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Use of franexamic acid in melasma

Tranexamic acid (TA) is an old drug used for a long time to treat or prevent excessive blood loss. In the beginning of the
1950s it was discovered that the amino acid lysine was able to inhibit activation of plasminogen, but the effect was too
weak to be a candidate for the treatment of fibrinolytic haemorrhagic conditions. The first mention of TA in dermatology
was in 1979 in actinic prurigo, with good results. Later it was demonstrated in vitro that TA was able to block melanogenesis.
During the 2010’s more and more trials were published, assessing its efficacy in melasma, but also in erythrotelangiectasic
rosacea.

First, systemic TA was prescribed, but soon, because of the rare but severe complications susceptible of occurring, topical
way was tested, giving similar results without risk of side effects. The particular interest of TA in the management of
melasma is due to that it displays an activity at various levels.

First, TA was shown to downregulate the activity of mast cells and consequently the release of histamine. Following the
review of the currently available literature concerning the use of TA in melasma, it appears that this active ingredient
permits achieving a good efficacy in this indication where there is no satisfactory therapy, with minor side effects. There
are mainly three modalities of treatment of melasma with TA: oral administration and intradermal and topical applications.
From the literature reviewed, it appears that the best results can be achieved by intradermal administration of TA (4 mg/1
monthly) or topical 3 % TA (2/day).

At this stage, the limitations of the currently available data are double: first, most of studies are concerning Asian skin, and
secondly there is a lack of a large scale comparative study encompassing these three different ways of administration, which

could confirm (or not) our analysis of currently published data.
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ranexamic acid (TA) is an old drug used for a

long time to treat or prevent excessive blood
loss. The first mention of TA in dermatology was in
1979 in actinic prurigo, with good results.

Later it was demonstrated in vitro that TA was
able to block melanogenesis. During the 2010’s
more and more trials were published, assessing its
efficacy in melasma, but also in erythrotelangiecta-
sic rosacea. First, systemic TA was prescribed, but
soon, because of the rare but severe complications
susceptible of occurring, topical way was tested,
giving similar results without risk of side effects. In
this review we shall bring a summary of published
clinical trials using systemic or topical TA in melas-
ma and intend to compare the efficacy and safety of
both regimens. Mechanism of action of TA will also
be investigated.

INTRODUCTION

In the beginning of the 1950s it was discovered that
the amino acid lysine was able to inhibit activation

of plasminogen, but the effect was too weak to be a
candidate for the treatment of fibrinolytic haemor-
rhagic conditions [1]. In 1962 such a substance was
found: 4-aminomethyl-cyclohexane-carbonic acid
(AMCHA). This compound contains two stereoiso-
mers and Okamoto et al. [2] revealed that only the
trans-form was antifibrinolytic (trans-4 amino-
methylcyclohexanecarboxylic acid), and so trans-
AMCHA also named tranexamic acid (TA) was
born. Used since then to treat or prevent excessive
blood loss from major trauma, postpartum bleeding,
surgery, tooth removal, nosebleeds, and heavy men-
struation, TA is presented under oral form (usually
tablet), but also as intravenous injection. TA exerts
its anti-haemorrhagic effect by reversibly blocking
lysine binding sites on plasminogen molecule, thus
inhibiting plasminogen activator (PA) from con-
verting plasminogen to plasmin.

The first mention of TA in dermatology was in
1979. Lépez-Gonzalez et al. reported a very good
result by using oral TA in actinic prurigo [3]. Much
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later TA was again under study in dermatology in
1998, when Maeda et al. demonstrated in vitro that
TA was capable to block melanogenesis [3].

MELASMA AND ITS PATHOGENESIS

Melasma is a common cause of facial hyperpigmen-
tation affecting millions of individuals worldwide.
Exposure to sunlight, oral contraceptives and
pregnancy may exacerbate melasma.

Treatment includes topical depigmenting agents,
chemical peels, laser and energy devices.

