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Humic acids and their role in the anti­inflammatory effect of peloid

Abstract
Objective of the work. 
The aim of the study was to determine the content of humic acids in the tested peloid.
Material and methods. 
The raw material was submitted for physical and chemical tests. The chemical composition of organic 
substances contained in the tested peloid was analyzed, including the content of humic acids.
Tests results. 
The raw material contained 72% of organic substances in dry matter, of which 40% were humic acids. The 
content of humic acids in the mud from the new B deposit was higher than in the control mud/peloid. K2 
mud/peloid was characterized by lower values. The least amount of humic acids was isolated from the 
control K1 mud/peloid.
Conclusions. 
Control peloids, both K1 and K2, showed a much lower content of humic acids and differences were 
statistically signiaicant compared to the peloid B.
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Streszczenie
Cel pracy.
Celem pracy było określenie zawartości kwasów huminowych w badanej borowinie.
Materiał i metody.
Surowiec poddano badaniom aizykochemicznym. Analizowano skład chemiczny substancji organicznych 
zawartych w badanym peloidzie, w tym zawartość kwasów huminowych.
Wyniki badań.
Surowiec zawierał 72% substancji organicznych w suchej masie, z czego 40% stanowiły kwasy 
huminowe. Zawartość kwasów huminowych w borowinie z nowego złoża B była wyższa niż 
w borowinach kontrolnych. Niższe wartości charakteryzowały borowinę K2. Najmniej kwasów 
huminowych wyizolowano z borowiny kontrolnej K1.
Wnioski.
Borowiny kontrolne, zarówno K1, jak i K2, wykazały znacznie niższą zawartość kwasów huminowych, 
a różnice były statystycznie istotne w porównaniu z borowiną B.
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Introduction
Mud/Peloid owes its anti­inflammatory and analgesic pro‐
perties to humic acids present in it. The anti­inflammatory 
effect of humic acids is related to the inhibition of hyaluro‐
nidase activity and inhibition of PGE2 prostaglandin syn‐
thesis, as well as the effect on the opening of calcium 
channels in cell membranes. Humic acids contained in pe‐
loid have an anti­inflammatory effect also by stimulating 
functions of granulocytes and smooth muscles, binding oli‐
gosaccharides on the surface of cells, dilating blood vessels 
or creating complex connections with various compounds 
[1, 2, 3, 4, 5, 6]. 
Humic acid metabolites also show bacteriostatic and 
bactericidal properties. It was found that peloid from the high 
deposit has strong bactericidal effect. In the treatment of 
varicose leg ulcers with peloid extract, it was shown that the 
reference bacteria Micrococcus pyogenes were completely 
destroyed within a few hours. Bacteria generally insensitive to 
traditional antibiotics showed sensitivity to peloid bactericidal 
agents. In chronic staphylococcal osteitis, humic acids 
contained in peloid cause an increase in bactericidal activity 
peripheral blood granulocytes expressed by an increase in the 
phagocytic index, normalization of the bactericidal index, 
reduced inhibition of the migration of peripheral blood 
leukocytes to the inflammatory focus, constant activity of the 
C3 complement fraction during treatment [7, 8, 9, 10]. 
Moreover, humic acids have an astringent effect on the skin, 
raise the pain threshold, and cause skin hyperemia by releasing 
histamine­like compounds. Under the influence of humic acids 
and saponins, the superficial horny layer of the skin swells and 
becomes saturated with active substances of peloids. Humic 
acids reabsorb the metabolic products excreted by sweat from 
the skin, and at the same time activate this process and 
accelerate skin cleansing. [11, 12, 13, 14,]. Under the influence 
of hyperventilation and secondary respiratory alkalosis, during 
treatments used, the concentration of 2­3 diphosphoglycerate in 
erythrocytes increases, which, in combination with the action 
of heat, causes increased oxygenation of cells. As a result, pain 
is reduced and the range of motion is increased in inflamed 
joints [15, 16, 17, 18, 19, 20]. Peloid also reduces the 
concentration of pro­inflammatory cytokines, reducing levels 
of IL­1 and TNF (factors increasing the inflammation of the 
cartilage) and enhances the production of insulin­like growth 
factor IGF­1, which has a protective effect on cartilage. In the 
tissues, peloid stimulates the carbohydrate and fat metabolism 
and the metabolism of nucleic acids. The analgesic and anti­
inflammatory effect of humic acids is also achieved by 
stimulating the adrenal cortex and increasing the secretion of 
glucocorticosteroids [9, 21, 22,]. Peloidotherapy influences on 
the exudative phase of inflammation by limiting tissue and 
cellular responses to some inflammatory mediators (serotonin, 
kinins) [1, 3, 10, 23, 24, 25]. During treatment with peloid, 
a decrease in the intensity of leukocyte migration from 
capillaries was observed, as well as accelerated resorption of 
inflammatory products formed in the inflammatory focus and 
a decrease in the development of granulation tissue [3, 5, 7, 8, 
26, 27, 28].
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Materials and methods
The research was carried out in accordance with the Polish 
Standard PN­Z­11003­2 and PN­Z­11003­3 on mud/peloid 
from a high­type deposit. Peat samples taken from new 
deposits at a depth of 1 and 1.5 meters (tested peloid B) and 
two peloids already used in spa treatment (marked as K1 
and K2) were used for the study.
The raw material was submitted for physical and chemical 
tests. The chemical composition of organic substances 
contained in the tested peloid was analyzed: humic acids, 
bitumens, pectins, proteins and carbohydrates. The 
chemical composition of organic substances was tested 
with the use of the so­called group analysis. In the course 
of this analysis, the organic substances were separated into 
appropriate groups characterized by differences in 
solubility and reaction to specific reagents. Substances 
soluble in benzene­alcohol mixture, substances soluble in 
water and substances soluble in hydroxide solutions were 
determined.

