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Frequent phlebotomies, even when only a small volume of  blood is taken for diagnostic 
purposes, can lead to the development of  iron deficiency with hematological and 
metabolic changes. The study aimed to determine the influence of  frequent blood 
loss by phlebotomy on blood iron concentration (Fe), hematology, metabolic and 
endocrine parameters and their relationships. Blood samples were collected from 
30 blood donor rams for 6 consecutive weeks, with approximately 10% of  blood 
collected weekly. Such chronic blood loss resulted in a decrease in Fe. Indicators of  
iron transport in the bloodstream changed, so the value of  total iron-binding capacity 
(TIBC) and unsaturated iron-binding capacity (UIBC) increased, while the value of  
transferrin saturation percentage (TS%) decreased. Hematological changes included a 
decrease in red blood cells, hemoglobin, mean red blood cell volume and hematocrit 
and a tendency for reticulocyte count and red cell distribution width to increase. 
Chronic blood loss resulted in a specific metabolic response that included the increase 
in glucose, cholesterol, triglycerides, aspartate-aminotransferase, and insulin resistance, 
while thyroxine, triiodothyronine and cortisol decreased and there was a tendency for 
lactate to increase and BHB to decrease. The mentioned blood parameters correlated 
with Fe and additionally showed greater changes when Fe was extrapolated to the 
level of  clinical deficit (Fe=9μmol/L). These correlations suggest the need to monitor 
the metabolic and endocrine status during chronic blood loss, in addition to Fe and 
erythrocyte indices. Compared with previous results in other animal species, Fe may 
have a direct influence on metabolic processes in rams.
Keywords: phlebotomy, chronic blood loss, iron, complete blood count, metabolites, 
hormones.



Grubač et al.: Influence of  frequent phlebothomy on blood iron concentration, haematological, metabolic and endocrine parameters in rams

45

INTRODUCTION

Iron (Fe) is an essential micronutrient for ruminants. Fe deficiency rarely occurs in 
herbivores because it is present in sufficient quantities in forages that absorb it from 
the soil [1]. Fe deficiency can occur due to inadequate Fe intake or as a result of  
increased Fe loss, usually due to blood loss. Blood loss anemia can be acute when a 
larger volume of  blood is lost in a short period or chronic when a smaller volume is 
lost over a short period, but blood loss is prolonged. When a large amount of  blood is 
lost acutely, normocytic and normochromic anemia develops, accompanied by protein 
loss [2]. Chronic bleeding leads to anemia due to the loss of  Fe with the development 
of  microcytes [3]. Blood Fe also decreases in inflammatory anemia. However, this 
is due to increased Fe retention in the inflammatory cells, resulting in less Fe being 
delivered to the erythron and anemia [4]. 
The blood of  rams is used for various technological processes (for example blood 
agar production) and blood donor rams can be subjected to frequent phlebotomy 
[5]. Frequent phlebotomy, even when only a small volume of  blood is collected for 
diagnostic purposes, can lead to the development of  anemia and Fe deficiency, which 
has numerous pathophysiological consequences [6,7]. 
Iron deficiency develops gradually through three stages: Fe depletion (decrease in Fe 
storage, no change in transport and functional Fe), Fe deficient erythropoiesis (decrease 
in Fe storage with changes in transport and functional Fe) and Fe deficiency (decrease 
in Fe storage with changes in transport and functional Fe and decrease in hemoglobin 
concentration) [8]. Fe is transported through the bloodstream via transferrin. The 
capacity of  transferrin to bind Fe is referred as total iron-binding capacity (TIBC) and 
unsaturated iron-binding capacity (UIBC). It is known that these parameters increase 
in Fe deficiency and their value decreases in inflammation and liver diseases [9]. 
In one study, chronic phlebotomy in lambs was found to affect Fe and hemoprotein 
status, and available Fe was mainly directed into red blood cells [10]. Phlebotomy-
induced anemia in sheep is a good experimental model to study anemia and red blood 
cell response [11,12] and thus Fe status. Iron status in cattle and sheep is mainly 
estimated by complete blood count [13]. In addition to the connection of  Fe and 
hematological parameters, this microelement is directly related to the metabolic response 
and adaptation of  the organism. Fe deficiency and indicators of  its functional status 
have been found to correlate with the development of  diabetes, insulin resistance, and 
changes in insulin secretion [14,15]. Fe is related to carbohydrate and lipid metabolism 
through the thyroid and adrenal glands by impairing lipid metabolism, ketogenesis, and 
thermoregulation, so the effect of  iron is called “ferrocrinology” [16]. TIBC, UIBC 
and transferrin saturation percentage (TS%) also correlate with metabolic parameters 
[17].
The influence of  controlled, chronic phlebotomy on the blood Fe level and its blood 
transport indicators and their relationship with hematological and metabolic parameters 
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has not yet been studied in rams. The objectives of  this study were to investigate: a) 
the dynamic, weekly changes in blood Fe concentration, iron-binding capacity (TIBC, 
UIBC, %TS), and other hematological and metabolic parameters during 6 weeks of  
phlebotomy in rams to confirm that chronic blood loss causes changes in Fe values, 
indicators of  Fe status, hematology values, and metabolic profile; b) the association 
of  Fe, TIBC, UIBC, %TS values with hematology parameters and metabolic profile 
to determine whether the change in Fe value and iron binding capacity is related to 
metabolic and hematological adaptations; c) to determine the expected magnitude of  
changes in iron binding capacity and values of  metabolic and hematological parameters 
when there is Fe deficiency in the blood. 

