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ABSTRACT 
Background: Tranexamic acid is used to treat or prevent excessive 
blood loss. Moreover, tranexamic acid is reported to treat the UV light-
induced hyperpigmentation. Several tranexamic acid esters were 
approved to have topical skincare, however, tranexamic acid ethyl 
ester was not. In this work, a vehicle-controlled, double-blinded, and 
randomized clinical study was conducted for both tranexamic acid and 
its synthesized ethyl ester. 
Methods: a well-established protocol was adopted to synthesize 
ethyl-4-(Aminomethyl)Cyclohexanecarboxylate from tranexamic acid 
and ethanol. Three gel preparations were applied. These contained 
tranexamic acid, tranexamic acid ethyl ester, and vehicle (gel base). 
These three prepared gels were applied to thirty-six subjects of three 
equally-divided groups for thirty days’ period. 
Results: The synthesis shows 90% yield with purity > 99.7%. While 
the clinical findings were significant for both tranexamic acid (P = .01)  

 
and tranexamic acid ethyl ester (P < .001) whereas it was insignificant 
for the gel vehicle (P = .176). 
Conclusion: The authors concluded that both tranexamic acid and 
tranexamic acid ethyl ester topical gels are considered favourable 
choices to counteract facial hyperpigmentation. 
Keywords: Tranexamic acid gel, tranexamic acid ethyl ester gel, 
hyperpigmentation, skin whiteners. 
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INTRODUCTION 
Tranexamic acid is a lysine analogue (figure 1) which is used 

to treat or prevent excessive blood loss as tranexamic acid 

possesses an antiplasmin activity. Nevertheless, tranexamic 

acid has been proven to counteract the hyperpigmentation 

that is induced by UV light. This is due to that the tranexamic 

acid interferes with the plasminogen binding to keratinocytes 

which, in turn, decreases the activity of melanocyte tyrosinase 

resulting in arachidonic acid and eventually prostaglandins 

reduction. The latter are considered well-known 

inflammatory mediators that contribute in melanogenesis 

especially in the facial area which is considered a major 

participant in skin aged appearance (1-4). In the same 

context, melasma was reported to be improved when an 

intradermal localized dose of tranexamic acid was injected 

(5). Several tranexamic acid esters were approved to have 

topical skincare, however, tranexamic acid ethyl ester was not 

(6).  

In this work, the authors aim to seek and compare the effect 

of the reduction in facial pigmentation after treatment with 

both tranexamic acid and the synthesized tranexamic acid 

ethyl ester. 

 

 
Figure 1: The three dimensional chemical structure of tranexamic acid (C8H15NO2) (7) 

 

MATERIALS AND METHODS 

Chemicals and reagents 

Tranexamic acid was purchased from Haihang Industry 

(China). Thionyl chloride was obtained from CDH (India). 

Ethanol (HPLC grade), Diethyl ether (stabilized), Toluene, 

(A.R.), and Sodium hydroxide (pellets) were purchased from 

Himedia (India). Dermatologically tested transparent gel 

base was purchased from local pharmacy. 

 

 

mailto:zaid.alobaidi@uokerbala.edu.iq
mailto:zaid.alobaidi@uokerbala.edu.iq
http://dx.doi.org/10.5530/srp.2019.2.04


Zaid Mahdi Jaber Al – Obaidi et al / A Comparative, Randomized, Double – Binded, and Vehicle – Controlled Study for the 
Reduction in Facial Pigmentation after Treatment with Both Tranexamic Acid and Tranexamic Acid Ethyl Ester 

 

564                                                                            Systematic Review Pharmacy                                                  Vol 11, Issue 6, 2020 

Instrumentation 

The main instrument employed in this work was the portable 

colorimeter (WR-10QC) was purchased from ShenZhen 

Wave Optoelectronics Technology Co., Ltd., China. 

 

Chemistry 

To a solution of 1 mol (157.2 g) of tranexamic acid in 1L 

absolute ethanol at 50oC, 2 mol (238 g) of thionyl chloride 

was wisely dropped. Slight boiling of reaction mixture was 

noticed during the addition process. Thereafter, the reaction 

mixture was refluxed for 2 hours. Then, 1.5 mol (178.5 g) of 

thionyl chloride was carefully added and refluxed at the same 

temperature (50oC) for an extra 1 hour. The remnant solvent 

was distilled off and 75 ml of ethanol was added. The ethyl-4-

(Aminomethyl) Cyclohexanecarboxylate hydrochloride was 

precipitated with the addition of 600 ml of anhydrous ether. 

