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 Iron overload (IO) because of multiple blood transfusion as a definite therapy 
for hematological disease with chronic and severe anemia has become a major concern. 
Deleterious complication contributed by chemically reactive deregulated iron may affect cellular 
homeostasis systemically lead to tissue and organ damage. When this toxicity occurred in blood 
cells, alteration of peripheral hematological profile concerning erythrocyte, leucocyte, and 
platelet most likely to be modified and imperatively need to be evidenced.Theexperimental IO 
mice model was established by injecting a low and high dose of iron dextran intraperitoneally. 
Peripheral erythrocyte, leucocyte and platelet indices measured by hematology analyzer were 
analyzed. A dynamic tendency of leucocyte absolute cell number and differential cell count 
of low and high dose iron treatment and a significant decrease of differential monocyte count 
were found. In addition, high dose iron treatment showed a significantly lower mean platelet 
volume. In conclusion, this study verified that IO impaired the cellular hematological indices 
by selectively suppress monocyte number addressing that this mononuclear phagocyte was the 
most affected immune cell. Furthermore, low mean platelet volume following acquired platelet 
function defect was evidenced. This research provided an animal experimental model that could 
be used for further study in finding alternative therapeutic targets on the pathophysiology of 
iron overload diseases, such as thalassemia.
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 A multiple routine red cell transfusion is a 
definite lifesaving therapy for thalassemia patients 
to overcome the severe anemia formed in this 
inherited hematological disease. Characterized by 
the reduced or absent production of globin chains 
of hemoglobinlead to ineffective erythropoiesis and 
premature hemolysis, this blood system disease is 
the commonest single gene disorder in the world 

and causing significant morbidity and mortality 
in Indonesia and abroad1. Thalassemia has been a 
major health concern while becoming one of the 
catastrophic diseases as in Indonesia with not less 
than 200,000 children are recorded as thalassemia 
patients and the number keeps on increasing 2.
 Iron is an essential yet reactive metal 
abundantly stored in red cell hemogblobin holds 
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a potent damaging ability to the cell, therefore,it 
is tightly regulated in our body. The average daily 
body demand to fit the cell biological metabolism 
demand is balanced between intake and lost,which 
is about1-2 mg 3. Thalassemia major patients who 
dependently receives the blood transfusion to 
relieve their severe and chronic anemia, the total 
body iron is unpreventably accumulated since 
one unit of transfused blood contains 220-250 mg 
iron bound to hemoglobin4. This complicationlater 
can trigger the systemic pathological conditions 
through the production of reactive oxygen species 
(ROS) that cause tissue damage to lead to organ 
dysfunction, including the hematological tissue5, 

6. Although they are complemented with an iron 
chelating drug, there is a riskfor iron accumulation 
that can lead to the secondary life-threatening 
problem in thalassemia major.
 Infection constitutes the second most 
common cause of death after heart failure in 
thalassemia patients7. Immune cells and their 
response are responsible for giving protection 
from pathogen invasion, adverse disruption 
of the number and activity of leucocyte were 
considered to be one of the fundamental notions 
for thalassemia patients to have an altered immune 
response, therefore susceptible for infection7, 8. 
Monocytes, innate immune cells existed as many 
as 10% of total blood circulating leukocytes, have 
a pivotal role as regulators and effectors of cellular 
defense system, among others is the fulfillment of 
the availability of the macrophages in the tissue 
that experience infection and inflammation9. 
While monocyte-derived macrophage plays a 
central role in iron metabolism in addition to 
phagocytosis and immune response, in the case of 
iron dysregulation, macrophage function can be 
attenuated10. Therefore,monocyte in iron overload 
condition requires further attention.
 Traditionally known to have an important 
role in thrombosis, during a fine balanced restricted 
inflammation,activated platelet interacts with 
monocyte and modulates itsactivity, differentiation 
into macrophage, and cytokine release11. However, 
a defect in platelet aggregation ranging from 
hypercoagulability and bleeding were identified as 
thalassemia major patients’ complications12, 13.An 
in vivoplatelet activation prior to its aggregation 
can be indicated early by a high mean platelet 
volume, particularly in iron accumulation, this 

phenomenon needs to be investigated.Combination 
of continuing premature hemolysis, iron toxicity 
and tissue injury involving particularly blood 
system tissue, followed without resolution of 
inflammation, thalassemia patients are considered 
to be chronically immune-stimulated therefore 
more susceptible to infection14, 15. Nevertheless, 
evidence elaborating the modification of peripheral 
hematology profile concerning erythrocyte, 
leucocyte, and platelet affected by iron overload 
is limitedand need for further verification.
 The aim of this study is to investigate the 
effect of iron overload on hematological profile in 
vivo applying the iron-induced animal model. This 
study will pave the way to a better understanding 
of the pathophysiology of iron overload involving 
erythrocyte, leucocyte and platelet profile.