MATERIALS AND METHODS

Animals and blood sampling

Thirty clinically healthy Bosanska pramenka rams, with negative flotation and 
sedimentation parasitological tests, were enrolled in the study. The rams were 1.5-
2.5 years old and in optimal body condition (3-3.5 out of  5), weighing from 50 to 65 
kg, housed in standard pens with a loose housing system. The study was conducted 
during the thermoneutral period of  the year. Drinking water was available ad libitum. 
The ration for the rams consisted of  2 kg of  quality hay; 1.5-2 kg of  fodder carrot 
or sugar beets; 1.5 kg of  a concentrated mixture containing 16% protein (45% corn 
meal, 20% oat meal, 15% barley meal, 17% soybean meal, 1% animal chalk, 2% 
vitamin supplement). The chemical composition of  the rations was based on the 
recommendations of  the National Research Council [18]. The concentrate mixture 
for rams contained at least 30 mg/kg Fe following the Serbian national regulations on 
the quality of  animal feed (“Sl. glasnik RS”, br. 4/2010).
Blood was sampled weekly from the jugular vein for 6 consecutive weeks. The volume 
of  blood collected each week was calculated based on the ram’s weight. The total 
circulating blood volume in sheep is equivalent to 66 mL/kg of  the body weight. 
Nonterminal blood collection without additional monitoring should be limited to 10% 
(6.6 mL/kg) of  the total circulating blood volume with a single collection or with serial 
collections every 2 weeks (https://www.research.uky.edu/division-laboratory-animal-
resources/guidelines-blood-collection-laboratory-animals). In the rams studied 8.5 - 
10% of  the blood volume was collected weekly, which was sufficient to cause changes 
in Fe metabolism and the development of  anemia. All measures were taken to protect 
against sepsis: shaving of  hair and disinfection of  the phlebotomy site. Blood of  the 
rams was collected in transfusion bags (Yiaxing Tianhe Pharmaceuticals, CO., LTD, 
China), according to the calculated volume. 
For laboratory analyses, blood samples were taken in the morning between 6 and 8 
am before collection in transfusion bags using vacuum separation tubes (catalogue 
number 367958, BD vacutainer, UK) and EDTA tubes (catalogue number 367873, 
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BD vacutainer, UK). Blood samples were transported to the laboratory in cool boxes 
on ice. Processing and analysis of  the samples in the laboratory took place the same 
day. Complete blood count was determined after the blood with EDTA was mixed on 
a roller and wormed to room temperature. Blood serum was obtained after clotting at 
room temperature for 3 h and centrifugation (1500 G, 10 min), and sera were analyzed 
immediately. All analyses were performed in the Laboratory of  Pathophysiology, 
Department of  Veterinary Medicine, University of  Novi Sad. 
The first blood sampling before blood collection served as a control for the other 
samplings. 

