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Abstract. Iron salts are used in the treatment of iron defi-
ciency anemia. Diabetic patients are frequently anemic and 
treatment includes administration of iron. Anemic patients 
on hemodialysis are at an increased risk of thromboembolic 
coronary events associated with the formation of dense fibrin 
clots resistant to fibrinolysis. Moreover, in chronic kidney 
disease patients, high labile plasma iron levels associated with 
iron supplementation are involved in complications found in 
dialyzed patients such as myocardial infarction. The aim of 
the present study was to investigate whether iron treatment 
is involved in the formation of the fibrin clots. Clotting of 
citrated plasma supplemented with Fe3+ was investigated by 
thromboelastometry and electron microscopy. The results 
revealed that iron modifies coagulation in a complex manner. 
FeCl3 stock solution underwent gradual chemical modifica-
tion during storage and altered the coagulation profile over 
29 days, suggesting that Fe3+ interacts with both proteins of the 
coagulation cascade as well as the hydrolytic Fe3+ species. Iron 
extends clotting of plasma by interacting with proteins of the 
coagulation cascade. Fe3+ and/or its hydrolytic species interact 
with fibrinogen and/or fibrin changing their morphology and 
properties. In general FeCl3 weakens the fibrin clot while at 
the same time precipitating plasma proteins immediately after 
application. Fe3+ or its derivatives induced the formation of 
insoluble coagulums in non-enzymatic reactions including 
albumin and transferrin. Iron plays a role in coagulation and 
can precipitate plasma proteins. The formation of coagulums 
resistant to lysis in non-enzymatic reactions can increase 
the risk of thrombosis, and extending clotting of plasma can 
prolong bleeding.

Introduction

Iron salts are used in the treatment of iron deficiency anemia, 
as a supplemental intake of iron during pregnancy and in 
multivitamin preparations. In the majority of cases it is safe 
to use but toxic effects begin to appear at doses >10-20 mg/kg 
of elemental iron, and ingestions of >50 mg/kg are associ-
ated with severe toxicity or lethality (1,2). Traditionally ferric 
chloride was used in an arterial thrombosis model in rats to 
induce vessel damage resulting in blood clotting (3). In the 
19th century, ferrous salts and ferrous chloride in particular 
were considered the most effective agents in stanching the 
flow of blood from wounds (4). Moreover, it was demonstrated 
that ferric chloride treatment of mouse aorta ex vivo caused 
endothelial denudation, collagen exposure and when injected 
intravenously formed occlusive thrombi (5,6). Diabetic patients 
are frequently anemic and treatment may include oral or 
intravenous iron administration (7). Undas et al observed that 
anemic patients on hemodialysis due to chronic kidney disease 
(CKD) are at an increased risk of thromboembolic coronary 
events associated with the formation of dense fibrin clots resis-
tant to fibrinolysis (8). Moreover, in CKD patients a high labile 
plasma iron level (LPI) associated with iron supplementation is 
involved in complications in dialyzed patients such as myocar-
dial infarction and bacterial infection (9).

The role of iron treatment in the formation of fibrin clots 
should therefore be investigated. Of note is that in humans 
divalent iron, Fe+2, is rapidly oxidized to trivalent iron, Fe3+, 
by ferroxidase (10). Additionally, ferric chloride and in general 
Fe3+ ions show a markedly complex chemistry producing 
a multiplicity of compounds over 29 days as shown in the 
examples (11): FeCl3 + 3H2O ⇌ Fe(OH)Cl2 + HCl + 2H2O ⇌ 
Fe(OH)2Cl + 2HCl + H2O ⇌ Fe(OH)3 + 3HCl. Feng and 
Nansheng provide additional species distribution of three 
simple low-molecular-weight Fe3+ hydroxy complexes (12): 
Fe3+ + H2O → Fe(OH)2+ + H+; Fe3+ + 2H2O → Fe(OH)2

+ + 2H+; 
Fe3+ + 2H2O → Fe2(OH)2

4+ + 2H+. Moreover, reactive free radi-
cals are produced in the presence of ferric ions alone by the 
Fenton reaction (10): Fe3+ + HO- → Fe2+ + HO. These changes 
can be analyzed by UV spectroscopy since different iron 
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chemicals have distinct λmax, for example: Fe(H2O)6
3+ absorbs 

