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HERBAL INFUSIONS AS INHIBITORS OF TRYPSIN ACTIVITY
IN WATER AND POLAR ORGANIC SOLVENT-WATER SYSTEMS
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The inhibition of digestive enzyme trypsin by polyphenolic compounds derived
from mountainous herbal infusions, as well as the effect of polarity and acidity of
the media on this process were studied by virtue of UV-Vis absorption spectroscopy
at 293.15 K. Mountainous herbal infusions (thyme, peppermint) are well known due
to their biomedical significance and wide use as a beverage. The binding constant
(Kb) and standard Gibbs energy change (AG®) were calculated. The obtained results
show that polyphenols extracted from herbal infusions significantly inhibit trypsin.
Moreover, the effect of thyme infusion is stronger compared with that of
peppermint. The results show that the change of both polarity and H-bonding ability
of polar organic cosolvent significantly alters the value of Ky, indicating that H-bonds
and electrostatic interactions are the main driving forces in these interactions.
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Introduction. Protease inhibitors are one of the most promising and
investigated subjects for their role in pharmacological studies, biological functions,
and medical benefits [1]. The binding of small molecular drugs to proteins is in the
focus of many researchers. These studies may reveal the potential application of
small molecules as drugs [1-3]. Trypsin is a typical serine protease, which is
excreted by the pancreas into the small intestine. Trypsin plays an important role in
physiological processes such as apoptosis, hemostasis, signal transduction,
reproduction, and immune response [4]. Therefore, not only the participation of
trypsin in the digestion of food proteins and other biological processes in the human
body is gaining an interest, but it is also used for protein analysis and in biomedicine
as well as food and biotechnology industries [5, 6]. The inhibition of digestive
enzymes is gaining importance in medicinal chemistry for the treatment of diseases
such as platelet aggregation disorders, rheumatoid arthritis, pancreatitis, cystic
fibrosis, pulmonary emphysema, and asthma [7]. Therefore, the development of new
ligands that can act as trypsin inhibitors is of great interest.
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A large number of studies have shown that polyphenols interact with digestive
enzymes (such as pepsin, trypsin, etc.) in the process of the digestion and absorption
by organism, thus affectinf the activity of both polyphenols and digestive enzymes
[8, 9]. Polyphenolic compounds (PCs) are in the focus of many researchers due to a
number of physiological properties such as antioxidant, antibacterial, antiviral, anti-
inflammatory, anti-obesity, antidiabetic activity etc. [10]. Green tea is one of
the main sources of PCs, and its leaves are rich in flavonoids, particularly flavanols
and its gallic acid derivatives such as (+)-catechin, (-)-epicatechin, (+)-gallocatechin,
(-)-epicatechin gallate, (—)-epigallocatechin, and (-)-epigallocatechin gallate [11-13]
(Fig. 1). The inhibition of trypsin by PCs extracted from green tea is extensively
studied, whereas the inhibition of digestive enzymes by PCs derived from
mountainous herbal infusions remains unexamined.
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Fig. 1. Structures of polyphenolic compounds present in green tea a) epicatechin; b) epigallocatechin;
c) epigallocatechin-3-gallate; d) epicatechin-3-gallate.
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Various physiological effects of herbal infusions are well known. Particularly,
thyme infusion can be used at acute and chronic respiratory diseases, it has germi-
cidal, anti-inflammatory, sedative and analgesic effects. It can be used as a diuretic
and antihypertensive agent [14-16]. Peppermint leaves have anti-inflammatory,
analgesic, sedative, as well as stimulant and mood increasing activities [17-19].
Both thyme and peppermint are widely used in many countries as a food and in
traditional medicine for the treatment of digestive disorders and nervous system
actions. Therefore, the inhibition of digestive enzyme trypsin by PCs derived from
thyme and peppermint infusions gains biomedical significance.
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Various conditions such as cosolvents, pH and temperature can modify the
mechanism of interactions between digestive enzyme and PCs [20-22]. Several
studies report that an organic solvent decreases the flexibility of the enzyme and
reduces its activity [23-26]. However, it was found that enzyme activity is not
always associated to its flexibility; the penetration of an organic solvent into the
active site of enzymes may play a significant role in lowering enzyme activity [27].
In reality, the difficulty in empirical identification of small conformational alterations
generated by organic solvents is mostly due to the complexity of the system
composition and protein structure. As a result, the structure and function of enzymes
in non-aqueous environments remain a mystery, particularly at the molecular level.
On the other hand, it was shown that the change of pH of the media varies the
hydrophilicity of PCs, thus alters inhibitory activity of PCs [28]. Therefore, it is
necessary to study the effect of organic cosolvents and pH of the media on the
interactions between PCs and trypsin, and understand its mechanism that can provide
important information, which in its turn will be useful in biomedical field.

UV-Vis absorption spectroscopy is the most common and convenient
technique to study the interactions between small molecules with proteins and
nucleic acids [29, 30].

