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Review

Rat Tail Bleeding Models: A Comprehensive Review

ABSTRACT

Rat tail bleeding models are commonly preferred by researchers for evaluating efficacy of
potential hemostatic and anticoagulant agents. Although they are used frequently, there are
inconsistencies in terms of methodology and terminology among different studies. As
hemostatic and anticoagulant agents are useful to decrease deaths from bleeding,
standardization of rat tail bleeding models is crucial for reliability of research. In 2025, a
targeted research was performed in the PUBMED database using the query "rat tail
bleeding". The abstracts and methods of 172 articles were examined to identify studies
specifically using rat tail bleeding models and 70 relevant articles were selected. Literature
review revealed significant variations between studies using the same method including
other studies implementing the same model and naming it differently. Additionally,
differences in tools used, incision depths, and bleeding assessment technigues contribute to
inconsistencies affecting reliability of these models. The literature on rat tail bleeding models
lacks consistency and standardization, which affects the reliability and reproducibility of
research. Many studies use different names for the same model, which can confuse some
researchers. Furthermore, there are variations in methodology even among studies using
the same model. To address these issues, standardization of rat tail bleeding models is
necessary as they are essential for evaluating hemostatic and anticoagulant agents.

Keywords: Bleeding, Hemostasis, Hemostatic agents, Rat tail bleeding models,

Standardization.

Introduction

There are various types of bleeding models in order to assess efficacy of hemostatic and
anticoagulant agents such as saphenous vein bleeding model (Buyue et al., 2008), liver
laceration bleeding model (Sener et al., 2022), femoral artery bleeding model (Binnetoglu
et al., 2021), renal vein bleeding model (Sener et al., 2023). Even though there are lots of
different bleeding models, tail bleeding models are one of the most commonly used ones
because of simplicity of implementation, widespread usage in literature (Mohammed et al.,
2020). Additionally, bleeding models can be implemented in different animals like swine
(Naar et al., 2022), rabbit (Nogawa et al., 2022), mouse (Mashausi et al., 2022) or rat (Gedar
Totuk et al., 2020). In this article, we focused on rat tail bleeding models.

Rat tail bleeding models are commonly used in research to measure bleeding time and
bleeding volume (Stagaard et al., 2023; Tiryaki et al., 2025). These models involve inducing
uncontrolled bleeding from the tail of a laboratory rat. There are several types of rat tail
bleeding models, each serving a specific research purpose (Stagaard et al., 2023). The main
purpose of using these models is measuring efficacy of potential hemostatic and
anticoagulant agents. Additionally, the number of review articles and studies for
standardization of rat tail bleeding models are not sufficient in the literature in contrast to
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tail bleeding models in mice (Stagaard et al., 2023). Because
of these reasons, in this article, we focused on rat tail
bleeding models used in literature and listed them in
following paragraphs.

Rat Tail Transection Model

The rat tail transection model provides a controlled
environment for evaluating the effectiveness of various
hemostatic agents in stopping bleeding (Stagaard et al.,
2023). In this method, experimenters completely cut a
portion of the rat tail and the blood coming from the rat tail
is obtained into a piece of cotton/filter paper to record
bleeding time or the rat tail may be put directly into an
isotonic solution called “immersion technique” (Garcia et
al., 2019; Greene et al., 2010; Wu et al., 2022).

Rat Tail Vein Bleeding Model

Rat tail vein bleeding model involves making a partial cut
targeting tail veins with/without a template device in order
to start bleeding (Johansen et al.,, 2016). This allows
researchers to study venous bleeding and assess the effects
of various treatments or interventions on venous
hemostasis. It is used to study various aspects of
coagulation, thrombosis, and the effects of anticoagulant
drugs. The rat tail vein bleeding model is also called the “tail
vein transection (TVT) model”
(Zintner et al., 2019).

according to literature

Rat Tail Artery Bleeding Model (Arterial Tail Bleeding
Model)

In this model, a tail artery, which carries oxygenated blood,
is specifically targeted and transected to induce arterial
bleeding (Ito et al., 2018). In this model, the tail artery is
specifically targeted. This allows researchers to study
arterial bleeding and assess the effects of various
treatments or interventions on arterial hemostasis.

Rat Tail Incision Bleeding Model

Rat tail incision bleeding model is another model which is
used frequently in experiments to evaluate bleeding time
after applying various hemostatic agents. In this model, a
small incision is made on the tail of a rat, and the time it
takes for the incision to stop bleeding is measured
(Bubueanu et al., 2019; Chng et al., 2022; Meijers et al.,
2023). The bleeding time can be measured by both using
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filter paper and immersion technique (Bubueanu et al.,
2019; Chng et al., 2022; Meijers et al., 2023).

According to our examination on the PubMed database,
there is not a standardization in rat tail bleeding models
while even the same models are named differently by
authors (Bian et al., 2022; Kuziej et al., 2010; Morgan et al.,
2015). Because the number of deaths caused by post-
traumatic bleeding is significant (Moore et al., 2021), useful
hemostatic agents are a necessity and standardization of
rat tail bleeding models are crucial as these models are
frequently used in the literature. With this review, we
aimed to list every single rat tail bleeding model to try to
solve confusion which is found in literature by discussing
them in detail and creating an important guideline for
further
hemostatic/anticoagulant agents or to standardize

studies aiming to show efficacy of

different rat tail bleeding models.
Methods

In November 2025, a focused search was conducted in the
PUBMED database using the query "rat tail bleeding," with
the “free full text” filter applied to ensure accessibility. This
initial search yielded 172 articles in English. Abstracts and
material methods of these articles were reviewed to
identify studies explicitly using rat tail bleeding models.
Based on this review, 70 articles relevant to the topic were
selected, while studies unrelated to rat tails or those
focusing on mouse tails were excluded (Figure 1).

