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Abstract 

 
         Introduction: The temperature of the blood and its components during storage or 

processing is a very important factor affecting hemolysis. During storage, leukocytes break 
down and release a number of chemicals and enzymes, that have been reported to lysis RBC. 

With increasing duration
 
of storage, the change of RBC shape  becomes permanent. RBCs from

 

different species behave differently during storage. So, this study aimed to investigate the 

histological effects of storage duration and temperature on the rabbit blood cells. 
         Material and Methods: Blood samples from five adult male healthy rabbits were divided 

into (Group I) stored at 4 Ċ  for 12 and 48 hours, (Group ІІ) at a room temperature of about 24 

Ĉ for 12 and 48 hours and (Group ІІІ) at 36 Ċ for 12 and 48 hours. Blood films made and 
stained by Leishman's stain immediately as a control group (A), after 12 hours (B)  and after 48 

hours (C) from each group respectively and examined for any morphological changes. 

Leukocytes counted totally immediately as a control group (A), after 12 hours (B) and after 48 
hours (C) from each group respectively for detection  of any histological changes.   

         Results: no morphological changes of red blood cells, leukocytes and platelets of group І 

was observed. The changes of mean of total leukocytic counts of group І were non significant. 

Changes in total leukocytic counts and morphology of red blood cells, leukocytes and platelets 
of groups ІІ and ІІІ were observed. The morphological degenerative changes of group ІІ 

involved red blood cells, neutrophils and platelets at 12 and 48 hours. The morphological 

degenerative changes of group ІІІ involved red blood cells and leukocytes at 12 and 48 hours. 
The mean of total leukocytic counts of group ІІ was significantly decreased at 48 hours while 

the mean of total leukocytic counts of group ІІІ was significantly decreased at 12 and 48 hours. 

         Conclusion: blood samples from rabbits should be tested within 12 hours of collection if 
stored at a room temperature of about 24 Ċ. Where testing is to be delayed for more than 12 

hours, samples should be refrigerated as soon as possible. Exposure of samples to heat in excess 

of 24 Ċ should be avoided at all times. 

 

Introduction  
   
         The temperature of the blood and 

components during storage or processing is 

a very important factor affecting hemolysis. 
The temperature greatly affects membrane 

deformability and therefore the stability of 

the membrane during processing. Such 
thermally damaged RBC's may be broken 

down during processing, centrifugation and 

separation of blood units into different 

components. Hemolysis of the red cells 
increases due to processing and during 

storage and is maximum during the first 

week. Adequate process control and proper 
storage facilities should be ensured to 

minimize the hemolysis of red cells during 

processing and storage (Sawant et al., 

2007). During storage leukocytes break 
down and release a number of chemicals 

and enzymes such as hydrogen peroxide 

and proteases. These proteases released by 

leucocytes during storage have been 
reported to cause RBC lysis during storage 

(Heaton et al., 1994).
 
There is substantial 

evidence from in vitro studies documenting
 

the changes that RBCs undergo during 

storage (the so-called
 

‘red cell storage 

lesion’). Red cell adenosine triphosphate
 

decreases by 50% during storage and 2,3-
diphosphoglycerate (2,3-DPG)

 
is not 

maintained beyond 10 days. These changes 

increase the
 
affinity of haemoglobin for 

oxygen and shift the oxygen dissociation
 

curve leftwards. Red cells also undergo 

marked morphological
 

changes during 

storage. These begin immediately after 
collection

 
and consist largely of echinocytic 
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change (the RBCs develop
 

finger-like 

projections and adopt a spiky appearance). 
This

 
shape change is initially reversible but 

with increasing duration
 

of storage it 

becomes permanent as the finger-like 

projections
 
bud off to form microvesicles 

(approximately 25% of membrane
 

phospholipid is lost during 42 days of 

storage). The net effect
 

of these 
morphological changes is a decrease in red 

cell deformability.
 
