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ABSTRACT

The effects of splenectomy on haematology were watald by observing changes in
haemogram and erythrocyte morphology in five splet@nized dogs from day 2 to day 30 post
splenectomy. Splenectomy produced significant (p 0<05) decreases in haematocrit,
haemoglobin concentration, mean corpuscular haemalgih concentration and red blood cell
distribution width. The white blood cell and plattl counts counts increased significantly (p <
0.05) with platelet count being the more significéy (p < 0.05) affected on the"™and 1
days post splenectomy whereas mean platelet voldeteased significantly on the T6day
posts plenectomy. Granulocytes and lymphocytes vedse significantly (p < 0.05) increased
on the 2% and 9" days respectively post splenectomy. However, goificant (p > 0.05)
changes were seen in monocyte counts, platelet @itd platelet distribution width.
Erythrocyte morphological abnormalities observedclaoded increase in the circulation of
crenated red blood cells, mild anisocytosis and kilocytosis, which was characterized by
presence of acanthocytes, codocytes, echinocytek kowell-Jolly bodies. It was concluded
that changes in haemogram of mongrel the dog foliog splenectomy were temporary as the
blood parameters returned to normal while changdsserved in erythrocyte morphology were
consistent during the study period.

Keywords Nigerian dog, erythrocyte morphology, haemogrartersgctomy.

INTRODUCTION

The spleen is the largest secondary lymphoid organtaining about one-fourth of the body’'s
lymphocytes which initiates immune responses todiborne antigens [1, 2ln mammals, the spleen
has three main functions. Firstly, it elicits sfiecT or B lymphocyte-mediated immune reactionsiagia
antigens carried by the blood. Secondly, it aidsemoval of materials that can be phagocytosed by
splenic red pulp macrophages, including aged orombal red blood cells, microorganisms and
leucocytes covered with immune complexes, And Wjrid serves as a reservoir of erythrocytes, which
are transfused into the circulation on sympathstraulation [3, 4].
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The dog’s spleen, in contrast to that of humansryes as an important reservoir of blood because it
normally contains approximately twice the conceitdra of red cells as the peripheral blood [5].
Contraction of the spleen in a cardiovascular eemryg and upon excitement or muscular activity may b
life saving because highly concentrated spleniodlis expelled into the systemic circulation [5,Bhe
slowing of passage of erythrocytes through theesplubjects them to a specialized action the tygjtti
function” [7]. This concept visualizes removal arpcles such as iron, Howell-Jelly bodies, nueed
Heinz bodies from erythrocytes with the possiblease of the “cleaned” cell to the circulation. @&io
platelets are also concentrated in the spleenet@tkent that one third of the total available gikts are
retained for dynamic exchange with circulating @leis [8].

Despite the functions carried out by the spleelgrgztomized animal still live a normal life, adesypc
functions can be assumed by the liver, lymph nateb bone marrow [7]. Splenectomy had been the
standard treatment for a number of splenic dissréeich as splenic tumors, hereditary sperocytosis,
splenic rupture and others [9,10,11]. Animals arghnthat had been subjected to total splenectomy
showed marked alteration in their blood picturewasl as serum proteins [9]. Waldmarh al. [10]
reported that splenectomy of dog resulted in aifsogimt reduction in circulatory erythrocytes due t
reduced erythrocyte production. In a proportion safbjects, irregularly contracted or crenated,
acanthocytic forms are also a feature, occasionstilated erythroblasts are seen [14]transient or
persistent thrombocytosis may occur post - splemegtin humans [12], however this is not a consisten
finding in dogs [13]. Rodents and dogs have beed trs study the effects of splenectomy particularly
individual blood cells indices. The objectives litstudy were to eval;uate the effects of splamagton

the haemogram and erythrocyte morphology of Nigekiangrel dog.

MATERIALS AND METHODS

Experimental Animals

Five (5) mongrel dogs were used for the study. adres of the dogs ranged from 8 to 12 months (10 +
1.58 months) while their body weight was betweenat@ 18 kg (15 + 3.0 kg). The dogs were
conditioned in the kennels of the Veterinary TeaghHospital, Usmanu Danfodio University, Sokoto,
for a month. Adequate food was given and water spagvidedad libitum They were also assessed to be
apparently healthy on the basis of the result ahdtelogical analysis, negative faecal flotation for
helminthe ova and protozoan oocysts, and negativiedemoparasites.

