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The Effect of Ferric Chloride on Superficial Bleeding
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Background: Controlling superficial bleeding, despite all the progress in surgical science, is still a challenge in some settings.
Objectives: This study assesses the hemostatic effects of ferric chloride and compares it with the standard method (suturing technique) 
to control superficial bleeding.
Materials and Methods: In this animal model study, 60 male Wistar rats were used. An incision, 2 cm long and 0.5 cm deep was made on 
rat skin and the hemostasis time was recorded using ferric chloride at different concentrations (5%, 10%, 15%, 25%, and 50%) and then using 
a control (i.e. control of bleeding by suturing). The skin tissue was examined for pathological changes. Finally, the obtained data were 
entered into SPSS (ver. 16) and analyzed using Kruskal-Wallis test, Mann-Whitney, Kolmogorov-Smirnov, and Wilcoxon signed ranks test.
Results: The hemostasis time for the ferric chloride concentration group was significantly less than for the control group (P < 0.001).
Conclusions: Ferric chloride may be an effective hemostatic agent to control superficial bleeding in rats.
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1. Background
Controlling superficial bleeding, may be a challenge in 

certain settings; more effective methods to control super-
ficial bleeding are still sought. There are many ways to con-
trol superficial bleeding namely sutures, direct pressure, 
elevation of the extremity above the level of the heart, pres-
sure bandages, and tourniquets (1). Topical agents, which 
act by stimulating hemostasis at the cut surface of the 
skin, are other ways to control bleeding (2, 3). Ferric chlo-
ride (Fecl3) is a chemical agent. This agent is dark brown 
and has acidic properties. Ferric chloride is widely used in 
water purifiers as a protein coagulant (4). This property 
of ferric chloride with respect to the significant amount 
of proteins in blood makes ferric chloride a strong hemo-
static agent. It was used for the first time for research as 
an arterial thrombotic agent in an animal model study (5).

Nevertheless, its hemostatic effects have not been com-
pared with standard methods in an experimental study. 
Ferric chloride exerts its effects with agglutination of 
proteins in the blood. In fact, chloride and ferric ions in 
this compound react with proteins of the blood, caus-
ing the proteins to coagulate. These coagulated proteins 
close the openings of small capillaries (6). Ferric chloride, 
unlike other known hemostatic agents, exerts its hemo-
static effects via a chemical reaction with the blood. This 
property makes ferric chloride an efficient hemostatic 
agent that does not depend upon a normal hemostatic 
system to exert its effect (7, 8). Since most topical hemo-
static agents are used to control superficial bleeding, 
required normal homeostatic functions to exert their 

effects, the introduction of a local hemostatic agent, 
which does not need a normal hemostatic system, and 
can enhance local hemostatic agents.

2. Objectives
This study sought to assess the hemostatic effects of fer-

ric chloride and compare them with the standard meth-
od (suturing) on superficial bleeding.

3. Materials and Methods
This study was conducted at the Kashan University of 

Medical Sciences from August 2013 to December 2013 us-
ing 60 male Wistar rats weighing 180-230 g; they were 
randomly divided in six groups with each group having 
ten rats. All animals received care in compliance with the 
American Convention on Animal Care and the study was 
approved by the Institutional Ethics Committee at our 
university. One week before the study, all rats were kept 
and fed in the same way and after this period, an inci-
sion with a length of 2 cm and a depth of 0.5 cm was per-
formed on each rat using a scalpel (Figure 1). 

Then, ferric chloride was applied in concentrations of 
50%, 25%, 15%, 10%, and 5% to the incision on the skin by 
a swab. The same swab was used to remove the same 
amount of solution on each application. Various con-
centrations of ferric chloride was in our groups and the 
times of homeostasis were measured by a chronometer. 
In this study, the hemostatic time was considered the 
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time required for complete cessation of bleeding and no 
blood discharge from the incision site (Figure 2).