Figure 1.
Inclusion and exclusion criteria.

INCLUSION CRITERIAS EXCLUSION CRITERIAS

+ Studies using rat tail bleeding + Articles focusing on tails from
models species other than rats

* Articles published in English + Non-English articles

* Publications available until + Studies unrelated to rat tail
2024 bleeding

* Freely accessible materials

During this analysis, it was noted that many studies used
identical or highly similar methods despite being described
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under different names. These overlapping methodologies
were grouped under common categories, enabling a
streamlined classification. This classification framework
highlights both standard and unique methods found in the
providing comprehensive guide for

literature, a

researchers.

Results

Following the screening process, a total of 70 articles
specifically related to rat tail bleeding models were
identified. These articles encompassed a range of bleeding
methods employed in studies, allowing for a detailed
analysis of the various experimental techniques used. In
reviewing the methodologies, it became evident that while
many studies employed distinct names for their bleeding

Figure 2.
Different types of rat tail bleeding models found in the literature.

55

models, numerous methods were fundamentally identical
in execution. These models were consolidated under
unified categories to streamline the classification and
reduce redundancy.

This classification resulted in a clearer organization of rat
tail bleeding models, capturing both widely recognized and
unique approaches used in the field (Figure 2). By
consolidating identical methods and categorizing distinct
techniques, the review establishes a comprehensive
reference framework. This framework not only aids in
distinguishing between different methodologies but also
offers researchers a structured guide to select the most
suitable model for their own experiments involving rat tail
bleeding.

RAT TAIL VEIN
BLEEDING MODELS

The Rat Tail Bleeding Models
Classification Chart

RAT TAIL BLEEDING
MODELS

1
RAT TAIL ARTERY
BLEETHNG MODELS
I

RAT TAL ARTERY
RAT TAL RAT TAIL RAT TAL VEN RAT TAR VEM e
TRAMSECTION MODEL | AMPUTATION MODEL TRANREECTION MOCEL TEMPLATE
RAT TAL T
TRANSECTIONSAMPUTATION
MODLL
Discussion According to the literature, various tail bleeding models

Rat tail bleeding models provide valuable insights into the
complex processes of hemostasis and coagulation and are
essential for 1) evaluating the effectiveness of hemostatic
agents, 2) conducting bleeding time experiments and
assessing drug efficacy, and 3) studying bleeding disorders
and conditions associated with abnormal clotting (Morgan
et al.,, 2015). Researchers select the appropriate model
based on the specific research questions they aim to
address, as well as the level of control and bleeding severity
required for their study.

have been described by different researchers (Mohammed
et al.,, 2020). Interestingly, some of these models are
referred to by different names despite employing identical
methodologies (Bian et al.,, 2022; Kuziej et al., 2010;
Morgan et al., 2015). Moreover, certain methods of tail
bleeding models have been utilized by only a limited
number of researchers (Lauritzen et al., 2009). This lack of
consistency highlights that rat tail bleeding models are not
sufficiently standardized, and a clear, unified terminology
is yet to be established. In the following paragraphs,
different tail bleeding models in rats and variations of them
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were explained in detail along with examples found in the
literature.

Rat Tail Transection Model

Rat tail transection model is the most frequently used rat
tail bleeding model for assessing new therapeutic
interventions for bleeding disorders (Lauritzen et al., 2009).
This model helps evaluate the efficacy of hemostatic
agents, bleeding times, and blood loss after tail transection
(Mohammed et al., 2020; Toomey et al., 2006). Transection
tends to yield longer bleeding times and higher amounts of
bleeding than small incisions, which can be advantageous
for testing efficacy of potential hemostatic and
anticoagulant agents (Zintner et al., 2019).

Practical considerations include the method of tail
transection, as using guillotines may crush tissue and
introduce variability in bleeding time (Gedar Totuk et al.,
2020). Additionally, variations in transection distance, as
more proximal cuts lead to longer bleeding times,
underscore the need for consistency to avoid confounding
factors like the rat’s weight (Greene et al., 2010).
Standardized transection force across animals is also
critical to prevent skewed results (Greene et al., 2010).

A Model Variations

III

In the literature, “rat tail transection model” may be
termed as “rat tail amputation model” or “rat tail tip
amputation model” in terms of complete transection (Bian
et al., 2022). “Rat tail amputation model” frequently refers
to a complete transection of the tail usually from more
proximal parts (Du et al., 2014) even though there are some
exceptions (Jimenez-Martin et al., 2022). In contrast, “rat
tail tip-amputation” (Sogut et al., 2015), “rat tail-tip
transection” (Coleman et al., 2020) or “rat tail-tip bleeding”
(Rossato et al., 2022) models can be implemented by
creating a complete transection from tail tip (distal parts of
the rat tail). Additionally, transections made from any
location of the tail can be called the “rat tail transection
model” without looking for another criteria (Ma et al.,
2021).

