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ABSTRACT

Background: Mean values of erythrocytic morphometric parameters of very old blood and its effect on the target post-transfusion
haematocrit changes of splenectomised dogs was studied.

Methods: Two hundred and fifty milliliters of blood each were drawn from healthy dogs (n=6) into citrate phosphate dextrose adenine-1 anti-
coagulated blood bags, preserved for 35 days for the evaluation of erythrocyte morphometric and viability parameters. Thereafter,
twenty adult male splenectomised dogs were randomly assigned into 5 groups (n=3). Post-splenectomy, 4, 14, 21 and 28 day old
blood (DOB) were transfused to groups |-V while group | animals were not transfused. Intraoperative blood loss was determined
during the surgery while post-transfusion, animals haematocrit were assayed and used to calculate the targeted haematocrit.
Result: Findings revealed irreversible progressive time dependent morphometric changes by day 14 of blood storage. Hence, it is
recommended that for transfusion purposes, 4 DOB should be the hallmark as it achieved the desired haematocrit and no morphometric

changes were observed from it.
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INTRODUCTION

As the main function of erythrocytes are to transport oxygen
to tissues, carbon dioxide out of tissues and buffering of
hydrogen ions; the energy utilized by these erythrocytes in
maintaining biochemical, enzymatic, biomechanical and
other functions does so to optimize oxygen delivery to tissues
(Cunbo et al., 2017). For them to carry out these functions
effectively, they are armed with both external and internal
cellular structural proteins (Cunbo et al., 2017).

The structural components of red blood cells (RBC)
together with Nicotinamide Adenine Dinucleotide Phosphate
(NADPH) help to protect RBC against in-vivo oxidative injury
that will lead to biomechanical alterations and resultant
damage to the blood with defective functions (Hogman et al.,
1999). The sites of damage are the cytoskeletal proteins
embedded in the erythrocyte membrane. These membrane
changes cause the RBC to be fragile with resultant increase
in osmotic fragility (Wehrli, 2012). The efforts and
investigations ongoing for the past 4-5 decades were to
maintain the corpuscular integrity and viability during
prolonged storage that will translate to function following
transfusion. This however prolonged storage time to 42 days
following addition of phosphate, adenine and glucose
preserved at 2-6°C (Wehrli, 2012). However, some
researchers had hypothesized that prolonged storage in
assisted storage medium could result to increased mean
hemolysis coupled with irreversible biomechanical changes
that leads to decrease in the efficiency of stored blood and
decrease in their ability to act their required role after
transfusion.
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Before any transfusion with preserved blood over a long
period of time is carried out, it is always desirous that the
blood should have negligible and reversible haematological,
biochemical, inflammatory and biomechanical changes.
However, till date, there is paucity of data on the associated
time dependent erythrocytic morphometric changes and its
effect on the target post-transfusion haematocrit changes
of splenectomised dog.

MATERIALS AND METHODS
Ethics

The experimental protocols were approved by the
Institutional Animal Care and Use Committee of the Faculty
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of Veterinary Medicine, University of Nigeria, Nsukka
(IACUC, FVM UNN).

Time dependent erythrocytic morphometric changes

Commercially available human blood bags (Ritcher®, China)
for infants (250mis) was used to asceptically collect blood
from 10 healthy blood donor dogs according to standard
blood bank procedures. The blood was preserved in a solar
operated refrigerator at 4°C for 35 days and samples were
withdrawn aseptically on days 0, 7, 14, 21, 28 and 35 for
the investigation of haematocrit value as described by
Cheesbrough (2006), morphometric parameters (erythrocyte
diameter, circumference and surface) as previously
described by Adili and Melizi (2014) and erythrocyte viability
as described by Klaus et al. (2005).

Effect of different ages of stored blood on post-
transfusion desired haematocrit in splenectomised dogs

Twenty (20) adult (between 3-4 years) apparently healthy
male dogs was used for this study. They were housed in the
Department of Veterinary Surgery kennel for 14 days. During
acclimatization, they were screened for gastro-intestinal
parasites and blood borne diseases. The dogs were routinely
de-wormed and vaccinated, fed with commercial dog food
(Jo-Jo® France). Water was provided ad libitum. Twelve
hours to the surgery, food was withheld while water was
provided till the time of the surgery. Thereafter, the dogs
were typed using canine rapid quick typing test kit (Alveida®
France). Blood for transfusion was obtained from twenty
donor dogs weighing between 25-35 kg. The donor dogs
were typed, screened for gastro-intestinal and blood borne
parasites. Care was taken to use dogs with good
temperament. Blood collected were preserved in the
refrigerator at 4°C for different days (days 4, 14, 21 and
28).

