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Article Info: Abstract

There is a high demand for the design of fulvic acids (FA) transdermal patches being natural
biologically active substances with a wide action. The difficulties in FA transdermal patches creating
are due to the peculiarities of FA obtaining with high purity and solubility, the existence of many
several polymorphic forms, as well as the problems of their insertion into dosage forms. In this
work, we modified the FA isolation as water-soluble polymorph. This operation allowed us to
reduce the impurities in the product, to optimize the formulation of the emulsion-based
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transdermal patches, to provide a quantitative assessment of FA release. Data of IR, 13C NMR, AAS,
ICP-AES-spectra, direct and reverse titration of carboxyl groups and phenolic hydroxyls,
potentiometry, molecular weight determination by cryoscopy (M.m=740 g/mol), fluorescent
analysis, solubility (3.3 mL of water per gram) confirmed the receipt of the desired polymorph.
Optimization of the transdermal patches formulations by Response Surface Methodology and
release evaluation and kinetics mathematical modeling using a Franz cell showed the preferences
of Pluronic Kolliphor p237 as a transcutant. The obtained water-soluble FA can be used as a
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potential component of transdermal patches with controlled release parameters.
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INTRODUCTION

Currently, there is an increased interest in natural substances
from renewable raw materials, which are products of soil
processing of coal, peat and other objects by microorganisms.
These natural substances include humic acids (HA), fulvic acids
(FA) and others. This demand is due to their diverse spectrum
of biological activity, including antioxidant 16, anti-

inflammatory 3.7-17, antitumor 1821 and antiviral properties 22-
24

The use of FA dosage forms into widespread practice is
complicated, first of all, by the instability of the substance
during storage and strong polarity, which complicates its
transdermal delivery. Moreover, FA tends to aggregate with the
formation of complex supramolecular structures, reducing its
solubility, stability and activity. The ability to form stable
complexes with various metal ions [25-30] not only creates
new biological activity, but also complicates the FA release from
various dosage forms.

Early, we demonstrated the high effectiveness of the treatment
of rheumatoid arthritis by the FA transdermal patches where
FA was isolated from the peat 31. However, it was estimated that
obtained FA has formed several polymorphs that had the same
composition but differ greatly in solubility 32. One of the reasons
for the several polymorphic forms formation may be metal ions
(iron, magnesium, calcium, zinc, etc.), as well as unfavorable
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drying conditions, which promoted the formation of complex
supramolecular structures.

In this work, we optimized the formulation of the transdermal
patches with the stable water-soluble FA that is minimally
prone to the formation of supramolecular complexes. To
achieve this aim, we continued our research to find conditions
for FA obtaining with the necessary properties. Optimization of
the transdermal patch formulation was carried out using
mathematical modeling of the patch formulation and FA release
kinetics using a diffusion vertical Franz cell.

MATERIALS AND METHODS

Peat and its processed products must comply with the state
requirements (state standard - GOST 4.105-2014) in terms of
nitrate nitrogen, ammonia nitrogen, phosphorus, chlorine,
heavy metals. Tests for heavy metals during peat harvesting
were carried out according to the state requirements (GOST R
53218-2008). The peat sample received from the supplier was
sifted and crushed during sample preparation according to the
state standard (GOST R 54332-2011).

We obtained fulvic acid (FA) from the peat in the Nizhny
Novgorod region (Russia) by acid-base hydrolysis and
purification according to the Lamar method 32, Sodium
hydroxide (99.0% purity), sulfuric acid (99.9% purity),
Superlite DAX-8 (Sigma-Aldrich, USA), Cationite KU 2-8 H*
(NevaReactiv, Russia) were used. Drying of the FA solution was
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carried out by freeze drying (from -80 to -40°C for 8 hours -
LGJ-10, Vikumer, Beijing, China) 32

IR spectra were obtained using a infrared spectrophotometer
with a Fourier converter “IRAffinity-1S” (Shimadzu, Japan) in
the region of 4000-500 cm-! in the mixtures with KBr.

Registration of solid-state 13C NMR spectra was performed
using a JNM-ECX400 spectrometer (JEOL, Japan - 9.39 T, 100.5
MHz) in the solid phase at room temperature.