Additionally, there is a study that uses a model
implementing the identical methodologies of rat tail

transection model along with calling their model as “tail-
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cut rat model of bleeding”. This naming is actually different
from other studies of rat tail bleeding models and calling

IM

this “rat tail transection model” can be more accurate

according to literature (Reck et al., 2014).

Another variation found in literature is the type of
transection. There are mainly two types of transection as
complete (Lin et al., 2019) and partial transection (Oliveira
et al., 2021). Actually, “rat tail transection” primarily refers
to complete transection but some articles identify partial
transection, too (Oliveira et al., 2021). Even though it is not
directly called “partial transection” by researchers, an
article (Oliveira et al., 2021) indicates “a partial 4 mm
transverse incision” which can be categorized as partial
transection as the word “incision” is usually implemented
longitudinally in the literature (Chng et al., 2022).

Complete Transection: This method involves a complete
cut from any distance of the tail, causing immediate,
uncontrolled bleeding (Saito et al., 2016). Often performed
with a sterile lancet (Hoppensteadt et al.,, 2014) even
though guillotine (Gedar Totuk et al., 2020), nail scissors
(Lauritzen et al., 2009) and other types of scissors (Jeon et
al., 2021) are used by different researchers.

Complete transection of the rat tail induces substantial
bleeding, enabling evaluation of candidate hemostatic and
anticoagulant agents (Holly et al, 2019). In the
experimental literature, ‘tail transection’ commonly refers
to a tail-cut procedure performed at a defined distance
from the tip, and is considered a more severe injury than
incision-based approaches (Mohammed et al., 2020).

Partial Transection: In literature, “partial transection” is
mainly used to indicate a small transverse incision which is
made to rat tail creating an immediate, uncontrolled
bleeding (Oliveira et al., 2021). The bleeding time is not
significant in partial transection as much as complete
transection between tail cuts at the same level (Oliveira et
al., 2021). Because of that, complete transection is more
frequently used in literature as it causes a significant
amount of bleeding which is better for evaluation of
potential pharmacological agents (Chen et al.,, 2020;
Oliveira et al., 2021).

Additionally, there is another model called “rat tail vein
|II

transection (TVT) injury model” which combines two
Journal of Laboratory Animal Science and Practices



existing tail bleeding models: “rat tail transection model”
and “rat tail vein bleeding model”. In literature, TVT injury
model is not common but it is implemented in several
researches (Garcia et al., 2019; Zintner et al., 2019).

Rat Tail Vein Bleeding Model

In rat tail vein bleeding model, researchers create an injury
specifically at the rat tail vein and then bleeding
parameters can be measured as it’s explained previously
(Garcia et al., 2019).Even though it is not frequently used,
there are several researchers which choose rat tail vein
bleeding model in their experiments (Chng et al., 2022;
Garcia et al., 2019; Zintner et al., 2019). Additionally, there
are some variations in this model in terms of application
like the rat tail transection model.

A Model Variations

In the literature, rat tail vein bleeding models are
commonly made by template transection of tail veins such

|II

as “tail vein transection (TVT) bleeding model” (Zintner et
al., 2019) and “lateral tail vein template transection model”
(Garcia et al., 2019). As tail veins are specifically targeted,
categorizing these models under “rat tail vein bleeding
models” is more accurate even though they are

III

combinations of “rat tail vein bleeding model” and “rat tail

transection model”.

According to current research, tail vein bleeding models
can be easily implemented by using a template device and
calling the method as “rat tail vein template transection”
(Garcia et al., 2019) even though there are some studies
that do not explain the status of using a template device
(Zintner et al., 2019). Additionally, lateral tail veins can be
specifically targeted by researchers (Garcia et al., 2019). In
this case, the tail bleeding model is called “lateral tail vein
template transection model” (Garcia et al., 2019). Also, a
study held by Wei Seng Chng. et al. indicates that they
made a longitudinal incision on tail vein without naming
their method as “rat tail vein bleeding model” (Chng et al.,
2022). Lastly, there are some articles which say that they
measured “rat tail vein bleeding time” without explaining
their methods in detail (Li et al., 2017).

Rat Tail Artery Bleeding Model
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In this model, the tail artery of the rat is specifically
targeted like the rat tail vein bleeding model. An incision or
puncture can be made to form an injury at the tail artery
and then bleeding parameters can be evaluated. This
model is uncommon, unlike other arterial bleeding models
such as femoral (Abacioglu et al., 2016) arteries, in the
literature even though an example is present (Ito et al.,
2018).

A Model Variations

A research was held by Ito et al. implementing the “rat tail
artery bleeding model”. In this experiment, researchers
created a 1 mm incision on the artery of the ventral part of
the tail at 4cm from the tip and they named the bleeding
model as “rat tail injury bleeding model” (Ito et al., 2018).
Technically, an injury was created on rat tail but naming
this model as “rat tail artery bleeding model” can be more
accurate as tail artery was specifically targeted.

Rat Tail Incision Bleeding Model

The rat tail incision model refers to creation of a bleeding
by making an incision on rat tail (Furugohri et al., 2008).
After bleeding starts, bleeding parameters should be
evaluated as present in all tail bleeding models (Peters et
al., 2004). In contrast to rat tail artery and rat tail vein
bleeding models, “rat tail incision” model is the second
most common tail bleeding model in rats after “rat tail
transection model” (Lee et al., 2002).