Genetic factors, UV exposure, and a role of
female sex hormones were classically described as
causes of melasma. However, the accumulated
knowledge to date has revealed that melasma was
not merely an hyperpigmentary disorder, but more
likely a specific entity, involving many more cells
than melanocytes alone. Transcriptional analysis
showed that various dermal components are
involved in melasma. For instance, the Wnt signal-
ling modulators secreted from fibroblasts are upreg-
ulated in lesional melasma skin compared with
perilesional skin [4]. The expression of Wnt inhibi-
tory factor-1 (WIF-1) gene, expressed by skin
keratinocytes and fibroblasts, was shown to be
significantly reduced in the hyperpigmented skin
from melasma patients, but not in healthy controls,
stimulating melanogenesis and melanosome trans-
fer through the upregulation of both canonical and
non-canonical Wnt signalling pathway [5]. Periodic
acid-Schiff stain and anti-collagen type IV showed
damage on the basal membrane in 95.5 and 83 %,
respectively, in melasma lesions [6]. Thus, disrupted
basal membrane can promote the descent of mela-
nocytes and melanin into the dermis, which would
appear as free melanin in the dermis. The number of
blood vessels, vessel size and vessel density are
greater in lesional melasma skin than in perile-
sional skin [7]. In the same work, it was also
assessed that the expression of Vascular Endothelial
Growth Factor (VEGF) was increased in melasma,
making VEGF a major angiogenic factor for altered
vessels in melasma. On the other hand, Endothelin-1
(ET-1) released from endothelial cells stimulates
the pigmentation through endothelin receptor B
activation at the surface of the melanocytes [8]. An
increase in the number of mast cells has been
observed more frequently in lesional melasma skin
than in perilesional skin [6].

A release of histamine from mast cells in response
to UV irradiation has been demonstrated to stimu-
late melanogenesis, which is mediated by Hs recep-
tors via protein kinase A activation [9]. In summary,
further to melanocytes, in melasma various cell lines
are involved: keratinocytes, fibroblasts, endothelial
cells and mast cells, whilst the basal membrane is

disrupted. This makes melasma a specific entity, dif-
ferent from any other hyperpigmentary disorder.

MECHANISM OF ACTION
OF TA IN MELASMA

The particular interest of TA in the management of
melasma is due to that it displays an activity at various
levels. First, TA was shown to downregulate the activ-
ity of mast cells and consequently the release of hista-
mine [10, 11]. TA also directly inhibits melanogenesis
through suppressing the expression of prohormone
convertase (PC2) and a-melanocyte stimulating hor-
mone (o-MSH) [12]. On the other hand, TA reduces
the number of blood vessels in dermis, and inhibits
neovascularization induced by basic fibroblast growth
factor [13, 14]. Finally, TA reduces VEGF levels by
downregulating the activity of mast cells [15].
Figure summarizes the multifactorial mecha-
nism of action of tranexamic acid on melasma.

Use of injections of TA
in the treatment of melasma

Amazingly, the first two reports of use of TA for the
treatment of melasma [16, 17] were with intrader-
mal injections; in the second one [17] the results of
this protocol were compared with 3% topical TA
2 bid. In total, seven studies [16, 22] were published
using injectable TA for the treatment of melasma;
they are listed in Table 1.

Analysis of results

The studies include 485 patients in total. There is a
perfect homogeneity in the criteria of evaluation
(MASTI in all studies). There is also a good homo-
geneity in the protocol (4 mg/ml monthly except in
Lee et al. [16] and Steiner et al. [17] where the
application is on a weekly base.

Based on the five studies [18—22] in which the
protocol of application is on a monthly base, the
improvement of melasma is ranging between 35.7
and 80.7 % and taking into account the number of
patients in each study, the average improvement
of melasma reaches 64.9 %.

Weekly application of 4 mg/ml [16, 17] appears
not giving better results than monthly application,
all the contrary.

This protocol combined with one daily applica-
tion of HQ 4% is giving better results than the
protocol alone [21]. In comparative studies, the
protocol brings a similar or even better improve-
ment to melasma than oral TA 500 mg/day [19, 22]
or topical application of HQ 2 % once per day [20].

Side effects

Reported side effects along these studies are
summarized in Table 2. Globally, there were no side
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Figure. Mechanism of action of tranexamic acid on melasma

Table 1. Published studies with use of infradermal TA in melasma

Authors/year Patients (n) Treatment Results (%)
Lee, 2005 [16] 100 4 mg/ml weekly — 3 months MASTI: 42.7
Steiner, 2009 [17] 9 4 mg/ml weekly — 3 months MAST: 36.0
Budamakuntla, 2013 [18] 30 4 mg/ml monthly — 3 months MASI: 35.7
Sharma, 2017 [19] 100 4 mg/ml monthly vs. 500 mg/day — 3 months hﬁﬁf&fé?;&
Saki, 2017 [20] 37 4 mg/ml vs. HQ 2 % 1/day — 3 months MAST 1807
Tehranchinia, 2018 [21] 55 4 mg/ml monthly vs. 4 mg/ml + HQ 4 % 1/day — 3 months Mﬁ% é ég?