Materials and Methods

 This study was approved by the Ethical 
Committee on Research of the Universitas 
Padjadjaran, Bandung, Indonesia No:732/
UN6.C.10/PN/2017. All experiments were 
conducted based on the 3R and 5F principles. 
animals
 An experimental study using 21 animal 
model consists of male white mice (Mus musculus), 
8-10 weeks old and body weight approximately 25-
30 g, were maintained in cages at room temperature 
and a 12-hour light/dark cycle with adequate air 
circulation. Mice were purchased from Bio Farma 
Company, Bandung, Indonesia. All mice were 
provided food and water ad libitum. 
Grouping of experimental Group according 
tothe dosage of iron administration 
 Iron Overload (IO) animal model was 
established by applying the method as previously 
described with modification16. Briefly, mice were 
divided into 3 groups based on the dose of iron 
preparation in form of iron dextran (Hemadex-
Sanbe, Jakarta, Indonesia) injection. The number 
of mice was seven for each group:
a. Group I (control): Saline injection 200 µL/day
b. Group II (low dose iron): Hemadex injection 
0.05 mg/200 µL/day intraperitoneally
c. Group III (high dose iron): Hemadex injection 
of 0.3 mg/200 µL/day intraperitoneally
 Animals were adapted for one week and 
the injection was performed daily for 14 days. The 
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dose was calculated to find Animal Equivalent 
Dose (AED) by multiplying human dose (mg/kg) 
with Km ratio17. Daily transfusion iron loading in 
human is 0,34 mg/kg and the Km ratio to convert 
human dose in mg/kg to AED in mg/kg is multiply 
human dose by 12.317, 18.
hematology assessment
 Vacutainer tube containing potassium 
EDTA (Becton Dickinson, Franklin Lakes, New 
Jersey, USA) was used to collect peripheral venous 
blood for hematology profiling. Whole blood was 
obtained from anesthetized mice via the heart and 
collected the blood samples in tubes. Automatic 
hematology analyzer (Sysmex Corp., Japan) was 
employed to measure 18 whole blood indices.
statistical analysis
 Multiple group comparisons of treatment 
differences were performed with the GraphPad 
Prism program (GraphPad Software, Inc. San 
Diego, CA). Non-normally distributed data are 
presented as median with interquartile range (IQR) 
continued by Kruskal Wallis and followed with 
Dunn’s multiple comparison test, while normally 
distributed data as mean with standard deviation 
(SD) continued by one-way ANOVA and followed 
with Tukey’s multiple comparison test. A P-value 
of <0.05 was considered as statistically significant.

results

 To determine whether iron overload 
affected hematological profile, the value resulted 
from hematology analyzer (18 indices) was 
analyzed.An iron overload model was successfully 
established by injecting with iron dextran and was 
able to modify hematology change. Iron overload 
treatments exaggerated the leucocyte, platelet, and 
erythrocyte indicesvalue. A dynamic tendency of 
leucocyte absolute cell number and differential cell 
count of each group of iron treatment was shown 
in Figure 1. In line with the increased dosage of 
iron treatment, there was a decreasing tendencyof 
total white blood cell, monocyte, and lymphocyte 
number within groups, while an increasing trend 
showed in absolute and differential cell count 
of granulocyte subset. There was a significantly 
different effect of iron treatment on differential 
monocyte count among the groups, using Kruskal-
Wallis, X2=6.59, P<0.05. Post hoc pairwise 
comparison using the Dunn’s test indicated that 

the median value for the differential monocyte 
count of the high dose iron treatmentgroup [13.6 
(2.6 – 19.1)] was significantly lower than the 
control[29.7(17.9 –31.8)]. However, the median 
of low dose iron treatment group [14.4 (8.7–23.6)] 
did not significantly differ from the high dose and 
the control group. 
 Platelets were affected by iron overload 
indicated by differential platelet indices i.e. 
platelet count, mean platelet volume, plateletcrit, 
and platelet distribution width (figure 2). A 
significant effect of iron treatment was showed 
in mean platelet volume among groups, applying 
ANOVA, [F (2, 17) = 4.263, P = 0.031]. Post hoc 
comparisons using the Tukey’s test indicated that 
the mean platelet volume for the high dose iron 
treatment (2.5+0.5) was significantly lower (P = 
0.02) than the low dose iron treatment group (3.7+ 
0.7). However, the mean platelet volume of the 
controlgroup (3.1 +0.9) did not significantly differ 
from the low and the high iron treatment groups.
Figure 3 showed a stationary trend of erythrocyte 
parameter value resulted from low and high dose 
iron treatment, even with no significant effect.