Laboratory analysis

Iron and hematology status were determined by the following parameters: iron 
concentration in blood serum (Fe), unsaturated iron-binding capacity (UIBC), total 
iron-binding capacity (TIBC), transferrin saturation percentage (TS%), red blood cell 
count (RBC), reticulocyte count (RET), hemoglobin (HGB), mean corpuscular volume 
(MCV), hematocrit (HCT), mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), red blood cell distribution width (RDW), white 
blood cells count (WBC), neutrophil to lymphocyte ratio (NLR), platelet count (PLT). 
Metabolic and endocrine status was assessed by measuring blood serum parameters: 
lactate (LACT); non-esterified fatty acids (NEFA), beta-hydroxybutyrate (BHB), 
glucose (GLU), total bilirubin (TBIL), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), triglycerides (TGC), cholesterol (CHOL), total protein 
(TPROT), albumin (ALB), creatinine (CREAT), urea (UREA), triiodothyronine (T3), 
thyroxine (T4), insulin (INS), revised quantitative insulin sensitivity check index-BHB 
(RQUICKI-BHB), cortisol (CORT). Hematological analyses were performed with 
a Mek-6550 automated hematology counter (Nihon Kohden, Japan). Biochemical 
analyses were performed with a Chemray analyzer automatic biochemical analyzer 
(Rayto, People’s Republic of  China) using standard kits (BioSystems, Spain). An AIA-
360 automated immunoassay analyzer (TOSOH, Japan) was used for the analyses 
of  insulin (sensitivity 0.033 µU/mL, specificity ~100%, and cross-reactivity <0.001 
mol%, accuracy 98-103%), cortisol (sensitivity 0.04 mg/dL, specificity ~100%, and 
cross-reactivity from <0.001 to 2.8 mol%, accuracy 100-103%), T3 (sensitivity 0.2 ng/
mL, specificity ~100% and cross-reactivity from <0.001 to 0.31 mol%, accuracy 99.6-
100.5%) and T4 (sensitivity 0.5 µg/dL, specificity ~100% and cross-reactivity from 
<0.001 to 0.31 mol%, accuracy 99.6-100.5%). RQUICKI-BHB was determined by 
the calculation formula [19] and TS% was calculated by the online platform (https://
www.omnicalculator.com/health/transferrin). 

Statistical analysis

The influence of  the week was determined using ANOVA analysis and the post-
hock LSD test. Correlations between Fe, iron-binding capacity indicators, and other 
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hematological and metabolic parameters were determined using Pearson correlation 
analysis. Finally, a “what-if ” analysis and a sensitivity analysis were performed to 
determine how the blood parameters studied would change in rams if  the Fe value 
was below the minimum reference value (Fe = 9 μmol/L was taken as an example). 
The obtained results were presented graphically. The statistical packages SPSS (IBM, 
USA) and Excel (Microsoft Office, USA) were used for the analysis. 

Ethic

The study was approved by Ministry of  Agriculture, Forestry and Water Management 
- Veterinary directorate (BPG: 802204003118;HID.BR: 802204002215;VKB: RS-470-
134) and University of  Novi Sad (number EK-II-2022).

