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Abstract—The use of natural polymers that form complexes with drug preparations is promising in the devel-
opment of drugs of new generation. The possibility of complex formation on the interaction of humic acid
salts with papaverine, benzohexonium, and B-group vitamins was demonstrated by calorimetric and poten-
tiometric titration. These interactions can occur between the charged groups of a humic acid macroanion and
the positively charged centers of drug molecules. The degree of binding of drug preparations by a natural poly-
mer macromolecule can be determined by the charge and the structure of their molecules.
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The use of biomedical polymers is a possible
method for solving the problem of the development of
drug preparations with an improved delivery system
and prolonged action [1]. The formation of polymer–
drug complexes can be promising for the development
of systems for the controlled release of drug substances
in the body [2]. Biomedical polymers can be used as
drug carriers of medicines; that is, they can be applied
as a peculiar kind of ferryboats. Micro- and nanopar-
ticles are also used for this purpose [3]. The polymer–
drug complexes are actively or passively accumulated
in the target organ, and they release drugs from the fer-
ryboats in controlled doses and times [4, 5].

It is well known that humic acids (HAs) from peat
and brown coal possess expressed biological activity
(hepatoprotective, antihypoxic, antitoxic, and other
properties [6, 7]); therefore, preparations based on
humic acids are considered promising for the develop-
ment of new drugs with an improved therapeutic
effect.

The aim of this work was to study the interaction of
native sodium humate macromolecules with drug
preparations (papaverine, benzohexonium, and B1
and B6 vitamins) by calorimetric and potentiometric
titration.

EXPERIMENTAL

Sodium humates were obtained from the analytical
sample of brown coal from the Aleksandriiskoe
deposit [8]. The method consisted in the single
extraction of humic acids in the form of sodium salts
from the brown coal with a 0.1 N solution of NaOH at

the ratio solid : liquid = 1 : 8 and a temperature of
20°C. The samples of humic acids were obtained upon
the addition of a 5% solution of HCl to a solution of
sodium humate to pH 1–2. The humic acid precipi-
tate formed was separated from the supernatant liquid
by centrifugation (15 min at 12000 rpm). The precipi-
tate was washed with a large quantity of distilled water
to pH 6–7. The washed humic acids were dried in a
drying oven to constant weight at a temperature of
80°C. The amount of mineral impurities in the HA
samples thus obtained was 0.53% and contained clay
minerals (primarily, kaolinite). The solutions of
sodium humates for this study were obtained by the
dissolution of washed and dry humic acids in a 0.1 N
solution of NaOH. The average molecular weight of
the sodium humate samples was approximately 20000
[9]; according to published data [10], the size of
sodium humate macromolecules was 4–18 nm.

Pharmaceutical preparations—the aqueous solu-
tions of B1 and B6 vitamins, papaverine, and benzo-
hexonium—were used in this work. These drug prepa-
rations were chosen based on differences in their
molecular structures and charges.

Interactions in the sodium humate–drug prepara-
tion systems were studied by calorimetric titration.
In all of the test systems, interactions were accompa-
nied by heat liberation. The heats of interactions in the
sodium humate–drug preparation systems were deter-
mined by measuring the quantity of heat (Q, J) released
in a cell [11] filled with 70 mL of a 1% (5 ⋅ 10–4 mol/L)
solution of sodium humate upon the addition of the
solutions of drugs. The quantity of heat per unit vol-
ume of a titrated solution was determined (V, L).
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A 100-mL portion of a 1.0% solution of sodium
humate was taken for potentiometric titration, and a
0.1 N solution of HCl (VHCl, mL) was added to pH 2.
In another case, the 5% solutions of vitamins B1 and
B6 (VVIT, mL) were added to 50 mL of the 1% stock
solutions of sodium humates. After the addition of
each titrant portion, the system was stirred with a mag-
netic stirrer for 5 min. The equilibrium values of the
pH of solutions were measured on an OR 205/1 preci-
sion pH meter. In the case of the titration of the solu-
tions of sodium humates with an acid (HCl), equiva-
lence points were determined by a differential method.

RESULTS AND DISCUSSION
Various natural and synthetic polymers, for exam-

ple, those based on polysaccharides, polylactides,
polyacrylates, etc., are frequently used as the biomed-
ical polymer carriers of drugs. In this work, we used

humic acid salts as a natural polymer, which is a prom-
ising drug carrier. Figure 1 shows the structural formu-
las of the probable molecular fragments of humic acids
according to Orlov–Chukov [12, 13] and Stevenson
[14], which are the minimum-size parts of HA mole-
cules containing all of the most important structural
components.

Humic acids belong to weak polyelectrolytes.
The HA macromolecules contain carboxyl and
hydroxyl groups capable of dissociation. The dissocia-
tion constants of HAs from the brown coal of the Alek-
sandriiskoe deposit are K = (0.63–16.5) × 10–5 (pK =
3.78–6.2) for carboxyl groups and K = (0.48–8.58) ×
10–9 (pK = 8.07–9.3) for hydroxyl groups [15, 16].

The amounts of COOH and OH groups in the
macromolecules of sodium humates calculated from
the titration data (Fig. 2) are 2.35 and 1.23 mg-
equiv/g, respectively.

Fig. 1. Schematic diagrams of the structural cells of humic acids according to (a) Orlov–Chukov [12, 13] and (b) Stevenson [14]:
(a) the central section of an HA molecule and (b) the peripheral part of an HA molecule.
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Figure 3 shows the structural formulas of the drug
preparations.