In the present work, the complex formation between trypsin and PCs derived
from thyme (Serpylli herba) and peppermint (Menthae piperitae folium) infusions is
studied by virtue of UV-Vis absorption spectroscopy. It should be noted that majority
of the published studies report the inhibition of protease enzymes as percent of
inhibition and 1Cs values, whereas the values of physicochemical parameters of
PCs—enzyme binding are determined by a few researchers [10]. In our study, the
binding constant (Ky) and standard Gibbs energy change (AG°) are determined from
the absorption spectra. The effect of polarity and H-bonding ability of the media was
studied by the use of various polar organic cosolvents such as ethanol, methanol,
acetonitrile. The effect of pH of the media on complex formation is also studied by
changing pH from acidic (3.01) to basic (10.01). To reveal the effect of H-bonding
ability of a cosolvent on trypsin-PCs interactions two types of polar cosolvents —
protic alcohols (ethanol and methanol) and aprotic acetonitrile have been used.
The variation of both H-bonding ability and pH of the media provides an information
concerning conformational changes of trypsin as well as the main types of non-
covalent interactions between PCs and trypsin.

Materials and Methods.

Materials. Bovine trypsin was purchased from “Sigma” (USA). Na;HPO.,
NaH,PO4, CH;COONa and acetic acid (purity 98%) were of analytical grade.
Acetonitrile (purity 99.9%), methanol (purity 98%) and ethanol (purity 96%) were
purchased from “PanReac AppliChem ITW Reagents”. Double distilled and
deionized water (conductance less than 2 xS-cm™ at 25°C) was used.

Thyme and peppermint were purchased from specialized tea store. The herbs
were collected from different mountainous areas of Armenia located at an altitude of
1600 to 2200 m above sea level.

Preparation of Samples. The infusions were prepared using aqueous
extraction procedure. 1 g of each plant was mixed with 30 mL of double distilled
water and stirred with a glass rod at 80°C for 10 min. All samples were filtered and
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cooled to room temperature, after which all samples were diluted 20 times (thyme)
and 30 times (peppermint).

Trypsin solution (8.6:10° M) was prepared in phosphate buffer (pH 7.4)
solution. The solution was stored in a refrigerator at a temperature less than 4°C for
at least one day to completely dissolve trypsin.

Three organic cosolvents were used: acetonitrile, methanol, and ethanol with
various volume ratios of mixed solvents (organic cosolvent : water) — from 1:6 to
1:2. The pH values of buffer solutions for studying thyme infusion-trypsin and
peppermint infusion—trypsin interactions were 3.01, 4.91, 8.64, 10.01 and 3.37, 4.51,
5.48, respectively. For basic solutions, a phosphate buffer was used; for acidic media,
acetic acid-sodium acetate buffer was used.

Spectroscopic Measurements. Absorption spectra were recorded using
BK-UV1800PC spectrophotometer (“BIOBASE”, China), quartz cuvettes were used
with length 1 cm; pH of buffer solutions was measured by Benchtop pH/ORP/lon
Meter 930 (“BIOBASE”). All experiments were carried out at 20°C, three times and
the average value was used. All calculations and mathematical issues, as well as
tables, were made using MS Excel 2013 program. Origin 8.5 was used to draw the
plots and implement the fitting procedure. To draw the structures of polyphenols
ChemBioOffice package was used.

Results and Discussion.

The Study of Trypsin—-PCs Non-covalent Interactions. Effect of Polar
Organic Cosolvents. To study the interaction between trypsin and PCs derived from
mountainous herbal infusions, the UV-Vis absorption spectra of thyme infusion and
peppermint infusion were recorded, which are shown in Fig. 2.
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Fig. 2. UV-Vis absorption spectra of thyme (a) and peppermint (b) infusions in water.

The absorption spectra of PCs in herbal infusions show characteristic peaks in
the wavelength range from 286 nm to 328 nm. Fig. 2, a shows that thyme infusion
has two peaks at 286 nm and 328 nm, and the spectrum of peppermint infusion shows
two absorption bands at 283 nm and 326 nm (Fig. 2, b). These absorption bands
appear due to the structure of flavonoids, particularly, band I at 250-290 nm is due to
the benzoyl system, and band Il at 300—380 nm is due to the cinnamoyl ring [31-33].

Fig. 3 shows the skeleton of flavonoids with corresponding groups. As it is
known, the binding of flavonoids to trypsin increases with the increase in the number
of hydroxyl groups [10]. On the other hand, the hydroxyl groups responsible for the
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antioxidant activity of flavonoids are mainly located in cynnamoyl group, therefore,
to study PCs-trypsin interactions we have focused on the change of absorption at
328 nm and 326 nm for thyme and peppermint infusions, respectively.

Benzoyil

Cinnamoyl :
feeeeeeoeoeeo-o---o Fig. 3. Figure of flavonoid skeleton.