λmax at 240 nm, Fe(OH)2+ shows λmax at 205 and 297 nm, and 
Fe2(OH)2

4+ comes into view at λmax at 335 nm (12).
In the present study, we investigated clotting of citrated 

plasma supplemented with Fe3+ (and calcium Ca2+ to initiate 
clotting) by thromboelastometry and electron microscopy. The 
results showed that iron changes plasma clotting characteristics, 
kinetics and the dynamics of clot formation in plasma. More 
changes were observed as the time of storing stock solution of 
FeCl3 increased, possibly due to different derivatives of Fe3+ 
being formatted over 29 days. Additionally, the morphology of 
clotted fibrin in the Ca2+- and Fe3+-treated plasma was different 
than the untreated, normal, control-clotted fibrin.

Materials and methods

Chemicals, plasticware and proteins. Kaolin, CaCl2 solution, 
pins and cups were purchased from Haemoscope Co. (Neils, 
IL, USA). Fully active human tissue plasminogen activator 
(tPA), product number HTPA-TC was purchased from 
Molecular Innovations, Inc. (Novi, MI, USA). Ferric chloride, 
fibrin and thrombin were purchased from Sigma-Aldrich Co. 
LLC (St. Louis, MO, USA).

Preparation of plasma. Lyophilized specialty assayed refer-
ence plasma, cat. no. 5185 (S.A.R.P., 10x1 ml) purchased from 
Helena Laboratories (Beaumont, TX, USA) was prepared 
from a frozen pool of citrated plasma obtained from healthy 
donors. S.A.R.P. has normal PT and aPTT clotting times and 
may be used as reference data based on the following param-
eters: fibrinogen**, factor II*, factorV**, factor VII*, factor VIII*, 
factor IX*, factor X*, factor XI**, ristocetin cofactor*, vWF:Ag*, 
factor XII, protein C*, protein S - total, free) where (*) denotes 
samples standardized according to World Health Organization 
(WHO) regulations, and (**) denotes samples calibrated 
against ISTH reference material. Plasma was stored at 4˚C and 
reconstituted by adding 1 ml of deionized water, followed by 
a 3-min rest. Plasma for electron microscopy experiments was 
obtained from healthy subjects aged between 20 and 25 years, 
both males and females. Ethical approval was obtained from 
the University of Pretoria Human Ethics Committee, and this 
study conforms to the principles of the Declaration of Helsinki.

Analysis of plasma clot formation with thromboelastography. 
Thromboelastography allows measurement of a total coagula-
tion profile and yields data on the kinetics and dynamics of 
clot formation in plasma (13). The essential part of the TEG® 
5000 Thrombelastograph® Hemostasis Analyzer System 
(Haemonetics Corporation, Braintree, MA, USA) is a pin 
hanging on a torsion wire and inserted in a cup holding a 
sample (360 µl) (13,14). This pin oscillates at 6 rpm at a 4 4̊5' 
angle at 37˚C. When plasma viscosity changes during clot 
formation, the pin motion is progressively restrained by the 
clot and the cup. Sodium-citrated, reconstituted plasma was 
used for TEG assays by mixing 1 ml of plasma with 20 µl of 
kaolin and in some samples a constant amount of tPA was 
added [10 µl of tPA (2.1 mg/ml in 0.4 M HEPES, 0.1 M NaCl, 
pH 7.4)] as a fibrinolytic agent (15) to measure proteolysis 
under controlled conditions (16,17). Subsequently, 320 µl of 
the mixture was transferred to each cup and 20 µl of CaCl2 

(0.2 M) and/or FeCl3 (0.2 M) was added. In a separate experi-
ment 1% of DMSO was added to the stock solution and plasma 
clotting was analyzed as described above. The critical param-
eters of clotting measured by TEG were: R was the time from 
initiation of the reaction until a measurable clot was detected, 
K was the time from the R point until a certain clot firmness 
ws achieved, (α) was the maximum angle representing kinetics 
of clotting and LY30 (percentage) represented clot lysis 30 min 
after MA (maximum amplitude) (13,18,19).