The mean of obtained 10 measurements was considered 
as the hemostatic time for each concentration. The stan-
dard method used to control superficial bleeding was 
suturing, which was used for the control group for com-
parison with the ferric chloride concentrations. The time 
of external hemostasis was measured after suturing and 
all sutures were performed by one surgeon on the skin of 
ten rats, which were kept and fed in the same way as in 
the other groups. Each rat was injected intraperitoneally 
with 50 mg of cephalothin to prevent infection. Finally, af-
ter three days, the rats were anesthetized with ketamine 
(10 mg/kg) and were placed prone on the operating table. 
The previous site of rat’s skin was resected and immedi-
ately fixed in formalin, then sent to the laboratory for 
the pathological assessment. At the same time, three nor-
mal rat skin samples (i.e. did not receive ferric chloride 
or suturing) were sent to the laboratory and compared 
to the ferric chloride and suture groups. Based on the 
defined pathological grading, the pathology result were 
classified into six groups as follows: 0) No change; 1) Mi-
nor inflammatory infiltration without edema; 2) Mild to 
moderate inflammatory infiltration with mild edema; 3) 
Mild to moderate inflammatory infiltration and moder-
ate edema; 4) Moderate inflammation with neutrophils 
scattered and diffuse edema; or 5) Severe inflammation 
of the tissue, edematous changes, fibrosis, and hemor-
rhage. The obtained data was entered into SPSS (ver. 16). 
According to the abnormal distribution of variables in 
the Kolmogorov-Smirnov test, the data was analyzed us-
ing Kruskal-Wallis test, Mann-Whitney, and Wilcoxon 
signed ranks test. P < 0.05 was considered significant.

4. Results
 Table 1 shows the hemostatic time for the six groups. 

In all groups, we recorded complete hemostasis and the 
time in the six groups showed a significant difference (P < 
0.001). Between ferric chloride concentration groups and 
the control group, there were significant differences and 

the hemostatic times for different concentrations of ferric 
chloride were significantly less than the control group (P 
< 0.001). The pathological examination indicated the most 
common pathological grade at concentrations of 5%, 10%, 
and 15% ferric chloride groups and the suture group; and 
60% and 80%, of the rat skins were observed as grade two in 
the 25% and 50% ferric chloride. Grade zero, three, four, and 
five were not recorded for any of the study groups (Table 2).

Figure 1. Superficial Bleeding in a Wistar Rat

Figure 2. Control of the Superficial Bleeding by Ferric Chloride

Table 1.  Hemostasis Times Using Different Concentrations of Ferric Chloride and the Suturing Technique for Superficial Bleeding a, b

Groups Ferric Chloride 5% Ferric Chloride 10% Ferric Chloride 15% Ferric Chloride 25% Ferric Chloride 50% Suture
Hemostatic 
times, s

34.50 ± 1.12 30.10 ± 0.94 23.70 ± 1.15 10.20 ± 0.87 7.30 ± 0.77 79.80 ± 2.32

a  Data are presented as mean ± SD.
b  P < 0.001.

Table 2.  The Frequency of Pathological Grade (Grade(s) Zero to Five Based on the Severity of Pathological Inflammation) Three Days 
after Exposure to Different Concentrations of Ferric Chloride and Suturing Technique a

Groups Ferric Chloride 5% Ferric Chloride 10% Ferric Chloride 15% Ferric Chloride 25% Ferric Chloride 50% Suture
Pathological 
grade

Grade 1 10 (100) 10 (100) 10 (100) 4 (40) 2 (30) 10 (100)
Grade 2 0 (0) 0 (0) 0 (0) 6 (60) 8 (80) 0 (0)

Total 10 (100) 10 (100) 10 (100) 10 (100) 10 (100) 10 (100)
a  Data are presented as No. (%).
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5. Discussion
In this study, the obtained data showed that ferric chlo-