The addition of trypsin to thyme infusion causes an increase in absorption at
286 nm and a decrease in absorption at 328 nm. A similar phenomenon is observed
for peppermint infusion: absorption increases at 283 nm and decreases at 328 nm,
indicating that there is a ground-state complex formation between trypsin and poly-
phenols. The inhibitory effects of PCs can be related to non-covalent interactions
between digestive enzymes and PCs, which include van der Waals forces, hydrogen
bonding, hydrophobic interactions, and electrostatic forces [10].

To calculate the K, Wolfe-Shimer equation was used [34, 35]:

Ao & & 1

A—-A4, B €H-¢ — &g * €H-6 — &g .Kb [trypsin] ’ )
where A, is absorption without trypsin, A is absorption in the presence of trypsin,
e and en_c are corresponding molar absorption coefficients in M~t.cm™.

To reveal the effect of H-bonding ability of solvent on trypsin—PCs
interaction three organic polar cosolvents were used: protic ethanol and methanol,
and aprotic acetonitrile. Using different volume ratios of organic cosolvent—water
mixtures, the absorption values at abovementioned two wavelengths for each herbal
infusion were measured. Fig. 4 shows the dependences of Ao/(A—Ao) versus 1/[tripsin]
in water, and in aqueous solutions of ethanol (a) and acetonitrile (b) for PCs derived
from thyme infusion, as well as in water, in aqueous solutions of ethanol (c) and
methanol (d) for PCs derived from peppermint infusion. The plots of Ao/(A-Ao)
versus 1/[trypsin] show the linear dependence (Fig. 4).

From the slope and intercept the binding constants K, were calculated.
From the values of Ky, standard Gibbs energy change can be calculated according
to the following equation:

AG® = —R T InkK,,,

where R is the gas constant (8.314 J-mol-K™), T is the temperature, K. The values
of Ky and AG° change are given in Tab. 1. From the Tab. 1 it can be seen that both
thyme and peppermint infusions have strong inhibitory effect on trypsin. Moreover,
in an aqueous solution the values of K, of trypsin—PCs interaction, where PCs are
derived from thyme infusion, are larger than that of PCs derived from peppermint
infusion, and both are higher than the values reported in [1] for oxyresveratrol and
piceatannol. The observed result is not unexpected, as in our study we have a mixture
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of different PCs. The comparison of Ky values for PCs derived from thyme and
peppermint infusions shows that polyphenols obtained from thyme infusion exhibit
stronger inhibition activity compared to peppermint infusion. The value of K, for
PCs obtained from thyme infusion is about six times higher than that of PCs obtained
from peppermint infusion, probably due to the concentration of PCs in each infusion.
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Fig. 4. Dependence of Ao/(A-Ao) on 1/[trypsin] in water and aqueous solutions of ethanol (a) and
acetonitrile (b) for PCs derived from thyme infusion, and in water and aqueous solutions of ethanol (c)
and methanol (d) for PCs derived from peppermint infusion. Mixed solvents are:

a) 1 — water, 2 — 1 ethanol / 4 water (v/v), 3 — 1 ethanol / 2 water (v/v);

b) 1 — water, 2 — 1 acetonitrile / 4 water (v/v), 3 —1 acetonitrile / 2 water (v/V);
c) 1 —water, 2 — 1 ethanol / 4 water (v/v), 3 — 1 ethanol /2.3 water (v/v);

d) 1 — water, 2 — 1 methanol / 6 water (v/v), 3 — 1 methanol / 2.3 water (v/v).

Tab. 1 shows that the addition of organic cosolvents to PCs—trypsin system
causes a decrease in the binding constant, however it should be noted that further
addition of ethanol causes an increase in Ky in both cases. On the other hand, with
addition of non protic acetonitrile, as well as protic methanol the value of K,
decreases. It can be suggested that the organic solvent alters the structure and
dynamics of enzyme, as well as the distribution of the solvent and the hydration
process. With addition of organic cosolvent, the enzyme becomes more compact and
less native-like compared to an aqueous solution causing the decrease in the
availability of the active site. However, further addition of ethanol causes an increase
in K, due to the strong water—ethanol interaction, which results in the displacement
of solvent molecules from the active site and thus improves the stability of H-bond
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network. On the other hand, the comparison of the effect of a protic solvent such as
ethanol and an aprotic solvent such as acetonitrile indicates that hydrogen bonding
plays a crucial role in the mechanism of binding of polyphenols to trypsin. Moreover,
the change of polarity of the media has considerable effect on electrostatic
interactions, which are also significant in PCs—trypsin interaction.