discussion

 This study corroborates that the damage 
caused by iron overload (IO) leads to tissue damage 
and ultimately to the dysfunction of visceral organs.
IO mouse model established in this study makes 
the effect of IO on the indices of peripheral white 
blood cells, platelets and erythrocyte profile even 
more pronounced. The results showed that the IO 
affected the number and size of blood cells by 
selectively reducing the differential number of 
monocytes. In addition, the mean  platelet volume 
is decreased.
 The tightly regulated cellular mechanism 
controls the equilibrium of iron body level 
between its absorption and demand. Following 
ingestion, this reactive biometal needs to bind to 
transferrin and circulate to the intracellular pool, 
mainly in hepatocytes and macrophages of the 
reticuloendothelial system as ferritin and in red 
blood cells (RBC) as a component of hemoglobin3.  
Most of the total body iron originated from recycled 
iron mainly from senescent RBS. The recycling 
process starts from the engulfment old RBC by 
macrophages then the iron remains stored or is 
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Fig. 1. Iron Overload affected leucocyte indices
Mice were injected withnormal saline inthe control group orwere injected with iron dextran, respectively, group 1: 0.05 mg/200 
ìL/day and group 2: 0.3 mg/200 ìL/day. (a-d). The absolute count of white blood cell, granulocyte, monocyte, and lymphocyte 
was presented as the mean with standard deviation. (e-g). The differential count of granulocyte, monocyte, and lymphocyte count 
was presented as the median with interquartile range. N = 7 mice/group. *P< 0.05 (Dunn’s test).
WBC: white blood cell; Diff.: Differential 
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Fig. 2. Iron overload affected platelet indices.
Mice were injected with normal saline in the control group or were injected with iron dextran, respectively, group 1: 0.05 mg/200 
ìL/day and group 2: 0.3 mg/200 ìL/day. (a). The absolute count of platelet was presented as the median with interquartile range. 
(b-d). The mean platelet value, plateletcrit, and platelet distribution width were presented as the mean with standard deviation.
*P< 0.05 (Tukey’s test)
MPV: Mean Platelet volume; PCT: Plateletcrit; PDW: Platelet Distribution Width

released back by macrophage into the circulation 
bound to transferrin for production of new RBC 
in bone marrow or for storage in hepatocytes4.
Unchanged erythrocyte indices after low and 
high dose iron treatment used in this study imply 
a careful regulation of iron in maintaining iron 
homeostasis.
 Since humans don’t have the mechanism 
to eliminate the excess of iron, multiple blood 
transfusions to overcome the anemia caused 
by chronic ineffective erythropoiesis happened 
in thalassemia, inevitably result in IO4. This 
endpoint condition gives rise to iron toxicity, a 
state when the binding capacity of transferrin for 
iron is surpassed. Ultimately, resulted from non-
transferrin bound iron (NTBI) circulating in the 
blood and subsequently accumulated producing 
free iron leading to cell and tissue damage until 
organ dysfunction3, 4.  
 The capacity of white blood cells 
involved in innate and adaptive body sentinel 

