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ﬂ :LThe problem of -poly resistance of pathogens to L
chemotherapeutlc drugs. |

+ [ he use of antimicrobial drugs leads to adverse
d effects in humans: the cytotoxic reaction,
C dysbacterioses, allergenic effects and the

iImmunosuppressive state.
e S e

The unique materlals include

humic substances!



Franz Carl Achard |
PpaHuy Kapn Axapa
(28.04.1753 - 20.04.1821)

Franz Karl Achard was the first
who isolated humic substances
from peat in its pure form, and

described it.




Ernst Fellx Immanuel Hoppe-
Seyler
IpHCT Penukc UMMaHyanb
flonne-3eunep
(26.12.1825 - 10.08.1895)

Ernst Hoppe-Seyler
was the first who isolated and
described the last fraction of
humic substances in a sequence of
hymatomelanic acid.

=
g
F’I

-‘Ef o Grg
- S Ty - AL "”W} 0 M TEE N
;i + |:'H Tl ==k
ar _,., E2 R L e P
o ; £ 50:\ 't,) aj AN FREDRIN &
4] J"r il t‘ .-_‘.
m-“‘"ﬁﬂ lk o) :E-”-"':r Q_EFE‘; ~ine-E i
e x? 1~.IJ“.P"9'| HP_H.-II: 5 H ili H* - |
= Ca L% B
MICEILE e g e Eh’

™ Ay M Cr (irl
ol oH e " o
1 | 1 CeCk, -0
~LH AI=ar F1<04 Al &l-H I:I-C-I
E I ] N
u I ] i T-H
1 1 1 1 ' J
1= -S=0 -5 0= 5i—0— A -0-¢H-CE b AVE
1 | r 'c.c.]
[#] ] o 1] !
] i 1 I B

I BEER T 1 W . 0 ARSI 0 ¢ .



Paul Ehrlich
Maynb Spnux
(14.03.1854 - 20.08.1915)

e The founder of
. chemotherapy. Paul Ehrlich
in 1891, developed the

- concept of "Magic bullets" —

der Zau berkugel
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Ohne Hast ohne Rast

In his searches for drugs for
4 trypanosomiasis, he analyzed
1 & more than five hundred of dyes |
™ and pigments (including humic |

acid). '
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¢ Study of the mfluence of the drugs pelou:l
. humic series and their derivatives on

* pathogenic and opportunistic

"I microorganisms, as a promising basis for

Ob|éct|ve i
=

* the development of chemotherapeutic
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3 Fractlons of humic su bstances of low
. mineralized:silt sulphide muds (peloids) of §
ﬁ lake Molochka of the sanatorium «Sergievsk [,

mineral water» (0,25%; 0,1%; 0,01%):
1@ Humic acid (HA);

4 @ Hymatomelanic acid (HMA);
- ¥@ Fulvic acid (FA);
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The stages of our research'

FER T O W Wl T
ﬁ 1. The study of bacterial contamination of fractions of
i humic substances and their derivatives — humates,
t fulvates and hymatomelanates and their purification.
f
i

\ 2. The study of environmental toxicity of drugs In
| biological objects.

. The study of the antibacterial activity of drugs.
. The study of antimycotic activity of drugs.

. The study of antimikobakteritic (anti-TB) activity of
drugs.

. An IR spectroscopic study of humates of different
nature, for a more detailed understanding of the
mechanlsm of actlon on the cells of mlcroorganlsms




Stagé 1”

t The study of bacterial contamination of fractions of ]

humic substances and their derlvatlves
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iﬁﬁésults:

o R N4

- + The samples of humic substances peloids have been
contaminated by bacteria of the family

i Enterobacteriaceae, the so-called sanitary-indicative

t microorganisms.

d + The researched fractions of humic substances peloids
= are a good substrate for microbial growth. Sterilization
of the samples for further study humic substances was
performed by subtly spilling substances with the help
of ultraviolet irradiation within sixty minutes.