A Model Variations

In this model, length and depth of incision can vary
between studies even though there are more frequently
used ones (Greene et al., 2010). More commonly preferred
lengths of incisions are mostly between 1-10 mm and depth
of incisions are mostly between 1-2 mm according to
literature (Wu et al., 2022). Another feature of the incision
is the distance from the tail tip or root (Greene et al., 2010).
Location of the incision is very important as it can affect the
amount of bleeding (Greene et al., 2010). Despite these
differences, some studies even did not specify features of
the incision, adding complexity to cross-study comparisons.
In order to standardize the incision, a template can be used
while creating the incision.

A study was held by Meijers et al., they indicated that “a
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small incision is made” without explaining other features of
the incision like length and depth (Meijers et al., 2023). In
addition to it, the model was named as both “rat tail injury

III

bleeding model” and “rat tail cut bleeding model”. As it is
understandable, neither “tail cut” nor “tail injury” explain
the methods of the bleeding experiment and complicate
the comparison between different studies (Meijers et al.,

2023).

Another variation found in literature is the direction of
incision. In a study which is held in 2022, researchers
indicated that they made a “longitudinal incision” (Chng et
al., 2022). Actually, “incision” identifies specifically
“longitudinal” incision rather than a “transverse” one in
terms of tail bleeding models. A transverse incision made
on the rat tail can be categorized as “rat tail transection
model - partial transection”.

Standardization Methods in Rat Tail Bleeding Models

The integration of these references in the discussion
emphasizes that there is a lack of standardization in terms
of rat tail bleeding models. This lack of standardization can
affect results of the tail bleeding parameters and can cause
false results which is very important during preclinical trials
of hemostatic and anticoagulant agents (Greene et al.,
2010).

First of all, in the rat tail bleeding models bleeding time and
the amount of bleeding may be affected by various factors
like room temperature (Frattani et al., 2013), distance of
tail transection (Ghrib et al., 2001), instrument used (razor
blade, scalpel, surgical knife, guillotine) (Greene et al.,
2010), sharpness of the instrument used (Greene et al.,
2010).

The second thing which can be done for standardization is
the use of a template in “rat tail incision bleeding model”
and “rat tail transection bleeding models” making a partial
transection (Rodrigues et al., 2023). Using a template can
standardize depth and length of the incision and help to
have better experiment results (Garcia et al., 2019; Greene
et al,, 2010). Additionally, template use can be helpful in
tail bleeding models which target specific blood vessels
such as lateral tail veins (Garcia et al., 2019).

Another thing that should be taken under consideration is
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the tool used in the rat tail transection bleeding models.
According to literature, amputation made by guillotine can
overcome the dull-blade effect and help to have more
standard experiment results (Greene et al., 2010). Another
thing which should be taken under consideration is that
guillotine can crush the tail tissue resulting impaired
bleeding time even though there is not enough evidence
about this claim in the literature.

Additionally, the method which is used to measure
bleeding parameters is important as it can affect
experiment results such as bleeding time (Greene et al.,
2010). In the literature, there are several ways to measure
bleeding parameters even though some of them have
several advantages (Rodrigues et al., 2023). According to
Greene et al., putting rat tail into an isotonic solution after
creating tail injury called “immersion technique” is
accepted as a better technique than using a filter
paper/cotton because it doesn’t traumatize the tail and has
minimal risk to affect bleeding time (Greene et al., 2010).

Based on published evidence in rat tail bleeding
experiments, there can be blood loss between the tail cut
and measurement of bleeding parameters. This blood loss
can be huge especially in tail amputations which cause
more severe and rapid bleeding. In order to prevent this
blood loss and standardize the experiment, the rat tail can
be compressed by using a tourniquet before creation of the
tail injury. After tail injury, the tourniquet can be removed
and let the bleeding start. Then, the bleeding parameters
can be measured. Using a tourniquet before beginning of
the bleeding can obstruct the blood flow in the tail and
prevent obtaining false results even though it is used more
commonly to create a vessel ligation before getting a blood
specimen.

Limitations of the Study

In this article, we focused on only rat tail bleeding models
and tail bleeding models used in other animals, such as
mice, weren’t included in this study. The reason why rat tail
bleeding models were included is that there are not any
satisfactory review articles about tail bleeding models in
rats. Because of that, the comparison between rat and mice
tail bleeding models is not present in this study.

Another limitation of this study is that the PubMed
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database is the only source for literature review which was
done for the article. As a consequence, animal experiments
which were made and published at another website rather
than PubMed, were not included in this study.

One of the most important things limiting our study is that
there is a confusion and lack of union in terms of
terminology. Some articles apply the same tail bleeding
method along with naming it different from each other (Ma
et al., 2021). Additionally, in some articles, the tail bleeding
model implemented in the experiment is not explained in
detail, which can complicate the understanding method of
the study (Saito et al., 2016; Zhang et al., 2022).