Experimental protocol

The dogs were splenectomised and then randomly assigned
to 5 groups of 4 dogs each. Post splenectomy, 120 mls of 4,
14, 21 and 28 DOB were transfused to groups II, Ill, IV and
V while group | animals were not transfused. Transfusion
was carried out at 10 mg/kg/hour for 40 minutes and
thereafter, it was increased to 15 mg/kg/hour. The
anaesthetic protocol used was 25mg/kg of ketamine HCL
after premedicating with 2.0mg/kg xylazine.

Intra-operative determination of blood loss

Excised spleen was weighed immediately post removal with
a metlers weighing balance and the weight recorded.
Thereafter, 4 ml of adrenarline (Serenaline® China) was
injected at different parts of the spleen in order to
exsanguinate the spleen. Repeat weight determination of
the exsanguinated spleen was done 20 minutes after. The
difference between the engorged spleen and the
exsanguinated spleen was noted and recorded. Clean gauze
with a known weight was used to drain all the blood that
was let out during the surgery. The weight difference between

the plain gauze and soaked gauze with blood was noted
and recorded too.

Desired haematocrit validation

this was determined as previously described by Haldane
et al. (2004).

Statistical study

Mean + Standard error of mean were determined for the
variable generated on each storage day. Data collected were
statistically analysed using one way analysis of variance.
The Least Significant Difference (LSD) post hoc test was
used to separate the variant means at p<0.05 as statistically
significant.

RESULTS AND DISCUSSION

Making extrapolations from human studies to what happens
in animals has been a misleading diagnostic tool for
Veterinarians. Whole blood stability following storage is
defined as the capability of blood to retain the initial value
of a measured quantity for a defined period within specific
limits when preserved under defined con-ditions. The results
of the studied parameters showed an ongoing biomechanical
metabolism following storage. Morphometric studies of red
blood cells have been the subject of recent several studies
in various animal species (Adili et al., 2016) together with
morphologic alterations (Ibrahim et al., 2016) and vitality
information (Cunbo et al., 2017) for diagnostic purposes.
Morphometric changes is based on linear measurements
of erythrocyte sizes (diameter, surface and circumference)
(Adili et al., 2016).

The statistical significance of the experimental data
obtained from the erythrocyte parameters (diameter,
circumference and surface) was indicated in Table 1. The
erythrocyte diameter, circumference and surface findings
on day 0 ps showed no significant (p>0.05) variation when
compared with the values obtained on days 7 and 28 ps but
significantly (p<0.05) smaller to that of day 35. The findings
on days 14 and 21 were significantly (p<0.05) smaller to
that of the base value with no significant (p>0.05) variation
between them. This could be due to compromised
membrane integrity leading to loss of fluids. But by day 35,
there could be influx of fluids that inadvertently interfere and

Table 1: Changes in the mean morphometric indices of RBC of
SCB in CPDA-1.

Diameter surface Circumference
P8y (um) (um) (um)
0 7.13 £ 0.11# 40.33 £ 1.232 22.44 £ 0.342
7 6.73 + 0.092 35.71 + 1.01° 21.13 £ 0.29?
14 5.38 + 0.13° 23.07 + 1.05° 16.89 + 0.39°
21 5.24 + 0.07° 21.48 + 0.59° 16.38 + 0.23°
28 7.22 £ 0.23? 4.44 + 2.672 22.60 £ 0.722
35 7.83 £ 0.15° 48.41 + 1.96° 2459 + 0.48°

1.Different superscripts # ® ¢ in a column indicates a significant
different between the mean at the level of probability: p<0.05.
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induce some cytoplasmic and morphometric changes and
on the extreme provoke degranulation of red cells (Adili and
Melizi, 2014).

