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INTRODUCTION 

Treatment of wound processes is still one of the most 
pressing problems of modern medicine. The number of 
domestic and industrial injuries are rising [1], as are road 
traffic injuries [2], In addition, the number of patients with 
purulent skin and soft tissue diseases, as well as postop-
erative complications, and injuries resulting from natural 
disasters and military conflicts have increased greatly [1-3].

Nowadays, treatment of dermatological skin diseases and 
wounds is most often carried out with the use of semi-solids 
(semi-solid dosage forms (SSDFs)), due to the need for local 
action of the drug on the skin surface [4].

Drugs for external use have certain advantages, includ-
ing ease of use and monitoring of treatment. In addition, 
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most of these drugs do not enter the systemic circulation 
and, accordingly, do not cause complications in the body. 
Interaction with other drugs is also uncommon [5].

According to the analysis of the State Register of Medi-
cines of Ukraine, as of June 2020, inside the group of D03 
dermatological agents for the treatment of wounds and ulcers 
(D03AX – other drugs that promote wound healing) oint-
ments predominate at the level of 36% of all registered drugs 
[6,7]. At the same time, gels make up 7% of all dermatologi-
cal treatments for wounds [5].

Gels possess a number of advantages over other SSDFs, 
being easy to apply and distribute on the surface, and quickly 
absorbed into the skin. These attributes ensure high bioavail-
ability of active substances and proper penetration of active 
substances. In addition, gels do not contaminate and do not 
leave a greasy shine, and are easy to produce [8,9].
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The urgency of the search for new highly effective means 
of natural origin is influenced by resource factors because, in 
today’s market conditions, the availability of raw materials 
determines the demand for the proposed drug.

Today, sapropel reserves in Ukraine are over 86 million 
tons. Humic acids (HA) are the main group of bioactive 
natural compounds in sapropels. HA possess a pronounced 
biological activity, inhibit the development of malignant 
tumors, have antiviral, wound healing and anti-inflammatory 
activity [10-23]. Very low concentrations of HA are effective 
for physiological action. Beyond biological activity, HA are 
characterized by high sorption capacity, bacteriological and 
biostimulating activity [10,11].

The pharmaceutical market of Ukraine needs domestic 
drugs with dermatotropic action based on natural compounds 
that have a combined antibacterial, wound healing, and anti-
inflammatory activity, as well low toxicity. That is why the 
development and standardization of SSDFs (gels) based on 
aqueous sapropel extract (ASE) containing HA is an actual 
and important task in the area of drug technology.

AIM

Standardization of the gel under the conditional name 
“Saprogel” for use in medicine as a wound-healing and anti-
inflammatory agent, development of methods for identifica-
tion and quantification and their validation.

MATERIALS AND METHODS

Materials 
Material of the study was the gel under the conditional 

name „Saprogel”, which contained an АSE in the amount 
of 15%, carbopol Ultrez 10, potassium sorbate, glycerol, 
purfied water. „Saprogel” – tested gel with ASE was 
prepared according to the following technology: potassium 
sorbate (preservative) was dissolved in purified water, the 
pre-weighed carbomer Ultrez 10 was added and left to swell 
for 30-60 min. During the swelling, the mixer was periodi-
cally switched on and run at a speed of 60-90 rot/min. Grad-
ually, the ASE and glycerol were added and homogenized 
at a speed of 60-90 rot/min for 5-10 min until obtaining  
a homogeneous gel [24]. 

Reagents

The following reagents were used to develop the qualita-
tive and quantitative analysis methods for the determination 
of HA in the ASE gel.

0.1 M alkaline solution of sodium diphosphate 
(Na4P2O7×10H2O). Here, 44.6 g of sodium diphosphate and 
4.0 g of sodium hydroxide were first placed in a 1000 ml  
volumetric flask, a portion this was then dissolved in 500 ml 
of purified water P and the solution made up with purified 
water P to the mark.