Table 1

Binding constant and standard Gibbs energy change of PCs-trypsin interaction in water
and aqueous solutions of ethanol, methanol and acetonitrile

Media (vv) K, 108, M1 | AG?, kd/mol
thyme infusion
water 5.723 -37.92
1 ethanol / 4 water 1.337 -34.38
1 ethanol / 2 water 4.827 -37.51
1 acetonitrile /4 water 2.312 -35.71
1 acetonitrile / 2 water 0.699 -32.79
peppermint infusion
water 0.932 -33.50
1 ethanol / 4 water 0.773 -33.04
1 ethanol / 2.3 water 2.338 -35.74
1 methanol / 6 water 1.098 -33.89
1 methanol / 2.3 water 0.236 -30.15

From the comparison of Ky values obtained in aqueous solutions of ethanol
and methanol for PCs derived from peppermint infusion it can be seen that in
methanol K, decreases about 10 times. As it is known, methanol is a stronger H-bond
donor as well as more polar than ethanol. Therefore, it can be suggested that addition
of methanol causes the competitive interactions, mainly the formation of hydrogen
bonds with the active site of trypsin resulting in the weakening of H-bonds between
the active site and polyphenols. In addition, the electrostatic interactions are also
weakened with the addition of methanol compared to ethanol. To exclude the effect
of solvents on the absorption spectra of thyme or peppermint infusion, the
absorbance of both infusions in corresponding mixed solvents in the absence of
trypsin were measured at 328 nm and 326 nm, respectively (data not shown).
The addition of acetonitrile has no effect on the absorption of PCs, whereas with
addition of ethanol and methanol absorption slightly increases. The latter may be
connected with the change of polarity of the media resulting in an increase of
extinction coefficient. However, in our measurement the mixture of herbal infusion,
water and corresponding amount of polar cosolvent was used as a reference,
therefore, this increase can be neglected in discussion of trypsin—PCs interaction.

Effect of pH of the Media on PCs—Trypsin Interaction. In this study, the
effect of pH on PCs—trypsin interaction is discussed in both acidic and basic media.
For thyme infusion—trypsin interaction we have changed pH from 3.01 to 10.01.
The addition of trypsin to thyme infusion at different values of pH causes changes
of absorption at both 286 nm and 328 nm. It is noteworthy that in acidic solutions at
pH 3.01 and pH 4.91 with the addition of trypsin the absorption at both wavelenghts
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decreases, whereas in basic solutions (pH 8.64 and pH 10.01) the absorption increases
at both wavelenghts. To calculate the binding constant the above described method
was used. In Fig. 5 the dependences of Ao/(A—Ao) versus 1/[trypsin] in acidic media
(a) and basic media (b) are given along with aqueous solution for comparison, where
a phosphate buffer with pH 7.4 was used.
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From Fig. 5 (a and b) it can be seen that the dependence is linear in an
acidic solution, whereas in basic solutions the plots are non-linear, which indicates
that Wolfe—Shimer equation cannot be used for Ky calculations in basic media.
The values of Ky, along with AG? at pH 3.01 and pH 4.91 are given in Tab. 2, which
shows that the binding constant increases with decreasing pH. Ky increases by about
10 times, indicating that the activity of trypsin increases sharply in an acidic solution.
This may be related to the conformational changes of trypsin resulting in higher
availability of the active site for the ligand. On the other hand, it is known that
trypsin contains His, Asp, and Ser residues in its binding site [10]. The increase in
H* concentration causes the protonation of His residue, as a result His residue can
interact with the acidic groups of PCs by electrostatic interactions. In the case of
basic solutions, the dependence is not linear, and K, cannot be calculated using the
same method. This result is not unexpected, as it is well known that the optimal pH
for trypsin activity is 9, and under these conditions trypsin becomes the most stable
[36]. In basic media, conformational changes cause a decrease in the availability of
the binding site for the ligand and, as a result, complex formation does not occur
properly. To observe the effect of pH on absorption of thyme infusion, we measured
the absorbance of thyme infusion at 286 nm and 328 nm in buffer solutions without
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trypsin (data not shown). The results show that absorption slightly changes in an
acidic solution, whereas in basic solution the values decrease significantly. It can be
explained by the deprotonation of both carboxylic groups and hydroxyl groups of
PCs. As a result, the distribution of electron density is changed.

As the acidic media strongly affects the activation of trypsin, to study the
interactions between trypsin and PCs extracted from peppermint leaves, we have
focused on acidic media using acetic acid-sodium acetate buffer and the values of
pH were changed from 3.37 to 5.48. Using the absorption values at 326 nm,
Ao/ (A—Av) and 1/[trypsin] were calculated, and the plots are given in Fig. 5, c. It can
be seen that at pH values from 3.37 to aqueous solution (phosphate buffer with
pH 7.4) the plots are linear, and using intercept and slope the values of K, and AG°
were calculated. The values are given in Tab. 2.

Table 2

Binding constant and standard Gibbs energy change of PCs—trypsin interaction in water
and acidic solutions

Media Kb, 108, M? | AG?, kd/mol
thyme infusion

water (pH 7.4) 5.723 —37.92
pH 4.91 2.218 —35.61
pH 3.01 30.386 —41.99

peppermint infusion

water (pH 7.4) 0.932 —33.50
pH 5.48 2.401 —35.81
pH 4.51 2.466 —35.87
pH 3.37 10.085 —39.30

It can be seen from the Tab. 2, with an increase in acidity Ky of trypsin with
PCs sharply increases similar to the results obtained for thyme infusion. Moreover,
from a neutral solution to pH 3.37 K increases almost 10 times. This result in not
unexpected, as with the increase in acidity the activity of trypsin increases.