Conclusion and Recommendations

This review demonstrates that rodent tail bleeding models
remain widely used for the evaluation of hemostatic and
anticoagulant agents; however, substantial methodological
heterogeneity exists across studies. Differences in incision
site, length and depth, bleeding duration, anticoagulant
regimens, and blood loss assessment techniques
complicate direct comparisons and limit reproducibility.
Despite these limitations, tail bleeding models continue to
provide valuable preliminary data when experimental
parameters are clearly defined and consistently applied.
Greater methodological standardization would enhance
the reliability of results and strengthen the translational
relevance of preclinical bleeding research.

e Incision length, depth, and anatomical location should
be standardized and explicitly reported to improve
inter-study comparability.

e The type, dose, route, and timing of anticoagulant
administration should be clearly described in all
experimental protocols.

e A consistent and well-defined method for blood loss
measurement (e.g., filter paper-based or volumetric
techniques) should be adopted and justified.

e Essential animal characteristics, including strain, age,
sex, and relevant housing or environmental

should be

reproducibility and interpretation of results.

conditions, reported to support

59

Ethics Committee Approval: This study is a review article based on
previously published studies. No new animal experiments were
conducted by the authors, and therefore ethical committee approval
was not required.

Author Contributions: Both authors contributed to this article equally
during literature review, writing and the whole other processes.
Peer-review: Externally peer-reviewed.

Funding: This study was not supported by any sponsor or funder.
Declaration of Interests: The authors have no conflicts of interest to
declare.

Use of Artificial Intelligence: The authors declare that no artificial
intelligence—based tools were used in the generation of scientific
content, data analysis, or interpretation. Al tools were used solely for
language editing and grammatical improvements.

References

Abacioglu, S., Aydin, K., Blyikcam, F., Kaya, U., Isik, B., &
Karakilig, M. E. (2016). Comparison of the efficiencies of
buffers containing ankaferd and chitosan on hemostasis
in an experimental rat model with femoral artery
bleeding. Turkish Journal of Haematology, 33(1), 48-52.
https://doi.org/10.4274/tjh.2014.0029

Bian, J., Bao, L., Gao, X., Wen, X., Zhang, Q., Huang, J., Xiong,
Z., Hong, F. F., Ge, Z, & Cui, W. (2022). Bacteria-
engineered porous sponge for hemostasis and
vascularization. Journal of Nanobiotechnology, 20(1), 47.
https://doi.org/10.1186/s12951-022-01254-7

Binnetoglu, K., Kumandas, A., Ekici, H., Ozbaykus, A. C.,, &
Tiryaki, M. (2021). Comparison of the algan hemostatic
agent with celox in rat femoral artery bleeding model.
Medicine Science International Medical Journal, 4(10).
1469-1473.
https://doi.org/10.5455/medscience.2021.05.184

Bubueanu, C,, luksel, R., & Panteli, M. (2019). Haemostatic
activity of butanolic extracts of Lamium album and
Lamium purpureum aerial parts. Acta
Pharmaceutica, 69(3), 443-449.
https://doi.org/10.2478/acph-2019-0026

Buyue, Y., Whinna, H. C., & Sheehan, J. P. (2008). The
heparin-binding exosite of factor IXa is a critical regulator
of plasma thrombin generation and venous
thrombosis. Blood, 112(8), 3234-3241.
https://doi.org/10.1182/blood-2008-01-136820

Chen, X., Song, D., Nakada, S., Qiu, J., Iwamoto, K., Chen, R.
H., Lim, Y. P, Jusko, W. J., & Stonestreet, B. S. (2020).
Pharmacokinetics of inter-alpha inhibitor proteins and
effects on hemostasis after hypoxic-ischemic brain injury
in neonatal rats. Current Pharmaceutical Design, 26(32),
3997-4006.
https://doi.org/10.2174/138161282666620042112324
2

Chng, W. S,, Li, A. W. L, Lim, J. J. M,, Leong, E. J. E., Amran,
F. S., Kini, R. M., Chan, M. Y. Y., & Koh, C. Y. (2022). A
factor xia inhibitor engineered from banded krait venom
toxin: efficacy and safety in rodent models of arterial and
Venous thrombosis. Biomedicines, 10(7), 1679.
https://doi.org/10.3390/biomedicines10071679

Journal of Laboratory Animal Science and Practices


https://doi.org/10.4274/tjh.2014.0029

Coleman, J. R., Moore, E. E,, Silliman, C. C., Stettler, G. R.,
Nunns, G. R., Samuels, J. M., Bartley, M. G., Vigneshwar,
N. G., Cohen, M. J., Fragoso, M., & Sauaia, A. (2020).
Examining the effect of hypertonic saline administered
for reduction of intracranial hypertension on
coagulation. Journal of the American College of
Surgeons, 230(3), 322-330.e2.
https://doi.org/10.1016/j.jamcollsurg.2019.11.011

Du, Z., Jia, H., Liu, J., Zhao, X., Wang, Y., & Sun, X. (2014).
Protective effects of hydrogen-rich saline in uncontrolled
hemorrhagic shock. Experimental and Therapeutic
Medicine, 7(5), 1253-1258.
https://doi.org/10.3892/etm.2014.1572

Frattani, F. S., Coriolano, E. O,, Lima, L. M., Barreiro, E. J., &
Zingali, R. B. (2013). Oral antithrombotic effects of
acylhydrazone derivatives. Journal of Atherosclerosis
and Thrombosis, 20(3), 287-295.
https://doi.org/10.5551/jat.14886