RESULTS

Our experimental model showed changes in Fe during the study, making it suitable for 
studying Fe-related changes in rams. Fe decreased from the first to the sixth week, with 
significantly lower concentrations in the last three weeks of  the experiment. Indicators 
of  Fe transport in blood changed, so that the value of  TIBC and UIBC increased, 
while the value of  TS% decreased (p<0.01). Hematological changes included a 
significant decrease in RBC, HGB, MCV and HCT, which was lower at week 3 or 4 
to 6 compared to weeks 1 to 3 (p<0.01). A tendency for RET and RDW to increase 
was also noted (p<0.1). The values of  MCH, MCHC, WBC, NLR and PLT did not 
significantly change over time (Table 1). 
The metabolic response during phlebotomy was characterized by an increase in GLU 
concentration, CHOL, TGC and AST, while T3, T4 (p<0.01), CORT and RQUICKI-
BHB were decreased (p<0.05). There was a tendency for lactate to increase and BHB 
to decrease (p<0.1). The influence of  the week of  trial was statistically significant, and 
the greatest differences were observed in the period of  the last three weeks, compared 
to the first three weeks of  the experiment. Parameters such as NEFA, TBIL, TPROT, 
ALB, UREA, CREAT and INS remained unchanged during the experiment (Table 2). 
Correlation analysis showed that significantly changed blood parameters or blood 
parameters that tended to change correlated with Fe. Correlation coefficients ranged 
in absolute value from 0.2-0.25 for HCT, LACT and BHB (p<0.01); 0.3-0.55 for TS%, 
RBC, HGB, MCV, GLU, TGC, CHOL, AST, T3, T4, RQUICKI-BHB and CORT 
(p<0.0001), 0.71-0.72 for TIBC and UIBC (p<0.00001). Other parameters related to 
iron decrease such as TIBC, UIBC, TS%, RBC and HGB were not correlated with 
metabolic or other hematology parameters, except among themselves (Figure 1). 
Using the linear relationship and regression allows us to investigate what would 
happen to the intensity of  the deviation of  the blood parameters when Fe = 9 μmol/L 
(extrapolated value for clinical Fe deficiency). The length of  the bars indicates the 
magnitude of  the impact of  Fe deficiency on the blood parameters, and the position 
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of  the bars indicates the range of  the blood parameters. The blood parameters, from 
the most sensitive to the least sensitive, respond to Fe deficiency as follows: a) positive 
deviation: UIBC, TIBC, CHOL, RET, LACT, RDW, GLU, AST, TGC, TBIL, INS, 
UREA, CREAT, WBC, TPROT, ALB, PLT, GGT; b) negative deviation: TS%, HGB, 
RBC, MCV, HCT, BHB, CORT, T4, MCH, T3, RQUICKIBHB, NEFA, MCHC, NLR 
(Figure 2).

Figure 1. Correlation between iron status, hematological and biochemical parameters in rams.
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DISCUSSION

Clinically healthy rams with blood serum Fe concentration ranging from 12.8- 
39.2 μmol/L and metabolic parameters within the established reference range [22-
24] were included in the experiment. The reference range of  Fe established in other 
studies is 12.5-36.5 μmol/L [20, 21]. The experiment included a complete metabolic 
panel that allowed us to look at the metabolism of  carbohydrates, fats, proteins, and 
the functioning of  individual organs [25]. 
The bleeding model used [26] resulted in the expected changes in Fe and complete blood 
count. In our experiment, the concentration of  TPROT did not change significantly. 
Dehydration was not observed in any ram during the study. All included rams had HCT 
greater than 35%, and the HGB greater than 100 g/L, which are requirements that 
allow blood collection from animals (see link in Material and Method). This finding is 
a consequence of  the participation of  quality rams with optimal body weight and age, 
and these biological characteristics have a positive effect on the value and stability of  
HGB and RBC [24].