ride compared to the current standard method, which in-
cludes suturing the bleeding site, needs significantly less 
time to control bleeding with even the lowest concentra-
tion of ferric chloride used. Local agents, which are used 
for superficial bleeding hemostasis, stimulate hemosta-
sis on the incision surface. In fact, to exert their functions 
they require normal homeostatic systems, which is a dis-
advantage for this drug class, because some such as cir-
rhosis of the liver due to liver dysfunction that impairs 
the body’s homeostatic functions (9). Few studies have 
been conducted on local hemostatic agents that indicate 
the usefulness of these materials for reducing hemo-
static time and the patients requirement for blood and 
blood product transfusions (10-12). Ferric chloride, un-
like other known hemostatic agents, exerts a hemostatic 
effect via a chemical reaction with the blood. This prop-
erty makes ferric chloride an efficient hemostatic agent 
that does not need a normal body hemostatic system to 
exert its effects (13). Additionally, the acidic properties of 
ferric chloride should be considered, too; as this chemi-
cal agent, when reacting with blood proteins, creates a 
barrier by preventing the outflow of coagulated proteins 
into the blood from the vessels. On the other hand, it pre-
vents ferric chloride from entering the vessels and pre-
vents other potential systemic complications from ferric 
chloride (13).

Ferric chloride should be considered to induce oxida-
tive damages to the vascular cells. In fact, ferric chloride 
triggers vascular wall injuries and denudation of the 
endothelium via a mechanism that involves the genera-
tion of reactive oxygen species and induces the amount 
of microparticles in the circulation (14-16). Other stud-
ies have shown that ferric chloride-injury induced the 
release of endothelial cells derived from ferric chloride-
filled ‘‘buds’’ that are rich in tissue factors and may con-
tribute to thrombosis (17). It has been shown that the 
concentration of ferric chloride is an important compo-
nent for the injury response in rat models by influenc-
ing the level of endothelial injury and microparticles 
released after exposing the vessel to oxidative stress (18). 
In addition, the use of different concentrations of ferric 
chloride attempted to send skin tissues after exposure to 
the ferric chloride for pathological exam and the patho-
logical effects of this hemostatic agent were evaluated 
in this study. A pathological grading was used to deter-
mine the inflammation of the skin, which is caused by 
exposure to ferric chloride as a foreign body. This grad-
ing, according to the severity of the inflammation was 
scored from zero to five by an experienced pathologist. 
The pathology report showed that ferric chloride, even 
at a high concentration (50%), did not cause inflamma-
tion greater than grade two and immune system reac-
tion to this hemostatic agent did not differ much from 
the standard method (suturing) used to control superfi-

cial bleeding. Nouri et al. was seeking a hemostatic effect 
from ferric sulfate, which acts like ferric chloride, on su-
perficial bleeding. They have reported that ferric sulfate 
is an effective hemostatic agent and further noted that 
the skin tissue of the Wistar rats had a slight inflamma-
tory reaction with ferric sulfate as a foreign body (19). 
Pathological changes from Nouri et al. study was consis-
tent with our study.

Kim and Rethnam stated that a good hemostatic ma-
terial is one that stops bleeding in the shortest possible 
time, is easily portable and compatible with life, imposes 
minimum complications to the patient, does not inter-
fere with tissue healing, and has a reasonable price (20). 
The unique features of ferric chloride mentioned, such 
as not requiring normal hemostatic system to function 
unlike other hemostatic agents makes this chemical sub-
stance an effective topical hemostatic agent for the con-
trol of superficial bleeding.

Acknowledgements
This article was an MD dissertation, approved by the 

research council at the Kashan University of Medical Sci-
ences, with grant number 9378. We thank all participants 
and those who assisted us in this study.

Authors’ Contributions
Saeed Nouri: acquisition of data, analysis, interpreta-

tion of data, study supervision, study concept and design 
statistical analysis. Mohammad Reza Sharif: drafting the 
manuscript, critical revision of the manuscript for im-
portant intellectual content, administrative, technical, 
and material support. Sare Sahba: drafting the manu-
script and critical revision of the manuscript for impor-
tant intellectual content.

Funding/Support
Financial support and supervision was provided from 

the Vice Chancellor for Research of the Kashan University 
of Medical Sciences.

References
1.       Kragh JF, Jr., Murphy C, Dubick MA, Baer DG, Johnson J, Black-

bourne LH. New tourniquet device concepts for battlefield hem-
orrhage control. US Army Med Dep J. 2011:38–48.

2.       Baykul T, Alanoglu EG, Kocer G. Use of Ankaferd Blood Stopper as 
a hemostatic agent: a clinical experience. J Contemp Dent Pract. 
2010;11(1):E088–94.