0.
MASI 1: 57.5
Khurana, 2019 [22] 64 4 mg/ml monthly vs. 500 mg/day — 3 months MASI 2: 435

Table 2. Summary of side effects observed when using injectable TA in the treatment of melasma

Authors/year Treatment Observed side effects
Lee, 2005 [16] 4 mg/ml weekly — 3 months No side effect was observed
Steiner, 2009 [17] 4 mg/ml weekly — 3 months Minimal, well-tolerated side effects
Budamakuntla, No major side effect apart from mild discomfort,
2013 [18] 4 mg/ml monthly — 3 months burning sensation, and erythema were observed
- Injection site pain, which did not warrant

Sharma, 2017 [19] 4 mg/ml monthly vs. 500 mg/day —3 months discontinuation of treatment
Saki, 2017 [20] 4 mg/ml vs. HQ 2 % 1/day —3 months Not mentioned

- 4 mg/ml monthly vs. 4mg/ml + Pruritus at the site of injection was noted
Tehranchinia, 2018 [21] +HQ 4 % 1/day — 3 months in a few patients
Khurana, 2019 [22] 4 mg/ml monthly vs. 500 mg/day — 3 months No major side effect was noted
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Table 3. Summary of published clinical trials with TA in melasma

Author/year Patients (n) Treatment Results (%)
Melanin index 4
Na, 2012 [23] 22 750 mg/day — 2 months Erythema index 6.2
Epidermal pig. index 19
Excellent 10.8
Wu, 2012 [24] 74 500 mg/day — 6 months Good 1
Poor 4.1
Karn, 2012 [25] 200 500 mg/day — 3 months MASTI: 29.2
. X Marked improvement 68.6
Li, 2014 [26] 35 500 mg/day — 3 months Moderate improvement 31.4
. 500 mg/day + depigmenting trio vs. MASI 1: 54.6

Padhi, 2015 [27] 40 depigmenting trio alone — 2 months MASI 2: 88
Tan, 2016 [28] 25 500 mg/day — 3 months MASTI: 69.3
Lee, 2016 [29] 561 500 mg/day — 4 months Improvement 89.7
Del Rosario, 39 500 mg/day — 3 months MAST: 49
2018 [30] g/day :
Colferai, 2018 [31] 37 500 mg/day — 3 months MASI: 48.3

500 mg/day — 2 months MASI: 60.9
Zhu, 2019 [32] 72 1000 mg/day — 2 months MASL: 65.7

1500 mg/day — 2 months MASI: 75-8

effects, or minimal, well-tolerated ones such as
discomfort, or pain or pruritus at the site of injection
which did not oblige to discontinue the treatment.

Use of oral ta in the treatment of melasma

Published clinical trials with oral TA in melasma
are summarized in Table 3.

Analysis of results

The number of patients treated in the reviewed
trials is quite high: 1105 patients in total.

The dose of TA taken by the subjects is quite
homogenous: 500 mg/day in all studies except
Naet al. [23]. In one study [27] this oral intake of TA
was associated with a depigmenting trio (vs. depig-
menting trio alone). Zhu et al. [32] performed the
first dose/effect study, showing that the efficacy of
oral TA in melasma appears to be dose dependent.

The criteria of evaluation are not homogenous:
MASI in 6 studies and evaluation of improvement
in 3 studies.

In the five trials strictly comparable [25, 28—32]
the percentage of improvement of MASI is ranking
between 29.2 and 69.3% with an average value,
taking into account the number of patients in each
trial, of 39.2 %.

Reviewing the three studies [24, 26, 29] where
the criteria of evaluation was the doctor’s evalua-
tion, it appears that the treatment with 500 mg

daily TA appears to improve melasma in around
90 % of patients.

Side effects

It appears from the available published reports
(Table 4) that the tolerability of treatment is good,
with a few non-severe and transient side effects
(most often gastrointestinal discomfort and decrea-
sed menstruation). However, serious side effects
must not be discarded when prescribing oral TA.

USE OF TOPICAL TA
IN THE TREATMENT OF MELASMA

Published clinical trials with topical TA in melasma
are summarized in Table 5.