e
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» 4+ The researched fraction of humates, fulvates,
hymatomelanates were not contaminated by
microorganisms, which makes it possible to believe In

their high antimicrobial activity.
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Stage 2
[ The study of environmental toxicity of drugs i
f in biological objects. :

iﬁtﬁﬂ‘."'-"!'H’"'w“ﬂ""i"‘ﬂ'w*‘i'.”m;
The study of environmental toxicity of humic
substances was carried out using
protococcoid unicellular green algae

Scenedesmus quadncauda

VR AR - WA D

£ ‘ Results:
'-'.l; ¢ All peloids accelerate the
growth of Sc. quadricauda.

o, Effect was observed in direct
| proportion to the concentration |
" L 4 in comparison with control '
~ % | samples.
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Stage 3
[ The study of the antlbacterlal actlwty of drugs

The test-cultu res of microorganisms were
' used to determine the antibacterial activity of
i) substances:
~ 1) Gram-negative bacteria —
| Escherichia coli (ATCC 25922),
| Pseudomonas aeruginosa (ATCC 27853).
' 1) Gram-positive bacteria -
Staphylococcus aureus (ATCC 25293),
+ Bacillus subtilis (ATCC 6633).




Mueller-Hlnton agar

g T——— e a 8
| Ingredlents grams / liter | @
Meat infusion 300,00

Casein hydrolyzate 17.:80
i Starch 1,50
Agar-agar 17,00

Flnal pH (at 25 ° C) 7 3=+ 0 2

As a nutrlent medium for determlnlng mlcroorganlsm senmtmty
~ to antimicrobial drugs, according to standard National
Committee for Clinical Laboratory Standards (Clinical and
ﬁLaboratory Standards Institute, NCCLS / CLSI) to study the
o chemotherapeutlc actmty, we have chosen Mueller-Hinton agar.
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: The éctive co-mbone'nt of thre "e
) of humic substances is a metal cation.
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% The humic components options:

1. Increased penentrability through

Y Dbiological membranes;

2. Masking bactericidal component;

= 3. Tropism drug to microorganisms;

"" 4. Reducing the toxic effect of metals on

MY macro-organisms.
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R Hymatomelanlc fulwc humic, humus aC|d pelmds
' have no cytolytic activity against the studied
microorganisms.

But often a static activity to an increase in E. colfi, Ps.
aeruginosa — all studied Gram-negative
microorganisms.

Stimulate the growth of the investigated Gram-positive
microorganisms — St. aureus, B. subtilis with respect

: to the control.
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# Heterogeneity of the experimental results, and a clear
L' link of rendered effects of humic substances peloids with
. tinctorial properties of micro-organisms suggests that
ﬁ there is a "fulcrum of pelmds ?ﬁ
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; # The studied chelates of humic substances W|th '

cations of mercury (ll), silver, iron (ll) in all studied
concentrations exhibit cytolytic activity to the test
cultures of microorganisms.

. + The humates of zinc and magnesium do not have E
: cytolytic activity. l

+ The greatest antimicrobial effect of chelate complexes

s have 0,25% of humic substances: E. coli (zone growth

" suppression 20x0,1mm) — HsA*Hg2+; Ps. aeruginosa

{ (2020,1mm) — HA*Ag+; St. aureus (2410, 1mm) — HA*Hg2+; B.
' subtilis (1610,1mm) — chelate complexes of humic
substances with Ag+
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HA*Hg> .
(17mm) 7

(

19mm)

HMA *Hg?* _.-,.
s -

Escherichia coli



HMA*Hg**
(15mm)

FA*Hg?"
(14mm)

HsA*Hg?*
(18mm)



HsA*Hg**
(Z3mm)



FA*Hg?"
(13mm)
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Stage 4 i

The study of antlmycotlc activity of drugs.
o8 gy AL B el el

The test-cultures of microorganisms
were used to determine the antimycotic
activity of substances:

- Yeast-like fungi — Candida utilis (LIA- 01)
¢ Candida albicans (museum culture).
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. Results i

= 4 The test samples of humic substances peloids
© exhibit cytolytic activity towards the growth of
t Candida. With the growth of fungi the area

- around the colonies is highlighted in yellow
d pigment — a product of metabolism of fungi

ii
t
=

humic acids.