The precipitant was washed with additional 200 ml of 

anhydrous ether and was suspended in 500 ml of toluene. The 

later suspension was vigorously stirred for 30 minutes with 

130 ml of 40% of sodium hydroxide solution in water-ice bath 

at 0oC. The aqueous layer was removed and the toluene was 

evaporated under vacuum. After drying, white powder of 

ethyl-4-(Aminomethyl) Cyclohexanecarboxylate was 

obtained and the yield  was recorded as 90% (166.824 g) (8).  
1H NMR (500MHz) spectrum (CDCl3 4.10 q (2H, 

OCH2), 3.32 br. (2H, NH2), 2.61 d (2H, CH2N), 2.21 t.t (1H, 

CH), 2.02 m (2H, CH2), 1.88 d.d (2H, CH2), 1.42 m (3H, CH2 

+ CH), 1.24 t (3H, CH3), 0.97 m (2H, CH2). 

 

 

 
Scheme 1: The synthesis of ethyl-4-(Aminomethyl) Cyclohexanecarboxylate 

 

Gel preparations 

Sufficient quantities of three different types of gels were 

prepared; the first was blank. The second contains 636 mM 

(10% w/v) of tranexamic acid. Whereas, the third contains 

636 mM (11.8% w/v) of ethyl-4-

(Aminomethyl)Cyclohexanecarboxylate. 

 

Subjects 

Thirty-six adult volunteers aged 25 63 years with moderate 

to severe hyperpigmentation were enrolled. These subjects 

were equally and randomly divided into three groups. The 

first group received the tranexamic acid, the second group 

received the ethyl-4-(Aminomethyl) 

Cyclohexanecarboxylate, and lastly, the third group received 

the gel base (aka: vehicle control). All subjects were well-

informed about the research and the oral consent were 

confirmed with the employment of Helsinki Declaration. 

 

Study design 

This thirty-days randomized study was designed to be 

prospectively double-blinded vehicle-controlled study. 

Within the study period, the subjects were allowed to utilize 

their ordinary cosmetics as these products were not 

medicated and will not affect the results. 

All subjects received a container with 50 grams of the 

assigned gel. Each subject applied, at evening, 1-mL topical 

gel applied to the entire face area in daily basis from day-1 to 

day-30. 
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Assessment of safety and efficacy 

The safety was assessed to all subjects at the base-line, day-15, 

and day-30 of the study. The subjects were asked for any 

itching, redness, and/ or pain or any other proposed adverse 

effect. Whereas, the efficacy assessment was conducted 

employing a precise colour reader as a portable colorimeter 

and utilizing the observed L-values. 

 

Statistical analysis 

The statistical analyses were conducted with the employment 

of D'Agostino-Pearson omnibus (K2) utilizing two-tailed P 

value analysed with GraphPad Prism Software version 8.3.1 

(549) (GraphPad, LLC, California, USA). 

In all circumstances, the observed differences in data sets 

were statistically deemed significant when P < 0.05. 

This study was performed in the laboratory of 

Pharmaceutical Chemistry and Clinical Pharmacy at College 

of Pharmacy, Ahlulbait University, Karbala, Iraq from 13-

Nov-2019 to 15-Mar-2020. 

 

RESULTS 

The purity of the synthesized tranexamic acid ethyl ester was 

calculated relying on the weight deviation in the CHN 

elemental microanalyses. The calculated and the observed 

weights for carbon, hydrogen, and nitrogen atoms is revealed 

in table (1).  

 

Table 1: Reveals the elemental microanalyses for the synthesized tranexamic acid ethyl ester. 
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Sum  82.73 82.57 

% Deviation 0.21% 

 

The study was conducted with all the 36 subjects. None of the 

participated subjects withdrawn from the study for 

inconvenience regarding ineffectiveness or side effects. The 

facial pigmentation reduction after 30  treatment with 

the specified gels was plotted relying on the mean of the facial 

skin darkness versus time in days. This was performed with 

the aid of GraphPad Prism software version 8.3.1 (549) as 

shown in figure 2. 
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Figure 2: This figure shows the mean of the facial pigmentation reduction after 30-days treatment with tranexamic acid 

(TRANEXAMIC ACID) gel  ( ), TRANEXAMIC ACID-ethyl ester gel ( ), unmedicated gel ( ), in 

accordance to control ( ). 

