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ABSTRACT

Background: The aim of the study was to find out what happens to erythrocytes and their forms during life and after
death as a result of high water temperature.

Methods: Heat stress was used on a rat model.to investigate the effects of different temperature intensities (37°C and
44°C) and exposure time (20 min and until the time of death) on erythrocyte morphology. Total of 23 Wistar rats
were divided into two groups: 37°C as control group 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.

Results: Exposure of Wistar rats to water temperature in groups KG37 and G44 led to a significant changes in core
temperature. In the control group, the thermoregulatory mechanism established normothermia, and in G44
hyperthermia was detected during 20 minutes of exposure. The frequency of heat stroke in group G44 was 43.8%.
Target cells and anulocytes were predominant in antemortem group at 44°C, while anulocytes and spherocytes in
postmortem groups 44°C, respectively. Dacryocytes with spherocytes were significantly higher in postmortem group
44°C than in antemortem group 44°C (p=0.002, p=0.017, respectively).

Conclusions: Poikilocytosis is associated with the exposure length and temperature intensity. Following a fatal
outcome dacryocytes with spherocytes at 44°C were significantly more than in corresponding antemortem groups.
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INTRODUCTION

Poikilocytosis is a major deviation from the normal shape
of erythrocytes that is evidential of an increased rate of
blood destruction.! ldentification of poikilocytes is an
important part of blood smear evaluation because shape
changes often are associated with specific diseases,
providing clues to underlying pathogenesis and

facilitating diagnosis and treatment. It is particularly
striking in pernicious anemia and some of the hemolytic
anemias, but is also characteristically found in a variety
of other conditions, such as environmental stress.? It has
been realized that the erythrocytes in vivo does not
always behave like a perfect osmometer during periods of
physiological stress. In normal red blood cells, the
biconcave disc shape creates an advantageous surface
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area volume relationship, allowing red cells to undergo
marked deformation while keeping a constant surface
area. Directly or indirectly, membrane integral and
skeletal proteins band, actin and spectrin as well as
protein interaction play an important role in the
regulation of factors that influence cellular
deformability.® It is evident that there are unfavorable
endogenous and exogenous factors that can in certain
circumstances alter the original biconcave form of
mammalian erythrocytes and thus partially or completely
disable its physiological role in gas exchange. Adverse
effects of external factors on the shape of erythrocytes are
known in the literature, such as toxic effects of aluminum
compounds, deficient nutrition with microelements,
implant placement during surgical interventions.*® The
presence of abnormally shaped erythrocytes is a
significant part of blood smear assessment, as shape
changes are often associated with specific diseases,
providing traces in the background of pathogenesis and
facilitating diagnosis and treatment, and in forensics the
cause of death. Poikilocytes may be the result of
biochemical changes, erythrocyte damage: which
shortens the lifespan of erythrocytes and ultimately
contributes to anemia.”®

In the world, an increasing number of deaths are caused
by hyperthermia and often require forensic expertise. The
incidence of heat-related diseases is increasing, and heat
stroke is the most severe form associated with mortality
and morbidity. Although the pathogenesis of heat stroke
is not fully understood, inflammatory cytokines and
related proteins, especially heat shock proteins, play a
significant role in mediating responses, heat tolerance,
and outcomes.

Abnormal core temperature deviations of even a few
degrees will trigger the body’s thermoregulatory
mechanisms, and temperature changes outside the
physiological range can prove fatal. Measured body
temperature above 42°C leads to cytotoxicity with protein
denaturation and impaired deoxyribonucleic acid (DNA)
synthesis, resulting in organ failure and neuronal
damage.°

The physiological body temperature of rats was 35.9-
37.5°C.1

The body temperature of 40.9°C is the upper limit before
the compensating mechanisms are switched on. Studies
showed that animal model for inducing rat hyperthermia
was comparable to the clinical situation.'? The model has
been shown to be useful for studying the effects of
diseases associated with exposure to high ambient
temperatures on changes in various organs and systems.

