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Zhao and Lu: Synthesis and DNA-binding Property of TA Derivatives
Tranexamic acid derivatives modified by amino acids, i.e. tranexamic acid-His, tranexamic acid-Leu-His,
tranexamic acid-Glu-Phe, tranexamic acid-Glu-Lys, tranexamic acid-Ser-Tyrand, tranexamic acid-Ser-Phe,
were synthesized by Fmoc solid-phase peptide synthesis, purified by reversed-phase high performance liquid
chromatography and characterized by 1H and electrospray ionisation mass spectrometry. The interactions
of tranexamic acid and derivatives with calf thymus DNA were preliminarily investigated by ultravioletvisible absorption spectroscopy. The adsorption spectra of calf thymus DNA show a hypochromic effect,
indicating that tranexamic acid and derivative scan interact with calf thymus DNA through a mixture mode
of groove-binding and electrostatic interaction. The higher affinity of tranexamic acid derivatives for calf
thymus DNA compared with free tranexamic acid indicates that the side chains of amino acid residues
helped form a special surrounding and spatial structure to interact with calf thymus DNA. The stronger
interaction of tranexamic acid derivatives with calf thymus DNA suggested that the modified tranexamic
acid probably had significant practical value and should be further studied.
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Tranexamic acid (TA) is often used for excessive
bleeding by competitively inhibiting the activation of
plasminogen to plasmin, a molecule responsible for
the degradation of fibrin[1]. However, TA undergoes
ionization in physiologic environments; its oral
bioavailability is expected to be low due to inefficient
absorption through membranes. There is a necessity
to design and synthesize more lipophilic TA prodrugs.
These prodrugs can provide the patent drug in a
sustained release manner which might result in better
clinical outcome, more convenient dosing regimens and
less side effects than the original medication[2]. Many
recent studies have focused on improving the stability,
absorption and potency by peptidyl modification based
on the peptide transporter system of mammalians,
which can mediate the absorption of peptidyl drugs
with amide bonds[3-5]. Tyrosine and histidine, have
special functions for phenol and imidazole side chains
in medicines, metalloproteins and specific enzymes by
common coordinating ligands in vivo, aside from being
protein frame. Glutamine, lysine, serine, phenylalanine
and leucine are usually used as components of proteins
to form a specific electrostatic and hydrophobic
environment. Thus, tranexamic acid derivatives

modified by amino acids, i.e. TA-His (1), TA-LeuHis (2), TA-Glu-Phe (3), TA-Glu-Lys (4), TA-Ser-Tyr
(5) and TA-Ser-Phe (6) were efficiently synthesized
in this study through solid-phase peptide synthesis
and characterized by electrospray ionisation mass
spectrometry (ESI-MS) and proton nuclear magnetic
resonance (1H NMR). Preliminary studies on DNAbinding properties of derivatives using ultraviolet (UV)
absorption spectroscopy are described.
Tranexamic acid, trifluoroacetic acid (TFA) and
calf thymus DNA (ctDNA) were purchased from
Sigma Co., Ltd. (Shanghai, China). Acetonitrile
and methanol were purchased from Tianji Siyou
Fine Chemicals Company (Tianjin, China). FmocTyr(tBu)-Wang resin, Fmoc-His(Trt)-Wang resin,
Fmoc-Phe-Wang
resin,
Fmoc-Lys(Boc)-Wang
resin, Fmoc-Ser(tBu)-OH, Fmoc-Leu-OH, FmocThis is an open access article distributed under terms of the Creative
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Glu(tBu)-OH, Fmoc-Osu, N,N-diisopropylethylamine
(DIEA), 1-hydroxybenzotriazolehydrate (HOBT),
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HBTU) were purchased from
GL Biochem Ltd. (Shanghai, China). Piperidine and
triisopropylsilane (TIS) were purchased from Shanghai
Crystal Pure Reagent Co. Ltd. (Shanghai, China),
whereas ninhydrin, dimethylformamide (DMF),
1,4-dioxane and Na2CO3 were purchased form Tianjin
Kemiou Co., Ltd. (Tianjin, China).
