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Abstract

Changes in red blood cell morphology can be induced by various stimuli. In order to investigate the effects of different temperature intensities
(37°C, 41°C, and 44°C) and exposure time (20 min and until the time of death) on erythrocyte morphology, heat stress was used on a rat model.
Thirty-five Wistar rats were divided into three groups: 37°C as control group, 41°C and 44°C as trial groups. The trial groups were classified into
antemortem the exposure time of 20 min and postmortem groups exposure time until fatal outcome. The anaesthetised rats were exposed to
preheated water using the water bath. May-Griinwald-Giemsa colouring technique was applied on blood samples taken from the abdominal
aorta. The light microscopy was performed (Motic Type 102M) to detect poikilocytes. Target cells and anulocytes were predominant in
antemortem groups, while anulocytes and spherocytes in postmortem groups 41°C and 44°C, respectively. No difference in poikilocyte number
was found between antemortem and postmortem groups 41°C and 44°C. Spherocyte number was significantly higher in postmortem than
antemortem group 41°C (P=0.001) and dacryocytes with spherocytes in postmortem group 44°C (P=0.002, P=0.017, respectively). Poikilocytosis
is associated with the exposure length and temperature intensity. Spherocytosis and anulocytosis are the most frequent in postmortem groups
while target cells and anulocytes in antemortem groups. Following a fatal outcome, spherocytes at 41°C and dacryocytes with spherocytes at
44°C were significantly more than in corresponding antemortem groups.
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Antemortem ve Postmortem Analizlerde Sicakligin ve Sicakliga Maruz
Kalma Siiresinin Eritrositlerin Morfolojik Ozellikleri Uzerine Etkisi: Wistar
Ratlarda Deneysel Calisma

Oz

Kirmizi kan hticresi morfolojisindeki degisiklikler cesitli uyaranlarla indiiklenebilir. Farkl sicaklik yogunluklarinin (37°C, 41°C ve 44°C) ve maruz
kalma stiresinin (20 dakika ve 6lim zamanina kadar) eritrosit morfolojisi Gizerindeki etkilerini arastirmak icin 1s1 stresi uygulanan bir rat modelinde
kullanildi. Otuz bes Wistar sicani ti¢ gruba ayrildi: kontrol grubu olarak 37°C, deneme grubu olarak 41°C ve 44°C. Deney gruplar antemortem 20
dakikalik maruziyet siiresi ve postmortem gruplar 6liime kadar maruziyet suresi olarak siniflandirildi. Anestezi uygulanan sicanlar su banyosu
kullanilarak 6nceden isitilmis suya maruz birakildi. Abdominal aorttan alinan kan 6rneklerine May-Griinwald-Giemsa boyama teknigi uygulandi.
Poikilositleri saptamak icin 1stk mikroskobu kullanildi (Motic Tip 102M). Antemortem gruplarinda hedef hiicreler ve antlositler predominant iken,
postmortem gruplarda, 41°C ve 44°C'de sirasiyla anulositler ve sferositler seklindeydi. Antemortem ve postmortem gruplar arasinda 41°C ve
44°C'deki poikilosit sayisinda fark bulunmadi. Sferosit sayisi postmortem grubunda, antemortem 41°C grubuna goére (P=0.001) ve dakriyositler
sferositlere gore postmortem 44°C grubunda (sirasiyla P=0.002, P=0.017) daha ytiksekti. Poikilositozun, sicaklik yogunlugu ve maruz kalma
stiresi ile iliskili oldugu belirlendi. Postmortem gruplarda en sik sferositoz ve antlositoz gortltirken, antemortem gruplarda hedef hiicreler ve
antilositler gériilmekteydi. Oliimciil bir sonucu takiben 41°C'de sferositler ve 44°C'de sferositli dakriyositler, kendilerine karsilik gelen antemortem
gruplarindan 6nemli 6lctide daha fazlaydi.