From Tabs. 1 and 2 it can be seen that the values of AG? are negative indicating
that complex formation between trypsin and PCs derived both from thyme infusion
and peppermint infusion in water, aqueous solutions of ethanol, methanol,
acetonitrile as well as in acidic media is spontaneous.

Conclusion. Using UV-Vis absorption spectroscopy, binding constant and
standard Gibbs energy change for the interactions between digestive enzyme trypsin
and polyphenolic compounds were determined. A mixture of polyphenolic
compounds were derived from mountainous herbal infusions in particular thyme
infusion and peppermint infusion that were collected from mountainous areas of
Armenia. The obtained results show that PCs derived from infusions of both herbs
have significant inhibitory activity. Moreover, the effect of thyme infusion is stronger
compared to peppermint infusion. To reveal the mechanism of interaction, the effect
of polarity and H-bond ability of solvent on complex formation using both aprotic
(such as acetonitrile) and H-donor (such as ethanol and methanol) organic cosolvents
have been studied. The obtained results show that the main driving forces in these
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interactions are H-bonds and electrostatic interactions due to a significant change of
the binding constant in different mixed solvents. The effect of pH of the media was
also investigated, and it was revealed that inhibition of trypsin by polyphenols is
maximal in acidic solutions. Moreover, in basic solutions conformational changes of
the enzyme cause the restriction of the availability of the active site for ligands.

Received 23.03.2023
Reviewed 05.04.2023
Accepted 25.04.2023

REFERENCES

1. Liu M., Liu T., et al. Comparative Study on the Interaction of Oxyresveratrol and Piceatannol
with Trypsin and Lysozyme: Binding Ability, Activity and Stability. Food Funct. 10 (2019),
8182-8194.
https://doi.org/10.1039/C9F001888C

2. Shahinyan G.A., Dadayan A.S., et al. Study of the Interaction of Novel Nonprotein Amino Acids
with Trypsin by Steady-State Fluorescence Spectroscopy. J. Fluoresc. 30 (2020), 229-233.
https://doi.org/10.1007/s10895-020-02504-3

3. Fernandez-Sainz J., Pacheco-Linan P.J., et al. Shedding Light on the Binding Mechanism of
Kinase Inhibitors BI-2536, Volasetib and Ro-3280 with Their Pharmacological Target PLK1.
J. Photochem. Photobiol. B 232 (2022), 112477.
https://doi.org/10.1016/j.jphotobiol.2022.112477

4. He W., Dou H.J., et al. Spectroscopic Study on the Interaction of Trypsin with Bicyclol and
Analogs. Spectrochim. Acta A 118 (2014), 510-519.
https://doi.org/10.1016/j.saa.2013.09.027

5. HuW.,, Zhang Y., et al. Manipulation of Living Cells with 450 nm Laser Photobiomodulation.
J. Photochem. Photobiol. B 209 (2020), 111896.
https://doi.org/10.1016/j.jphotobiol.2020.111896

6. Dhar S., Kumar D., et al. Photobehavior and Docking Simulations of Drug within Macro-
molecules: Binding of an Antioxidative Isoquinolindione to a Serine Protease and Albumin
Proteins. J. Photochem. Photobiol. B 129 (2013), 69-77.
https://doi.org/10.1016/j.jphotobiol.2013.09.007

7. Wu Z, Shen L., et al. Mechanism and Nature of Inhibition of Trypsin by Ligupurpuroside A, a Ku-
Ding Tea Extract, Studied by Spectroscopic and Docking Methods. Food Biophys. 12 (2017), 78-87.
https://doi.org/10.1007/s11483-016-9465-0

8. RenG., SunH,, etal. Molecular Mechanism of the Interaction Between Resveratrol and Trypsin
Via Spectroscopy and Molecular Docking. Food Funct. 10 (2019), 3291-3302.
https://doi.org/10.1039/C9F000183B

9. Simao A.A., Marques T.R., et al. Aqueous Extract of Psidium guajava Leaves: Phenolic Compounds
and Inhibitory Potential on Digestive Enzymes. An. Acad. Bras. Cienc. 89 (2017), 2155-2165.
https://doi.org/10.1590/0001-3765201720160067

10. Martinez-Gonzalez A.l., Diaz-Sanchez A.G., et al. Polyphenolic Compounds and Digestive
Enzymes: in vitro Non-covalent Interactions. Molecules 22 (2017), 669.
https://doi.org/10.3390/molecules22040669

11. Namal Senanayake S.P.J. Green Tea Extract: Chemistry, Antioxidant Properties, and Food
Applications — a Review. J. Functional Foods 5 (2013), 1529-1541.
https://doi.org/10.1016/j.jff.2013.08.011