The determination of the heavy metals content in the FA was
carried out: 1) using a atomic absorption spectrophotometer
AA-7000 (Shimadzu, Japan) with hollow cathode lamps and
standard samples. Samples were treated with a mixture of
concentrated acids H2S04:HClO4 (6:1) to release metals (wet
mineralization); 2) by atomic emission spectroscopy with
inductively coupled plasma (ICP AES) using a Prodigy High
Dispersion ICP spectrometer (Teledyne Leeman Labs, USA).

Fluorescence spectra were recorded with a CM 2203
spectrofluorimeter  (Solar, Belarus).  One-dimensional

Table 1. Statistical parameters obtained from ANOVA
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excitation spectra were recorded in the wavelength range of
300-500 nm at a fixed emission wavelength Aem=520 nm. One-
dimensional emission spectra were recorded in the wavelength
range of 400-550 nm at a fixed excitation wavelength Agx=360
nm.

Direct and reverse titrations were carried out in accordance
with the methods 33.

We used Response Surface Methodology (RSM) computer
modeling methodology for the design and optimization the
transdermal patches formulations (Minitab Statical Software).
The emulsion base was taken as the model, in which we
included FA and pluronics (Kolliphor p237, Kolliphor p338 -
BASF Pharmaceuticals, Germany) as transcutants 31. The
independent variables were the concentrations of pluronics
and plasticizer (glycerin, 99.9% purity), which varied at two
levels (low and high). The dependent variable was the
concentration of released FA. Trial versions of transdermal
patches were prepared in accordance with the design proposed
by the program. ANOVA results showed that these models were
significant (Table 1).

Responses ‘ R-sq ‘ Adj R-sq ‘ F-Values | P-Values
Plasticizer
Qra, mg-cm-2 ‘ 98,92% ‘ 96,31% ‘ 216,89 | 0,000
Kolliphor p237
Qra, mg-cm-2 ‘ 99,44% ‘ 98,42% ‘ 886,87 ’ 0,000
Kolliphor p338
Qra, mg-cm-2 ‘ 98,78% ‘ 97,33% ‘ 197,25 ’ 0,001

The FA permeability and release study was carried out using a
Franz diffusion cell with a volume of 4.35 mL under conditions
close to physiological, at a temperature of 37 ° C. Phosphate
buffer with pH 7.4 was used as the release medium. A cellulose
acetate membrane (d-0.45 pm) with an area of 1.3 cm?2 (OE 67,
0.45 um, 25 mm, Cytiva Whatman, UK) was used. Fluorescence
spectroscopy was used to assess the FA release and penetration
from the transdermal patches.

All the experiments were carried out three times (n=3), and the
data are expressed as mean + S.D.

RESULTS AND DISCUSSION

To design the FA transdermal patches with the desired FA
polymorph, at the first stage, researches for the modification of
FA obtaining methods is needed. It let us to isolate only one
polymorph with the necessary properties. At the second stage,
the justification and optimization of the transdermal patches
formulation was carried out using mathematical modeling
methods. The final determination of the desired transdermal
patch formulation was made based on FA release studies using
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a Franz diffusion cell and evaluation of FA release Kinetic
modeling.

Modification of the FA obtaining method from the peat in
the form of the water-soluble polymorph

The general scheme for FA obtaining is: 1) primary processing
of peat until homogeneity and the absence of microelements
are achieved, in accordance with the state standards (GOST R
54332-2011); 2) subsequent extraction of water-soluble
sodium salts of HA and FA after alkaline hydrolysis and removal
of other organic residues; 3) separation of HA and FA salts
during treatment with sulfuric acid; 4) sorption purification of
acidic solutions of FA; 5) drying. We shown that this scheme
produced several polymorphs 32.

Suggested procedures: the long-term treatment with
concentrated sulfuric acid for 1 hour at the temperature of 60-
80°C, repeated purification on DAX-8 resin 34 and subsequent
protonation, final freeze-drying from -80 to -40°C for 8 hours,
led to the stable samples of FA polymorph with high solubility
and storage stability. The simplified scheme for FA optimal
isolation from peat is shown in figure 1.