Anahtar sézciikler: Isi, Poikilocytosis, Antemortem, Postmortem, Rat
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INTRODUCTION

Evaluation of haematological parameters enables quick
detection of changes in body’s homeostasis. It has been
known that the original biconcave shape of erythrocytes
can be influenced by some unfavourable endogenic and
exogenic factors such as exposure to toxic aluminium
compounds "3, microelements, nutritional deficiency ¥,
implants placement during surgical interventions P! as
well as effects of electromagnetic field of weak power ©,
Detection of erythrocyte shape abnormality, known as
poikilocytosis, in peripheral blood smear reveals the
pathophysiology of disease and facilitates patients’ early
diagnosis and treatment. In forensic medicine, time of
death has an extreme importance in homicide or any other
instance of un-witnessed death investigation. Despite many
researches it remains one of the most challenging variables
to establish 1. Moreover, can some specific or non-specific
changes in red blood cell shape be detected under various
environmental conditions? It has been known that exposure
to higher temperatures for a longer period causes a variety
of pathological changes accompanied by multi-organ
failure and fatal outcome . The mortality rate associated
with high temperature exposure is in the range from
33% to 80% %, The effects of the body exposure to
higher temperature can be identified easily by analysis
of biochemical and physiological parameters especially
haematological parameters ['". The changes in blood cell
morphology between cadaveric blood collected from
corpses at 4°C, stored in test tubes, and blood collected
directly from corpses at room temperature, have been
studied as a way to determine the post mortem interval ">,
Literature data that refer to the correlation between the
high temperature effects and the length of body exposure
to high temperature with the occurrence of poikilocytic
shapes is scarce 57,

The aim of the study was to investigate the influence of
different water temperatures and length of exposure using
heat stress model by water on morphology of erythrocytes.

MATERIAL and METHODS

Ethics Committee Approval

This study was approved by the Ethical Committee of
Medical Faculty University of Sarajevo under registration
number 02-3-4-1253/20, Bosnia and Herzegovina.

The Study Design and Animals

Prospective, controlled, experimental study has been
conducted by using the animal model. The total number
of 35 adult, albino Wistar rats, of both sexes and body mass
from 250 g to 300 g has been included in the experiment.
Animals were kept in polypropylene cages under optimal
environmental conditions (temperature 2442°C, relative
humidity of 45% to 65% and a light: dark cycle of 12:12

h), acclimatised for 7 days before the experiment and
observed constantly for signs of illness; Commercial food
and drinking water were given to animals ad libitum.

The Animal Groups

The anaesthetised thirty-five rats were exposed to preheated
water using the water bath. The rats were divided into
three groups: control group (n=7) exposed to 37°C water
temperature, and two trial groups such as group exposed
to 41°C water temperature (n=14), and another group
exposed to 44°C water temperature (n=14). Each of the
trial groups exposed to 41°C and 44°C water temperature
was further classified according to the time of analysis, as
antemortem group (n=7) that exposure time of 20 min
and postmortem group (n=7) that exposure until time of
death (n=7).

Experimental Protocol and Sample Collection

Rats were anaesthetised using combination of Ketamine
(90 mg/kg of body weight (bw); Ketamine Hydrochloride
Injection USP Rotexmedica-Germany) and Xylazin (5 mg/
kg bw; 2% Xylazin, Cp Pharma, Bergdorf, Germany) once
in dose of 1.2 mL/kg bw +/- 10% before being exposed to
specified temperature for the specified time of exposure '8,
Water bath (Memmert GmbH + Co. KG, model size WPE 22)
equipped with electronic temperature control was filled
with water that was preheated to specified temperature.
Experimental protocol was performed for each anaesthetised
rats sequentially. Each of them was immersed into
preheated water with their heads above the surface. Rats
of antemortem groups were sacrificed after the expiration
of the designated time of 20 min.

Microscopic Examination and Cell Counting

Blood samples have been collected from abdominal aorta
with the objective of making at least two blood smears by
using the standard laboratory procedure of May-Griinwald-
Giemsa colouring technique. The analysis of coloured
blood smears relied on the standard morphology was
conducted by two independent researchers; the counting
was conducted on representative one-layered visual fields
whereblood corpusclesjusttouched one another with their
edges and did not overlap "\ Two thousand erythrocytes
were analysed on each coloured blood smear by using
light microscope Motic Type 102M and magnification
of 1000X in order to determine the possible presence of
poikilocytic red blood cells. We took the average value
of two independent measurements which has been
previously described '%?%, The most representative visual
fields have been saved in the electronic form by using
computer software Motic Images Plus 2.0.

