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Tranexamic acid (AMCA) is a potent antifibrinolytic drug occurring in two isomeric
forms; the antifibrinolytic potency resides in the transisomeric form. The main action
of AMCA is blocking of the lysine-binding sites of the plasminogen molecule, which
are of importance for the binding to fibrin. This prevents activation of plasminogen
by plasminogen activator also absorbed to fibrin. AMCA can be administered
perorally or intravenously and is excreted into the urine. It enters tissues and fluids
in various concentrations and crosses the placenta. There is no evidence of a
thrombogenic effect of AMCA, but in accordance with its action, it prolongs dis-
solution of fibrin deposits already formed. AMCA is a drug of high clinical value for

the treatment of bleedings due to both systemic and local fibrinolysis.
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CHEMISTRY

The discovery of the effect of epsilon-amino-
caproic acid (EACA) on fibrinolytic bleeding was
published by Okamoto et al. in 1959 (1). EACA
was rapidly introduced in several countries as an
important drug for the treatment of fibrinolytic
bleeding and haemorrhage. Clinical experience
was first reported by Nilsson et al. (2).

Large amounts of EACA had to be admin-
istered to give a sufficient effect, however; the
search for a more potent antifibrinolytic drug
was therefore continued. This was found in 4-
aminomethylcyclohexanecarboxylic acid (3). This
antifibrinolytic compound occurs in two isomeric
forms, the antifibrinolytic potency residing in the
transisomeric form (4, 5).

The structure of tranexamic acid is shown in
Fig. 1. The compound is soluble in water but not
in alcohol or ether. The antifibrinolytic activity is
dependent on a distance of 7 A between the
amino and carboxy groups. AMCA is 7-10 times
more potent than EACA (6-8). This great
potency has been ascribed to the more stable and
rigid molecular structure compared with that of
EACA (8).

There are mainly two methods in use for the
determination of AMCA. In serum it can be
measured by separation of the amino acids by
high-voltage electrophoresis with exposure to a
ninhydrine reagent and photometric assay of the
ninhydrine complex (9). In biological material it
can be determined by electron capture gas
chromatography (10).

ACTION OF AMCA

AMCA induces structural changes in the plas-
minogen molecule (11, 12), which facilitates the
activation of plasminogen into plasmin (13, 14).
Thus, paradoxically, this involves activation of

CH, - CH
s

2 2~
H,N - CH, - CH CH - CHOOH
2 2 . ,
CH2 - CH2
¢ 74 >

Fig. 1. Trans-4-aminomethyl cyclohexane carboxylic
acid (tranexamic acid (AMCA)).



the fibrinolytic system, but in vivo this mechanism
is less important. The influence of the conversion
of plasminogen into plasmin in the presence of
fibrin is more important. AMCA blocks the lys-
ine-binding sites of the plasminogen molecule,
which are essential for its binding to fibrin. This
prevents activation by plasminogen activator,
which is also absorbed to fibrin (15, 16). A second
important antifibrinolytic effect of AMCA is
blocking of the lysine-binding sites of free plasmin
already formed. This prevents (17, 18) the binding
to fibrin, and the AMCA-plasmin complex is
rapidly inactivated by a,-antiplasmin and a,-
macrogiobulin. This mechanism is illustrated in
Fig. 2.
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PHARMACOKINETICS

AMCA is not so readily absorbed as EACA (19).
Food intake does not influence the absorption of
AMCA (20). The biological half-life is 2-3 h.
Besides the binding to plasminogen, the protein
binding is negligible (21). The absorption of
AMCA and its distribution and excretion were

studied by Andersson et al. (8, 9) and Kaller (19).

After intravenous administration of 10mg
AMCA/kg body weight the concentration in
plasma was 18, 10, and 5 mg/ml after 1,3, and
5h. When a similar dose of AMCA of 10 mg/
kg body weight was given orally, the maximum
concentration in plasma was about 2mg/l.
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Fig. 2. Antifibrinolytic effect of AMCA. Top: In the absence of AMCA the activation of plasminogen into plasmin
by the plasminogen activator takes place on the fibrin filament. Plasmin degrades fibrin into fibrin degradation
products (FDP). Activator and plasmin molecules are liberated and are able to generate further enzymatic activity.
Bottom: AMCA (indicated by M) blocks the lysine-binding sites of plasminogen, which are essential for the
adsorption to fibrin, and thereby prevents activation by the activator also adsorbed to fibrin. This results in reduced
activation with a reduced capacity to degrade fibrin. Small amounts of plasmin are formed, however, and the free
AMCA plasmin complex is rapidly inactivated by a;-antiplasmin and, to a lesser degree, by a,-macroglobulin.
Free activator molecules are inhibited by fast-acting specific activator inhibitors.
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Table 1. Concentration of AMCA (% of plasma
concentration)

Cerebrospinal fluid 10-30%
Aqueous humour 10%
Joints 90-100%
Seminal fluid 10-100%
Cord blood 40-100%
Milk 1-2%

Increasing the doses 10-fold, to 100 mg/kg body
weight, gave a concentration in plasma of 40 mg/
1 after 4 h. Administration of 1 g of AMCA to an
adult of normal body weight resuits in a plasma
concentration of 8-10 mg/1, which is a therapeutic
level. A concentration of 10 mg/1 is required for
an 80% inhibition of tissue activator activity (9).

AMCA is excreted into the urine by glomerular
filtration. After intravenous administration the
24-h recovery from urine is about 90%. When
given by mouth the recovery is about 40%, which
indicates a prolonged and persistent uptake in
tissues. The excretion is prolonged in patients
with impaired renal function and in oliguria. After
intravenous administration the drug can be deter-
mined in plasma 24 h later in such patients.