12. Forester S.C., Lambert J.D. The Role of Antioxidant Versus Pro-oxidant Effects of Green Tea
Polyphenols in Cancer Prevention. Mol. Nutr. Food Res. 55 (2011), 844-854.
https://doi.org/10.1002/mnfr.201000641


https://doi.org/10.1039/C9FO01888C
https://doi.org/10.1007/s10895-020-02504-3
https://doi.org/10.1016/j.jphotobiol.2022.112477
https://doi.org/10.1016/j.saa.2013.09.027
https://doi.org/10.1016/j.jphotobiol.2020.111896
https://doi.org/10.1016/j.jphotobiol.2013.09.007
https://doi.org/10.1007/s11483-016-9465-0
https://doi.org/10.1039/C9FO00183B
https://doi.org/10.1590/0001-3765201720160067
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6154557/
https://doi.org/10.3390/molecules22040669
https://doi.org/10.1016/j.jff.2013.08.011
https://doi.org/10.1002/mnfr.201000641

JAMAL A. Kh., MOHAMMED A. Q., RASHEED A. H., AL-RUBBAWI A. R., SHAHINYAN G. A. 87

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Kazimierczak R., Hallmann E., et al. Polyphenols, Tannins and Caffeine Content and Antioxidant
Activity of Green Teas Coming from Organic and Non-organic Production. Renew. Agric. Food
Syst. 30 (2015), 263-269.

https://doi.org/10.1017/S1742170513000513

Segvi¢ Klari¢ M., Kosalec I. et al. Antifungal Activity of Thyme (Thymus vulgaris L.) Essential
Oil and Thymol against Moulds from Damp Dwellings. Lett. Appl. Microbiol. 44 (2007), 36-42.
https://doi.org/10.1111/j.1472-765X.2006.02032.x

Shoaib Akhtar A.M., Jabeen Q. et al. Pharmacological Evaluation of Antihypertensive Effect of
Aerial Parts of Thymus Linearis Benth. Acta Pol. Pharm. 71 (2014), 677-682.

Kemmerich B., Eberhardt R., Stammer H. Efficacy and Tolerability of a Fluid Extract
Combination of Thyme Herb and Ivy Leaves and Matched Placebo in Adults Suffering from
Acute Bronchitis with Productive Cough. A Prospective, Double-Blind, Placebo-Controlled
Clinical Trial. Arzneimittelforschung 56 (2006), 652—660.
https://doi.org/10.1055/s-0031-1296767

McKay D.L., Blumberg J.B. A Review of the Bioactivity and Potential Health Benefits of
Peppermint Tea (Mentha piperita L.). Phytother. Res. 20 (2006), 619-633.
https://doi.org/10.1002/ptr.1936

Kennedy D., Okello E. et al. VVolatile Terpenes and Brain Function: Investigation of the Cognitive
and Mood Effects of Menthaxpiperita L. Essential Oil with in vitro Properties Relevant to
Central Nervous System Function. Nutrients 10 (2018), 1029.
https://doi.org/10.3390/nu10081029

Samojlik 1., Petkovi¢ S., et al. Acute and Chronic Pretreatment with Essential Oil of Peppermint
(Menthaxpiperita L., Lamiaceae) Influences Drug Effects. Phytother. Res. 26 (2012), 820-825.
https://doi.org/10.1002/ptr.3638

Li Y.-Q., Yang P, et al. Probing the Interaction between 3 Flavonoids and Pancreatic Lipase by
Methods of Fluorescence Spectroscopy and Enzymatic Kinetics. Eur. Food Res. Technol. 233
(2011), 63-69.

https://doi.org/10.1007/s00217-011-1491-z

Prigent S.V.E., Gruppen H., et al. Effects of Non-covalent Interactions with 5-O-caffeoylquinic
Acid (Chlorogenic Acid) on the Heat Denaturation and Solubility of Globular Proteins.
J. Agri. Food Chem. 51 (2003), 5088-5095.

https://doi.org/10.1021/jf021229w

Thongkaew C., Gibis M., et al. Polyphenol Interactions with Whey Protein Isolate and Whey
Protein Isolate—Pectin Coacervates. Food Hydrocoll. 41 (2014), 103-112.
https://doi.org/10.1016/j.foodhyd.2014.02.006

Zaks A., Klibanov A.M. Enzymatic Catalysis in Non-aqueous Solvents. J. Biol. Chem. 263
(1988), 3194-3201.

https://doi.org/10.1016/S0021-9258(18)69054-4

Eppler R.K., Komor R.S., et al. Water Dynamics and Salt-Activation of Enzymes in Organic
Media: Mechanistic Implications Revealed by NMR Spectroscopy. Proc. Natl. Acad. Sci. USA
103 (2006), 5706-5710.