The number and type of poikilocytes were recorded as
percentages of RBC. Poikilocytosis was classified as semi-
quantitatively according to similar research, following the
criteria: non-existing (0%), rare (0.05-0.5%), mild (>0.5-3%),
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modest (>3-10%), or expressed (>10%) ',
Statistical Analysis

The normality of data distribution was tested by Shapiro-
Wilk test. Categorical data were expressed as a percentage
value. To test the differences in numerical values between
groups, Kruskal Wallis test and Mann Whitney tests
were used. P value <0.05 was considered as statistically
significant. All statistical tests were performed using SPSS
software version 25.0 (SPSS, Inc., Chicago, IL, USA).

RESULTS

Fig. 1 shows the results of the poikilocytic shapes frequency
in peripheral blood smear of groups. Depending on the
temperature to which rats were exposed, target cells and
anulocytes were detected in antemortem groups.

In 1000 cell count, there was “mild” number of ovalocytes
in Antemortem and Postmortem group at 44°C. “Modest”
number of Dacrocytes was detected in Antemortem group
at 41°C and in Postmortem groups. Anulocytes were in
“mild” number in Control group. Furthermore “moderate”
number of anulocytes was detected in Antemortem
group at 41°C and in both Postmortem groups. They were
“expressed” in Antemortem group at 44°C. Spehrocytes
were “expressed” in Postmortem groups. In postmortem
groups of rats, the most frequent type of poikilocytosis
found at 41°C was spherocyte, while anulocytosis with
spherocytosis were detected in rats exposed to 44°C.

Table 1 shows the difference in numbers of poikilocytic
shapes between analyzed groups.

Statistically significant differences between antemortem
and control groups in number of ovalocytes, dacryocytes,

Percentage of poikilocytic forms in 1000 cells
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Table 1. Types of poikilocytosis in antemortem and control groups of Wistar rats

A: Control B: Antemortem C: Antemortem D: Postmortem E: Postmortem
Types of Group (37°C) Group (41°C) Group (44°C) Group (41°C) Group (44°C)
Poikilocytosis Median Median Median Median Median

(IQrange) (IQ range) (IQ range) (IQrange) (IQ range)
Ovalocytes 1 (0-2)B<PE 3.5(1-6) 3(2-3)7 9 (4-13)4 3(1-10)*
Dacryocytes 1 (0-2)BcPE 8.5(1-12)4 5(2-9)AF 7 (5-26)* 16 (8-19)A¢
Anulocytes 1 (0-3)B<PE 39.5 (31-55)* 47 (25-74)* 50 (3-55) 100 (28-123)*
Echinocytes 0 (0-1)B<PE 2.5(0-38)* 0(0-15)4 8 (4-59)4 7 (1-13)4
Stomatocytes 1 (0-2)B¢PE 10 (4-22)* 17 (6-35)A 10 (2-51)A 15 (8-26)*
Drepanocytes 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0)A 0 (0-1)
Schizocytes 0(0-2) 1(1-6) 1(1-2) 1(1-2) 1(1-2)
Leptocytes 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-1)
Acantocytes 0 (0-0) 0 (0-1) 0 (0-0) 0(0-1) 0(0-1)
Spherocytes 1 (0-2)BCPE 1(1-8)AP 2 (1-15)AF 47 (40-84)r8 46 (25-54)A¢
Reticulocytes 1(1-1)BCDE 1.5 (0-2)A 1(1-4)A 8(3-11)* 4(1-10)4
Target cells 1 (@=1))<== 24.5 (20-34)* 12 (3-24)* 2 (1-4) 1(1-2)