During storage, red blood cells undergo marked
morphological changes (Ibrahim, 2008). Findings revealed
about 25-50% spherocytes with 64-73% dicosyte by day 14
ps and about 87-100% crenocytes by day 28 ps. Our findings
was in line with the work of Ibrahim et al. (2016) on human
pRBC where the reversible spherocytes were seen by day
14 ps, whereas this study showed about 87-100%
irreversible crenocytes by day 28, Ibrahim’s work showed a
100% crenocytes by day 42 ps. This faster degeneration of
canine stored blood could be attributed to progressive
increase in erythrocyte size due to influx and accumulation
of extracellular sodium ion in the cytosol as previously
described by Okereke et al. (2020) and Udegbunam et al.
(2020). Discoid shape of red blood cell influences its
resistance to membrane distortions owing to a special
organization of the membrane-skeleton system. This
particular proQle maximizes the surface to volume ratio and
thus may expedite diffusion and exchange. It is seen that
during storage, red blood cells gradually loses the normal
morphology of discoid shape and progress to spherocytes,
with decreased surface area to volume ratio (Cluitmans et al.,
2012) as a result of increased reactive oxygen species

(ROS) and decreased antioxidant defence mechanism
leading to oxidation and degradation of these proteins.
These ROS has known cytotoxic effects (Hess, 2010) and
can cross-link erythrocyte membrane phospholipids and
proteins (Hoehn et al., 2015). As membrane proteins are
lost coupled with increasing ROS, ion pumps begin to fail
causing the starving RBC's to swell as a result of influx of
fluids. The erythrocytes will then take on a more spherical
or hemispherical appearance shifting into numerous non-
deformable protrusions of cellular membrane sticking out
in all directions (Hess, 2010). These changes could be due
to the continued biochemical, biomechanical and
haematological alterations in the stored blood over time.
Red cell vitality was done in this study with trypan blue
which in biosciences, it is used as a vital stain to selectively
colour dead tissues or cells blue (Cunbo et al., 2017). Trypan
blue stain for erythrocytes can also be termed dye exclusion
method. Here, live cells with intact membranes are not
coloured because they are selective to compounds that pass
through them. In membrane compromised or dead cells,
the trypan blue passes the membrane with the cell appearing
blue colour under the microscope (Klaus et al., 2005). This
work revealed blue staining erythrocytes by day 21 ps. Post
storage days 0, 7 and 14 revealed live cells (as seen in
Plates 1, 2 and 3 respectively). However, by day 21 post
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Plate 1:

Day 0 showed that 100% of the cells remained unstained indicating they are still live.

x400 magnification under light microscopy
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Plate 2:

Day 7 showed that 100% of the cells remained unstained indicating they are still live.

x400 magnification under light microscopy
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storage day, there were clusters of blue stained cells
indicating presence of deformed/ dead red cells (Plate 4).
This shows that with vital staining technique, compromised
cells or dead cells was evident by day 21 with greater
percentage by day 28 ps and day 35 ps as seen in Plates 5,
6, 7. In as much as no documentation in literature has used
this technique to actually study morphological changes
associated with SCB in CPDA-1, we suggest that this could

form a baseline study and the cause be attributed to the
oxidative changes and distortion of membrane skeleton
system of the erythrocytes (Uzoigwe, 2006).
Anesthesiologists and surgeons often estimate intra-
operative blood loss by simple observation, which can offer
wide-ranging values. This often leads to poor management
with the transfusion of blood, blood products and fluids in
the perioperative patient. Intra operative blood loss was
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Plate 3: Day 14 showed greater percentage of the cells remained unstained indicating they are still live.
x400 magnification under light microscopy.
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Plate 4: Day 21 showed fé;/'\} live cells with much clustered staining of cells (deformed/dead cells).
x400 magnification under light microscopy

Plate 5: Day 28 showed greater percentage of the cells are clustered and stained (deformed/dead cells).
x400 magnification under light microscopy
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Plate 6: Day 28 showed greater percentage of the cells are clustered and stained (deformed/dead cells). x400 magnification under

light microscopy.
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Plate 7: Day 35 showed greater percentage of the cells are clustered and stained (deformed/dead cells). x400 magnification under
light microscopy.

estimated using the gravimetric method as against the
Spectrophotometric method which though was more reliable
but clinically impractical. (Dominic et al, 2015). Under
estimation of blood loss can lead to unnecessary transfusion
practices. On the other hand, Udegbunam et al. (2009)
documented the need for anaesthesiologist and surgeons
to consider the anaesthetic protocol used with respect to
the nature of surgery been done. They argued that in surgical
procedures such as splenectomy, some anaesthetic agents
such as diazepam, ketamine and midazolam have the high
tendency of causing increase in splenic volume where the
blood cells are sequestrated in the spleen. Also, the use of
barbiturates such as pentobarbitone, sodium amytal,
pentothal have all also shown to cause increase in splenic
size following administration (Hausner et al., 1938). Though
no report in literature exist on the effects of atropine and
xylazine on the splenic size following administration,
ketamine is known to have a vasorelaxant effect which could
cause an increase in splenic size of dogs following
administration (Udegbunam et al., 2009). Findings shown
in Table 3, however confirms the effect of ketamine
administration on splenic size and validates the need for
anaesthesiologist and surgeons to routinely estimate the
volume of blood lost during each procedure.