The aim of the present investigation was to study the
effects of length and temperature intensity on occurrence
of poikilocytes in blood during antemortem and
postmortem analysis on Wistar rats.

METHODS

A study has been conducted at Medical faculty Univeristy
of Sarajevu, between 04th and 18th May 2020. After
animal care Ethics committee approval of the Medical
faculty University of Sarajevo (registration number 02-3-
4-1253/20), 23 adult albino Wistar rats, both sexes (300-
350 g, 3 months old) were used in prospective,
controlled, randomized experimental designed type of the
study. Animals were housed in central animal care
facility under optimal environmental conditions, with
12:12 dark light cycle. Food and water were provided ad
libitum. Animals were monitored for appropriate 7 days
acclimatization prior to the experiment. The study was
conducted in accordance with the Principles of
Laboratory Animal Care.*®

Animals were randomly divided into two groups
depending on temperature that they were exposed:
control group (n=7) exposed to 37°C, trial group (n=16)
exposed to 44°C. The trial group was further subdivided
due to time of analysis as antemortem group (n=8) with
exposure time of 20 minutes and postmortem group (n=8)
with exposure until time of death.

On the day of experiment all animals were anesthetized
anesthetized with ketamine (1.2 ml/1 kg body weight
+10%) and fixed on a wooden board with the placement
of a probe that measured core temperature as evidence of
hyperthermia. They were then immersed in a water bath,
set temperatures, to chin level, and the temperature was
read on a thermometer (Physitemp Thermalert Model
TH-8). After the expiration of the given time or death,
blood was taken from the abdominal aorta on two slides
per each sample and then working materials prepared for
microscopy were made. Blood smears were made
according to the usual laboratory procedure.**

Experimental protocol was performed for each
anaesthetized rats sequentially. On each original, stained
smear, 2000 erythrocytes were analyzed using a Motic
Type 102M light microscope, with a magnification of
1000 X. Poikilocytes were recorded relying on standard
morphology, and counting was limited to representative
single-layer visual fields, where blood corpuscles did not
overlap. Fields on two microscopes were analyzed by two
independent researchers and then the mean was
calculated. The most representative fields of view are
stored in electronic form using the computer software
Motic Images Plus 2.0.

The number and type of poikilocytes is expressed as a
percentage for each morphological form of red blood
cells. Poikilocytosis was classified semiquantitatively
according to similar studies, following criteria: non-
existent (0%), rare (>0.05-0.5%), mild (>0.5-3%),
moderate (>3-10%), or expressed (>10%)."> The
normality of the distribution of poikilocyte data was
tested by histogram and Shapiro-Wilk test. The Mann
Whitney test was used to test the differences between the
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two groups, with incorrect data distribution, while the
Kruskal Walis test was used to compare three or more
groups. Category variables are represented by frequency
as an absolute number and/or in percentages. The
accepted level of significance of the difference is p<0.05.
IBM Statistical package for social sciences (SPSS)
computer program (SPSS; statistical package for Social
Sciences) version 25.0 and Excel package MS Office
2016 were used for statistical analysis.

RESULTS

the basal temperature of the rats was 38.25+0.12°C and
that it decreased to 37.75+0.38°C after 20 minutes of
water exposure of 37°C, p=0.044 (Table 1).

Table 1: Mean values of the rats body temperature
from repeated measurements in the control group.

TCC) X ssp %P

DG GG
T-b 3825 012 3813  38.37
T-u 3817 023 3795 3839
T-20 3775 038 3740 3811

KG37- control group of rats exposed to water temperatures of
37°C; T (°C)- Temperature in Celsius degrees; X- mean value;
+SD-standard deviation; IP-confidence interval; DG-lower
limit; GG- upper limit; T-b- bazal temperature; T-u- rat
immersion temperature; T-20-temperature in 20" minute.