Analysis of results

As regards the criteria of evaluation, all the men-
tioned studies are based on a unique criterion:
MASI score. There is a good homogeneity in the
duration of treatment: 3 months for all trials except
[40]. We can observe that the investigators used
different concentrations of topical TA, ranging
from 2 to 5%. Interestingly, most studies are
comparative studies, vs. HQ 2% [38], 3% HQ [39]
or combined with 0.01% dexamethasone [34] or
4% HQ [35].

One study [40] is comparing 3% TA with 20%
azelaic acid, both in combination with 250 mg oral
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Table 4. Side effects reported when using oral tranexamic acid in melasma

Author/year

Treatment

Observed side effects

Na, 2012 [23]

750 mg/day — 2 months

Non mentioned

W, 2012 [24]

500 mg/day — 6 months

Gastrointestinal discomfort (5.4 %)
Hypomenorrhea (8.1 %)

Karn, 2012 [25]

500 mg/day — 3 months

Non mentioned

Li, 2014 [26]

500 mg/day — 3 months

No serious adverse effects documented

Padhi, 2015 [27]

500 mg/day + depigmenting trio vs.
depigmenting trio alone — 2 months

Systemic side effects including ophtalmological side
effects were not observed in any patient

Tan, 2016 [28]

500 mg/day — 3 months

No side-effects, including gastro-intestinal and menstrual
irregularities, were reported during the treatment

Lee, 2016 [29] 500 mg/day — 4 months

Adverse events occurred in 40 patients (7.1 %). Most
were transient, but one developed deep vein thrombosis
requiring prompt discontinuation

Del Rosario, 2018 [30] 500 mg/day — 3 months

No adverse events were noted

Colferai, 2018 [31] 500 mg/day — 3 months

No patient had severe side effects

500 mg/day — 2 months
1000 mg/day — 2 months

Zhu, 2019 [32]
1500 mg/day — 2 months

Side effects included mild stomach upset
and decreased menstruation

Table 5. Published studies with topical TA in melasma

Authors/year Patients (n) Treatment Results (%)
Steiner, 2009 [17] 9 3 % TA 2/day — 3 months MAST: 36.0
Kanechorn, 2012 [33] 21 5% TA 2/day — 3 months MASTI: 59.4
. 3% TA MASI 1: 66
Ebrahimi, 2014 [34] 30 us 3 % HQ +0.001 % Dexamethasone 2/day — 3 months MASI 2: 64.5
. : 5% TA MASI 1:47.8
Banihashemi, 2015 [35] 30 vs. 4 % HQ 2/day —3 months MASI 2: 46.1
Chung, 2016 [36] 13 2 % TA 2/day — 3 months MASI: 75.4
Kim, 2016 [37] 23 2 % TA 2/day — 3 months MASI: 33.6
) 5% TA MASI 1: 63.2
Atefi, 2017 [38] 60 vs. 2 % HQ 2/day — 3 months MASI 2: 64
R 5% TA MASI 1: 27
Janney, 2019 [39] 100 vs.3 % HQ 1/day — 3 months MASI 2: 6.7
. 3% TA 2/day+ TA 250 mg/day 20 % azelaic acid 2/day MASI 1: 58
Malik, 2019 [40] 100 * TA 250 mg/day — 6 months MASI 2: 50

TA daily and another trial is comparing 3 % TA with
TA microneedling [17].

The total number of volunteers was 397 taking
all the trials together.

5% TA was the most commonly used concentra-
tion, in 4 studies [33, 35, 38, 39].

These four studies include a total of 211 patients.
The reduction of MASI was ranging between 27 and
63.2 % with an average reduction, taking into account
the number of patients in each study, of 43.5 %.

5% TA application was giving similar results as
2% HQ [38], 3% HQ [34] or 4% HQ [37].

On the contrary, 5% TA applications were giv-
ing better results than 20 % azelaic acid [36].