3.       McBee WL, Koerner KR. Review of hemostatic agents used in den-
tistry. Dent Today. 2005;24(3):62–5.

4.       Kord Mostafapoor F. Effectiveness of three coagulants of poly-
aluminum chloride, aluminum sulfate and ferric chloride in 
turbidity removal from drinking water. Zahedan J Res Med Sci. 
2008;10(2):87–95.

5.       Kurz KD, Main BW, Sandusky GE. Rat model of arterial thrombo-
sis induced by ferric chloride. Thromb Res. 1990;60(4):269–80.

6.       Barr JD, Chauhan AK, Schaeffer GV, Hansen JK, Motto DG. Red 
blood cells mediate the onset of thrombosis in the ferric chlo-
ride murine model. Blood. 2013;121(18):3733–41.

7.       Wu CC, Ho WM, Cheng SB, Yeh DC, Wen MC, Liu TJ, et al. Periop-



Nouri S et al.

Trauma Mon. 2015;20(1):e1804210

erative parenteral tranexamic acid in liver tumor resection: a 
prospective randomized trial toward a "blood transfusion"-free 
hepatectomy. Ann Surg. 2006;243(2):173–80.

8.       Pereboom IT, de Boer MT, Porte RJ, Molenaar IQ. Aprotinin and 
nafamostat mesilate in liver surgery: effect on blood loss. Dig 
Surg. 2007;24(4):282–7.

9.       Alkozai EM, Lisman T, Porte RJ. Bleeding in liver surgery: preven-
tion and treatment. Clin Liver Dis. 2009;13(1):145–54.

10.       Berrevoet F, de Hemptinne B. Use of topical hemostatic agents 
during liver resection. Dig Surg. 2007;24(4):288–93.

11.       Heaton N. Advances and methods in liver surgery: haemostasis. 
Eur J Gastroenterol Hepatol. 2005;17 Suppl 1:S3–12.

12.       Schwartz M, Madariaga J, Hirose R, Shaver TR, Sher L, Chari R, et 
al. Comparison of a new fibrin sealant with standard topical he-
mostatic agents. Arch Surg. 2004;139(11):1148–54.

13.       Eckly A, Hechler B, Freund M, Zerr M, Cazenave JP, Lanza F, et al. 
Mechanisms underlying FeCl3-induced arterial thrombosis. J 
Thromb Haemost. 2011;9(4):779–89.

14.       Ghosh A, Li W, Febbraio M, Espinola RG, McCrae KR, Cockrell E, 
et al. Platelet CD36 mediates interactions with endothelial cell-
derived microparticles and contributes to thrombosis in mice. J 

Clin Invest. 2008;118(5):1934–43.
15.       Silverstein RL, Li W, Park YM, Rahaman SO. Mechanisms of cell 

signaling by the scavenger receptor CD36: implications in 
atherosclerosis and thrombosis. Trans Am Clin Climatol Assoc. 
2010;121:206–20.

16.       Li W, Febbraio M, Reddy SP, Yu DY, Yamamoto M, Silverstein RL. 
CD36 participates in a signaling pathway that regulates ROS for-
mation in murine VSMCs. J Clin Invest. 2010;120(11):3996–4006.

17.       Woollard KJ, Sturgeon S, Chin-Dusting JP, Salem HH, Jackson 
SP. Erythrocyte hemolysis and hemoglobin oxidation pro-
mote ferric chloride-induced vascular injury. J Biol Chem. 
2009;284(19):13110–8.

18.       Li W, McIntyre TM, Silverstein RL. Ferric chloride-induced murine 
carotid arterial injury: A model of redox pathology. Redox Biol. 
2013;1(1):50–5.

19.       Nouri S, Amirbeigy M, Hosseinpour M, Abdorrahim K, Sharif MR. 
Evaluation of the Hemostatic Effect of Ferric Sulphate in Control-
ling Superficial bleeding in Mouse at Kashan University of Medi-
cal Sciences, 2012. Iran J Surg. 2013;21:21–9.

20.       Kim S, Rethnam S. Hemostasis in endodontic microsurgery. Dent 
Clin North Am. 1997;41(3):499–511.