0.4 M solution of chromium mixture. Firstly, 40.0 g of 
finely divided potassium dichromate was placed in a 1000 ml 
volumetric flask. This was then dissolved in 500 ml of purified 
water P and made up to the mark with purified water P.  
The solution was  subesequently placed in a conical flask 
with a capacity of 3000 ml and sulfuric acid concentrated in 

an amount of 1000 ml was added in 100 ml portions care-
fully, at intervals of 10-15 min. After cooling, the mixture 
was poured into a dark glass vessel.

0.2 M solution of Mohr’s salt ((NH4)2SO4×FeSO4×6H2O)) 
80.0 g of Mohr’s salt was dissolved in 500 ml of purified 
water P, and filtered into a volumetric flask with a capacity 
of 1000 ml. Afterwards, 20 ml of concentrated sulfuric 
acid was added and then the solution was made up with 
purified water P to the mark. To check the concentration of 
Mohr’s salt: in three conical flasks with a capacity of 100 ml,  
10 ml of Mohr’s salt solution is placed, 1 ml of concentrated 
sulfuric acid is then added and the solution is titrated with 
0.1 M potassium permanganate solution to a pale pink color 
that does not disappear within 1 min. The three test results 
are averaged.

0.2% N-phenylanthranilic acid solution. Initially, 0.20 g  
of N-phenylanthranilic acid was triturated with a small 
amount of 0.2% sodium carbonate solution, transferred  
to a volumetric flask with a capacity of 100 ml, mixed and 
made up to the mark with 0.2% sodium bicarbonate solution.

Methods

The following indicators were selected for standardiza-
tion of the developed gel with ASE: description, identifica-
tion of HA, pH value, structural viscosity, microbiological 
purity, quantitative determination of the total mass fraction 
of HA.

Description 

European Pharmacopoeia (EPh) 10th edition, Vol. 1, 
“Semi-solid preparations for cutaneous application” (EPh, 
2018). p.935 [25].

Odour 

EPh 10th ed., Vol. 1, 2.3.4., p.133 [25].

Homogeneity

Homogeneity was determined using the method of State 
Pharmacopoeia of Ukraine (SPhU) 1st edition p. 511 [26].

Ph value

Рh value was determined using the method of EPh 10th 

ed., Vol. 1, 2.2.3., p.24-25. [25].

Structural viscosity

Structural viscosity was determined using the method  
of EPh 10th ed., Vol. 1, 2.2.3., p.28-30 [25].

Microbiological purity 

Studies were performed according to the requirements  
of the EPh10th ed., Vol. 1, 2.6.12. p. 201, 2.6.13, p. 205.

EXPERIMENTAL PART

Identification
Identification of HA in the gel with ASE was performed 

after extraction from ASE by alkaline hydrolysis, by using 
the method of quantification with follow-up precipitation of 
HA with a sulfuric acid concentrated solution.
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Quantitative determination of the HA total mass 
fraction in the ASE gel

The total mass fraction of HA was determined by the 
method described in the literature, after oxidation of HA by 
the method after I.V. Tyurin in the modification after B.A. 
Nikitin, and subsequent titration with Mora salt solution 
[27].

Extraction of humic acids from a portion of the gel

Firstly, 5,000 g of gel (exact portion) was placed in a 
250 ml conical flask (flask A), 100 ml of alkaline sodium 
diphosphate solution was then added, and the solution was 
stirred for 1 hour on a shaker.

The resulting suspension was transferred to a centrifuge 
tube and centrifuged for 15 min at 2000 rpm. The solution 
above the precipitate was subsequently decanted into a 
conical flask with a capacity of 1000 ml (flask B). The pre-
cipitate was then washed twice with 100 ml of 1% sodium 
hydroxide solution, centrifuged each time and the solution 
was poured into flask B.

To the precipitate in the centrifuge tube, 100 ml of 1% 
sodium hydroxide solution was added and the resulting 
solution was transferred to flask A. The flask with suspen-
sion was then heated for 2 h in a boiling water bath and 
cooled to room temperature. The suspension was subse-
quently centrifuged and the solution was poured over the 
precipitate into flask B.