Such observations make 

it reasonable to suggest that transfusing
 

RBCs that are both 2,3-DPG depleted and 

poorly deformable could
 

be ineffective 

and/or harmful, but there is scanty evidence
 

to support this. Animal studies are 
problematic, because interspecies

 

differences in RBC metabolism and 

structure mean that RBCs from
 
different 

species behave differently during storage. 

For example,
 
a much-quoted study found 

that 28-day-old rat blood failed to
 
improve 

systemic oxygen consumption in rats in 

contrast to fresh
 
rat blood (Fitzgerald  et al., 

1997). Subsequent work has shown that rat 

RBCs deteriorate
 
much more rapidly during 

storage than human RBCs and that after
 
28 

days of storage, only 5% remain viable 

(d'Almeida et al., 2000).
 
Transfusion of 

aged stored blood is associated with many 

neutrophil proinflammatory effects. The 

mechanism of these effects remains to be 

elucidated. Matrix metalloproteinases 
(MMPs) represent a group of enzymes 

involved in the degradation of most 

components of the extracellular matrix 
(Delclaux et al., 1997). The biological 

activities of MMPs are regulated in part by 

a group of naturally occurring inhibitors 
known as tissue inhibitors of metallop-

roteinases (TIMPs). Tissue inhibitor of 

metalloproteinase 1, the inhibitor of MMP-

9, is released along with MMP-9 in most 
cell types (Corbel et al., 2000). Matrix 

metalloproteinase 9 increases the biological 

activity of precursors of interleukins 8 and 
1. The MMP-9 enzymatic activity increased 

with the duration of blood storage (Van der 

Steen et al., 2000), (Schonbeck, et al., 
1998). Matrix metalloproteinase 9 

accumulated in an active form in stored 

blood (Paul C et al., 2006). Degenerative 

changes occur when blood is allowed to 
stand in the laboratory before films are 

made. These changes are not solely due to 

the presence of an anticoagulant for they 

also occur in defibrinated blood. Regardless 
of the anticoagulant, certain changes take 

place when blood is allowed to stand in 

vitro at room temperature (18-25 C). The 

red cells start to swell, the leukocytes and 
platelet counts gradually fall. It is best to 

count leukocytes and especially platelets 

within 2 hours (Van Assendelft, et. al., 
1988). Nucleated red cells disappear from 

the blood specimen within 1-2 days at room 

temperature. The advisability of making 
films as soon as possible has already been 

stressed (Goossens et. al., 1991). Some but 

not all neutrophils are affected; their nuclei 

may stain more homogeneously than in 
fresh blood, the nuclear lobes may become 

separated and the cytoplasmic margin may 

appear ragged or less well defined; small 
vacuoles appear in the cytoplasm. Some or 

many of the large mononuclears develop 

marked changes; small vacuoles appear in 
the cytoplasm and the nucleus undergoes 

irregular lobulation which may almost 

amount to disintegration. Some of the 

lymphocytes, too, undergo a similar type of 
change; a few vacuoles may be seen in the 

cytoplasm and the nucleus may undergo 

major budding so as to give rise to nuclei 
with two or three lobes. Other lymphocyte 

nuclei may stain more homogeneously than 

usual. The red cells (of normal blood at 

least) are little affected by standing for up 
to 6 hours at room temperature (18-25C). 

Longer periods lead to development of 

many or numerous projections from the 
surface of red cells and disc-sphere 

transformation. All the above changes are 

retarded but not abolished in blood kept at 4 
C. Their occurrence underlines the 

importance of making films as soon as 

possible after withdrawal. But delay of up 

to 1-3 hours or so is certainly permissible. 
The practice of making films of blood 

before it is added to the anticoagulant is to 

be commended, especially when screening 
for lead toxicity, as the granules of 

punctuate basophilia may stain less 

obviously in anticoagulated blood. In fresh 
blood films, the platelets usually clump and 

it is less easy to estimate the platelet count 

from inspection of the films. Irrespective of  

anticoagulant, films made from blood 
which has been standing for not more than 

1 hour at room temperature (18-25 C) are 
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not easily distinguished from films made 

immediately after collection of the blood. 
By 3 hours changes may be discernible and 

by 12-18 hours these become striking 

(Dacie & Lewis, 1995).  