Table 2: Mean values of rat body temperature at
repeated measurements in G44.

K2
o 95% IP
T(°C) X D 5 G GG
T-b 38.02 0.55 37.72 38.32
T-u 38.67 0.90 38.19 39.15
T-20 43.09 0.70 42.71 43.46

G44- group of rats exposed to water temperatures of 44°C; T
(°C)- Temperature in Celsius degrees; X- mean value; +SD-
standard deviation; IP- confidence interval; DG- lower limit;
GG- upper limit;;T-b- bazal temperature; T-u- rat immersion
temperature; T-20- temperature in 20th minute.

The lowest temperature of rats in group 44 was basal
temperature, and the highest temperature after 20 minutes
of exposure during repeated measurements was
38.02+0.55°C versus 43.09+0.70°C, and the difference of
all three groups was p<0.0005 (Table 2).

The mean values of the measured body temperatures of
rats depending on the group are presented in Table 3.

Frequency analysis of rats with a body temperature of
40.05°C and higher was found to be highest in seven G44
rats. No statistically significant difference was found in
the frequency of rats with heat stroke p=0.053 (Table 4).

Table 3: Mean values of measured body temperature
of rats of experimental groups at four time points.

T 9%5%IP |
TN O GG
KG37 3825 012 3813 3837
Tb | Gaa
(O am 379 086 3740 3851
5&4' 3808 046 37.690 3847
KG37 3817 023 3795 3839
T.u % 389 112 3795 3984
I AM
O Gas
o 3845 061 3793 3896
KG37 3757 038 3740 3811
T20 ©* 4300 081 4232 4367
X AM
CC) " Gua
o 4318 062 4266 4370
KG37 3445 24 3219  36.72
T-s  G% 3900 120 3798 4001
[ AM
CC) Gua
o 4402 038 4370 4434

T (°C)- Temperature in Celsius degrees; X- mean value; +SD-
standard deviation; IP- confidence interval; DG- lower limit;
GG- upper limit; T-b- bazal temperature; T-u- rat immersion
temperature; T-20- temperature in 20th minute T-s- temperature
in moment of death; KG37- control group of rats exposed to
water temperatures of 37°C; G44-AM- antemortem group of
rats exposed to water temperatures of 44°C (exposure length 20
minutes); G44-PM- postmortem group of rats exposed to water
temperatures of 44°C (length of exposure to death).

Table 4: Frequency of heat stroke in experimental

groups.
| Heart Groups ' '
| stroke | e
N 7 9 16
% 100.0 56.3 60.5
No % of
total 18.4 23.7 60.5
number
N 0 7 7
% 0.0 43.8 39.5
Yes % of
total 0.0 18.4 39.5
number

There is a statistically significant difference between both
the control group and G44 in ovalocytes, dacryocytes,
anulocytes, spherocytes, reticulocytes, and Target cells
(Table 5). Table 6 shows the poikilocytotic forms
between the antemortem and postmortem groups at 44°C.
When comparing antemotrem and postmortem rats
exposed to a water temperature of 44°C, a significant
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difference in dacryocytes and spherocytes was observed (Table 6, Figure 1 and 2).

Table 5: Differences in poikilocytotic forms between antemortems group and control groups.

Per 75 Per 75 pAYE
Dacryocytes 1.0 0.0 2.0 5.00 2.00 9.0 0.038
Anulocytes 1.0 0.0 3.0 47.0 25.0 74.0 0.001
Echinocytes 0.0 0.0 1.0 0.00 0.00 15.0 0.079
Stomatocytes 1.0 0.0 2.0 17.0 6.00 35.0 0
Ovalocytes 1.0 0.0 2.0 3.00 2.00 3.00 0.038
Schizocytes 0.0 0.0 2.0 1.00 1.00 2.00 0.079
Acantocytes 0.0 0.0 0.0 0.00 0.00 0.00 0.636
Spherocytes 1.0 0.0 2.0 2.00 1.00 15.0 0.007
Reticulocytes 1.0 1.0 1.0 1.00 1.00 4.0 0.02
Target cells 1.0 0.0 1.0 12.0 3.0 24.0 0.02

Variables are represented as median value with interquartile range. P AV Bwas tested with Kruskall Wallis H test, differences between
two groups were tested with Mann Whitney U test. P — probability with p<0,05 deemed as significant

Table 6: Differences in poikilocytotic forms between antemortem and postmortem group at 44°C.