With 3% TA applications, reductions in MASI
were observed as ranging from 36 to 66 % [30, 37]
with an average reduction, taking into account the
number of patients in each study, of 56.1% with
topical application alone vs. 58 % when applied in
combination with oral therapy [36].
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Table 6. Side effects reported with topical TA

Authors/year Treatment

Observed side effects

Steiner, 2009 [17]

3% TA 2/day — 3 months

Minimal, well-tolerated side effects

Kanechorn, 2012 [33]

5% TA 2/day — 3 months

Erythema was significant on the TA-applied site

Ebrahimi, 2014 [34]
3 months

3% TA
vs 3 % HQ +0.001 % Dexamethasone 2/day —

Erythema, skin irritation, xerosis, and scaling
were the side effects of TA. No serious
complaints were seen with TA

Banihashemi, 2015 [35]

5% TA vs. 4% HQ 2/day — 3 months

No serious adverse events occurred with TA

Chung, 2016 [36]

2 % TA 2/day — 3 months

No serious adverse effects were observed

Kim, 2016 [37]

2 % TA 2/day — 3 months

The topical formulation used was not an irritant,
and there were no specific adverse events

Atefi, 2017 [38]

5% TA vs. 2 % HQ 2/day — 3 months

No side effect was revealed

Janney, 2019 [39]

5% TAvs. 3% HQ 1/day — 3 months

Patient satisfaction score was higher in TA group
in view of lesser side effects

Malik, 2019 [40]

3% TA 2/day+ TA 250 mg/day 20 % azelaic
acid 2/day + + TA 250 mg/day — 6 months

No report of side effect

Table 7. Comparison of results of TA on melasma depending on the way of administration

Way of administration

Results (Decrease in MASI score), %

Oral administration

TA 500 mg/day

Mean 39.2 (29.2—69.3)

Intradermal administration

4 mg/ml (0.4 %) monthly

Mean 64.9 (35.7—80.7)

Topical administration

2 % TA 2/day Mean 48.7 (33.6—75.4)
3 % TA 2/day Mean 56.1
5% TA 2/day Mean 43.5 (27—63.2)

Results with 3% TA applications were giving
slightly better results than those with 3% HQ +
+0.001 % Dexamethasone [30].

Results with 2% TA were reported in 2 studies
and ranging between 33.6 % and 75.4 % with a mean
value of reduction of MASI taking into account
both studies of 48.7 %.

Comparing the results obtained with these three
concentrations, the mean reduction of MASI was
48.7% with 2% TA, 56.1 % with 3% TA and 43.5%
with 5% TA. It appears clearly that 3% TA is the
best concentration when using topical TA in the
treatment of melasma.

Side effects

Globally, topical application of TA shows a very
good tolerability (see Table 6).

In conclusion, this modality of treatment of
melasma appears to be safe and without occurrence
of side effects.

COMPARISON OF THE EFFICACY
OF TA ON MELASMA ACCORDING
TO THE WAY OF ADMINISTRATION

As we could observe from previous chapters, there
are mainly three way of administration for TA in
melasma: the oral one, the intradermal and the
topical one.

Table 7 reflects a comparison between the results
of treatment by each way of administration. As we
can see, the best results can be achieved by intra-
dermal administration of TA (4 mg/ml monthly) or
topical 3% TA (2/day).
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Conclusions

Following the review of the currently available
literature concerning the use of TA in melasma, it
appears that this active ingredient permits achieving
a good efficacy in this indication where there is no
satisfactory therapy, with minor side effects.

There are mainly three modalities of treatment
of melasma with TA: oral administration and intra-
dermal and topical applications.
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K. AiA

Yuisepcumem [yrvervmo Maproni, Pum, Imanis

3ACTOCYBAHHS TPAHEKCAMOBOI KUCAOTU Y AiKYBAHHI MEAQ3MU

Tpanexkcamosa kuciora (TK) — gaBHo Biomuil penapar, sKuii Bjke TPUBAJIMIA Yac BUKOPUCTOBYIOTH JIJIs JIIKYBaHHS abo
3anobiranus HagMipHOI KpoBoBTpaTu. Ha moyarky 1950-x pokiB GyJi0 BCTAHOBJIEHO, 110 aMiHOKUCJIOTA JIi3UH MA€ 3/[aTHICTh
IHriGyBaTH aKTHBAILIO MJIa3MiHOTEHY, ajie el eekT OYB 3aHaATO CAAOKUM It TOTO, 11100 3aCTOCOBYBATH ii y JIiKyBaHHI
hibpuHOMITHYHUX reMopariynux cranis. Ilepra sragka mpo s3acrocysanus TK y mepmatosorii gatosana 1979 p.: Bona
MoKasaJsia XOpPOIKiA Pe3yJIbraT y JiKyBaHHI aKTHHIYHOIO NPYPUT0. Y TOAAJIBIINX AOCIKEHHIX in 0itro GyJI0 MPOIEMOH-
crpoBano, 1o TK mae 3patHicTs 610KkyBaT Mesanorenes. [Iporsirom 2010 p. Gysu omy6siikoBaHi pesyJibTaTi HUSKHU J0CIi-
JoKeHb 3 o1iaku epextrBHOCTI TK y slikyBanHI MesiaHOZEPMIi Ta €PUTEMATO3HO-TEJICAHTIEKTATUYHOI po3aliea.