 

 Material and Methods  

 
         Blood samples from five adult male 
healthy rabbits were divided into (Group I) 

stored at 4 Ċ  for 12 and 48 hours, (Group 

ІІ) at a room temperature of about 24 Ĉ for 

12 and 48 hours and (Group ІІІ) at 36 Ċ 
for 12 and 48 hours. Blood films made and 

stained by Leishman's stain immediately as 

a control group (A), after 12 hours (B)  
and after 48 hours (C) from each group 

respectively and examined for any 

morphological changes. Leukocytes 

counted totally immediately as a control 

group (A), after 12 hours (B) and after 48 

hours (C) from each group respectively for 

detection  of any histological changes. The 
histological slides examined for RBCs, 

leukocytes and blood platelets by 

magnification (oil immersion x 1000).       
Statistical analysis:  it was carried out on 

total leukocytic counts of different groups 

according to the standard statistical 

procedures and Student (t) test to estimate 
the significance of results using Microsoft 

Excel 2000.                           

                                               

Results 
 

І-Group І:- 

         No morphological changes of red 

blood cells, leukocytes and platelets was 
observed. Normal red cells or erythrocytes 

showed only slight variation in size and 

shape with rouleau appearance. The cells 

had areas of central pallor which may be up 
to a third of the diameter of the cell. The 

lymphocyte was the smallest WBC. It had 

large condensed nucleus with scanty bluish 
cytoplasm. The eosinophil had bilobed 

nucleus with many cytoplasmic granules. 

The neutrophil had basophilic segmented 

nucleus. The platelets were small anuclear 

fragments containing small purple-staining 
granules. The changes of total leukocytic 

counts of group І B (7.05 ± 0.08) and І C 

(7.05 ± 0.09) compared to control group 

(7.07 ± 0.08) were non significant (plate 1, 
table 1, figure 1). 

 

ІІ-Group ІІ:- 
         Morphological degenerative changes 

of red blood cells, neutrophils and platelets 

observed at 12 and 48 hours. The RBCs 
developed finger like projections and 

presented a spiky appearance. Neutrophil 

nuclei rounded up and  formed a 

homogeneous round single mass. Platelets 
aggregates composed of a mixture of 

apparently intact platelets and degranulated 

pale grey platelets. The mean of total 
leukocytic counts of group ІІ C (4.96 ± 

1.19) was significantly lower than control 

group (7.07 ± 0.08) but the changes of total 
leukocytic counts of group ІІ B (7.05 ±  

0.08) were non significant (plate2, table2, 

figure 2).   

 

ІІІ-Group ІІІ:- 

         Morphological degenerative changes 

of red blood cells and leukocytes observed 
at 12 and 48 hours. Early at 12 hours the 

central biconcave area of RBCs appeared 

slit like. Normal platelets were apparent. 

They were small anuclear fragments 
between the red cells containing small 

purple-staining granules. The RBCs 

developed finger like projections and 
presented a spiky appearance. At 48 hours 

red cells bud off vesicles and 

microspherocytes seen. The white cells 
disintegrated and weakly basophilic 

particles similar in size to platelets seen. 

The finger like projections of RBCs became 

more prominent. The mean of total 
leukocytes counts of group ІІІ B (5.54 ± 

1.38) and ІІІ C (5.39 ± 1.56) were 

significantly lower than control group (7.07 
±  0.08) (plate2, table3, figure3). 
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Table (1): Mean of total leukocytic count in group І (Gr. Comp. = groups compared). 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Mean of total leukocytic count in group І. The error bars represent the 

standard deviation.  