Antemortem Postmortem
Variables Temperature od 44°C Temperature od 44°C P value
Median Per 25 Median Per 25
Dacryocytes 5 2 9 16 8 19 0.002*
Anulocytes 47 25 74 100 28 123 0.165
Echinocytes 0 0 15 7 1 13 0.318
Stomatocytes 17 6 35 15 8 26 1.000
Ovalocytes 8 2 3 3 1 10 0.902
Schizocytes 1 1 2 1 1 2 0.535
Acantocytes 0 0 0 0 0 0.383
Spherocytes 2 1 15 46 25 54 *0.017
Reticulocytes 1 1 4 4 1 10 0.383
Target cells 12 3 24 1 1 2 0.053
Note: *-represents a significant difference between groups.
DISCUSSION o0 © 0% 0 Oo (
OO o
Heat stroke is a condition of the body in which the body's QQ ) O
compensatory mechanisms of internal temperature o o S o. () O‘
control are weaken. Combined with stressors such as
physical labor, fluid loss, weakness, and medical Co o

pathological conditions, heat stroke culminates and can
take the form of mild heat exhaustion to potentially fatal

o)
-
heat stroke. f

There is an increase in body core temperature, rapid heart " 0‘

rate and sweating, and a very pronounced form can result o O

in heat stroke, a condition involving human defense ooo |

mechanisms including activation of pro-inflammatory (‘ o L

and inflammatory cytokines. Incidence data downplay the - - ° -o_ (o)

severity of the condition because it is often not diagnosed

properly due to inadequate definition. Figure 1: Poikilocytic forms of RBC, peripheral blood
smear, magnification 1000x, G44-AM; red arrow:

stomatocytes.
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Figure 2: Poikilocytic forms of RBC, peripheral blood
smear, magnification 1000x, G44-PM; B- black
arrow: anulocytes.

The condition can cause nervous system dysfunction,
myocardial infarction, renal failure, and muscle
dysfunction and is defined as a multisystem disorder of
the body.'” A condition that leads to death in 10-50% of
cases, and the cardiovascular abnormalities that
accompany it are hypotension, electrolyte disturbance,
malignant arrhythmia, ischemia, depression of heart
function with global hypokinesia.!® Understanding the
physiological and behavioral response of animals,
including humans, to elevated ambient temperature has
gained in critical importance with global warming and
with the expectation of an increase in the number and
severity of heat waves.°

As a fatal condition, heat stroke is characterized by an
elevated core temperature of 40.05°C and above,
secondary due to prolonged exposure to high ambient
temperature.®

In our study, the thermoregulatory response of the rat
organism was monitored by exposing the rats to a water
temperature of 37°C-KG37 and 44°C-G44. A change in
core temperature was recorded using an oesophageal
probe placed in anesthetized rats. According to the
literature, the physiological body temperature of rats is
37.5-37.7°C, and the goal was to develop a model of
hyperthermia and record the frequency of core
temperature >40.05°C which is the temperature threshold
for heat stroke and see the impact temperatures on the
state of the organism through compensatory mechanisms
projected in the development of red blood cell shape.?