Experimental procedure

Food and water were withheld from the dogs 12 hbefsre the surgery. The dogs were premedicated
with 0.02mg/kg atropine sulphate and 1mg/kg xylaz#%. Intravenous anesthesia was induced and
maintained with 12mg/kg sodium pentobarbitone 6%e Eplenectomy was performed as described by
Archibald, [14]. Post splenectomy, the dogs wege@ll on prophylactic antibiotics, procaine penicill
and streptomycin at the dose rate of 20,000 1UJ®dg/kg respectively.

Three milliliters (3 ml) of blood was collected fmothe dogs by cephalic venipuncture prior to the
splenectomy and also on th¥ Z" 16" and 3§ days post splenectomy for evaluation of haemograch
examination of erythrocyte morphology. The bloothgkes were collected into sample bottles containing
ethylene diamine tetraacetic acid as anticoagulant.

The haematological indices evaluated were haemat@dct), haemoglobin concentration (Hgb),
erythrocyte count (RBC), mean corpuscular volumeCWyl mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCH@) eed blood cell distribution width (RDW);
total leucocyte count (WBC), and and differentealdocyte: platelet count (PLT), platelet crit (Potgan
platelet volume (MPV) and platelet distribution #idPDW). All these haematological indices were
evaluated using BC-2800 Vet Autohaematology analyze



Microscopic examination of thin films prepared witltnood samples and stained with Leishman stain was
used to evaluate the erythrocyte morphology acogrth the methods described by Liretel. [15] and
Monica [16]. The thin blood films were then obsetvender X100 (oil immersion) objective. The
experiment lasted for 30 days.

Data analysis

Pre-splenectomy data were compared with post-spiemy values using a one way analysis of variance,
and variant means were separated post-hoc usingTtinkey test (Graphpad Instat version 3.0).
Significance was accepted at 5% probability lepef (0.05. Results were presented as means + standard
deviations.

RESULTS

Erythrocyte indices

The effects of splenectomy on RBC, Hct, Hgh, MVGCN, MCHC and RDW were as shown in Table 1.
There was no significanp(> 0.05) decrease in the RBC count post-splenectehgn compared to the
pre-splenectomy values, although the mean values fiay two post-splenectomy was lower than the
day O values. A decrease in Hct below the pre-gglemy value was recorded on day 2, 9 and 16 but
significant < 0.05) decrease was observed only on thel®. The haemoglobin concentration was
significantly @ < 0.05) decreased on thé’29" and 18 days post-splenectomy. There were no
significant > 0.05) changes in the MCV and MCH when post-sgteymy values were compared to
pre-splenectomy results, but the MCHC significanfty < 0.05) decreased on thé“Xay post-
plenectomy. The red blood cell distribution widths significantly § < 0.05) decreased on th& @ay
post-splenectomy. In spite of the fact that notideachanges did occur post-splenectomy, the mean
values of all the erythrocyte indices fell withihet normal reference ranges on thd" &y of the
experiment.

Table 1. Erythrocyte indices of Nigerian mongrel dgs before and after splenectomy.

Days post splenectomy

Parameters 0 n% gn 18 3g"

RBC x(104L) 6.78 £1.08 5.45+0.93 5.50+0.483 5.55+0.47 6.34+0.49
Hct (%) 43.6+6.39 35.8+577 34.4+3.88 35.8+2.68 41.7+2.38
Hgb g/L 140.8+22.63106.6+18.58 108.0+8.37 111.2+7.78% 127+7.58
MCV fL 64.4+1.58 65.96+2.70 62.56+2.52 64.60+1.58 66.20+7.32
MCH pg 20.74+0.40 19.54+0.2% 19.64+0.11 20.04+0.3% 20.18+2.28
MCHC g/L 322.2+4.00 297.0+14.75% 314.6+13.98 310.6+5.77 304.6+2.30
RDW (%) 15.6+0.37 14.6+1.16 14.0+0.8§ 14.98+0.31 15.68+0.38

Mean + SD on the same row with different superssm@pe significantly differentq < 0.05)

Total and differential white blood cells

Table 2 showed the effects of splenectomy on tal differential white blood cells count in the dog
There were increases in the values of total WBGays 2 [21.16+6.85] and 9 [17.68+2.73)] above the
pre-splenectomy value (6.0-17.0), with the valumorded on day 2 being significantly € 0.05) higher
than the day 6 value. Absolute granulocyte cours significantly p < 0.05) increased on thé&“Xay
post-splenectomy with value of 16.32+5.48 and alteolymphocyte counts were also increased



significantly ¢ < 0.05) on the ®and 3¢ days post-splenectomy with values of 5.54+1.4058d+1.17,
respectively when compared to pre-splenectomy gallieere were no significanp & 0.05) changes in
the absolute monocyte counts of the splenectomipeg. Although changes occurred in the WBC and
differential white blood count, but on the"™6ay of the experiment, all the mean values wethimthe
reference ranges except for the lymphocyte count.