 

 

Table (2): Mean of total leukocytic count in group ІІ (Gr.Comp.= groups compared). 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 Control I 

A                                                   

After  12h. I B     After 48 h.I 

C   

Mean 7.07 7.05 7.05 

STDEV 0.08 0.08 0.09 

ST Err. 0.02 0.02 0.02 

Gr.Comp.  I A:I B І A:I C 

P-Value  0.09      0.06  

 control IІ 

A                                                   

After  12h. IІ 

B     

After 48 h.IІ C   

Mean 7.07 7.05 4.96 

STDEV 0.08 0.08 1.19 

ST Err. 0.02 0.02 0.37 

Gr.Comp.  IІ A:IІ B IІ A:IІ C 

P-Value  0.09       0.0001 
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Figure (2): Mean of total leukocytic count in group ІІ. The error bars represent the 

standard deviation. 

 

 

Table (3): Mean of total leukocytic count in group ІІІ (Gr.Comp.= groups compared). 

 

 

 

 

 

 

 
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Mean of total leukocytic count in group ІІІ. The error bars represent the 

standard deviation. 
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B     

After 48 h.IІІ 
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STDEV 0.08 1.38 1.56 

ST Err. 0.02 0.43 0.49 
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Plate 1:-(Leishman's stain, oil immersion x 1000), figure-A, B and C represent blood films from 

group-І A, І B and І C respectively. There is normal red cells (R) showing only slight variation 

in size and shape with rouleau appearance. The cells had areas of central pallor which may be 
up to a third of the diameter of the cell. The lymphocyte (L) was the smallest WBC. It had large 

condensed nucleus with scanty bluish cytoplasm. The eosinophil (E) had bilobed nucleus with 

many cytoplasmic granules. The neutrophil (N) had basophilic segmented nucleus. The platelets 

(P) were small anuclear fragments containing small purple-staining granules.  
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Plate 2:- (Leishman's stain, oil immersion x1000), on the left side, figure-D represent blood 

films from group-ІІ B, figure-E and F represent blood films from group-ІІ C respectively. There 

is degenerative changes of blood cells. The RBCs developed finger like projections and 
presented a spiky appearance. Neutrophil nuclei rounded up and formed a homogeneous round 

single mass. Platelets (P) aggregates composed of a mixture of apparently intact platelets and 

degranulated pale grey platelets. On the right side, figure-G and H represent blood films from 
group-ІІІ B and figure-I represent blood films from group-ІІІ C respectively. There is 

degenerative changes of blood cells. Early the central biconcave area of RBCs appeared slit like. 

Normal platelets (P) were apparent. They were small anuclear fragments between the red cells 
containing small purple-staining granules. The RBCs developed finger like projections and 

presented a spiky appearance. At 48 hours the red cells bud off vesicles (V) and 

microspherocytes seen. White cells (W) disintegrated and weakly basophilic particles similar in 

size to platelets seen. The finger like projections of RBCs became more prominent. 
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Discusion  
 
         In this study the histological effects of 
storage duration and temperature on the 

rabbits blood cells were evaluated. In RBCs 

morphology, it was found that at 4 C after 

12 and 48 hours, only slight variations in 
shape and size with rouleau appearance. At 

24 C after 12 and 48 hours, RBCs 

developed finger like projections and 
presented a spiky appearance. At 36 C after 

12 hours the central biconcave area of 

RBCs appeared slit like. The RBCs 

developed finger like projections and 
presented a spiky appearance.  At 36 C after 

48 hours, red cells bud off vesicles and 

microspherocytes seen.The slight variations 
in shape and size with rouleau appearance 

can be explained by   decreased negative 

charges on the RBC membrane caused by 
increased concentrations of positively-

charged proteins in plasma (i.e., fibrinogen, 

immunoglobins) (Zipursky et al., 1983). 

The finger like projections and spiky 
appearance can be explained by changes 

occurring in the distribution of 

phosphoplipids in the RBC membrane 
because mature RBCs can not synthesize 

lipids, they rely on a continuous exchange 

of lipids between their membranes and 
plasma lipoproteins (Mary et al., 2004). 