The remaining precipitate was washed twice with 100 
ml of 1% sodium hydroxide solution and centrifuged, the 
solution was then poured into flask B. The precipitate was 
washed three times with 100 ml of purified water P, centri-
fuged and the solution was also poured into flask B.

The contents of flask B were subsequently filtered through 
a blue strip filter into a 1000.0 ml volumetric flask, made 
up to the mark with purified water P and mixed (solution to 
determine the total mass fraction of HA).

Sedimentation of humic acids (identification of HA)

From the 1000 ml flask containing the alkaline HA 
solution, 50.0 ml of the solution was transferred to a conical 
flask with a capacity of 100 ml, and, while stirring, sulfuric 
acid concentrated was added dropwise to develop a pH 
of 2.0 to 3.5. The pH value of the solution was monitored 
potentiometrically. The flask was then heated in a boiling 
water bath for 30 minutes, cool, and left for 16 hours to 
settle completely.

HA residue was subsequently filtered through a “blue 
stripe” filter. The precipitate on the filter and the flask in 
which the HA was precipitated were then washed with 0.05 
M sulfuric acid solution 3 times in 10 ml to obtain a clear 
filtrate.

The funnel with the precipitate on the filter was subse-
quently inserted into a volumetric flask with a capacity of 
100.0 ml and the precipitate was dissolved with hot 0.05 
M sodium hydroxide solution. Afterwards, the filter was 
washed with hot sodium hydroxide solution until the pre-
cipitate was completely dissolved and a clear filtrate was 
obtained. The resulting alkaline HA solution was then 

cooled to room temperature and the volume of the flask 
was adjusted to 0.05 M with sodium hydroxide solution.

Oxidation of HA by the method after I.V. Tyurin in 
the modification after B.A. Nikitin and titration with 
Mora salt solution.

20.0 ml of an alkaline solution of HA was placed in a 
conical flask with a capacity of 100 ml and then evapo-
rated in a boiling water bath to dryness without overdry-
ing. Subsequently, 10 ml of 0.4 M solution of chromium 
mixture was added to the conical flask with the dried residue. 
The solution was then topped up slowly, with the walls of 
the flask being thoroughly washed off. The flask was then 
closed with a funnel and placed in an oven for 20 minutes 
at a temperature of 150 - 160° C. After cooling, the funnel 
was removed from the flask, and the flask was rinsed with 
purified water, 6 drops of 0.2% N-phenylanthranilic acid 
solution was then added, and the solution was titrated with 
0.2 M Mora salt solution until the color changed from 
cherry-red to green.

The control study was done in parallel.

The HA total mass (Х), in mg in the 1.0 g of gel was 
calculated by applying the formula:

	 Х = 
(V1-V0 )×K×82.72 

	 (1),

where: 
V1 – volume of Mora salt solution for titration of control 
experiment, ml;
V0 – volume of Mora salt solution for titration of analytical 
sample, ml;
K – correction factor for Mora salt solution;
m – portion of the tested sample, g.

The amount of HA in 1 g of gel should be at least  
12.5 mg.

The approach to the validation of BAS in herbal prepara-
tions, described in the literature [28] was used to study the 
validation characteristics of ASE gel. The specificity of this 
analytical procedure was proved by determining the number 
of milligrams of the amount of HA in the studied gel with 
ASE by volumetric titration. The control experiment was 
performed to increase the specificity of the redox technique 
in parallel.

Statistical analysis

Statistical analysis of the data was performed using the 
Shapiro-Wilk test via the software package GraphPad Prism 
5.04 (GraphPad Software Inc., USA). The result was calcu-
lated using two-way analysis of variance with the Bonferroni 
test post hoc. The arithmetic mean (M) and the standard 
error of the arithmetic mean (m) were determined for each 
result obtained. The difference between the means was con-
sidered statistically significant if p was less than 0.05.

m
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RESULTS

Identification of ASE
HA have a dark brown color, soluble in weak alkalis, 

slightly soluble in water. 
The presence of ASE was determined by the total mass 

fraction of HA in the test gel. Extraction of HA from the 
gel sample, precipitation, oxidation of HA and titration with 
Mora salt (as conducted by the method of I.V. Tyurin in the 
modification of B.A. Nikitin) and titration with Mora salt, 
were developed on the basis of DSTU 7083: 2009 [27].