Haldane et al. (2004), proposed that the goal for blood
transfusion would be to achieve 25-30 percent hematocrit
in recipient dogs. Based on the information from Haldane
and other researchers on haematocrit selection and the
knowledge that no literature documented the clinical trial
on the use of very old blood for transfusion therapy in order
to achieve desired haematocrit, this work was designed to
clinically validate the claims of Haldane and other
researchers. This study also tried to reveal that following
the alterations associated with stored blood, if prolonged
stored blood when used for transfusion will achieve the
desired haematocrit as compared with when fresh blood is
used. The findings of this study showed that 4 day old blood
was able to achieve 15% increase (from 31% to 46%) in
haematocrit even when the desired haematocrit was 39%
with 120 ml of blood. The use of 14 day old blood was also
able to achieve a 7% increase (30% to 37%) (Table 2) in
haematocrit which agreed with the desired haematocrit. The
use of 21 day old blood recorded a significant increase from
the haematocrit 24 hours post transfusion (31.7%) without
a non-significant percentage desired haematocrit increase
(33.7%) while 28 day old blood usage caused significant
decrease of haematocrit 24 hours post transfusion (27% to
25.3%) and desired haematocrit (29%) (Table 2). This could
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Table 2: Mean+SEM of haematocrit before and after splenectomy, 24 hours post transfusion, desired haematocrit and percentage

change in haematocrit following transfusion.

Pre-splenectomy Post-splenectomy  Desired Post-splenectomy Percentage
Weight Volume Donor Recipient Hct (%) Recipients Hct (PSH-PT) PSH-PT Hct
Group (kg) (ml) HCT (%) HCT (%) -6 Hrs PS Hct (DRH) (%)-24 change
(%) Hrs PT from DRH
[ 7.2+1.4 Hxx ok 403+ 0.3 - - - -
1 6.8+1.6 120.0£0.0  42.3%1.92 40.3 £ 0.3 30.7 + 3.5° 39.7+4.7 46.7 + 4.3 +7
Il 8.8£0.9 120.0¢+0.0  41.0£0.6° 427 £ 3.7 21.7 £ 0.9 37.322.0 37.3% 3.2 0
v 7.8t0.4 120.0£0.0 42.3f15¢° 430t 2.9° 31.0 £ 0.6° 29.0%1.2 317+ 1.7° +2.7
% 8.210.7 120.0¢0.0  39.3x0.32 417 £ 1.7 27.0£ 328 33.724.1 25.3 £ 2.0¢ -8.4

HCT-haematocrit, Hrs- hours, PS- post splenectomy, PT- post transfusion.

Group |: splenectomised dogs (SD), Group II: SD transfused with 4 day old blood (DOB), Group lll: SD transfused with 14 DOB, Group
IV: SD transfused with 21 DOB, Group V: SD transfused with 28 DOB.

Superscripts ¢ in a column indicates significant difference (P<0.05) between means obtained in the five groups.

Table 3: Showing blood loss estimation during splenectomy.

Splenic exanguination Weight of engorged Weight of exanguinated ENS-EXS
method spleen (ENS) spleen (EXS)

74.4+7.12 38.1+3.2° 36.3+5.3
Gauze method Weight of wet gauze Weight of dry gauze

(WWG) (WDG) WWG-WDG

129.1+£16.0? 41.2+2.6° 81.6+13.6

ENS- Engorged spleen; EXS- Exanguinated spleen.
superscripts 2 in a row indicates significant difference (P<0.05) between means.
be agreed to the progressive irreversible membrane REFERENCES

cytoskeleton damage resulting to cell apoptosis (Kristensen
and Feldman, 1995).

CONCLUSION

In conclusion, the findings of this study revealed progressive
morphometric changes in stored blood by 14" day of storage
with marked 28" day storage lesion in evaluating the viability
of red cells. The morphometric findings correlated with the
findings of the transfusion targets as blood stored up till 14"
day was able to achieve the desired haematocrit. This study
revealed that days 4 and 14 old blood should be the hallmark
for canine transfusion therapy as they achieved the target
desired haematocrit. However, day 4 old blood gives an
excellent result as no changes was observed by its storage
time-point.
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