Furugohri, T., Isobe, K., Honda, Y., Kamisato-Matsumoto, C.,
Sugiyama, N., Nagahara, T., Morishima, Y., & Shibano, T.
(2008). DU-176b, a potent and orally active factor Xa
inhibitor: in vitro and in vivo pharmacological
profiles. Journal of Thrombosis and Haemostasis, 6(9),
1542-1549. https://doi.org/10.1111/j.1538-
7836.2008.03064.x

Garcia, J., Flood, V. H., Haberichter, S. L, Fahs, S. A,
Mattson, J. G., Geurts, A. M., Zogg, M., Weiler, H., Shi, Q.,
& Montgomery, R. R. (2019). A rat model of severe VWD
by elimination of the VWF gene using
CRISPR/Cas9. Research and Practice in Thrombosis and
Haemostasis, 4(1), 64-71.
https://doi.org/10.1002/rth2.12280

Gedar Totuk, O. M., Guzel, S. E., Ekici, H., Kumandas, A.,
Emre Ayding6z, S., Yilmaz, E. C., Kirdan, T., & Midi, A.
(2020). Effects of algan hemostatic agent on bleeding
time in a rat tail hemorrhage model. Turkish Journal of
Trauma & Emergency Surgery, 26(6), 853—858.
https://doi.org/10.14744/tjtes.2020.50384

Ghrib, F., Léger, P., Ezban, M., Kristensen, A., Cambus, J., &
Boneu, B. (2001). Anti-thrombotic and haemorrhagic
effects of active site-inhibited factor Vlla in rats. British
journal of haematology, 112(2), 506-512.
https://doi.org/10.1046/j.1365-2141.2001.02570.x

Greene, T. K., Schiviz, A., Hoellriegl, W., Poncz, M,
Muchitsch, E. M., & Animal Models Subcommittee of the
Scientific and Standardization Committee of the Isth
(2010). Towards a standardization of the murine tail
bleeding  model. Journal  of  Thrombosis  and
Haemostasis, 8(12), 2820-2822.
https://doi.org/10.1111/j.1538-7836.2010.04084 .x

Holly, S. P., Gera, N., Wang, P., Wilson, A., Guan, Z,, Lin, L.,
Cooley, B., Alfar, H. R, Patil, R. G., Piatt, R., Leisner, T. M.,
Bergmeier, W., Majumder, R., & Parise, L. V. (2019).
Ether lipid metabolism by AADACL1 regulates platelet
function and thrombosis. Blood Advances, 3(22), 3818—
3828.
https://doi.org/10.1182/bloodadvances.2018030767

Hoppensteadt, D. A., Gray, A., Jeske, W. P., Walenga, J. M.,
& Fareed, J. (2014). Anticoagulant and antithrombotic
actions of AVE5026, an enriched anti-xa hemisynthetic

60

ultra-low-molecular-weight heparin. Clinical and Applied
Thrombosis/hHemostasis, 20(6), 621-628.
https://doi.org/10.1177/1076029613480556

Ito, Y., Noguchi, K., Morishima, Y., & Yamaguchi, K. (2018).
Tissue-type plasminogen activator transgenic rats for
evaluating inhibitors of the activated form of thrombin-
activatable fibrinolysis inhibitor. Blood Coagulation &
Fibrinolysis, 29(3), 314-321.
https://doi.org/10.1097/MBC.0000000000000723

Jeon, Y. D, Lee, J. H,, Park, M. R, Lim, J. Y., Kang, S. H., Kim,
D. K, & Llee, Y. M. (2021). Gastrodia elata blume
and Zanthoxylum schinifolium siebold & zucc mixed
extract suppress platelet aggregation and
thrombosis. Medicina (Kaunas, Lithuania), 57(10), 1128.
https://doi.org/10.3390/medicina57101128

Jimenez-Martin, J., Las Heras, K., Etxabide, A., Uranga, J., de
la Caba, K., Guerrero, P., Igartua, M., Santos-Vizcaino, E.,
& Hernandez, R. M. (2022). Green hemostatic sponge-
like scaffold composed of soy protein and chitin for the
treatment of epistaxis. Materials Today. Bio, 15, 100273.
https://doi.org/10.1016/j.mtbio.2022.100273

Johansen, P. B, Tranholm, M., Haaning, J., & Knudsen, T.
(2016). Development of a tail vein transection bleeding
model in fully anaesthetized haemophilia A mice -
characterization of two novel FVIII
molecules. Haemophilia, 22(4), 625-631.
https://doi.org/10.1111/hae.12907

Kuziej, J., Litinas, E., Hoppensteadt, D. A., Liu, D., Walenga,
J.M,, Fareed, J., & Jeske, W. (2010). In vivo neutralization
of unfractionated heparin and low-molecular-weight
heparin by a novel salicylamide derivative. Clinical and
Applied  Thrombosis/Hemostasis, 16(4), 377-386.
https://doi.org/10.1177/1076029610366439

Lauritzen, B., Tranholm, M., & Ezban, M. (2009). rFVlla and
a new enhanced rFVlla-analogue, NN1731, reduce
bleeding in clopidogrel-treated and in thrombocytopenic
rats. Journal of Thrombosis and Haemostasis, 7(4), 651—
657. https://doi.org/10.1111/j.1538-7836.2009.03287 .x