https://doi.org/10.1073/pnas.0601113103

Affleck R., Xu Z.F., et al. Enzymatic Catalysis and Dynamics in Low-water Environments.
Proc. Natl. Acad. Sci. USA 89 (1992), 1100-1104.

https://doi.org/10.1073/pnas.89.3.1100

Watanabe K., Yoshida T., Ueji S. The Role of Conformational Flexibility of Enzymes in the
Discrimination between Amino Acid and Ester Substrates for the Subtilisin-Catalyzed Reaction
in Organic Solvents. Bioorg. Chem. 32 (2004), 504-515.
https://doi.org/10.1016/j.bioorg.2004.05.001

Meng Y., Yuan Y., et al. Effects of Organic Solvents and Substrate Binding on Trypsin in
Acetonitrile and Hexane Media. J. Mol. Model. 19 (2013), 3749-3766.
https://doi.org/10.1007/s00894-013-1900-2

Helal A., Tagliazucchi D., et al. Bioaccessibility of Polyphenols and Cinnamaldehyde in Cinnamon
Beverages Subjected to in vitro Gastro-Pancreatic Digestion. J. Funct. Foods 7 (2014),
506-516.

https://doi.org/10.1016/j.jff.2014.01.005


https://doi.org/10.1017/S1742170513000513
https://doi.org/10.1111/j.1472-765X.2006.02032.x
https://doi.org/10.1055/s-0031-1296767
https://doi.org/10.1002/ptr.1936
https://doi.org/10.3390/nu10081029
https://doi.org/10.1002/ptr.3638
https://doi.org/10.1007/s00217-011-1491-z
https://doi.org/10.1021/jf021229w
https://doi.org/10.1016/j.foodhyd.2014.02.006
https://doi.org/10.1016/S0021-9258(18)69054-4
https://doi.org/10.1073/pnas.0601113103
https://doi.org/10.1073/pnas.89.3.1100
https://doi.org/10.1016/j.bioorg.2004.05.001
https://link.springer.com/journal/894
https://doi.org/10.1007/s00894-013-1900-2
https://doi.org/10.1016/j.jff.2014.01.005

88 HERBAL INFUSIONS AS INHIBITORS OF TRYPSIN ACTIVITY IN WATER AND...

29.  Amirbekyan K.Yu., Shahinyan G.A., et al. Fluorescence Anisotropy Studies on the Hoechst 33258
DNA Interaction: the Solvent Effect. J. Biomol. Struct. Dyn. 38 (2020), 4902-4906.
https://doi.org/10.1080/07391102.2020.1782267

30. Shahinyan G.A., Ghazoyan H.H., Markarian S.A. The Effect of Dimethylsulfoxide
(or Diethylsulfoxide) on Methylene Blue—Calf Thymus DNA Binding in Aqueous Solutions
by Fluorescence Polarization and Steady-State Fluorescence Quenching. J. Sol. Chem. (2023).
https://doi.org/10.1007/s10953-023-01263-6

31. Tsimogiannis D., Samiotaki M., et al. Characterization of Flavonoid Subgroups and Hydroxy
Substitution by HPLC-MS/MS. Molecules 12 (2007), 593-606.
https://doi.org/10.3390/12030593

32. Mabry TJ., Markham K.R., Thomas M.B. The Systematic ldentification of Flavonoids.
New York, Springer-Verlag, Inc. (1970).
https://doi.org/10.1007/978-3-642-88458-0

33. Duan Y. Ultraviolet-Visible Spectrum Characterizations of Quercetin in Aqueous Ethanol
Solution with Different pH Values. J. Chem. Pharm. Res. 6 (2014), 236—240.

34. Hajian R., Hossaini P., et al. DNA-Binding Studies of Valrubicin as a Chemotherapy Drug Using
Spectroscopy and Electrochemical Techniques. J. Pharm. Anal. 7 (2017), 176-180.
https://doi.org/10.1016/j.jpha.2017.01.003

35.  Purcell M., Neault J.F., Tajmir-Riahi H.A. Interaction of Taxol with Human Serum Albumin.
Biochim. Biophys. Acta 1478 (2000), 61-68.
https://doi.org/10.1016/s0167-4838(99)00251-4

36. GongJ.-S., Li W., et al. Biochemical Characterization of an Arginine-Specific Alkaline Trypsin
from Bacillus Licheniformis. Int. J. Mol. Sci. 16 (2015), 30061-30074.
https://doi.org/10.3390/ijms161226200