Electron microscopy. Purified fibrinogen (cat. no. F3879-
250MG; Sigma-Aldrich), human albumin (cat. no. A9511, 
Sigma-Aldrich) samples were treated with 5 µl 0.2 M CaCl2, 
followed by the addition of 5 µl of freshly prepared 0.2 M 
FeCl3. After mixing, thrombin was added, to create an exten-
sive fibrin network. Human platelet rich plasma (PRP) samples 
were treated (addition of CaCl2 and FeCl3) in the same manner, 
but without thrombin. The samples were fixed immediately in 
2.5% glutaraldehyde/formaldehyde in PBS solution, pH 7.4, 
for 30 min. The samples were then left for 16 min and 3 h, 
followed by fixing in order to obtain a time-dependent analysis 
of the effect of FeCl3 and CaCl2 on PRP. Smears were then 
fixed followed by rinsing three times with PBS for 5 min prior 
to being fixed for 30 min with 1% osmium tetraoxide (OsO4). 
The samples were again rinsed three times with PBS for 5 min 
and were dehydrated serially with 30, 50, 70 and 90% ethanol, 
and three times with 100% ethanol. The material was mounted 
and coated with carbon. A Zeiss ULTRA plus FEG-SEM with 
InLens capabilities (Microscopy and Microanalysis Unit of 
the University of Pretoria, Pretoria, South Africa) was used to 
study the surface morphology of fibrin and micrographs were 
taken at 1 kV.

UV/VIS spectrometry. FeCl3 water solution was diluted at 
1:1,000 from 0.2 M stock solution with or without DMSO and 
analyzed on a UV/VIS spectrometer at a range of 230-800 nm. 
Samples were analyzed at day 0 and periodically up to day 29 
after FeCl3 preparation.

Results

UV/VIS spectrometry. UV/VIS spectra of FeCl3 were 
altered over the 29 days (Fig. 1). In general an increase in 

Figure 1. UV/VIS spectra of FeCl3 stock solution diluted at 1:1,000 at day 0 
until day 29.
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the absorption of ~260 nm, and a slight increase of ~290 nm 
was observed. On day 14 and 29 the opposite changes were 
detected. An increase of absorption when approaching 330 nm 
was observed over the 29 days.

Analysis of plasma clot formation with thromboelastog‑
raphy. There are no normal ranges of TEG parameters for 
control plasma. However, the results yielded in this study 
were very consistent: R (sec): 408, K (sec): 84, An (˚): 70.6, 
MA (mm): 27.2, LY30 (%): 0 (all parameters ±10%) (20). 
Observed parameters for all the controls were within these 
values. The addition of freshly prepared FeCl3 was manifested 
by an immediate increase of viscosity/precipitation of plasma 
proteins [R (sec) ~10, K (sec) N/A, MA (mm) ~15], followed 
by lysing as per classical thromboelastography (Fig. 2). 
Classic enzymatic coagulation appeared to be normal, with 
the exception of extended R time (~1,050 sec). The remaining 
parameters were normal (K, An, MA, LY30) although they 
were not recorded by the TEG instrument as it is not designed 
to register parameters for the second peak. The addition of tPA 
to plasma treated with FeCl3 resulted in coagulation of proteins 
immediately after measurement but no enzymatic coagula-
tion (Fig. 2). FeCl3 was stored and it was observed that over 
time initial MA increased, while a secondary peak following 
initiation of enzymatic coagulation was observed. By contrast, 
the strength of the clot as measured by MA decreased. These 
changes were gradually more evident over time (Fig. 2).

While FeCl3 stock solution with DMSO was used all 
described effects of Fe3+ were less evident confirming our 
previous suggestion that the free radicals were playing role in 
coagulation (10).

Electron microscopy. Electron microscopy images revealed 
that iron-treated plasma forms structures different from those 
of the control fibrin where fibrin strands formed a solid and 
thick mesh (Fig. 3). Proteins precipitated immediately after 
the addition of Fe3+ did not contain any typical fibrin fibers 
(Fig. 3a) but rather large aggregates with circular surface 
depressions, as is evident in the morphology of clotted plasma 
at ~960 sec (time when the secondary peak on the thrombo-
elastogram was detected). Fig. 3b shows some scattered fiber 
strands typical for fibrin in addition to flat, irregular protein 

bodies. Images captured at the end of clotting show numerous 
granules covering the fiber strands (Fig. 3c).