Indication of humic acids
To 1­1.5 g of air­dry, finely powdered peloid was added 100 
ml of 2% hydrochloric acid and left for 4 hours. After this 
time, it was stirred for at least 2 hours with a mechanical 
stirrer and then centrifuged at the speed of 5000 / min. The 
solution was discarded. Sodium hydroxide was added to the 
pellet and stirred again for 1h, then centrifuged and the extract 
collected. The extraction was carried out until the liquid after 
centrifugation was slightly yellow­brown in color. Combined 
alkaline extracts were neutralized with hydrochloric acid 
solution and filtered through a previously weighed filter. The 
filter cake was washed several times with HCl, dried in 
a vacuum desiccator and weighed. The filter with the humic 
acid sediment was calcined in an oven at 600°C to constant 
weight and weighed. The content of humic acids was given as 
a percentage.

Indication of organic substances
2 g of air­dry peat samples were weighed into a tared quartz 
crucible. The crucible and its contents were heated in a muffle 
furnace for 1 hour at 300 ° C. Then the temperature was raised 
to 550 ° C and maintained for 4 hours. After the furnace had 
cooled down, the crucible was placed in a desiccator and we‐
ighed. The content of inorganic substances was given as a per‐
centage.

Statistical analysis
Results were statistically analyzed using the Medistat 
computer program – Microcomputer Statistical System for 
Medical Needs, version 2.0, 1991 (Medical Center for 
Postgraduate Education in Warsaw, Cancer Research Institute 
At New York Medical College – Valhalla). 
Results were analyzed with the t­student's test and the 
Cochran­Cox test was used to compare the data in groups. 
Differences at p < 0.05 were considered statistically 
significant.
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Test results
The raw material contained 72% of organic substances in dry 
matter, of which 40% were humic acids. The content of humic 
acids in the peloid from the new B deposit was high and 
amounted to 23.38 ± 1.63%. Lower values were characteristic 
for peloid K2 – 15.20 ± 1.63%. The lowest level of humic 
acids was isolated from the K1 control peloid – 6.72 ± 1.63%.
The content of organic substances was higher in the peat 
gathered from a greater depth (1.5 m) than in the depth of 1 m 
(Table 1).

The content of organic components of the tested peloid 
compared to peloid used in health resorts.
The mean values of organic substances obtained from peat 
layers at both depths ranged from 76.08 to 82.41%, while the 
average for peat B was 75.94% and was slightly lower than 
that obtained for peat K1 (Table 2).

K2 mud/peloid contained more organic ingredients than K1 
mud/peloid and B mud/peloid, and differences between B and 
K2 mud/peloid were statistically significant.

Table 1. The content of organic substances in 100 g of dry matter of peloid from the new deposit B.