Figure 2. Percent change of  blood parameters if  Fe=9 μmol/L
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The results show that there is a decrease in Fe over time, along with a decrease in RBC, 
HGB, MCV, and HCT. These results are consistent with previous studies in which the 
following dynamic changes were noted during phlebotomy: a) decrease in HGB; b) 
decrease in plasma iron; c) reticulocytosis, increase in MCV and MCH; d) diminution 
of  MCV and MCH, increase in total iron-binding proteins; and e) decrease in MCHC 
[27]. RBCs have the highest priority in Fe utilization after Fe supplementation in 
chronically phlebotomized lambs [10], confirming the connection between Fe and red 
blood cell parameters obtained in our work. Decreased MCV (microcytosis) occurred 
in lambs before the onset of  hypochromasia [28]. 
Many hematological and metabolic parameters did not show a significant deviation 
during the experiment, which is the consequence of  chronic exposure to phlebotomy 
and blood loss that allowed the animals to adapt to the condition. The number of  RET 
did not change significantly, but a tendency to increase was noted. Sheep have many 
erythrocytes with low hemoglobin content and low daily turnover, so the intensity of  
erythropoiesis can be classified as medium, reaching the peak response after about 
4-7 days [29]. The slower erythropoiesis that coincides with the frequency of  blood 
collection may be one of  the reasons for the absence of  an increase in RET. In this 
study, we did not find significant changes in WBC, NLR, and PLT. This result differs 
from previous results in sheep where significant hematological changes were found. 
However, acute blood loss was used in the earlier models [30], whereas chronic blood 
loss was used in this study. LACT concentration showed a non-significant increase. 
An increase in LACT was seen in acute blood loss in sheep as an acute response or 
in very severe anemia in young animals [31]. UREA and CREAT increased during 
the experiment, but remained within the reference range. This result is probably a 
consequence of  chronic blood loss because acute loss of  a larger volume of  blood 
increases the concentration of  these metabolites [30, 32] due to prerenal azotemia and 
reduced blood volume flowing through the kidneys. 
The concentration of  ALB and TPROT did not change significantly, while their value 
showed statistically significant changes in acute hemorrhage in goats [32]. NEFA 
and BHB did not change significantly because they are indicators of  energy balance 
[25], which was not disturbed in this experiment. The increase in GLU and the slight 
increase in INS established in this experiment stabilized NEFA and BHB [33].
In this experiment, a significant increase in GLU, CHOL, TGC, AST, RQUICKI-
BHB index and a decrease in T3, T4 and CORT were found, with a tendency for an 
increase in LACT and a decrease in BHB. Changes in the value of  these metabolites are 
correlated with Fe (but not with TIBC, UIBC, or TS%) and the magnitude of  change in 
their concentration increases when Fe is extrapolated to a clinical deficit. Fe deficiency 
can lead to impairment of  mitochondrial respiration, resulting in a change of  the fatty 
acid oxidation process, thus potentially contributing to fatty infiltration of  the liver 
[34]. Low serum Fe has been associated with a higher risk of  nonalcoholic fatty liver 
disease and liver fibrosis [35]. Fe or transferrin have been found to stimulate lipolysis 
and induce the development of  insulin resistance in isolated adipocytes, which further 
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increases their tendency to lipolysis [36,37]. In Fe-deficient mice, a decrease in liver 
β-oxidation with an increase in lipogenesis was observed [38], which is consistent with 
the tendency of  BHB to decrease in this experiment. Rams have a greater peripheral 
tissue insulin resistance, increasing both INS and GLU. Some previous studies showed 
that mixed insulin resistance occurred in Fe-deficient animals [39]. An increase in 
CHOL and TGC was observed. Iron deficiency enhances hepatocyte lipogenesis, 
which is in relation to CHOL and TGC synthesis [40,41].  
Concentrations of  T3 and T4 were lower in rams with progressive blood loss 
by phlebotomy. These results agree with previous results, which showed that the 
concentration of  thyroid hormones was lower in hemorrhagic shock and blood loss 
[42,43]. Nevertheless, numerous results in a review paper and pooled analysis confirm 
the association between iron deficiency, chronic anaemia, and thyroid function, while 
a recent case-controlled study confirmed that thyroid dysfunction affects all blood 
parameters [44,45]. Iron deficiency attenuates the response of  cortisol to ACTH, so 
the decrease in CORT in our experiment is consistent with previous results [46]. Iron 
affects thermogenesis and thermolysis, leading to changes in metabolic adaptation 
via endocrine glands [16]. The relationship between body temperature and metabolic 
adaptations was confirmed in heat-stressed sheep [47]. Fe deficiency in rams was 
found to result in changes in RBC and their indices, iron-binding capacity, and TS% 
that correspond to the changes due to anemia and/or functional Fe deficiency [13,48]. 
Fe demonstrated a better linear correlation with metabolic and hematological 
parameters than TIBC, UIBC, HGB, and RBC. TIBC did not show a significant 
correlation with metabolic parameters in phlebotomized rams. The reason could be 
that transferrin reacts more slowly compared to Fe in the body due to its half-life and 
numerous factors that can affect its formation [49]. In the periparturient period of  
sheep, the changes in TIBC and UIBC did not follow the dynamics of  Fe status [50,51], 
which was also noted in this study. In pregnant sheep with gastrointestinal parasitosis 
a decrease in TIBC was found with a decrease in Fe as part of  the inflammatory 
response [52]. 
The limitation of  this study is that some parameters of  Fe functional status, such as 
ferritin, transferrin, and hepcidin, are missing, but their value changes significantly 
only in clinical Fe deficiency [53]. 