Lee, K. R., Chung, S. P., Park, I. C., & Kim, S. H. (2002). Effect
of induced and spontaneous hypothermia on survival
time of uncontrolled hemorrhagic shock rat
model. Yonsei  Medical  Journal, 43(4), 511-517.
https://doi.org/10.3349/ymj.2002.43.4.511

Li,J. Y, Chang, T. C., Chang, N.C., Thanasekaran, J., & Chang,
C. C. (2017). Anti-embolic effect of Taorenchengqi Tang
in rats with embolic stroke induced by occluding middle
cerebral artery. Journal of Traditional Chinese Medicine,
37(3), 326-332. https://doi.org/10.1016/S0254-
6272(17)30068-7

Lin, T. X,, Lai, P. X., Mao, J. Y., Chu, H. W., Unnikrishnan, B.,
Anand, A., & Huang, C. C. (2019). Supramolecular
aptamers on graphene oxide for efficient inhibition of
thrombin activity. Frontiers in  Chemistry, 7, 280.
https://doi.org/10.3389/fchem.2019.00280

Ma, R, Fu, W., Zhang, J., Hu, X,, Yang, J., & Jiang, H. (2021).
TMAQO: a potential mediator of clopidogrel
resistance. Scientific Reports, 11(1), 6580.
https://doi.org/10.1038/s41598-021-85950-8

Mashausi, D. S., Roy, D., Mangukiya, H. B., Merugu, S. B.,
Raza, G., Yunus, F. U., Liu, G. S., Negi, H., & Li, D. (2022).

Journal of Laboratory Animal Science and Practices



A high efficient FVIII variant corrects bleeding in
hemophilia A mouse model. Biochemical and Biophysical
Research Communications, 637, 358-364.
https://doi.org/10.1016/j.bbrc.2022.02.066

Meijers, J. C. M., Bakhtiari, K., Zwiers, A., & Peters, S. L. M.
(2023). OKL-1111, A modified cyclodextrin as a potential
universal reversal agent for anticoagulants. Thrombosis
Research, 227, 17-24.
https://doi.org/10.1016/j.thromres.2023.05.003

Mohammed, B. M., Monroe, D. M., & Gailani, D. (2020).
Mouse models of hemostasis. Platelets, 31(4), 417—-422.
https://doi.org/10.1080/09537104.2020.1719056

Moore, E. E., Moore, H. B., Kornblith, L. Z., Neal, M. D.,
Hoffman, M., Mutch, N. J., Schochl, H., Hunt, B. J., &
Sauaia, A. (2021). Trauma-induced coagulopathy. Nature
Reviews. Disease Primers, 7(1), 30.
https://doi.org/10.1038/s41572-021-00264-3

Morgan, C. E., Prakash, V. S., Vercammen, J. M., Pritts, T., &
Kibbe, M. R. (2015). Development and validation of 4
different rat models of uncontrolled hemorrhage. JAMA
surgery, 150(4), 316—324.
https://doi.org/10.1001/jamasurg.2014.1685

Naar, L., Dorken Gallastegi, A., Dowling, M., Mashbari, H. N.
A., Wallace, B., Bankhead-Kendall, B., Beagle, J., Pallotta,
J. B., Breen, K., Velmahos, G. C., Duggan, M. J., & King, C.
D. R. (2022). Chitosan-based lifefoam improves survival
in lethal noncompressible abdominal bleeding in
swine. Surgery, 172(1), 421-426.
https://doi.org/10.1016/j.surg.2022.01.016

Nogawa, M., Watanabe, N., Koike, T., Fukuda, K., Ishiguro,
M., Fujino, H., Hirayama, J., Shiba, M., Handa, M., Mori,
T., Okamoto, S., Miyata, S., & Satake, M. (2022).
Hemostatic function of cold-stored platelets in a
thrombocytopenic rabbit bleeding
model. Transfusion, 62(11), 2304-2313.
https://doi.org/10.1111/trf.17128

Oliveira, C., Valois, M. V., Ottaiano, T. F.,, Miranda, A,
Hansen, D., Sampaio, M. U., Oliva, M. L. V., & de Abreu
Maffei, F. H. (2021). The recombinant plant Bauhinia
bauhinioides elastase inhibitor reduces rat thrombus
without alterations in hemostatic parameters. Scientific
Reports, 11(1), 13475. https://doi.org/10.1038/s41598-
021-92745-4

Peters, H., Wang, Y., Loof, T., Martini, S., Kron, S., Kramer,
S., & Neumayer, H. H. (2004). Expression and activity of
soluble guanylate cyclase in injury and repair of anti-thy1
glomerulonephritis. Kidney International, 66(6), 2224—
2236. https://doi.org/10.1111/j.1523-
1755.2004.66012.x

Reck, J., Bandarra, P., Pavarini, S., Termignoni, C., Driemeier,
D., Martins, J. R, & Guimardes, J. A. (2014).
Experimentally induced tick toxicosis in rats bitten by
Ornithodoros brasiliensis (Chelicerata: Argasidae): a
clinico-pathological characterization. Toxicon, 88, 99—
106. https://doi.org/10.1016/j.toxicon.2014.06.017

Rodrigues, J. F. B., Queiroz, J. V. S. A.,, Medeiros, R. P,
Santos, R. O., Fialho, D. A, Neto, J. E. S., Santos, R. L. D.,
Barbosa, R. C., Sousa, W. J. B., Torres, M. D. C. M,,
Medeiros, L. A. D. M., Silva, S. M. L., Montazerian, M.,
Fook, M. V. L., & Amoah, S. K. S. (2023). Chitosan-PEG
gels loaded withJatropha mollissima (Pohl) baill.