CODEN (USA): JDDTAO
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raw material 1
(elemental analysis, according
to the state standards)

Crushed and
sifted peat

0.1IM NaOH

raw material 2

Sodium Humate (dry residue elemental

(Na=HA) analysis)
Sodium Fulvat *Na-HA is a veterinary and plant
(Na-FA) growing product
H2SO4
concentrated
v

strong oxidation and hydrolysis

v
Fulvic acid | FA purification, freeze
(FA) drying and analysis

Figure 1: Optimal scheme for FA obtaining from the peat
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The nitrogen assay by the Kjeldahl method in the analyzed FA sample did not exceed 0.17% in all cases. It suggests that nitrogen-

containing compounds are present only as impurities (Table 2).

Table 2: Elemental composition of the peat and products obtained from it

Elemental composition

N Samples Metals (content in pprm) Nitrogen, sulfur, Product Procedures
PP phosphorus (content in %)
The peat samples were taken
y | Peatferushed | Ca-10,Fe-15,51-20, Mg - 10. 020 Samples ncluded sequentialgrindin
and sifted) No heavy metals (Pb, As, Hg, Cd) ’ P q & §

and sieving procedures. (State
standard - GOST R 54332-2011).

Sample 1 treated with 0.1 M NaOH,

2 Na-HA + Na-FA Ca-2,Fe-10,Si-10,Mg-3 [N]-0,17 ultrasound and heating (80°C)
Sample 2 treated with H2S04
3 FA Ca-2,Fe-10,Si-10,Mg-3 [N]-0,11 concentrated. Purification by the

Lamar method.

The high carboxyl and phenolic groups concentration in the FA
samples were found. The IR spectra contained characteristic of
C=0 stretching vibrations of associated carboxyl groups,
phenolic hydroxyls and carbonyl groups, as well as the solid-

Table 3: Fulvic acid functional groups analysis

state 13C NMR spectra contained signals the mentioned groups
(Table 3). In this case, the [COOH]:[Ph-OH] ratio was 4:2, and
the C:0 ratio according to EDX was not less than 60:40.

Analysis methods

Functional group Direct : - : 13
potentiometric . i 4 Solid state 13C
titration, mmol-eq/g Reverse titration, mmol-eq/g FTIR, cm NMR, ppm
[COOH] 7.1+0.1 7.5+0.3 1608 165-190
[Ph-OH] 4.8+0.1 5.1+0.2 1224 120-140
C=0 - - 1716 197-198
C-OH in alcohols - - 1070 60-80

C:0 ratio by EDX

Atleast 60:40

ISSN: 2250-1177 [21]
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According with the obtained data, we assumed that the FA sample from the studied peat have the following structures (Figure 2),

which is consistent with the literature data 35.

H
HOOC—CH,—C——CH,—COOH

O0=C

COOH

COOH

HOOC ——CH,—C——CH,—CHj

O0=C

OH

COOH

Figure 2: Some possible FA structures 35. C34H30018; C:0=56.2%:39.6%; M.m.=726 g/mol (M.m. by cryoscopy 740 g/mol) 32

The resulting freshly prepared samples had good solubility (3.3
mL of water per gram of substance according to the European
Pharmacopoeia 11.0) and a high zeta potential (-27.9 = 0.21
mV). During dry storage in a desiccator, the samples practically
did not change their properties, whereas when stored in an

aqueous environment, the samples changed their properties.
The FA assay during storage of samples in a desiccator,
performed by fluorescence spectroscopy in accordance with
the literature data 36-38, confirmed their stability (Figure 3).
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Figure 3: A - excitation spectrum of FA aqueous solution (10 mg-L-1) 31; B- FA excitation spectra, according to the literature data 37

Thus, the optimized method for the FA obtaining that we
proposed allows us to significantly reduce the amount of trace
elements that interfere with the FA release from dosage forms,
as well as obtain the stable water-soluble FA sample.