The membrane phospholipids of RBCs 

were lost during storage (Fitzgerald et al., 

1997) and red cell adenosine triphosphate
 

decreased by 50% during storage and 2,3-

diphosphoglycerate (2,3-DPG)
 

is not 

maintained beyond 10 days (McLellan et 
al., 2002). It can be also explained by the 

fact that leukocytes break down during 

storage at 36 C after 48 hours and release a 

number of chemicals and enzymes such as 
hydrogen peroxide and proteases which 

have been reported to cause RBC lysis 

(Heaton et al., 1994).
 
The formation of 

vesicles and microspherocytes seen can be 

explained by antibody binding to the RBC 

membrane, and subsequent removal of a 
portion of the membrane by a macrophage 

(Mary et al.,2004). In WBC counts, it was 

found that at 4 C after 12 and 48 hours the 

changes were non significant. At 24 C after 
48 hours WBC counts were significantly 

decreased. At 36 C after 12 hours, WBC 

counts were significantly decreased. These 

results were in consistent with Hume-Moir 
et al. study that evaluated blood samples 

from five wester grey Kangaroos which 

were stopred at 4 C, 24 C and 36 C. Each 

sample was analysed haematologically 
including WBC counts over a 5-day period. 

They have reported that blood samples 

maintained optimal stability at 4 C. At this 
temperature, the WBC counts remained 

essentially unchanged for the duration of 

the study, while samples stored at 36 C and 

24 C showed significant decrease in WBC 
counts by 12 hours and 48 hours, 

respectively. The significant decrease of 

total leukocytic counts in group ІІ and ІІІ 
may be due to the fact that many leukocyte-

derived bioactive substances, such as lipid 

mediators, (Silliman et al., 1993 & 1994) 
histamine, (Nielsen et al., 1996) and 

cytokines such as interleukins 1 and 8, 

accumulate over time in the stored blood 

which can lead to destruction of leukocytes 
(Kristiansson et al., 1996). In leukocytes 

morphology, it was found that at 4 C after 

12 and 48 hours no morphological changes 
of lymphocytes, eosinophils and 

neutrophils. At 24 C after 48 hours, 

neutrophils nuclei rounded up and formed a 
homogeneous round single mass. At 36 C 

after 48 hours white cells disintegrated and 

weakly basophilic particles similar in size 

to platelets seen. These results were not in 
consistent with Hume-Moir, et al.(1999) 

study who found evident disturbances in 

leukocyte morphology, to varying degrees, 
in all samples. The difference between the 

results of this study and the results of 

Hume-Moir may be due to the 

haematological characteristics of western 
grey Kangaroos (Macropus fuliginosus). 

The changes in leukocytes morphology in 

this study can be explained by the fact that 
heat act as a type of oxidative stress which 

can result in serious cell damage if the 

stress is massive or prolonged (Robert et 
al., 1993). Aged stored blood develop PMN 

(polymorphonuclear leucocyte) apoptosis, 

prolonging the functional lifespan of the 

PMN so that it may continue to respond to 
inflammatory mediators (Biffl et al., 1994). 

Stored blood delays PMNs apoptosis and 

primes endogenous PMNs for enhanced 
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superoxide production and elastase release 

(Silliman et al., 1994), (Biffl, et al., 2001), 
(Biffl et al., 1999). In platelets morphology, 

it was found that at 4 C after 12 and 48 

hours there was no morphological changes. 

At 24 C after 48 hours, platelets aggregates 
composed of a mixture of apparently intact 

platelets and degranulated pale grey 

platelets. At 36 C after 12 and 48 hours 
normal platelets were apparent. They were 

small anuclear fragments between the red 

cells containing small purple-staining 
granules. Platelets aggregation can be 

explained by activation of the platelets by 

agonists (thrombin, collagen, ADP) which 

activates fibrinogen receptors and allow 
platelets to become cross-linked by 

fibrinogen. Strong aggregation responses 

require platelets to synthesize thromboxane 
A2, which requires the enzyme cyclo-

oxygenase. Fibrin degradation products can 

inhibit platelet aggregation by blocking 
fibrinogen receptors. We can conclude that 

blood samples from rabbits should be tested 

within 12 hours of collection if stored at a 

room temperature of about 24 C. Where 
testing is to be delayed for than 12 hours, 

samples should be refrigerated as soon as 

possible. Exposure of samples to heat in 
excess of 24 C should be avoided at all 

times. 
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دراسة هستولوجية لتأثيرات هذة ودرجة حرارة التخزين على خاليا الذم 