The potentiometric titration of a 1% solution of
sodium humate was carried out with the use of B-

group vitamins as an example. In the titration of
humic acids with a solution of an alkali, the equiva-
lence points are determined from fixed pH values.
Usually, pH 10.5 is considered as the end of the titra-
tion of hydroxyl groups, whereas pH 7.0, as the end of
the titration of carboxyl groups [17–19]. In the titra-
tion of humic acid salts with a solution of an acid, the
above fixed values of pH (10.5 and 7.0) are considered
the onset of the titration of –OH and –COOH groups
[16]. In the test solution of sodium humate, an excess
of an alkali was titrated with a 0.1 N solution of HCl to
pH 10.5.

A decrease in the pH of the solution of sodium
humates depending on the concentration of vitamins
added is indicative of the interaction of their mole-
cules with the macromolecules of sodium humates
(Fig. 4).

Figure 5 shows the curves of the calorimetric titra-
tion of a 1.0% solution of sodium humate with the
aqueous solutions of drug preparations depending on
a ratio between the molar concentrations of drug
preparations and sodium humates (the numbers of
moles of drug preparations per mole of sodium
humates, Cdrug/Csodium humate).

The probable compositions of complexes were
determined as the abscissas of the intersection points
of tangents to the initial and final segments of the cal-
orimetric titration curves. The heats of formation of
the sodium humate–drug complexes (–ΔH) were cal-

Fig. 2. Potentiometric titration curve of sodium humate
(Csodium humate = 1.0 wt %) with a 0.1 N solution of HCl
and its differential form. 
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Fig. 3. Structural formulas of the drug preparations. 
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culated as the slopes of the initial sections of the calo-
rimetric titration curves.

As follows from the table, 1 mol of sodium humates
can form complexes with n moles of drug preparations
(sodium humates : n drug preparations). The value of
n is related to the number of active carboxyl and
hydroxyl groups in a sodium humate macromolecule.
From the potentiometric titration data, it follows that
the amounts of functional groups capable of dissocia-
tion per mole of sodium humate are ~47 mol of –
COOH and 25 mol of –OH. By this is meant that not
all of the functional groups in the macromolecule of
sodium humate equally participate in reactions with
the molecules of drug preparations. This is due to the
fact that humic substances can aggregate in solution
[19–21]. A change in the structure and the aggregation
of the macromolecules of humic compounds are
related to the degree of dissociation of their functional
groups (–COOH and –OH). As a result, a portion of
the functional groups is screened by the fragments of
sodium humate macromolecules, and can it be steri-
cally inaccessible to interactions.

On the other hand, drug molecules have different
molecular structures (Fig. 3) and hence different steric

accessibility in their interactions with the macromole-
cules of a natural polymer.

The maximum heat of formation of a complex was
observed on the interaction of sodium humates with
vitamin B6; in this case, the number of moles of the
vitamin, which can react with a mole of sodium
humates (n), was the greatest among the test drug
preparations (see the table). This can be related to the
fact that the compact cation of a vitamin B6 molecule
is sterically most accessible to interactions with the
macroanions of the natural polymer. Furthermore,
the presence of three OH groups in the molecular
structure of vitamin B6 implies the possibility of the
formation of hydrogen bonds with the macromole-
cules of sodium humates, the structure of which con-
tains a large quantity of oxygen-containing functional
groups (Figs. 1, 3).

For the double-charged molecules of vitamin B1,
the heat of formation of complexes with sodium
humates and the number of molecules that form com-
plexes with sodium humates (n) are smaller than those
for the molecules of vitamin B6. However, the close
arrangement of positive charges in the molecule of
vitamin B1 (Fig. 3) creates favorable conditions for
their interaction with polymer macroanions. It is likely
that a decrease in the reaction heat of the formation of
complexes (–ΔH) between the double-charged mole-
cules of vitamin B1 and single-charge molecules of
papaverine with the macroanions of sodium humates

Fig. 4. Potentiometric titration curves of the 1.0% solu-
tions of sodium humates with the addition of the 5% solu-
tions of (1) vitamin B1 and (2) vitamin B6 (VVIT, mL). 
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Drug preparation Sodium humate : n 
drug preparation

–ΔH, 
kJ/mol

–ΔН/n, 
kJ/mol

Vitamin B6 1 : 18 77 4.3
Vitamin B1 1 : 15 60 4.0
Papaverine 1 : 10 45 4.5
Benzohexonium 1 : 8 30 3.8
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is caused by an increase in the sizes of their molecules,
as compared with the vitamin B6 molecule.

For the molecules of benzohexonium, the values of
–ΔH and n are minimal in the series of the test drug
preparations. In view of spatial charge separation (Fig. 3),
one molecule of benzohexonium can interact with two
sodium humate molecules to form the aggregates of
polymer macromolecules by crosslinking, which can
lead to a decrease in the value of n. Furthermore, the
absence of other binding sites (for example, for the
formation of hydrogen bonds) creates less favorable
conditions for interactions with the macroanions of
sodium humates.

The heats of formation of the complexes of sodium
humates with the drug preparations in a ratio of 1 : 1
(–ΔH/n) are approximately the same for all of the test
drugs (see the table).

The set of the above experimental data is indicative
of the possibility of interactions between humic acid
salts and the drug preparations (papaverine hydro-
chloride, benzohexonium, and B-group vitamins).
Interactions in the sodium humate–drug preparation
system can primarily occur between the charged
groups of the macroanions of humic acid salts and the
positively charged centers of drug molecules. Further-
more, it is obvious that interactions at other binding
sites can also occur, for example, hydrogen bonds and
hydrophobic interactions. Is possible to assume that
the number of moles of drug preparations capable of
interacting with a natural polymer macromolecule is
determined by their molecular structure peculiarities
and charges.
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