Analysis of the mean values of rat body temperature
measured at four time points showed that the basal
temperatures of rats in the groups did not differ
significantly (p>0.005), which indicates the physiological
condition and the absence of pathological processes in
rats before starting the experiment. The basal temperature
of rats in the control group was 38.25+0.12°C and
decreased after 20 minutes of water exposure of 37°C,
which indicates physiologically adaptable mechanisms of

heat distribution in the body. In both groups, a significant
difference was found in the temperature of the nucleus at
immersion, after 20 minutes and at death, which indicates
the influence of exposure to water temperature on the
increase in body temperature of rats using control
mechanisms. After 20 minutes of exposure, the highest
temperature of rats of group G44 (43.09+0.7°C) was
observed, according to KG37 (37.75+£0.38°C). These
results indicate that exposure to water temperature led to
hyperthermia and heat stroke in the G44 group.

The frequency of heat stroke in the G44 group was
43.8%. Rats exposed to a water temperature of 44°C had
a survival time of 4.14 minutes, so a short period of time
caused that although insignificantly we have a larger
number of group 44 rats that did not reach the heat stroke
temperature threshold. In the study by Quinn et al it is
pointed out that many studies wuse predefined
temperatures to confirm heat stroke, which was done in
our study, and it is considered that interindividual
variation in response excludes the use of predefined
maximum temperature jump as the main indicator of heat
stroke severity.?’ The correlation between the rise in body
temperature and water temperature is shown in the study
by Hori et al. in healthy adult subjects.?! In their study,
the internal temperature reached values of 40°C after 10
minutes of exposure. The results of the study by Hori et
al. suggest that the degree of damage depends on both the
temperature of the environment to which the body is
exposed and the length of the body's exposure to that
environment.> Norloei et al showed that chronic
exposure to heat stress causes an increase in the serum
osmolality and a decrease in mean cell volume and the
white blood cells in the exposed group compared with the
nonexposed group.?? Although the red blood cells count
in the exposed group decreased as well, it was not
statistically significant.

Twenty minutes exposure of Wistar rats to water of 44°C
induced poikilocytosis. Poikilocytosis was associated
with the exposure length and temperature intensity. The
most distinct shapes of poikilocytes found in the
postmortem group of rats were “expressed” dacriocytosis
and “expressed” spherocytosis. Their presence was
“expressed” in our study. In G44 and control group
statistically significant difference was in almost all
poikilocytic  shapes, which indicated that high
temperature induces poikilocytosis following 20 min until
death exposure to the high temperature. The present
finding was as results of Lucijanovi¢ et al., pointing that
poikilocytosis was associated with the temperature to
which rats were exposed, but also with the length of
exposure.?

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. Studies in cell lines and animal models suggest
that heat directly results in tissue damage. The severity of
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the damage depends on the critical thermal maximum, a
term that tries to quantify the level and duration of
temperature increase that causes tissue damage to begin.?*
Few studies have been conducted on the impact of heat
stress on oxidative stress indices and hematological
parameters. 26

A review by Horv'ath and Babinszky stated that heat
stress can lead to harmful impacts on birds including
increase in the production of reactive oxygen species, the
formation of malondialdehyde as an indicator for lipid
peroxidation, and decreased vitamin concentrations.?’
Choi and Pai showed that although short-term exposure
to heat stress does not have an effect on erythrocyte
count, hemoglobin concentration, and mean corpuscular
hemoglobin, under the same conditions, it does increase
mean cell volume and hematocrit.?®

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. 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 and
Spahi¢ et al.? 30

It is difficult to compare the results of studies about
chronic and acute exposure to heat, because the
differences in the degrees of adaption to heat exposure in
the subjects can cause differences in the results. Our
findings indicate that prolonged exposure to heat stress
can be a risk factor for abnormal structural changes in
erythrocytes and concludes that acute heat stress evokes a
series of drastic changes in the animal’s hematological
functions.

CONCLUSION

Poikilocytosis is associated with the exposure length and
temperature intensity. Following a fatal outcome
dacryocytes with spherocytes at 44°C were significantly
more than in corresponding antemortem groups.
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