 فى األرنب 
 

 إبراهين كوال إبراهين رجب
ِكلية ِب األصهش أسيو  

 

 
الذساسة ػلي ػذد خمسة أسانب ركوس ببلغةة سةليمة ية يب ػةي ِشية  أجشيت           

الم موػةةة  : قسةةمت الؼيتةةبو الةةي مةةات   موػةةبو. أخةةز ػيتةةبو د ويةةة  ةةي كةة   ةةت  

سبػة و الثبنية ػتذ دسجة  44و21دسجة  ئوية لمذة  4األولي حفظت في دسجة حشاسة 
 63في دسجة حشاسة  سبػة والثبلثة 44و21دسجة  ئوية لمذة 14حشاسة الغشفة حوالي 

سبػة و ت  ػم  ششائح د وية في ال بل كم موػةة َةبب ة  44و21دسجة  ئوية لمذة 

سةةبػة  ةةي كةة    موػةةة ػلةةي حةةذة و يةة غت  44و  21و شةةشائح د ويةةة بؼةةذ  ةةشوس 
الشةةشائح كل ةةب بًةة غة الليشةةمبم و تةة  ػمةة  ػةةذ دا أبةةيٍ كلةةي فةةي ال ةةبل كم موػةةة 

. سةبػة  ةي كة    موػةة ػلةي حةذة 44و  21َبب ة و ػذ دا أبيٍ كلةي بؼةذ  ةشوس 

أظ شو التتةبئ  وجةود تغيةشاو  وسفولوجيةة فةي الم موػةة الثبنيةة فةي شة   تؼشجةبو 
ب ذاسالخايب ال مشاء وت مؼبو ببلًفبئح الذ ويةة وأية  ت التةواة أحبديةة دائشيةة فةي 

 سةبػة ووجةذ ن ةى فةي ػةذ الةذا 21الخايب ال يُبء راو األشة بل المتؼةذدة للتةواة بؼةذ 

سبػة وظ شو تغيشاو  وسفولوجية في الم موػة الثبلثة  44األبيٍ ال لي بؼذ  شوس 
سبػة  21في ش   تؼشجبو ب ذاسالخايب ال مشاء وكبنت الًفبئح الذ وية ِ يؼية بؼذ 

و ت ونةةت ت يسةةبو ب ةةذاسالخايب ال مةةشاء وانفًةةلت ػت ةةب بمشةة بل و أح ةةبا  ختلفةةة 

ووجةذ ن ةى فةي ػةذ الةذا األبةيٍ ال لةي بؼةذ  سةبػة 44وت  مت الخايب ال يُبء بؼذ 
سةةبػة ولةةوح  فةةي الم موػةةة األولةةي ػةةذا وجةةود أيةةة تغيةةشاو  وسفولوجيةةة  21 ةةشوس

تزكشفي أى نوع  ي خايب الذا وػذا حةذوت تغيةشاو راو أهميةة فةي ػةذ الةذا األبةيٍ 

دسجةة  4ولزلك يتًح ب ف  ػيتبو دا  األسنةب ػتةذ دسجةة . سبػة 44و 21ال لي بؼذ 
كزلك يتًح بؼذا تؼشٌ الؼيتبو لذسجة . سبػة 21ارا ل  تستؼم  لمذة أكثش  ي   ئوية

حةةةةةةةةةةةةةشاسة أكثةةةةةةةةةةةةةش  ةةةةةةةةةةةةةي دسجةةةةةةةةةةةةةة حةةةةةةةةةةةةةشاسة الغشفةةةةةةةةةةةةةة فةةةةةةةةةةةةةي جميةةةةةةةةةةةةةغ 

                         .                                                                      األحوال
                                                                           

 

 

 

 

 

 

 