The synthesis process of 2 is shown in fig. 1 and
detailed as follows[6]. Firstly TA was modified by Fmoc
to Fmoc-TA[7-9]. 1,4-dioxane (20 ml) containing FmocOSu (3.18 mmol) was added in 20 ml 10% Na2CO3
solution dissolved transamin 0.5 g (3.18 mmol) in the
ice bath, and was stirred for 18 h at room temperature.
The reaction solution was diluted with water, and
extracted with 50 ml ether twice; the aqueous phase
was acidified with HCl to pH 2.0 and cooled in an ice
bath. After adding 50 ml ethyl acetate to extract the
precipitate, the extraction was washed with water and
saturated aqueous sodium chloride and dried with
Na2SO4. The filtrate was concentrated under reduced
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pressure, crystallized by petroleum ether and filtered
to obtain solid Fmoc-TA. The Fmoc-TA was dried
(vacuum). Fmoc-His(Trt)-Wang Resin (0.35 mmol/g,
1.4286 g, 0.5 mmol) was placed in a peptide synthesis
vessel and treated with DMF (10 ml, 30 min), 20%
piperidine in DMF (10 ml, 5 min), 20% piperidine in
DMF (10 ml, 60 min). The Kaiser test was performed
at this point to identify the presence of free amine
available for coupling. The resin was washed with
CH3OH (3×8 ml, 5 min each) and DMF (3×8 ml, 5
min each). A coupling solution was prepared in a dried
50 ml round bottom flask by adding DIEA (0.413 ml)
to a DMF (5 ml) solution that contains Fmoc-Leu-OH
(0.365 g), HOBT (0.2714 g) and HBTU (0.7605 g) in
an ice bath. The coupling solution was added to the
peptide synthesis vessel containing the resin and the
reaction was allowed to proceed for 6 h. The resin was
washed with DMF (8×7.5 ml, 2 min each). After the
Kaiser test showed full coupling, a coupling solution
was prepared by adding DIEA (0.413 ml) to a DMF
(5 ml) solution that contains Fmoc-TA (0.3522 g),
HOBT (0.2714 g) and HBTU (0.7605 g) in an ice bath.
This solution was added in the synthesis vessel and
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Fig. 1: Synthesis of TA-Leu-His.
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the reaction was allowed to proceed for 6 h. The resin
was then washed with CH3OH (3×8 ml, 5 min each),
and DMF (3×8 ml, 5 min each). The protective group
in the coupled compound was removed by mixing
with 20% piperidine in DMF (10 ml, 5 min) and 20%
piperidine in DMF (10 ml, 60 min) and washing with
CH3OH (3×8 ml, 5 min each) and DMF (3×8 ml, 5
min each). The cleavage of TA-Leu-His from the resin
was accomplished using a 10 ml solution of 95% TFA,
2.5% TIS and 2.5% water for 4 h. The syntheses of
other derivatives are different depending on the amino
acids used for coupling. The crude products were
obtained by precipitation in cold diethyl ether. Purified
derivatives were obtained via reversed phase high
performance liquid chromatography (RP-HPLC).
TA derivatives were analyzed and purified on an
Agilent C18 column (250×9.4 mm) with 5 μm silica
as a stationary phase. A gradient elution with eluent
A (water) and eluent B (acetonitrile) (30:70 v/v)
was used at a flow rate of 1.0 ml×min-1. 1H NMR
experiments were performed using a Bruker DPX-400
MHz instrument with TMS as the internal standard.
Mass spectra were analyzed on an Agilent Esquire
3000 mass spectrometer fitted with an ion spray source
working in positive ion mode and with methanol as the
solvent. UV/Vis absorption spectra were recorded in
a quartz cell (light path 10 mm) on a TU-1810 UV/
Vis spectrometer. The ctDNA solution (3 ml, 3.75×103
mol×l-1) was added to the colorimetric ware and
titrated with a specific volume of TA and derivatives
(3.75×10-2 mol×l-1). The background absorption from
all reagents was subtracted from the absorption spectra
by using a corresponding solution without ctDNA as
the reference solution.