- + Humates, fulvates and hymatomelanates metals
exhibit antimycotic activity towards C. utilis at
all concentrations.

{| + Solutions of chelate complexes of humic acids
with silver show the greatest fungicidal effect

- ON C. utms (25 _ 0 1_mm)
e My O R ———




HMA
0,25%)

HMA 0,1%)

0,1%)

Yellow pigment - a product of
the metabolism of humic acids '

Candida utilis
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HsA*Hg> N
(Z1mm)

Candida utilis
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" Stage 5

l_ The study of antimikobakteritic (anti-TB) i
activity of drugs. ""
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The test cultures of microorganisms were
used to determine the anti-TB activity of
substances:

1) Mycobacterium tuberculosis (H37Rv),

'2) Mycobacterium tuberculosis hlghly
antibiotic-resistant
strain (HRS) isolated
from patients).
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D" € Lowensteln -Jensen medlum
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Comp05|t|on g per 600 mI H O
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L-asparagine 3.6
) Potassium dihydrogen 2.6

2 Magnesium sulfate 0,26
) Magnesium citrate 0,6
. Starch 30,0

,I * Malachite green 0.4
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J_ During the study of antimikobakteritic (anti-TB) activity in |
. control tubes without addition of humic substances ﬁ

peloids, the growth of M. tuberculosis H37Rv and the

(2} Bk
-l i

hlghly pathogenlc straln were observed. (2+/5)
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+ In test tubes containing 1 ml of 1. 6% humic acid an o
I Increase in Mycobacterium tuberculosis H37Rv and the ﬂ
- highly pathogenic strain (4+/5) was observed. Interaction
r with the environment organoleptically was not observed.
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L In test tubes containing 1 ml of 1% of fulvic acids an e
I iIncrease in Mycobacterium tuberculosis H37Rv and the a
- highly pathogenic strain (5+/5) was observed. Interaction
r Wlth the environment was the dlscoloratlon of the medlum




_ 4 In test tubes containing 1 ml of 1% hymatomelanic acids
an increase in Mycobacterium tuberculosis H37Rv and the
highly pathogenic strain were observed. But due to loss of |
structural integrity of the environment (interaction with the ¢

environment) it is impossible to assess the criterion of 3 {
growth.




: i '-In test tubes contalhlng 1 mi chelates humic solldmatter
around with silver ions, and mercury (ll) after 3 months of
iIncubation, M. tuberculosis H37Rv growth was observed,

the antimikobakteritic effect was confirmed
microscopically.

— . a0
-
-

w FA*Ag+ | FA*Hg2+ HA*Hg2+ HMA*Hg2+
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» + In test tubes containing 1 ml chelates humic solid matter
around with silver ions, and mercury (ll) after 3 months of
Incubation, M. tuberculosis (highly antibiotic-resistant
strain isolated from patients) growth was observed, the
antimikobakteritic effect was confirmed microscopically.
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jConclusions:

5 = Humic substances low mineralized silt sulphide muds
are the optimal components for further elaboration on
their basis of the selective and differential-diagnostic
nutrient medium for the mycobacteria and other
pathogenic and opportunistic microorganisms.

humic peloids substances characterize them as a

promising substance for further development based on
these broad-spectrum antimicrobial action, including |
anti-TB drugs of natural origin.
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. s Further work will be done In the direction of studying i
the spectrum of humic peloids on several other ¥
microorganisms — pathogenic streptococcus, HIV, HAV,

HBV, HCV, etc., as well as the study of the
iImmunogenicity of humic substances.

We plan to develop applique drugs on the basis of
chelate complexes of humic peloids sequence for the
treatment of infections, including long nonhealing
wounds, not responding to treatment by traditional
medicines during several months. The prevalence and
availability of raw materials contributes to their low
cost, which has socio-economic importance.
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