The distribution of AMCA in some fluids is
shown in the Table I. It crosses the placenta
(22, 23), but secretion in breast milk is low (24).
It has no influence on the migration of sperm
cells (25). No data are available concerning the
concentration in gastric juice, but the clinical
effect of AMCA on gastrointestinal haemorrhage
has been clearly demonstrated (26, 27).

TOXICOLOGY AND SIDE EFFECTS

Nausea and diarrhoea may occur but seldom
necessitate withdrawal of the drug. When given
intravenously, infusion should be given slowly to
prevent the vomiting reflex.

The toxicity of AMCA is low. Retinal atrophy
was observed in dogs receiving large amounts of
the drug, about seven times that recommended
for man, and given for 12 months. Such changes
have not been found after normal doses in dogs
(28, 29), nor have any changes been observed in
patients treated for many years for hereditary
angioneurotic oedema (30). There is no evidence

of any teratogenic or carcinogenic effect of
AMCA.

An important question is whether depression
of the fibrinolytic defence system might be haz-
ardous. However, an evaluation of the clinical
literature produced no evidence of such a risk
(31). It has also been shown that the plasminogen
activators, which activate the fibrinolytic system
and are present in the vascular endothelium, are
not affected by AMCA (32). But there is also no
doubt that AMCA prolongs the dissolution of
previously formed fibrin deposits.

To sum up, AMCA is a potent antifibrinolytic
drug with no serious side effects. There is no
evidence of a thrombogenic effect of the drug,
but by virtue of its mode of action it prolongs
dissolution of previously formed fibrin deposits.
To inhibit systemic fibrinolysis, AMCA should be
administered intravenously in a dose of 10 mg/kg
body weight, the dose being repeated after 34 h.
For the inhibition of local fibrinolysis the same
doses should be given initially, followed by 20 mg/
kg orally three to four times a day.

REFERENCES

1. Okamoio S, et al. Keio J Med 1959, 8, 247-266

2. Nilsson I-M, Blombéck M, Ramgren O. Acta Med
Scand 1961, 170, 665

3. Okamoto S, Okamoto U. Keio J Med 1962, 11,
105-115

4. Okamoto S, Sato S, Takada Y, Okamoto U. Keio
J Med 1964, 13, 177-185

5. Melander B, Gliniecki G, Granstrand B, Hanshoff
G. Acta Pharmacol 1965, 22, 340-352

6. Dubber AHC, McNicol GP, Douglas AS, Melander
B. Lancet 1964, 2, 1317-1319

7. Dubber ACH, McNicol GP, Douglas AS. Br J
Haematol 1965, 11, 237-245

8. Andersson L, Nilsson I-M, Niléhn J-E, Hedner U,
Granstrand B, Melander B. Scand J Haematol 1965,
2, 230-247

9. Andersson L, Nilsson I-M, Colleen S, Granstrand
B, Melander B. Ann NY Acad Sci 1968, 146, 642—
658

10. Vessman J, Stromberg S. Anal Chem 1977, 49, 369—
373

11. Wallén P, Wiman B. Biochim Biophys Acta 1972,
257, 122-134

12. Castellino FJ, Brockway WJ, Thomas JK, Liao H,
Rawitch AB. Biochemistry 1973, 12, 2787-2791

13. Thorsen S, Miillertz S. Scand J Clin Lab Invest
1974, 34, 167-176

14. Markus G, Priore RL, Wissler FC. ] Biol Chem
1979, 254, 1211-1216



16.
17.
18.
19.
20.
21
22.
23.
24

. Thorsen S. Biochim Biophys Acta 1975, 393, 55~

65

Hoylaerts M, Lijnen HR, Collen D. Biochim
Biophys Acta 1981, 673, 75-85

Landmann H. Thromb Diathes Haemorrh 1973, 29,
253-275

Iwamoto M. Thromb Diath Haemorrh 1975, 33,
573-585

Kaller H. Naunyn Schmiedebergs Arch Pharmacol
1967, 256, 160-168

Pilbrant /i, Schannong M, Vessman J. Eur J Clin
Pharmacol 1981, 20, 65-72

Widlund L, Strémberg S. Data on file, Kabi Vitrum
AB, Stockholm, Sweden, 1979

Kullander S, Nilsson I-M. Acta Obstet Gynecol
Scand 1970, 49, 241-242

Walzman M, Bonnar J. Arch Toxicol 1982(suppl
5): 214-220

Eriksson O, et al. Data on file, Kabi Vitrum AB,
Stockholm, Sweden, 1971

Clinical Pharmacology of Tranexamic Acid 25

25.

26.

27.
28.

29.

30.
31.

32.

Liedholm P, Astedt B. Fertil Steril 1973, 24, 517-
520

Nilsson I-M, Bergentz S-E, Wiklander O, Hedner
U. Ann Surg 1975, 182, 677-682

Poller L. J Clin Pathol 1979, 33, 63-67

Ekvirn S, Johansson H-E, Jonsson M, Lindquist N-
G, Narfstrom K. KabiVitrum, Stockholm, 1979.
Re-evaluation of tranexamic acid induced reti-
notoxicity in dogs. (Kabi Scientific Report 79 99
914)

Johansson H-E. Re-evaluation of tranexamic acid
induced retinotoxicity in dogs. An electron micro-
scopical investigation of the retinal atrophy. Kabi-
Vitrum, Stockholm, 1979. (Kabi Technical Report
79 98 114)

Theil PL. Acta Ophthalmol 1981, 59, 237-241
Astedt B, Nilsson I-M, Hedner U. Lakartidningen
1981, 78, 2914-2915

Astedt B, Liedholm P, Wingerup L. Ann Chir
Gynaecol 1978, 67, 203-205