Table 2. Total and differential white blood cell cants before and after splenectomy in
Nigerian mongrel dogs

Days post splenectomy

Parameters 0 n% g" 18 3d"

WBC x 10/L 12.18+0.88 21.16+6.885 17.68+2.73 15.18+3.85 10.80+1.44
Gran x16/L 8.88+1.99 16.32+5.48 10.88+1.685 10.76+1.65 4.84+0.57
Gran (%) 72.48+13.7976.38+4.3% 61.66+4.60 72.28+7.18 45.22+6.08
Lymp x1G/L 262+1.33 3.00+1.3% 554+148 3.46+1.78 534+1.1%
Lymp (%) 21.86+11.96 18.76+2.92 31.04+4.4% 21.68+5.62 49.20+6.33
Mono x10/L 0.68+0.15 0.94+0.27 1.26+0.1% 0.96+0.58 0.62+0.28
Mono (%) 5.66+1.43 4.86+1.54 7.28+0.82 6.06+1.88 5.62+2.04

Mean = SD on the same row with different superssi@pe significantly differenty < 0.05)

Platelet indices

The effects of splenectomy on platelet indicessdm@wn on Table 3. There were significapt<{ 0.05)
increases in the value of PLT on tHe[812+118.6] and 16[821.4+110.8] days post-splenectomy. The
MPV was significantly § < 0.05) decreased on the ™p5.4(+0.43)] day post-splenectomy when
compared to the pre-splenectomy value [7.68+1Rd@]significant p > 0.05) changes were observed in
the Pct and PDW of the splenectomized dogs, altmédugrease in Pct above the normal reference range
(0.13 — 0.40) was observed on day 9 [0.42+0.24].rj6.53+0.07]. On the 30day of the experiment,
the mean values of all the platelets indices wetieinvnormal the reference ranges.

Table 3. Platelets indices of Nigerian mongrel dodsefore and after splenectomy

Days post splenectomy

Parameters 0 % gh 18 30"

PLT x10/L 244.4+ 81.8 345.8+ 64.5 812.2+ 118.6821.4+ 110.8230.0+ 14.5
Pct (%) 0.36+0.34 0.27+0.08 0.42+ 0.24 0.53+ 0.07 0.19+0.008
MPV fL 7.68+1.07 7.92+0.48 7.04+0.38 6.40+0.483 8.30+0.34

PDW 15.54+ 0.84 15.96+0.23 15.84+0.33 15.24+0.23 15.26+0.26




Erythrocyte morphology
The blood pictures obtained from blood films 2 @ @ays after splenectomy showed characteristic

morphological changes of erythrocytes particulaplgikilocytosis, mild anisocytosis and crenated
erythrocytes. The poikilocytosis was characterizegl presence in blood film of echinocytes,
ovaloechinocytes, acanthocytes, codocytes, schisto@and Howell-Jolly bodies. The crenated redscell
and mild anisocytosis were observed on day 2 (Eighj while on day 9, echinocytes and
ovaloechinocytes are more in circulation (Figure2ays 16 and 30 were characterized by presence of
acanthocytes, codocytes and schistocytes in bibudFigures 3 and 4).