Optimization of FA transdermal patches formulations

FA is a substance with high polarity and hydrophilicity. This is
due to its molecular structure, which is dominated by polar
carboxyl and phenolic functional groups capable to form
hydrogen bonds. These FA properties make it a suitable
component for use in emulsion-based formulations. However,
for effective FA transdermal delivery, the introduction of
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transcutants is necessary. Previously, we showed the high FA
efficiency in the transdermal patches in vivo 31.

In this work, we studied the effect of the transcutants
Kolliphopr p237 and Kolliphor p338 on the FA release from the
emulsion transdermal patches. It is very useful to examine the
influence of these factors on release using 3D surface plots for
all variables. Figure 4 shows surface and contour plots
describing the effect of transcutants and plasticizer on FA
release. Contour plots complement the surface plots, allowing
you to highlight lines of equal levels of FA release and identify
areas where the greatest or least release was observed,
depending on the combination of transcutant and plasticizer.
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Surface Plot of Qsa, mg-cm~2 vs C Kolliphor p237, g,C glycerin, g
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Contour Plot of Qga, mg:cm=2 vs C Kolliphor p237, g, C glycerin, g
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Figure 4: Surface plots and Countor plots, describing the impact of Kolliphor p237 and Kolliphor p338, on drug release at
500 min

This approach to data analysis allows us to study the effect of
the transcutants on the FA release at various concentrations. It
helped in the optimization transdermal patch formulations.

Thus, the optimal concentrations of the pluronics and
plasticizer in the emulsion system were selected (xanthan,
glycerin, PVP K17, PEO 400, PEO 1500, Tween 80, emulsion
wax, water): 1 - Kolliphor p237 0.1 g (1.16%), glycerin 0.45 g

Q, mg-em™

0.60

(5.11%); 2 - Kolliphor p338 0.085 g (1.05%), glycerin 0.45 g
(5.11%).

Evaluation of FA release from the transdermal patches

From the obtained graphs, as well as the permeability test, it is
shown that the best transcutant for the FA in the emulsion
transdermal patch is pluronic Kolliphor p237 (Figure 5).

Q.= 0.69 mg-cm™

o o I

0.50
0.40
0.30
0.20

0.10
0

I Kolliphor p237
I Kolliphor p338

100 200

Time, min

400 500

Figure 5. Dependence of FA release on time through cellulose acetate membrane. FA concentration was established by
fluorescence excitation spectra.

The initial surface concentration of the FA in the patches on the
cellulose acetate membrane with an area of 1.3 cm? was 0.69
mg/cm2. The amount of FA released from the initial patch
content of 16 mg was:

¢ (0.619+0.002) mg/cm? (Kolliphop p237),

ISSN: 2250-1177 [23]

¢ (0.455+0.002) mg/cm? (Kolliphop p338).

The assessment of the FA release kinetics from transdermal
patches was carried out using mathematical modeling, the
models of which are presented in Table 4.
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Table 4: Kinetic models of FA release from the patches used

Release models The equation y=f(x)
Qr
0. kipt" x = Int
Korsmeyer-Peppas, 39-41 ln% = nint + Inkgp y = ln&
e e
where In % - the drug proportion released by t; n - release rate
Qp = kyt'/2 = [De/t(24 — C,)C5]T2, x = tl/?
Higuchi, 40-43 where D - diffusion coefficient; Cs - solubility of the drug in the acceptor y= 0
liquid; € - porosity; A - the drug concentration; t - tortuosity
d[Q]
o = ka[0]
X=71
Pseudo-second order reaction, 4445 T 1 n T
Qv kyQ.2 Qe y=1/Q
where Q, - maximum amount of the drug in the acceptor chamber

Figure 6 shows graphical interpretations of the release process using the Higuchi model, the Korsmeyer-Pepppas model, and the

pseudo-second order release model.