The results of quantitative determination of the HA total 
mass fraction in the ASE gel samples and metrological char-
acteristics of the average results are presented in the Table. 1.

Linear dependence between the concentration of the total 
mass fraction of HA on the mass of the sample of the gel 
with ASE was the criterion of acceptability for the proposed 
method. Each sample in a concentration of from 80% to 
120% of the selected was titrated at least three times when 
determining the linearity. The results are given in Table 2 
and shown in Figure 1.
Table 1. Metrological characteristics of the average results of 
quantitative determination of the HA total mass fraction in the 
ASE gel (n=6)

The № 
of set 

HA total 
mass 

fraction, 
mg

S2 S Sx ∆x ∆x ε, % ε, %

1 13.28

0.0429 0.2073 0.0846 0.5329 0.2176 1.67 4.10
2 12.80

3 12.92

4 13.05

5 13.23

6 12.81

Table 2. Calculation of linearity parameters of the method of 
quantitative determination of the mass fraction of HA

% of working 
concentration

Weight of the gel sample,  
g

Total mass fraction of HA, 
mg

80 4.0007 9.92

85 4.2508 10.70

90 4.5011 11.39

95 4.7492 11.84

100 5.0027 12.57

105 5.2513 13.23

110 5.5009 13.84

115 5.7504 14.39

120 6.0015 15.16

The linear dependence between the concentration of the 
total mass fraction of HA on the weight of the sample of 
concentrated ASE was observed with a correlation coeffi-
cient of 0.9985 (≥0.9981), the angular coefficient of linear 
dependence (b) is 1.02, the free member of the linear depen-
dence (a) – 1.66 ≤ 2.60.

Precision and accuracy were investigated in nine deter-
minations in the range of concentrations from 80 to 120% 
according to the chosen method (Table 3).

Figure 1. Dependence of the concentration of the HA total mass 
fraction on the mass of the sample of the tested gel

The obtained results (Table 3), reveal that the method is 
precise, because the value of the relative confidence interval 
was less than the critical value for the convergence of the 
results: ∆% = 1.27 ≤ 1.60 and the criteria of insignificance of 
systematic error was δ = 0.51. As a result of the quantitative 
analysis, we found that the total mass fraction of HA in the 
ASE gel samples is 1.302%.

Based on the obtained data, we proposed to introduce 
requirements for the quantitative content of the HA total 
mass fraction not less than 1.25% to the draft SSDFs of the 
medicinal product. The specification and study results are 
presented in Table 4.
Table 3. The results of the study of the precision of the method of 
quantitative determination of the HA total mass fraction

Parameters Value Criteria 1 Criteria 2 Conclusion

Precision ∆Z 1.27 ≤1.60 Sustained by 
the Criteria 1

Table 4. Specification and research results of quality ASE 
indicators

Indicator Permissible norms Analysis 
results 

Description Brown color gel, without order Meets

HA identification
A dark brown precipitate of HA is formed 
(precipitation of HA) after acidification of 
the solution with sulfuric acid to pH=2-3

Meets

Homogeneity
The drug must be homogeneous  
and 3 of the 4 samples should be  

free of visible particles
Meets

рН 6.5-8.0 7.0 ± 0,2

Microbiological 
purity

The total number of aerobic 
microorganisms (TAMC) is 102 CFU/g.
The total number of yeasts and molds 

(TYMC) is 101 CFU/g.
Absence of Pseudomonas aeruginosa  

in 1 g. Absence of Staphylococcus 
aureus in 1 g

Meets

Quantitative 
determination
The content of 
the HA total mass 
fraction

The content of the HA total  
mass fraction should be not less  

than 12,5 mg/1 g 
13.02 ± 0.22

Packing 100 g in a plastic tube in a pack. Packs are placed  
in group containers