cells as a response to inflammation and injuryis 
their ability to circulate and migrate from the 
blood compartment into designated tissue. After 
stimulated by an inflammation insult, blood 
circulatory neutrophils accumulate to sites of 
injury,monocytes migrate into lymphoid and non-
lymphoid tissues, while lymphocytes travel from 
the blood into the lymph through the peripheral 
lymphoid organs 19.Particularly involving the 
blood system, IO may harm vascular tissue and 
reduces hematopoiesis specified by decreasing the 
number of bone marrow monocyte followed by 
alteration of platelet indices5, 13, 15. Monocytesare 
provided with instruments i.e. Heme oxygenase, 
transferrin receptor, and ferroportin, consequently, 
made it plays a pivotal role in maintaining the 
body iron balance20.IO is deleterious since this 
metal via NTBI is able to catalyze reactive 
oxygen species (ROS) production which can 
be an insult in triggering inflammation lead to 
cell and tissue damage. Previous knowledge has 
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Fig. 3. Iron overload affected erythrocyte indices
Mice were injected with normal saline in the control group or were injected with iron dextran, respectively, group 1: 0.05 mg/200 
ìL/day and group 2: 0.3 mg/200 ìL/day. (a-f). The absolute count of red blood cell, hemoglobin, hematocrit, mean corpuscular 
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration were presented as the mean and standard 
deviation. (g). The red cell distribution width was presented as the median with interquartile range. 
MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; 
RDWC: red cell distribution width
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elaborated that the circulatory monocytes chemo-
attractively migrate to ROS-induced tissue damage 
to resolve inflammation while differentiating into 
macrophage, whereas at the same time granulocyte 
colony stimulating factor is released by monocyte 
yielding the increasing number of granulocytes20.
Combine all together, ultimately, thalassemia 
patients in our previous studies fall into chronically 
immune-stimulated, since chronic iron loading 
indicated by the high level of ferritin,increases the 
oxidative stress lead to persistent inflammation, 
therefore creating a massive early activated 
immune cell, particularly involving monocyte and 
neutrophil21, 22. The limitation of this study that 
we were unable to determine the vascular damage 
indicator, the biomarker of immune cells to indicate 
their activity, serum iron status i.e. ferritin and iron, 
also oxidative status.
 Despite the fact that there is an 
association of early biomarker indicating the 
initial activation monocyte with ferritin level in 
major beta-thalassemia patients22, aselectively 
relative decreased of circulating monocyte 
population evidenced inanimal model of this study 
preliminarily suggests a monocytecompartment 
shift from circulation to tissue as a competent 
immune cell in iron balancing torespondthe iron 
overloaded tissue injury. During inflammation 
due to hypoxia associated with and worsened by 
iron accumulation oxidative injury, monocytes are 
activated and differentiated into macrophages19, 20. 
This unfavorable condition mayalter their cytokine 
release and attenuate macrophage function.
However, even with no significant consequence, 
a decreasing trend was shown in white blood cell 
and lymphocyte number according to increasing 
iron treatment concentration. One explanation for 
these disparate results could be that monocyte and 
hematopoietic cells undergo extensive cell death 
in response to ROS in a dose- and time-dependent 
manner5, 20, therefore the mechanism of these cells 
disappearance in this study need to be further 
investigated.Bone marrow haematopoietic cell fate 
identification applying Graham-Knoll Benzidine 
staining also needs to be done to see the effect in 
all blood cells morphologies and stages.
 Inflammation related to oxidative burst 
caused by the excess of iron accumulation, apart 
from vessel damage and altered coagulation 
factors involved in homeostasis, can trigger 

platelets activation. Considering the notion that 
activated platelet,directly and indirectly, interacts 
with monocyte and neutrophil lead to these innate 
immune cells activation11, persistently activated 
monocyte, and neutrophil found in our previous 
studies.21, 22 The phenomena most likely may 
indicate the platelets activationof major thalassemia 
patients. However, further research investigating 
the platelet-monocyte aggregation also the PSGL-
1, CD11b and CCR2 on the monocyte surface is 
imperative to provide evidence platelet-monocyte 
interaction in IOcondition.
 One of the most commonly used laboratory 
markers to early characterize platelet function 
is the mean platelet volume (MPV)13. Increased 
platelet volume mayindicate its greater content in 
granules, showing a platelet activation also better 
aggregation and more reactive than the ordinary 
size one. Limited study and the inconsistent result 
are available regarding the platelet function study 
in IO complicated condition. Higher MPV was 
identified in heterozygous beta-thalassemiapatients 
with no correlation with cardiovascular-related 
risks13. However, but in line with this study, a 
defect in platelet aggregation indicated by a 
hyporeactivityof platelet after induction with 
ADP, ristocetin, and collagen was showed in major 
thalassemia children patients with an iron overload 
condition12. The decreased MPV showed in a high 
dose iron treatment group of this study implies 
the eventual toxic effect of iron accumulation to 
platelet function. Still, specific platelet function 
marker analysis i.e. P-selectin, fibrinogen receptor, 
and the CD40 ligand is imperative to be explored 
to understand the fundamental notion of how IO 
affects the platelet functionality.

conclusion

 In summary, this study verified that 
iron overload impaired the circulatingcellular 
hematological indices by selectively suppress 
monocyte number addressing that this mononuclear 
phagocyte was the most affected immune cell. 
Furthermore, low mean platelet volume following 
acquired platelet function attenuation was 
evidenced by iron overload directing that platelet 
was also affected blood component.  This research 
provided an animal experimental model that could 
be used for further study in finding alternative 
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therapeutic targets on the pathophysiology of iron 
overload diseases, such as thalassemia.
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