CriouaTKy I11ei penapar IpUsHaYagnd CUCTEMHO, ajie 3TOJI0M Yepe3 MOKJIMBI PIAKICHI, ajie cepito3Hi yCKIaHeHHs BiH OyB
[pOTeCTOBAHM JJIst MiciieBoro sactocyBatnst. Y npoMy pasi TK 3abesieuye anasoriuni pesynbrati JiKyBaHHs 6€3 pUSHKY
noGiunux edexri. Ocobmusmii inTepec 10 3acrocyBants TK y sikyBaHHI MeaHOAepMil 3yMOBJIEHUHI THM, 110 BOHA BUSIB-
JiI€ aKTUBHICTH Ha pi3HuX piBHAX. Hacammepesn TK mpurHitye akTHBHICTh OMACUCTHUX KIITHH i, IK HACIIOK, BUBITbHEHHS
ricraminy. Ha mizicraBi ysarajbHEeHHS JaHUX OIJISIY CY4acHOi JiitepaTypu oo 3actocyBanus TK npu mesnanonepmii
3'COBAHO, 1O 1eil aKTUBHUHN IHTpemieHT 3abe3nedye Xopoiny eQeKTUBHICTb y THX BUIAAKAX, KOJU HEMAaE 3aM0BiIbHOI
Teparii 3 He3HAUHUMU TTOOIYHIMU SIBUIIAMU.

[cHye Tpy OCHOBHUX c1I0cOOM JIIKyBaHHs MestaHoaepMil 3a gonomoroo TK: nepopasibHe i BHYTPILIHbOIIKIPHE BBEIEHHS Ta
MiCIleBe 3aCTOCYBaHHSI. 3a JJAHUMU TIPOAHATI30BAHOT JIiTepaTypu, HAHKPAIUX Pe3yJIbTaTiB Teparlii MOXKHA JIOCSTTH 32 JI0T0-
MOTOK0 BHYTpilHboLIKipHOTro BBeaeHHst TK (4 Mr/mur Ha Micsip) abo miciieBoro sacrocyBantst 3 % TK (aBiui Ha geHb).
Ha cyuacromy erari goctynni gani npo sacrocysantst TK € 0OMeskeHUME 3 IBOX MPUYNH: TIO-TIEPIIe, OIIBIIICTD JOCI KEHD
MPOBEJEHO 3a yUacTi MPeJCTaBHUKIB HapoAiB Asii; mo-apyre, HeMae MacITabOHOrO AOCIIKEHH S, B IKOMY IILJISIXOM MOPIiB-
HSIJIBHOTO aHauli3y OliHMIM 6 eheKTUBHICTD X TPhOX PIHUX CIIOCOOIB YBEIEHHSs Iperapary, o Aaio 6 3Mory miarsep-
aute (ab0 He IiATBEPANTH ) Halll aHAJII3 JAaHUX CyYaCHUX MyOJiKaIliil.

Kiouosi ciioBa: TpanekcamMoBa KHCJIOTa, MeJIa3Ma, MeJIaHOTeHe3, IKipa.