1

1.5

1

1.5

1

1.5

1

1.5

70.89–71.01

78.22–82.22

74.20–76.08

88.86–90.01

71.7 –80.37

73.21–90.49

72.14–75.50

80.64–85.88

71.49

80.68

75.28

89.55

76.52

82.42

74.05

83.54

0.76

1.76

0.62

0.49

3.56

7.10

1.41

2.18

Peloid Peat depth (m) From ­ to Mean SD From ­ to Średnia SD

B1

B2

B3

B4

70.89–82.22

74.20–90.01

71.79–90.49

72.14–85.88

76.08

82.41

79.47

78.79

4.79

7.16

6.34

5.09

ORGANIC INGREDIENTS (%)

 
Table 2. Comparison of organic substances content in peloid from the new B deposit with control peloid 1 and 2.

  ns – no statistical differences compared to the tested mud/peloid

70.89–90.49

74.42–89.76

93.43–98.58

75.94

81.39

96.03

17.01

4.40

1.52

–

ns

< 0.0001

Peloid From ­ to Mean SD Statistical significance

B

K1

K2

ORGANIC INGREDIENTS (%)
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The content of humic acids in the tested peloid (B) ranged 
from 21.38 to 25.38% of DM. and averaged 23.38% of the 
DM (table 3).

Control peloids, both K1 and K2, showed a much lower 
content of humic acids and differences were statistically 
significant compared to the peloid B.

Discussion
The most important compound in peloid are humic acids. Humic 
acids determine the therapeutic value of peloid. The content of 
humic acids in the peloid from the new B deposit was high and 
amounted to 23.38 ± 1.63%. Lower values were characteristic for 
peloid K2 – 15.20 ± 1.63%. The lowest level of humic acids was 
isolated from the K1 control mud/peloid – 6.72 ± 1.63%. Humic 
acids give the peloid a colloidal character. They are also believed 
to have astringent, irritating and anti­inflammatory effects on the 
skin, caused by the reaction of humic acids with proteins of the 
skin and mucous membranes. Their content in peloid ranges from 
9 to 50% in terms of dry matter [15, 29]. The content of humic 
acids in the peat from the new B deposit was similar to results 
obtained by other authors [10, 20, 25, 26, 30]. Humic acids are 
humic compounds whose core is made of benzene rings. They are 
heteropolycondensates of polyphenols and quinones, having in 
their molecule aromatic fragments of the di­ and triphenol type 
and in the side chain hydrophilic carboxylic, hydroxyl, ketone and 
sulfhydryl functions. Their great biochemical activity is 
determined by their own numerous functional groups and 
hydrocarbon side branches of high molecular weight [10, 30]. 
Humic acids have high surface activity due to the presence of 
groups with outstanding additive properties. They have sorption 
abilities that can shift the skin's pH and contribute to 
transmineralization. Humic acids are formed as a result of 
decomposition and synthesis reactions, reduction and oxidation, 
condensation and polymerization. Substrates for these reactions 
are plant components such as lignin, resins, waxes, complex 
sugars, proteins and their degradation products: multisubstitial, 
polyphenols, amino acids, sugars [1, 8, 22, 31]. Hydrophilic 
properties of humic acids result from their structure. The presence 
of bridges connecting aromatic rings lead to the formation of a 
spongy and porous structure. This structure and the ratio of 
aromatic groups, hydrophobic in nature, present in the core of 
humic acids to the content of hydrophilic groups present in side 
chains determine the water absorption and sorption properties. 
Humic acids are well soluble in concentrated alkaline 

 
Table 3. Comparison of humic acids content in peloid from the new B deposit with control 1 and 2

B

K1

K2

21.38–25.38

6.72–8.72

13.20–17.20

23.38

6.72

15.20

Peloid From ­ to Mean

HUMIC ACID CONTENT (% s. m)
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solutions. Isolated from low peats, they are characterized by 
lower total acidity and a lower content of carboxyl (−COOH) 
and phenolic groups, and a greater number of methoxy groups 
(−OCH3) compared to those compounds obtained from high 
peats. Humic acids obtained from low peats are characterized by 
a lower molecular weight, a lower content of aromatic groups 
and higher aliphatic groups, a lower degree of humicification 
than humic acids isolated from high peats. They contain lower 
content of carbon, hydrogen and oxygen and higher nitrogen 
than humic acids from high peats [21, 31, 32, 33, 34, 35].

Conclusions
Control peloids, both K1 and K2, showed a much lower 
content of humic acids and differences were statistically 
significant compared to the peloid B.
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