A) Pseudo-second order

900.00 T
For Kolliphor p237 patch: For Kolliphor p338 patch:
y=14815x +49352 ¥ =2.1548x +52.801

B) Higuchi model
0.63
0.62 ¥=0.0084x + 0.4586
0.61 R2=(,9933

800.00 R = 0.9945 R>=0,9942 ~ 0.60
2 059
& 700,00 p 2 0.58
E Kolliphor p338 patch & 0.57 Kolliphor p237 patch
& 600.00 056
£ o1 0.55
£ 7 0.54
E 50000 = - 0.53
g ; % Kolliphor p237 patch 5.00 10.00 15.00 20.00
= 400.00 e %5, min®>
- C)
-] Korsmeyer-Peppas model
300.00 —® 0.01 y PP
. y=0,1035x - 0.2646
" e .00 RZ=09801 _
200.00 e -0.01
o % g -0.02 £
100,00 = 50 “Kolliphor p237 patch
SO
it B0 -0.04
0 50 100 150 200 250 300 400 = 0.0
t, min -0.06
-0.07
1.50 2.00 2.50 3.00

Log(t)

Figure 6. Kinetic model of FA release from the transdermal patches according to the dissolution profile

From the data presented in Figure 6, it is clear that the best
model (correlation coefficient R2) described the process of the
FA diffusion according to the mechanism of desorption from the
polymer matrix is a pseudo-second order reaction. The
effective release constants calculated from the equation are
respectively equal to:

1 1
k ;= =
7 pQ,2 49,352-0,6752
= 0044—™ (for the Kolliphor p237 patch)
=0, mg - min for the Kolliphor p patch),

ISSN: 2250-1177 [24]

1 1
" b-Q,2 52,801-0,4642
2

kz,
= 0,088—__ (for the Kolliphor p338 patch)
=0, mg - min for the Kolliphor p patch),

where b is a parameter reflected the diffusion process (the area
cut off on the Y axis)

The Higuchi and Korsmeyer-Peppas models can only be applied
when more than 50% FA was released (Figure 6).

Thus, the optimization of transdermal patches formulations
and kinetic modeling data, showed that the transcutant
Kolliphor p237 provided controlled FA release. The FA release

CODEN (USA): JDDTAO
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from the patch probably occurs via a diffusion-limited
desorption mechanism from the polymer matrix, which follows
from the correspondence of the release process to a pseudo-
second-order equation.

CONCLUSIONS

In general, we obtained and characterized fulvic acids from the
peat in the Nizhny Novgorod region of Russia in the form of the
polymorph with good solubility, high aggregative stability, and
practically non-forming of supramolecular assemblies during
storage. The work modified the technique previously used by
us to obtain various polymorphs of fulvic acids 32. The main
stages of the process included hydrolysis with the alkali (0.1 M
NaOH) and strong oxidative destruction with sulfuric acid,
followed by stepwise sorption purification and freeze-drying.
The modified method makes it possible to reduce significantly
the amount of trace elements that interfere with fulvic acid
released from dosage forms.

In the work, we optimized the formulations of the fulvic acid
emulsion-based transdermal patches using Response Surface
Methodology to identify the optimal transcutant for fulvic acid.
It has been shown that the optimal transcutant for fulvic acid in
the emulsion system (xanthan, glycerin, PVP K17, PEO 400, PEO
1500, Tween 80, emulsion wax, water) is the pluronic Kolliphor
p237 at a concentration of 1.10-1.16%.

The study of the fulvic acid kinetic release features from the
patches showed that the process corresponds to the Higuchi
and Korsmeyer-Peppas model only when the fulvic acid release
is more than 50%. The most adequate mathematical
description the fulvic acid release process from the patches
corresponds to a pseudo-second-order reaction according to
the diffusion-limited desorption mechanism from the polymer
matrix. The effective release constants of fulvic acid by the
pseudo-second-order reaction differed by almost twofold

cm? . _
(ko = 0.044 pep—— for the Kollipfor p237 patch u k,, =
cm? .
0.088 p—p—— for the Kolliphor p338 patch).

Thus, our results allow us to use the method for fulvic acid
obtaining with better physicochemical properties. This fulvic
acid polymorph suitable for use in emulsion-based transdermal
patches with pluronic Kolliphor p237 as a transcutant. To use
transdermal patches with fulvic acid in widespread medical
practice, it is necessary to optimize the formulations of the
patches and mathematical modeling of the fulvic acid release
kinetics. These patches can be effective in the treatment of
various inflammatory diseases, as we have previously shown 31.
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