Marking According to the original layout of the package

Storage In the original packaging at a temperature not 
exceeding 25±2°C

Expiration date 2 years

DISCUSSION

Research carried out in various countries suggests that the 
efficacy of humic acids depends on its extremely complex 
chemical structure, which makes biochemical investiga-
tions elaborate, costly and difficult to reproduce [29]. 
Many fundamental questions relating, in particular, to the 
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physicochemical characteristics of humic and fulvic mol-
ecules are yet to be answered [30,31]. Differences in the 
obtained values have been attributed to either the variability 
of humic substances or the intrinsic limitations of methods 
when applied to poly-disperse humic systems [32,33]. 

The traditional method of determining humic content 
(humic and fulvic acids) in commercial fertilizers, bios-
timulants and organic materials is based on the oxidation 
of the organic carbon contained in the basic-soluble but acid-
insoluble fraction (humic acids) and the basic-acid soluble 
fraction (fulvic acids) of their alkaline water extracts. This 
methodology, merely operational, makes it impossible to dis-
tinguish if the quantified carbon corresponds to substances 
with chemical nature or to non-humic organic matter but 
with similar solubility properties to those of humic matter 
[34]. 

In Spain, the current official analytical determination of 
the humic content in commercial products  is based on the 
quantification of the total organic carbon soluble at alkaline 
pH (total humic content) or in the humic content of the acid-
insoluble residue remaining in the alkaline extract (content 
in humic acids) by oxidation with potassium dichromate. 
Weaknesses of this method are linked to the need to assume 
a specific percentage of carbon in humic matter and an oxi-
dation factor, as well as to its low selectivity [34].

There is a method based on the International Humic Sub-
stances Society (IHSS) humic fractionation, but quantifying 
humic and fulvic fraction by gravimetric methods has been 
proposed. This method determines HA and fulvic acids (FA) 
concentrations gravimetrically on an ash-free basis. This 
new method solved the inaccuracy associated with humic 
carbon concentration and oxidation factor assumptions-– but 
still has potential low selectivity [35].

In the experimental work of Laurynas Jarukas et al., 
humic substances were analyzed according to the recom-
mendations of agricultural chemical analysis. Here, the 
quantity of fulvic acid was determined spectrophotometri-
cally, while humic acid and humin were analyzed by thermo-
gravimetric studies [36].

The experimentally developed method of determination 
of the HA total content decribed in this paper allows to 
use it to determine the active substances in SSDFs and to 
standardize the gel under the conditional name “Saprogel” 
for use as an anti-inflammatory agent.

This method of determination of the HA total content is 
easy to perform, and the evaluation neither requires expen-
sive equipment nor is based on absolute variables that are 
equipment dependent.

The process of mixing multiple chemical compounds 
reduces the credibility of the active substance and the extent 
of its effect. The core of our study consists in obtaining 
a complex of natural biologically active compounds and 
developing methods for their qualitative and quantitative 
determination. The next stage of our research will be the 
separation and identification of HA, as well as the deter-
mination of their possible pharmacological activities. We 
are also planning to support this study with field tests and 
to take real samples of different infections. However, these 
studies will be of fundamental nature, which is beyond the 
scope of this article.

CONCLUSIONS

Methods for identification and quantification of humic 
acids in a gel with sapropel extract have been developed and 
described in this paper. Validation of the developed methods 
on linearity and precision was also carried out. The gel with 
ASE was standardized according to the following indica-
tors: description, identification of HA, pH value, structural 
viscosity, microbiological purity, quantitative determination 
of HA total mass fraction.
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30.	 Klu čáková M. Characterization of pH-fractionated humic acids 
with respect to their dissociation behavior. Environ Sci Pollut Res. 
2016;23:7722-31. 

31.	 Tarasevich YI, Tryfonova MY, Dolenko SA, Aksenenko EV. 
Adsorption-based approach to determine the size and mass of humic 
acids molecules. Adsorpt Sci Technol. 2016;34:125-33. 

32.	 Piccolo A. The supramolecular structure of humic substances. Soil 
Sci. 2001;166:810-32.
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