Figure 1. Mild anisocytosis with crenated red cellin the
blood smear of spenectomized dog

Figure 2. Echinocytes (big arrow) and ovaloechinodgs (thin arrow)
in the blood smear of spenectomized dog

DISCUSSION
The results of this study showed clearly that otteréstic changes occur in the haemogram following

splenectomy. The decrease in Hct and Hgb values wamsistent decreases in RBC values particularly
on days 2, 9 and 16 post-splenectomy reflectingmi@due to blood loss during the surgery. Sigaific
decrease in MCHC was also observed on tffeday post-splenectomy. Significant decreases in



erythrocyte values after total splenectomy havenlseeumented by previous research in mice [17]s:
[18], pig [19] and humans [20]. The p-operative recovery time for erythrocytes count Ims
experiment was recorded to be 30 days. This igieement with the reports of Esmet al [21] who
stated that the mean total erythrocytes count staslight decrease after partial splenectomy and
increased to reach almost the original levels atmonth after the operation. Lober [18] reporteat it
took 2 to 3 weeks for dog to regenerate its nomaadje. This change in erythrocytes indices, pdeitu
the reduction in circulatory erythrocytes, couldcee to decrease in haematopoiesis [10] and ol
loss during the surgery . The decrein Hgb and MCHC may be as a result of inadequabelgwof iron
due to haemorrhage or blood loss, for the devetppmthroblasts and haemoglobin synthesis. The F
usually refelected variations in the size of ciatinlg erythrocyts (anisocytosis). Besmanet al. [22]
reported that changes in RDW may be due to ladtoaf vitamin E;,or folic acid, but its normal i

Figure 3. Codocytes (B) and larger platelet (C) in the
blood smear of spenectomized dt

Figure 4. Acanthocytes(D) and howe-jolly body(A) in the
blood smear of spenectomized dt



defects such as hypoplastic anaemia. Significaotedse of RDW was observed on day 9 during the
experiment. Therefore, the variation in RDW valeearded may as well be due to decrease in iron
availability following blood loss during surgery as a result of different sizes of circulating argtyte
seen in the blood smear reflecting loss of splggiiting function’ following splenectomy.

The immediate leucocytosis observed in the firserdays of the experiment could probably be dukeo
stress associated with the surgery and /or duectease in inflammatory reaction in response tditnga

or haemorrhage during the surgery [19,20]. Thedewtosis recorded in the present study was comsiste
with findings in some previous studies [23, 24].ffHoand et al. [11] reported that neutrophilic
leucocytosis was the immediate response in majofithuman subjects which was later replaced by a
significant and permanent increase in both lymptexyand monocytes, although in these studies, the
immediate leucocytosis observed was later replagesignificant lymphocytosis as observed on tfie 9
and the last day of the experiment but no changes abserved in the monocytes counts. Increases in
total leucocyte counts post-splenectomy and pertidieucocytosis were documented in mice [25],
rabbits [26] and humans [27]. Spik&aal. [17] reported a significant increase in neutrbpbiunt and the
lymphocytes count remained unchanged while Bessteral. [25] recorded significantly higher
lymphocytes count but neutrophil count remainechanged. The immediate leucocytosis observed post-
splenectomy in this study is not regarded as aifspebange for splenectomy but could be as a tesful
inflammatory response to surgical trauma.

The significant increase in PLT on th &nd 1&' day postsplenectomy suggest a reactive thrombsisyto
which was transient as all the platelet indicesenithin the normal reference values on th& 88y of
the experiment. This result showed that spleenspdamajor role in platelet regulation, as it is piienary
site of destruction of platelets, which is why timtmcytosis is seen with hyposplenism [28]. It hasrb
documented that reactive thrombocytosis is a ptaldie finding after splenctomy with the plateletiob
peaking at 1 to 3 weeks and returning to normaleeks, months and rarely years [29]. The resulbef
present study showed thalatelet count peaking at @lay and returning to normal in a monfthe
thrombocytosis recorded following splenectomy maydbe to absence of the spleen which plays a major
role in the removal of circulating platelets.

The blood picture shown in figures 1,2,3 and 4 ioletd on the blood films showed that spleen exescise
level of control over erythropoiesis and thus emytlyte morphology. In the absence of the spleemtiue
erythrocyte morphology changes due to erythrocfi@gmentation which led to the poikilocytosis, or
oxidative injury of the erythrocytes [7]. The abese of the spleen following splenectomy leads $s lef
sequestration role of the spleen such that eryeowvith inclusion, fragmented erythrocytes like
echinoctes, codocytes, acanthocytes will be irutaton.

CONCLUSION

Based on the results of this study, it was condudleat the haematological changes following
splenectomy are transitory and not permanent. keweerythrocyte morphological changes such as
poikilocytosis, particularly presence of codocytesshinocytes, acanthocytes, Howell-jolly bodies
observed were consistent in the splenectomizediddgg the study period.
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