Data were presented as median with 25"-75%" range (1Q); p - probability with level of significance P<.05,% sig. different than A, ¢ sig. different than B,  sig. different than C,
Psig. different than D, £ sig. different than E
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Fig 2. Poikilocytic forms of RBC, peripheral blood
smear, magnification 1000x,

A- Normal red blood cells; B- Green arrow:
Echynocytes, C- Red arrow: Stomatocytes, D- White
arrow: Reticulocytes, Blue arrow: Anulocytes

anulocytes, echinocytes, stomatocytes, spherocytes,
reticulocytes and Target cells were detected (P<0.05). The
ovalocyte, dacryocyte, anulocyte, echinocyte, stomatocyte,
spherocyte, reticulocyte and Target cell median values
were significantly higher in rats exposed to 41°C than in
the control (P<0.05). The difference between the control
and antemortem group exposed to water temperature of
44°C was in the median number of ovalocytes, anulocytes,
spherocytes, reticulocytes and Target cells (P<0.05). There was
no difference in number of specific types of poikilocytic
cells between antemortem groups.

Results featured in Table 1 point towards insignificant
difference in the number of abnormally shaped erythro-
cytes between postmortem groups (P>0.05).

Comparison of the antemortem and postmortem groups
of rats exposed to water temperature of 41°C showed
a significant difference in the presence of spherocytes
(P=0.001). When we compared the rats from antemortem
and postmortem groups exposed to water at 44°C, a
significant difference in the number of dacryocytes (P=0.02)
and spherocytes was observed (P=0.017).

Fig. 2 shows poikilocytic forms of red blood cells. Control
group is with non-existing or rare poikilocytotic form.
Echinocytes and Target cells are marked in the antemortem
group 41°C. Stomatocyte is expressed in the postmortem
group 41°C. Anulocytes and reticulocytes are expressed in
the postmortem group of 44°C

DISCUSSION

In this study, we investigated the effects of exposures
to normal and high water temperatures on erythrocyte
morphology of rats blood. Twenty minutes exposure of
Wistar rats to water of 41°Cand 44°Cinduced poikilocytosis.
Poikilocytosis was associated with the exposure length
and temperature intensity. The most distinct shapes of
poikilocytes found in the postmortem groups of rats were
“expressed”spherocytosisand“expressed”anulocytosiswith
spherocytosis. In the antemortem group on 41°C poikilo-
cytosis for Target cells was found; while in antemortem
group on 44°C anulocytosis was identified. Their presence
was “expressed” in our study. In antemortem groups
and control group statistically significant difference was in
almost all poikilocytic shapes, which indicated that high
temperature induces poikilocytosis following 20 min
exposure to the high temperature. The present finding was
as results of Lucijanovi¢ et al.?%, pointing that poikilo-
cytosis was associated with the temperature to which
rats were exposed, but also with the length of exposure.
Median value in spherocyte number was significantly
higher in postmortem than in antemortem group 41°C.
Dacriocytes and spherocytes numbers were significantly
higher in postmortem than in antemortem group 44°C.
The high temperature causes protein denaturation
with cell malfunction, loss of membrane integrity and
finally cell death. Abnormal erythropoiesis and damage
of red blood cells following their formation can result
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in poikilocytosis 2. Among extrinsic factors that affect
red blood cell morphology are drugs, chemicals, toxins,
heat and abnormal mechanical forces. Poikilocytes of
specific shapes suggest different etiologic factors 2223,
Phagocytes play a significant role in the modulation of
local or extended inflammation. In Djaldetti et al.?* study,
a temperature of 40°C significantly increased the number
of phagocytic cells, as compared to cells incubated at
37°C. The increased phagocytic capacity of peripheral
blood monocytes at high temperature further enlightens
the immunomodulatory effect of fever in the immune
responses during inflammation 4.