U. lv. QUUUL, U. L. UNKUUGBY, U. < AUGHhY,
u. 0+ UL-0NFRUY D, Q. U. GU<LPL3UL

AAFUUUUY (OFPUGLE NMNEBU SPPNUDRLE WUShdNFE8UL
bU<PLRSNCLLEN QPNFU B ABJENUSHL OLFULUUUL
LOFOhQ-9NF KUUUWUUratLNET

Etyupnbught uiidub vyblmpnunuyphuygh dtpnnny niunidiwmuhpy by &
293.15 4 otipdwumhawinid dwpunnquijutt $tipdkin miphwyuhtth hthhphgnidp
1Entwyhtt pniuwub pnipdtinhg unwgyud wynhbtbinuyht thugnipynibdbtpny,
htyytiu bwle thowjuyph pluinuytini pyub U preyuwyiimipyub wgntgnigmnibb wyn
wpngtiuh Yypw: Lentuwyyhtt pngubiph (nipg, nund) ponipdtipp juytnptt hwynth G0
2tinphhy hpkbg Yhbuwpdoiuud pubwlnipjud L jhpunnipjui’ nputu
niwthpbtp: <wyduwpyly G juuydwb hwumwmniop (Kp) 0 unwbnupn
Qhpuh Ehtpghuwgh thmhnfunipyniip (AG%): Uwmwgywd wnjuibitipp gnyg tb
nwjhu, np pniuwlubd pnipdtphg nLOwhwiwd wynhdphinbbipp qquyhnptb
htthhphgnid Gt mphwyuhtth wywhynipyniin: Wykghl, nipgh wgntignipmibh
wybtjh qquyh k, pwb nundhbtip: Unwgud wnfyujbpp gnyg G wmuwghu, np
pltinuyhtt opqubujuill nLdhsh pluinwyiinipyub b gpudtiujub Juy wnwewg-
ttnL nLbwnipiniab bujub wgnbignipynib nititih Kp-h windbiph ypw: dbpghtip
Yyuynid £ wyh dwuhb, np wyu thnpuwgntignipyniattiph hhdowud yupdhy nidp
opwdhwljub Juytipp b EEumpnununply thnpuwgntignipmibbitinh ti:


https://doi.org/10.1080/07391102.2020.1782267
https://doi.org/10.1007/s10953-023-01263-6
https://doi.org/10.3390/12030593
https://doi.org/10.1007/978-3-642-88458-0
https://doi.org/10.1016/j.jpha.2017.01.003
https://doi.org/10.1016/s0167-4838(99)00251-4
https://doi.org/10.3390/ijms161226200

JAMAL A. Kh., MOHAMMED A. Q., RASHEED A. H., AL-RUBBAWI A. R., SHAHINYAN G. A. 89

A. X. JDKAMAJIb, A. K. MYXAME]], A. X. PAIIIN]I,
A.P. AJIb-PYBBABU, I'. A. IIAT'HSH

TPABSAHBIE HACTON KAK MHI'MBUTOPBI AKTUBHOCTU
TPUIICUHA B BOAE 1 B CUCTEMAX
INOJIAPHBIM OPTAHUYECKHWU PACTBOPUTEJIbL-BOA

MeTtooM aneKTpoHHOM criekTpockomnuu mpu 293.15 K uccnenosano narubu-
POBaHKE MHIIEBAPUTEITHHOTO (pepMeEHTa TPUTICHHA TTOTU(PEHOTHHBIMHU BEIIECTBAMH,
MOJYYEeHHBIMH W3 HACTOEB AIBIMHUMCKHUX TpaB, a TaKKe BIHSHUE MOJSAPHOCTH H
KHACJIIOTHOCTH CpeJbl Ha 3TOT mpoliecc. HacTon anbnuicKuX TpaB (THMbSHA, MSITHI
MIEPEYHON) XOpOIIO W3BECTHHI Onarofaps WX OHOMEAWIIMHCKOW IIEHHOCTH |
IIIPOKOMY FWCIIOJIb30BAHMIO B KayeCTBE HAMMTKOB. PaccyWTaHbl MOCTOSHHAs
cessbiBanus (Kp) 1 n3MeHenue crangapTHoi sHeprun ['u66ca (AG?). Tlomyuennbie
pe3yNbTaThl IOKa3bIBAIOT, YTO MOJU(EHOIBHBIE BEIIECTBA, SKCTParupOBaHHBIE H3
TPaBSHBIX HACTOEB, 3HAUYUTEIHHO HHTHOUPYIOT aKTUBHOCTH TpUIICHHA. bojee Toro,
3¢ ¢deKT THMbSHAa 3HAYHUTENEHO CWJIbHEE BIMSHUS TEPEYHON MATHL. Pe3ymbTaThl
MOKAa3bIBAIOT, YTO M3MEHEHHE TOJSIPHOCTH M CIOCOOHOCTH K BOAOPOIHBIM CBSI3SIM
OpPraHUYECKOTO TOISPHOTO COPACTBOPUTENS 3HAYUTENBHO BIMAIOT Ha 3HAUeHUs Ko,
TEM CaMBIM YKa3bIBasl Ha TO, YTO B JIAHHBIX B3aWMOJCHCTBUIX TIIABHOM ABIDKYIIEH
CHJIOH SIBJIAFOTCS BOJOPOIHEIE CBSI3U M AJIIEKTPOCTATHIECKHAE B3aUMOICHCTBHSL.