Discussion

General. The aim of this study was to investigate the effects 
of Fe3+ on coagulation. However, during initial experiments 
we observed that the stock solution of FeCl3 changed color 
and some changes were evident in the thromboelastogram. 
Therefore, we prepared FeCl3 stock solution and analyzed 
the samples obtained by spectroscopy from day 0 to 29. 
Spectrometric data strongly indicated that FeCl3 undergoes 
gradual chemical modification. Our results suggest that, for 
example, the concentration of Fe2(OH)2

4+ (λmax at 335 nm) 
increases while that of Fe(OH)2+ (λmax at 297 nm) decreases, 

Figure 2. Typical thromboelastogram of clotted plasma at day 0: (a) plasma treated with Ca2+, control, solid blue line; plasma treated with Ca2+ and Fe3+, dashed 
orange line; plasma treated with Ca2+, Fe3+ and tPA at 0.5 µg/ml, dashed dotted green line. Thromboelastogeram of plasma at day 29: (b) plasma treated with 
Ca2+, control, solid blue line; plasma treated with Ca2+ and Fe3+, dashed orange line.

Figure 3. Morphology of plasma treated with Ca2+ and Fe3+ at (a) ~0, 
(b) ~960 and (c) ~4000 sec. (d) Control plasma treated with Ca2+. (e) Pure 
fibrinogen treated with thrombin and Ca2+ and Fe3+. (f) Human serum 
albumin treated with Ca2+ and Fe3+.
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which is in agreement with observations from previous 
studies (12). Clearly, the UV data have shown that iron 
hydrates or other chemicals are formed; however, they remain 
to be elucidated.

Fibrinogen coagulation. Simultaneously, we detected gradual 
changes in the plasma clotting parameters. Divalent and triva-
lent metals can change the clotting characteristics of plasma 
and blood (21). In the coagulation pathway, ions of calcium 
activate prothrombin to thrombin which converts fibrinogen 
to fibrin. Calcium is required for two distinct processes in 
prothrombin activation: binding factor X and prothrombin 
to the phospholipid surface. The first step is activated by 
numerous cations such Mg2+, Ca2+, Sr2+, Ba2+, Mn2+, Be2+, 
Fe2+, Fe3+, Zn2+ (22). Replacement of calcium in this step can 
slow coagulation depending on the metal (22-26). However, 
the calcium binding sites involved in the protein-phospholipid 
structure, show exceptional selectivity for cations required 
for the protein transition, with the exception of strontium 
and barium, which can replace calcium in this role. The 
other metals form a protein-phospholipid complex with a 
different structure resulting in inhibition of the coagulation 
reactions (22,23). It is plausible that Fe3+ interferes in the 
mechanism of factor X-initiated prothrombin transformation 
resulting in slowing clot formation. Findings of previous 
studies have shown that iron prevents/slows the coagulation 
of normal plasma or blood while Mg2+ increases the clotting 
time of human plasma (21,27,28). However, we have found that 
iron modifies coagulation in a more complex manner than the 
simple extension of clot formation.

In the present study, we have established that coagulation 
parameters change as FeCl3 storing time increases. Thus, Fe3+ 
as well as the hydrolytic Fe3+ species interact with proteins of 
the coagulation cascade. We also observed clot lysis following 
its initial formation. This happened a few days after the prepa-
ration of FeCl3 stock solution and was more evident (Fig. 2b) 
over time. When fibrin is formed it is relatively unstable. The 
fibrin clot is stabilized catalytically by factor XIII and is, not 
only mechanically stronger than the non-cross-linked, but 
also less vulnerable to premature fibrinolysis degradation (10). 
Therefore it is possible that hydrolytic Fe3+ species inactivates 
factor XIII making possible a premature partial lysing of 
fibrin. Literature on iron and factor XIII is rather sparse, but 
it was reported that a severe iron intoxication in a 15-year-
old girl resulted in numerous proteins of the fibrinolytic 
cascade, especially factor VIII and XIII, being affected (29). 

Additionally, Fe3+ or its hydrolytic species interacts with fibrin 
or fibrinogen-changing morphology (Fig. 3c). Tightly bound 
fibrin fibers and spherical structures are clearly visible and 
this image differs significantly from that of the normal clot 
(Fig. 3d). Similar dense matted deposits and some spherical 
structures were observed even with lower concentrations of 
Fe3+ (30). Furthermore, it has been found that human fibrinogen 
directly recognizes iron ions and changes in the morphology 
of fibrin may be a result of this modification (31). The experi-
ments conducted on the animals revealed that iron induces 
coagulopathy in a dose-dependent manner. It prolonged the 
prothrombin, thrombin, and partial thromboplastin time in 
animals as well as and in the human plasma. It was found 
that thrombin was markedly inhibited by iron in its clotting 
effect on fibrinogen. The inhibitory effect was reversible 
subsequent to iron removal by EDTA chelation and gel filtra-
tion. Additionally, amidolytic activity of thrombin, factor Xa, 
kallikrein, and trypsin were reversibly inhibited by Fe3+. The 
coagulopathy was likely induced by Fe3+ as serine proteases 
are capable of binding Fe3+ ion(s) (28).