CONCLUSIONS

Frequent phlebotomy with a loss of  about 10% of  blood leads to a decrease in 
Fe. Indicators of  Fe transport in the bloodstream change so that TIBC and UIBC 
increase, while TS% decreases. Hematological changes included a decrease in RBC, 
HGB, MCV, and HCT, a tendency of  RET to increase, and no changes in WBC, 
NLR, and PLT. Chronic phlebotomy led to a specific metabolic response reflected 
by insulin resistance, an increase in GLU, CHOL, TGC, and AST, a decrease in T3, 
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T4, and CORT, with a tendency to increase in LACT, and a decrease in BHB. The 
mentioned blood parameters correlated with Fe and additionally showed greater 
changes when Fe was extrapolated to the clinical deficit level (Fe=9 μmol/L), which 
adds value to this study. The absence of  expected significant changes in the values 
of  certain hematological (RET, WBC, NLR) and metabolic (UREA, ALB, TPROT) 
parameters can be interpreted by the applied experimental model of  chronic and 
controlled phlebotomy because these parameters change in acute and severe bleeding. 
The correlation of  the studied parameters with Fe indicates that it is necessary to 
monitor the metabolic and endocrine status in addition to the usual parameters of  Fe 
and red blood cell indicators in rams used for blood harvesting. In comparison with 
previous results in other species, Fe may have a direct effect on metabolic processes 
in rams.
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UTICAJ UČESTALE FLEBOTOMIJE NA KONCENTRACIJU 
GVOŽĐA U KRVI, HEMATOLOŠKE, METABOLIČKE I 
ENDOKRINE PARAMETRE KOD OVNOVA 

Siniša GRUBAČ, Marko CINCOVIĆ, Miodrag RADINOVIĆ, Aleksandar 
POTKONJAK, Marina ŽEKIĆ, Jože STARIČ, Jasna PRODANOV RADULOVIĆ

Česta flebotomija, čak i kada se uzima mala količina krvi u dijagnostičke svrhe, može 
dovesti do razvoja nedostatka gvožđa (Fe) sa hematološkim i metaboličkim promena-
ma. Cilj ovog istraživanja bio je da se utvrdi uticaj čestih flebotomskih gubitaka krvi na 
koncentraciju gvožđa, hematološke, metaboličke i endokrinološke parametre i njihov 
odnos. Uzorci krvi su sakupljeni od 30 ovnova tokom 6 uzastopnih nedelja. Hronična 
flebotomija sa gubitkom od oko 10% krvi dovodi do smanjenja vrednosti Fe. Indi-
katori transporta Fe u krvotoku se menjaju, pa se povećava vrednost ukupni kapaci-
tet vezivanja gvožđa i rezervni kapacitet vezivanja gvožđa, dok se procenat saturacije 
transferina smanjuje. Hematološke promene su uključivale smanjenje eritrocita, he-
moglobina, srednje zapremine eritrocita i hematokrita, tendenciju povećanja broja re-
tikulocita i širine distribucije eritrocita. Hronična flebotomija je dovela do specifičnog 
metaboličkog odgovora, koji se ogleda u povećanju glukoze, insulinske rezistencije, 
holesterola, triglicerida i aspartat-aminotransferaze, smanjenim vrednostima tiroksina, 
trijodotironina i kortizola, sa tendencijom povećanja laktata i smanjenja beta-hidroksi-
butirata. Navedeni parametri krvi su korelirali sa vrednostima Fe i pokazali su dodatne 
veće promene kada se koncentracija Fe ekstrapolira na nivo kliničkog deficita (Fe=9 
μmol/L). Ove korelacije ukazuju da je neophodno pratiti metabolički i endokrini sta-
tus tokom hronične flebotomije, pored uobičajenih parametara indikatora Fe i crvenih 
krvnih zrnaca. U poređenju sa prethodnim rezultatima na drugim vrstama, moguće je 
da Fe ima direktan uticaj na metaboličke procese kod ovnova.