61

ethanolic extract: an efficient and effective biomaterial
in  hemorrhage  control. Pharmaceuticals  (Basel,
Switzerland), 16(10), 1399.
https://doi.org/10.3390/ph16101399

Rossato, P., Glantschnig, H., Leidenmuhler, P., Kopic, A,
Ruthsatz, T., Majer, B., Schuster, M., Scheiflinger, F., &
Hollriegl, W. (2022). Absence of exaggerated
pharmacology by recombinant ADAMTS13 in the rat and
monkey. Blood Coagulation & Fibrinolysis, 33(1), 56—60.
https://doi.org/10.1097/MBC.0000000000001064

Saito, M. S., Lourenco, A. L., Kang, H. C., Rodrigues, C. R,,
Cabral, L. M., Castro, H. C., & Satlher, P. C. (2016). New
approaches in tail-bleeding assay in mice: improving an
important method for designing new anti-thrombotic
agents. International ~ Journal of  Experimental
Pathology, 97(3), 285-292.
https://doi.org/10.1111/iep.12182

Sener, D., Kocak, M., Saracoglu, R., Deveci, U., & Karadag,
M. (2022). Histopathological effects of Algan hemostatic
agent (AHA) in liver injury model in rats. Hepatology
Forum, 3(1), 16-20.
https://doi.org/10.14744/hf.2021.2021.0040

Sener, D, Sanli, Z. K., Abouhosa, A., Tiret, D. M., & Seker, U.
(2023). Hemostatic efficacy of algan hemostatic agent in
renal vein incision model in rats. Journal of Harran
University Medical Faculty, 20(1), 13-8.
https://doi.org/10.35440/hutfd. 1187636

Sogut, O., Erdogan, M. O., Kose, R., Boleken, M. E., Kaya, H.,
Gokdemir, M. T., Ozgonul, A,, lynen, |., Albayrak, L., &
Dokuzoglu, M. A. (2015). Hemostatic efficacy of a
traditional medicinal plant extract (Ankaferd Blood
Stopper) in bleeding control. Clinical and Applied
Thrombosis/Hemostasis, 21(4), 348-353.
https://doi.org/10.1177/1076029613504129

Stagaard, R., @vlisen, G. O., Klaebel, J. H., Danielsen, D., Lund,
A., Elm, T., & Ley, C. D. (2023). In vivo effect of rFVIII and
rfVlla in hemophilia a rats evaluated by the tail vein
transection bleeding model. Journal of Thrombosis and
Haemostasis, 21(5), 1189-1199.
https://doi.org/10.1016/j.jtha.2022.12.009

Tiryaki, M., Demirel, O.U., Mohammadrezaloo, D.G., Gokce,
K., & Midi, A. (2025). Comparative efficacy of algan
hemostatic agent powder and liquid forms in rat tail
transection model: a controlled experimental study:
algan hemostatic agent powder and liquid. Medical
Science and Discovery, 12(1), 16-22.
https://doi.org/10.36472/msd.v12i1.1242

Toomey, J. R., Abboud, M. A, Valocik, R. E., Koster, P. F,,
Burns-Kurtis, C. L., Pillarisetti, K., Danoff, T. M., & Erhardt,
J. A. (2006). A comparison of the beta-D-xyloside,
odiparcil, to warfarin in a rat model of venous
thrombosis. Journal of Thrombosis and
Haemostasis, 4(9), 1989-1996.
https://doi.org/10.1111/j.1538-7836.2006.02064.x

Wuy, S., Liang, C., Xie, X., Huang, H., Fu, J., Wang, C., Su, Z,,
Wang, VY., Qu, X., Li, J., & Liu, J. (2022). Hsp47 inhibitor
Col003 attenuates collagen-induced platelet activation
and  cerebral ischemic-reperfusion injury in
rats. Frontiers in Pharmacology, 12, 792263.
https://doi.org/10.3389/fphar.2021.792263

Journal of Laboratory Animal Science and Practices



Zhang, X, Yang, Y., Wang, Y., Wu, J., Fang, Q., Wang, Y.,

Zhao, M., & Peng, S. (2022). (1R,3S)-THCCA-Asn: To show
the discovery of selective inhibitor of thrombin by
successfully combining virtual screening and biological
assay. European Journal of Medicinal Chemistry, 242,
114681. https://doi.org/10.1016/j.ejmech.2022.114681

62

Zintner, S. M., Small, J. C., Pavani, G., Dankner, L., Marcos-

Contreras, O. A, Gimotty, P. A., Kjelgaard-Hansen, M.,
Wiinberg, B., & Margaritis, P. (2019). Gene-based FVlla
prophylaxis modulates the spontaneous bleeding
phenotype of hemophilia A rats. Blood Advances, 3(3),
301-311.
https://doi.org/10.1182/bloodadvances.2018027219

Journal of Laboratory Animal Science and Practices