Free radicals are known to affect coagulation and 
fibrinolysis, and free radical scavengers normalize these 
processes (32) as was evident from results of our experiments 
with DMSO. It was reported that hydroxyl radical-induced 
modification of fibrin(ogen) molecules makes them resistant 
to fibrinolytic degradation (33). Subsequently, we treated 
plasma with Ca2+, Fe3+ and tPA. Non-fibrinogen coagulation 
was identified when Fe3+ was added as expected. However, a 
fibrin clot was not formed, which may be attributed to delayed 
fibrin formation in the presence of Fe3+, and degradation of 
fibrinogen and fibrin by plasmin activated by tPA (34-36). 
However, in that experiment we identified some residual but 
not lysed clots, which may be explained by the presence of 
fibrinogen molecules resistant to fibrinolytic degradation, as 
described by Lipinski et al (33).

Non‑enzymatic coagulation/precipitation. In the Fe3+-treated 
samples instantaneous formation of insoluble coagulums was 
observed. This effect was more prominent over time and was 
the effect of Fe3+ and its hydrolytic species (Fig. 2a and b). 
The thromboelastograms show that after protein(s) precipita-
tion these coagulates were lysed, which may be an artifact. 
It seems that initially formed large aggregates with circular 
surface depressions (Fig. 3a) were self-aggregated to form 
some scattered fiber strands typical for fibrin in addition to 
spherical and flat, irregular protein bodies. Additionally, after 
removal of the pin from the TEG cup a reddish-colored clump 
was present in all Fe3+-treated samples (Fig. 4), which may 
be due to initially formed, loosely connected, precipitated 
viscous proteins being clumped by oscillation of the pin 
inside of cup. This clump of proteins were rotated inside the 
cup with less resistance resulting in instrument interpretation 
of this as proteolysis.

We also attempted to identify the proteins that were preci-
pated following iron addition. Albumin is the most abundant 
protein in the circulation and represents 52-60% of the total 
plasma protein. It plays an important role in the transporta-
tion and storage of hormones, fatty acids and drugs, and in 
the transportation of essential metal ions. Both Fe2+ and Fe3+ 
ions bind to heme serum albumin through the heme iron 

Figure 4. TEG pin and cup of plasma treated with Ca2+ and Fe3+. Arrows point 
to coagulums formed subsequent to Fe3+ addition.
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complex but only Fe3+ binds to heme-free albumin. Fe3+ ions 
are transported in plasma mainly by a non-heme iron-binding 
glycoprotein transferrin, which composes ~7-10% of plasma 
protein (37). Iron can denature proteins in general and 
albumin in particular (38,39). The two proteins constitute up 
to 70% of total plasma proteins. In a separate experiment we 
therefore show that Fe3+ precipitates albumin (Fig. 3f). The 
reddish color observed sugggests that transferrin possibly 
co-precipitates among the other proteins incorporated into 
these particles (40,41).
FeCl3 is used in animal models to study early arterial 
thrombus formation as a result of rapid endothelial injury, 
and the associated thrombotic formation. FeCl3 application 
is a valuable model for investigation into thrombosis and 
atherosclerosis. However, caution should be applied since iron 
interacts with various proteins from the coagulation cascade 
and its effects depend on storage of the stock solution (42).

In conclusion, trivalent iron is involved in coagulation in 
a complex manner. It extends the clotting of plasma by inter-
acting with proteins of the coagulation cascade. Fe3+ and/or 
its hydrolytic species interact with fibrinogen and/or fibrin, 
changing their morphology and properties. Moreover, when 
stored, FeCl3 produces derivatives that potentiate changes 
in plasma clotting, some of which can be attributed to free 
radicals formed during FeCl3 storage. In general FeCl3 is able 
to weaken the fibrin clot while precipitating plasma proteins 
immediately after application. This property can be exploited 
therapeutically in stanching the flow of blood from wounds 
when optimum concentrations of FeCl3 are found.
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