 

In the tranexamic acid gel treated-group, the skin darkness 

relying on L-value were reduced (the skin lightening was 

increased) from the baseline (L-value = 61.05) to the end of 

day 30 (L-value = 57.64) and considered significant (P-value 

= .01). Moreover, in the tranexamic acid ethyl ester gel 

treated-group, the skin darkness relying on L-value showed 

greater reduction from the baseline (L-value = 59.12) to the 

end of day-30 (L-value = 55.33) and considered significant 

(P-value < .001). On the other hand, the unmedicated-gel (gel 

base vehicle only) treated-group, the skin darkness relying on 

L-value was not significantly changed from the baseline (L-

value = 54.78) to the end of day-30 (L-value = 54.13) and 

considered insignificant (P-value = .176). 

The three gel products were well-tolerated by all of the study 

subjects and none of the subjects encountered any 

considerable adverse effect. 

 

DISCUSSION 
It has been reported that the chemical synthesis of tranexamic 

acid ethyl ester (ethyl-4-(Aminomethyl) 

Cyclohexanecarboxylate)) gave a yield of 66% (9). However, 

in this work the yield is highly enhanced with fewer steps to 

reach 90% (shown in scheme 1) with typical proton NMR for 

structural elucidation and high purity (> 99.7%) as calculated 

from the CHN elemental microanalyses in which the % 

deviation (revealed in table 1). Basically, it is agreed to have 

an error to be less than 0.4% for the CHN elemental 

microanalyses (10). In this study, the synthesized tranexamic 

acid ethyl ester had a weight deviation of 0.21% which 

obviously, less than the given limitation of 0.4%. This 

indicates a high purity or low impurity contents. 

In fact, the global demand for safety and effectiveness in skin 

lightening agents has been increased 

skin lightening, hydroquinone, was banned in 2001 from 

cosmetic uses due to the reported adverse effects (11, 12). 

Accordingly, several alternatives have been proposed. For 

instance, it is commonly agreed that niacinamide, arbutin, 

azelaic acid, ascorbic acid, kojic acid, resveratrol, licorice, 

glutathione, soy, and tranexamic acid possess skin lightening 

effects (12-14). However, topical tranexamic acid showed 

significant results in a published clinical study (15). 

Nevertheless, reviewing the parameters affecting 

percutaneous absorption of drugs (16), tranexamic acid has 

few limitations to penetrate the skin layer mainly because of 

its highly polar structure (tPSA = 63.32), ionization (pKa 4.3), 

and low partition coefficient (logP = 0.49). The previously 

mentioned physicochemical properties of tranexamic acid 

can be enhanced via derivatization (16). This prodrug 

approach has been extensively explained (17-19). Being an 

advantage, in this study, the synthesis tranexamic acid 

derivative (i.e. (ethyl-4-(Aminomethyl) 

Cyclohexanecarboxylate)) showed enhanced the estimated 

physicochemical properties of tranexamic acid. For example, 

these physicochemical properties for the ethyl ester were 

estimated as follows; the topological polar surface area (tPSA 

= 52.32), the ionization constant (pKa 10.6), and the partition 

coefficient (logP = 1.09). This enhancement in 

physicochemical properties are confirmed with the 

significant enhancement in the clinical findings collected by 

this study (shown in figure 2). 

CONCLUSION 
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The researchers concluded that both tranexamic acid and 

tranexamic acid ethyl ester topical gels are considered 

favourable choices to fight skin hyperpigmentation. 

 

CONFLICT OF INTEREST 
The authors declare that there is no conflict of interest . 

 

REFERENCES 
1. Lee, D. H., et al. (2014). "Reduction in facial 

hyperpigmentation after treatment with a combination 

of topical niacinamide and tranexamic acid: a 

randomized, double-blind, vehicle-controlled trial." 

Skin Res Technol 20(2): 208-212. 

2. Maeda K, Naganuma M. Topical trans-4-

aminomethylcyclohexanecarboxylic acid prevents 

ultraviolet radiation-induced pigmentation. J 

Photochem Photobiol, B 1998; 47: 136 141.  