Specific poikilocytes are associated with diseases and
noted in the rat, but may also be observed during the
evaluation of rat blood in toxicity studies. In these studies
the most common forms of poikilocytes are echinocytes
and acanthocytes. Acanthocytes also are commonly
observed in the blood of rats with severe liver disease like
in other species. Red blood cell fragments (schistocytes)
are observed in hemolytic processes such as those
associated with Heinz body formation, osmotic shock,
and disseminated intravascular coagulation. Rarely, red
cell shapes such as stomatocytes, target cells, ghost cells,
spherocytes, and others were observed by Car et al.”?*!,

The body temperature elevation caused by body heat
exposure, results in significant increase of structurally
transformed erythrocytes (echinocytes) and vesicles in
blood %, Echinocytosis is a morphologic change that is
characteristic of thermally injuried red blood cells ?. The
high temperature required for red cell fragmentation is an
indicator of membrane abnormality ?°. Increased thermal
sensitivity of red cell membrane has been demonstrated
for pyropoikilocytes. Pyropoikilocytosis is distinguished
by their substantially lower critical temperature of
fragmentation. The lowest temperature at which normal
red blood cells caused heat-induced fragmentation is 49°C,
whereas pyropoikilocytes undergo morphologic changes
or fragmentation on lower temperature. Fatality may occur
at body temperature >42°C ), Our results are different
from others, because the lowest temperature we pointed
for poikilocytes was at 41°C, and fatality occurred at 41°C
water temperature.

The increase in marrow activity is accompanied by a
modest local increase in clonogenic marrow stem cells but
it cannot be shown for certainty whether the phenomenon
of Thermal Marrow Expansion is due to the local effect
of elevated temperature on stem or stromal cells. The
erythrocytes produced by Thermal Expansion appear normal
in vivo fragility testing %%,

Hematopoetic stem cells are the only cells capable
of producing all blood cell lineages throughout life.
Within the bone marrow exists a tightly controlled local
microenvironment, that regulates the proliferation and
differentiation of stem cells. Regulatory signals emanate

from surrounding cells in the form of bound or secreted
molecules and also from physical cues such as oxygen
tension, stress, contractile forces, inflammation and
temperature ?*3% During homeostasis, the majority of
cells in bone marrow can become activated to proliferate
and differentiate in response to infectious stress and
other extrinsic factors like ambient temperature. Shin
et al.B" has recently discovered intrinsic mechanisms,
microenvironmental interactions and communication with
surrounding cells involved in stem cells regulation during
homeostasis and in regeneration after injury and discussed
their implications for regenerative therapy.

It is known that increased body temperature could
influence cell volume by direct modification of the
transport systems such as Na-K* ATP-ase that is sensitive to
temperature. Metabolismand cell signallingisaccomplished
by temperature-sensitive reactions. An increase in body
temperature leads to decrease of the erythrocytes volume
and increase of phosphatidylserine (PS) exposure at the
erythrocyte surface, common hallmarks of eryptosis,
or the suicidal death of erythrocytes. Both events are
accompanied by an increase of the cytosolic Ca?* activity,
which contributes to the cell shrinkage and cell membrane
scrambling. The cell shrinkage is induced by activation of
Ca?*-sensitive K* channels with subsequent exit of K*and
Clions with the osmotically obliged water B2, Anincreased
cytosolic Ca?* has an effect on the cytoskeleton architecture
and activates several enzymes such as transglutaminase,
phospholipases, calpain, protein kinases, and phosphatases.
Calpain degrades cell membrane proteins and thus leads
to membrane blebbing, a further hallmark of eryptosis.
Erythrocytes that were exposed to PS may adhere to the
vascular wall, which results in compromising the micro-
circulation in cases of body exposure to high temperature.
Higher PS exposure may further activate macrophages to
release proinflammatory cytokines such as interleukin-6
(I-6) and tumour necrosis factor alpha which increase
both prostaglandin formation and cortisol secretion 53,
In addition to eryptosis, a long body exposure to high
temperature also stimulates haemolysis. However, unlike
eryptosis, haemolysis is activated only during body exposure
to the high temperatures.

Since there are more and more deaths that occur during
bathing, especially in the bathroom or warm ambient in the
summer months, the aim was to find out what happens to
erythrocytes and their forms during life and after death as
a result of high water temperature. We concluded that the
length of exposure led to greater changes in erythrocytes
morphology than just the 41°C or 44°C water temperature.
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