K. AMA

Ynusepcumem Iynvenvmo Mapxonu, Pum, Umanus

/ICNOAbL30BOHME TpOHGI(CCIMOBOI?I KNCAOTbI B AeHEeHNN MEAQ3MbI

Tpanexcamosas kucsiora (TK) — maBHo naBecTHbIH perapat, KOTOPBIT Ha TPOTSIKEHNU ITTUTETBHOTO BDEMEHH UCTIOJb3Y -
ercsi JUIsI JiedeH sl MM TPeOTBPAIeHnsT Ype3MepHoil KpoBoniotepr. B nadasme 1950-X rofoB OBLIO yCTaHOBJIEHO, YTO
aMUHOKHUCJIOTA JIM3MH UMEET CBOMCTBO MHIMOUPOBATh aKTHBAIIMIO IJIa3MUHOTEHa, HO 9TOT 9((eKT ObLI CUIIKOM CJ1abbiM
JUISI TOTO, YTOOBI HCIIOJIB30BATD €€ /ISt JiedeHusT (PHOPHHOTUTHYECKUX FeMOPpAriYecKuX cocrostauii. [TlepBoe yromuHamme
o npumenenun TK B gepmarosornn patupoano 1979 r.: ona nokasana XOpOUIMii Pe3yJbTaT B JICUCHUH aKTHHIHYECKOTO
npypuro. B mocieayiomux uccaenoBanusax in vitro 6b110 pogeMoHcTpupoBano, uto TK uMeer ¢BOHCTBO GJOKUPOBATDH
Mmesanorenes. B reuerne 2010 1. 6bun OmyGIMKOBAHBI PE3YJIBTATHI [[EJIOTO Psijla UCCIIEOBAHNUIL, B KOTOPBIX TIPOBEIEHA
otenka adgdexrnsroctn TK npu MesanozepMun 1 9pruTEeMaTO3HO-TEJICAHTUIKTATHUECKOI po3ariea.
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Cuauasia mpenapar Ha3Ha4aJIcst CHCTEMHO, HO BCKOPE 13-32 BOBMOKHBIX PEJIKUX, HO CEPhE3HBIX OCJIOKHEHHIT OH ObLI IPO-
TECTUPOBAH JIUIsI MECTHOTO MpuMeHeHwst. B atom ciydae TK obecrieunBaer aHaIOrHYHbIe Pe3yJIbraThl Je4eHus 6e3 PUcKa
no6ounbix adexro. Ocodblii uHTEpec K ucnosb3oBanno TK B eueHnn MesaHogepMun 00yCJIOBJIEH TEM, YTO OHA TPO-
SIBJISIET aKTHMBHOCTD HA Pa3HbIX yPoBHsiX. B nepByto ouepens TK 1moaBIisier ak THBHOCTD TYUHBIX KJIETOK U, CJIE[OBATENBHO,
BbICBOOOKIeHKE ructaMuia. Ha ocHoBaHuu 00001IeHYsI IaHHBIX 0030pa COBPEMEHHON JIMTEPATYPbI, KACAOIIENUCs IPU-
menenusi TK 1pu mesanomepmun, ObLIO BBISICHEHO, YTO HTOT AKTHBHBIA WHIPEJUEHT T03BOJSIET JOCTUYL BBICOKOIL
G GEKTUBHOCTU B CJIydae OTCYTCTBUSI YAOBJICTBOPUTENBHOI TEPAUN ¢ HE3HAYUTEIbHBIMU MOGOUHBIME d(hheKTaMH.

CyIecTBYIOT TPH OCHOBHBIX C110c006a JIedeH st MeJlaHoiepMun ¢ oMoribio TK: mepopanbaoe 1 BHYTPHKOKHOE BBEIEHHE,
a Takke MectHoe npuMeneHue. CoriacHo IaHHBIX TPOAHATU3NPOBAHHON JIMTEPATYPBI, HAWIYUIIUX PE3YJIbTATOB TePAITIN
MOJKHO JIOCTHYb 1IPU BHYTPpUKO:KHOM BBestleHnn TK (4 Mr/mut B Mecsiit) wium 1ipu MectHoM nipuMenennn 3 % TK (2 pasza
B JIEHb ).

Ha coBpemeHHOM 3Talie IOCTYIHBIE AaHHBIE 06 UCNOJb30BaHMKU TK SABJISIOTCS OrpaHUYEHHBIMU 10 JBYM MPUYUHAM:
BO-TIEPBBIX, GOJBUIMHCTBO UCCICAOBAHUN IPOBOAMIIKCH [IPU YUACTUU TIPEACTAaBUTEICH HAPOZOB A3UH; BO-BTOPBIX, OTCYT-
CTBYeT MaciuTabHOe UCCIIEI0BAHUE, B KOTOPOM IIyTeM CPABHUTEJIBHOIO aHAJM3a OLeHUIU Obl 9(DPEKTUBHOCTD 3TUX TPEX
Pa3JIMUYHBIX CIIOCOOOB BBEJIEHUS MIPEIapaTa, YTo MO3BOJIMIIO Obl TOATBEPAUTD (MJIU He TIOATBEPAUTD) HAIl AHAJIM3 TaHHBIX
COBPEMEHHBIX ITyOIMKAIIH.

Kmouessle cioBa: TpaHeKCaMOBas KHCJI0Ta, MeJjladMa, MeJIaHOTeHe3, KOJKa.
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