3. Ando H, Matsui MS, Ichihashi M. Quasi-drugs 

developed in Japan for the prevention or treatment of 

hyperpigmentary disorders. Int J Mol Sci. 2010 Jun 

18;11(6):2566-75. doi: 10.3390/ijms11062566. PMID: 

20640168; PMCID: PMC2904932. 

4. Fink B, Grammer K, Matts P. Visible skin color 

distribution plays a role in the perception of age, 

attractiveness, and health in female faces. Evol Human 

Behav 2006; 27: 433 442. 

5. Lee JH, Park JG, Lim SH, Kim JY, Ahn KY, Kim MY, 

Park YM. Localized intradermal microinjection of 

tranexamic acid for treatment of melasma in Asian 

patients: a preliminary clinical trial. Dermatol Surg 

2006; 32: 626 631. 

6. Masaki Hitoshi, Ando Nobuhiro. Topical skin care 

composition comprising a tranexamic acid ester. 

World Intellectual Property Organization Publ.of the 

Int.Appl. with Int.search report WO2006IB03008. 26 

Oct 2006. 

7. National Center for Biotechnology Information. 

PubChem Database. Tranexamic acid, CID=5526, 

https://pubchem.ncbi.nlm.nih.gov/compound/Tranex

amic-acid (accessed on Feb. 27, 2020) 

8. Lebedev, A.V., Lebedeva, A.B., Sheludyakov, V.D. et al. 

Organosilicon synthesis of isocyanates: III. Synthesis of 

aliphatic, carbocyclic, aromatic, and alkylaromatic 

isocyanatocatboxylic acid esters. Russ J Gen Chem 76, 

1069 1080 (2006). 

https://doi.org/10.1134/S1070363206070115 

9. Shonberg, Jeremy; Herenbrink, Carmen Klein; Lopez, 

Laura; Christopoulos, Arthur; Scammells, Peter J.; 

Capuano, Ben; Lane, J. Robert Journal of Medicinal 

Chemistry, 2013, vol. 56, # 22 p. 9199  9221 

10. N. Itoh, A. Sato, T. Yamazaki, M. Numata, A. Takatsu, 

Determination of the Carbon, Hydrogen and Nitrogen 

Contents of Alanine and Their Uncertainties Using the 

Certified Reference Material L-Alanine (NMIJ CRM 

6011-a), Anal. Sci. 29 (2013) 1209 1212. 

doi:10.2116/analsci.29.1209. 

11. Draelos ZD. Skin lightening preparations and the 

hydroquinone controversy. Dermatol Ther 2007; 20: 

308 313. 

12. 9. Levin CY, Maibach H. Exogenous ochronosis an 

update on clinical features, causative agents and 

treatment options. Am J Clin Dermatol 2001; 2: 213

217. 

13. O

dermatology - a risk-benefit viewpoint. J Cosmet 

Dermatol 2006; 5: 196 203. 

14. Kimball AB, Kaczvinsky JR, Li J, Robinson LR, Matts 

PJ, Berge CA, Miyamoto K, Bissett DL. Reduction in 

the appearance of facial hyperpigmentation after use of 

moisturizers with a combination of topical 

niacinamide and N-acetyl glucosamine: results of a 

randomized, double- blind, vehicle-controlled trial. Br 

J Dermatol 2010; 162: 435 441. 

15. Lee, D. H., et al. (2014). "Reduction in facial 

hyperpigmentation after treatment with a combination 

of topical niacinamide and tranexamic acid: a 

randomized, double-blind, vehicle-controlled trial." 

Skin Res Technol 20(2): 208-212. 

16. 

Percutaneous Absorption of Drugs. Molecules, 19(12), 

20780 20807. doi:10.3390/molecules191220780 

17. Sloan, K.B. Drugs and the pharmaceutical sciences. In 

Prodrugs: Topical and Ocular Drug Delivery; Sloan, 

K.B., Ed.; Marcel Dekker Inc.: New York, NY, USA, 

1992; pp. 221 297. 

18. Waranis, R.P.; Sloan, K.B. The effect of vehicle and 

prodrug properties and their interactions on the 

delivery of 6-mercaptopurine through skin: 

Bisacyloxymethyl-6-mercaptopurine prodrugs. J. 

Pharm. Sci. 1987, 76, 587 595. 

19. Veronese, F.M.; Pasut, G. PEGylation: Successful 

approach to drug delivery. Drug Discov. Today 2005, 

10, 1451 1458. 


