases).

No differences in plasma hemoglobin 
were observed between the bags. This increase in 
plasma hemoglobin was predictable; it results from 
red blood cell lysis, which is in turn caused by the 
osmotic fragility of red blood cells that develops 
during storage (Hess, 2014). Thus, this increase 
in plasma hemoglobin concentration is a normal 
finding in conservation studies, and it occurs in 
donkeys (Barros, 2011), dogs (Costa Jr., 2008), 
goats (Tavares, 2013) and sheep (Sousa et al., 
2012).

CONCLUSION

Whole buffalo blood stored in CPDA-1 
or CPD/SAG-M bags undergoes hematological 
changes during storage, but remains viable for 
blood transfusion when stored refrigerated for up to 
42 days. In general, there are no clinically important 
differences in the conservation of buffalo whole 
blood between the two types of bags evaluated, and 
both are indicated for use in this species.
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