C20H33N5O4: 407.4. Found: m/z 408.0. Compound 3, 1H
NMR (400 MHz, D2O): δ7.15 (m, 1H, =CH), 4.52-4.56
(m, 1H, -CH), 4.09-4.13 (m, 1H, -CH), 2.70-2.72 (d,
2H, -CH2), 1.17-1.26 (m, 2H, -CH2), 0.87-0.96 (m, 2H,
-CH2). ESI/MS: calcd for C22H31N3O6: 433.5. Found:
m/z 434.0. Compound 4, 1H NMR (400 MHz, D2O):
δ4.17-4.25 (m, 1H, -CH), 2.12-2.19 (m, 1H, -CH),
1.49-1.98 (m, 2H, -CH2), 1.23-1.36 (m, 2H, -CH2).
ESI/MS: calcd for C19H34N2O4: 414.5. Found: m/z
415.0. Compound 5, 1H NMR (400 MHz, D2O): δ6.686.72 (t, 1H, =CH), 6.98-7.03 (m, 1H, =CH), 4.19-4.27
(m, 1H, -CONH), 1.52-1.73 (m, 2H, -CH2), 1.16-1.26
(m, 2H, -CH2). ESI/MS: calcd for C20H29N3O7: 407.5.
Found: m/z 407.9. Compound 6, 1H NMR (400 MHz,
D2O): δ7.18-7.26 (m, 1H, =CH), 3.80-3.81 (d, 2H,
-CH2), 1.50-1.54 (m, 2H, -CH2) and 1.21-1.31 (m, 2H,
-CH2). ESI/MS: calcd for C20H29N3O6: 391.5. Found:
m/z 392.0.
When small molecules interact with the DNA, the
contraction and extension of the DNA molecule
usually induces hypochromicity in UV spectra of the
interaction system, and the explosion of DNA base pair
lead hyperchromicity[10-12]. Ultraviolet absorption at
260 nm of ctDNA showed a hypochromic effect with
increasing concentration of TA and derivatives and the
maximum absorption wavelength remained unchanged.
The hypochromism at maximum absorption wavelength
in UV spectra of TA and derivatives is shown in fig. 2.
The difference in hypochromism of TA derivatives
compared with that of free TA can be attributed to the
side chains of amino acid residues which lead to the
charge and spatial structure changes of derivatives,
and affect the interaction[13]. The hypochromism of 1

Tranexamic acid modifiers were synthesized by
solid phase peptide synthesis on Wang resin with
good yield (~80%) and then analyzed via RP-HPLC.
The final derivatives were isolated with high purity
(>95%) and characterized via 1H-NMR and ESI-MS.
The characterization results of TA derivatives are as
follows:
Compound 1, 1H NMR (400 MHz, D2O): δ8.53 (s,
1H, =CH), 7.20 (s, 1H, =CH), 3.05-3.10 (t, 1H, -CH),
2.70-2.80 (d, 2H, -CH2), 2.05-2.10 (s, 1H, -CH), 1.151.35 (m, 2H, -CH2), 0.90-1.15 (m, 2H, -CH2). ESI/
MS: calcd for C14H22N4O3: 294.2. Found: m/z 295.2.
Compound 2, 1H NMR (400 MHz, D2O): δ8.47-8.48 (d,
1H, -N=CH), 1.60-1.73 (m, 2H, -CH2), 1.31-1.54 (m,
2H, -CH2), 0.74-0.85 (m, 3H, -CH3). ESI/MS: calcd for
690

Fig. 2: Hypochromism of TA and derivatives on UV spectra
of ctDNA.
1: 1.00%, 2: 12.0%, 3: 101%, 4: 2.95%, 5: 3.92, 6: 2.04%.
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to ctDNA was the largest which might be attributed to
the imidazole of histidine residue, also the structure
of 1 was easier to embed into the ctDNA groove than
free TA[14,15]. The carboxyl of Glu, hydroxyl of Ser and
Tyr in the derivatives can be ionized at physiologic
condition, which enhances the electrostatic interaction
of derivatives with DNA phosphate backbone, thus
their hypochromism was increased by the interaction
between charges[16]. But the different hypochromisms
between 3 and 4, 1 and 2, 5 and 6 indicated that
the spatial structure, electrostatic and hydrophobic
environment are important to the interaction.
Six TA derivatives were synthesized by solid-phase
peptide synthesis with good yield. The preliminary
interaction between derivatives and ctDNA provided
valuable information in understanding the interaction
mode of modified drugs with DNA, and in exploring
the development of novel and highly effective peptidyl
drugs.
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