
444

0007 -4888/20/1704-0444  © 2021  Springer Science+Business Media, LLC

Comparative Study of Wound-Healing Activity  
of Dihydroquercetin Pseudopolymorphic Modifications
R. P. Terekhov1, I. A. Selivanova1, M. N. Anurova2, A. K. Zhevlakova1,  
I. D. Nikitin1, Zh. Cong3, S. Ma3, F. Yang3, Z. Dong3, and Y. Liao3

Translated from Byulleten’ Eksperimental’noi Biologii i Meditsiny, Vol. 170, No. 10, pp. 452-456, October, 2020
Original article submitted July 20, 2020

Wound-healing activity of the crystalline form of dihydroquercetin and its microtubular 
pseudopolymorphic modification obtained by crystal engineering was compared using the rat 
model of IIIA degree burn. The rate of wound healing in the group treated with microtubular 
pseudopolymorphic modification of dihydroquercetin was 4.8±0.1%, which was higher by 
11.6% than in the group treated with crystalline form (4.3±0.1%). Bioavailability analysis on 
MDCK cell culture showed that the apparent permeability coefficient of microtubular pseudo-
polymorphic modification was higher than that of crystalline form by 31.1% (19.4±0.2×10–4 
and 14.8±0.3×10–4 cm/sec, respectively). It was proven that the use of crystal engineering 
improved the biopharmaceutical parameters of dihydroquercetin and increased its pharma-
cological efficiency.
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Dihydroquercetin (DHQ), or taxifolin, is characterized 
by a wide range of pharmacological activity. In Russia, 
antioxidant drug Diquertin is produced on the basis of 
this flavonoid [2]. Much attention is now attracted to 
DHQ due to unique combination of pharmacological 
effects and its high safety profile [10,12]. Recent stud-
ies are focused on the search of new biological targets 
using in silico approach [5,8]; pharmacological prop-
erties of this substance [1], mechanisms of antioxidant 
activity [9], and its metabolism and pharmacokinetics 
are extensively studied [14]. The development of new 
DHQ forms characterized by higher water solubility 
and better bioavailability is a priority research area 
[13]. Crystal engineering is a new way for the modi-
fication of the biopharmaceutical parameters of flavo-
noids, including DHQ [4].

DHQ is produced in the form of a pharmaceuti-
cal substance (FS-000388-270812) that has a crystal-
line structure (DHQ-C) according to the data of X-ray 
powder diffraction analysis. Using crystal engineer-
ing approach, a new microtubular pseudopolymorphic 
modification (DHQ-T) was obtained [6].

The aim of this study was to study and compare 
the wound healing activity of polymorphic modifica-
tion of DHQ (microtubular and crystalline) using the 
rat model of IIIA degree burn.

MATERIALS AND METHODS

The study was carried out on 3-month-old male 
Sprague-Dawley rats (n=48; mean weight 270 g) pro-
vided by Institute of Medical Plant Development (Bei-
jing). The maintenance, feeding, and sacrifice were 
conducted with strict adherence to GOST 33215-2014 
(Guidelines for the Maintenance and Care of Labora-
tory Animals. Rules for the Equipment of Premises 
and Organization of Procedures) and GOST 33216-
2014 (Guidelines for the Maintenance and Care of 
Laboratory Animals. Rules for the Maintenance and 
Care of Laboratory Rodents and Rabbits). The de-
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sign of this experiment was approved by the Ethics 
Committee of the I. M. Sechenov First Moscow State 
Medical University.

The IIIA burn was modeled by a widely used 
method [7,11]: the rats were deeply anesthetized with 
chloralhydrate and a metal plate (m=200 g, d=8 cm2) 
heated to 105±5°С was applied to the shaved skin of 
the back for 20 sec.

In 24 h, the animals were divided up into 4 
groups (12 rats per group). Group 1 served as a nega-
tive control (application of 1 ml water). Group 2 rats 
were treated by applying 1 ml suspension of DHQ-C 
(Lavitol, Ametis) with the concentration of 50 mg/ml  
on the wound. Group 3 animals were treated with 
DHQ-T suspension [6]. In group 4 (positive control), 
the wounds were treated with 1 ml sea-buckthorn oil 
(Wulumuqi Huajinshan Shipin Co. Ltd.). All prepara-
tions were applied daily.

On days 1, 3, 5, 8, 11, 14, 17, 20, and 24, the 
body weight and temperature were measured. Wound 
healing was controlled by the Popova’s contact meth-
od and non-contact method of digital photography 
with a square standard using GNU Image Manipula-
tion Software 2.10.18 (GNOME Foundation) [37]. 
The wound healing rate (W) was calculated by the 
formula:

S0-Sn                          W= ×100%,S0

where S0 and Sn are the mean square of the wound 
before and on day n of treatment. The mean rate of 
wound healing was determined from the plot using the 
data of all measuring days.

The ex vivo experiments were carried out on pas-
sage 25-28 MDCK cell cultures obtained from the 
Cell Culture Center of Chinese Academy of Medical 
Sciences (Beijing). The cells were grown in DMEM 
(Corning) supplemented with 10% fetal calf serum 
(Gibco) and penicillin and streptomycin (Gibco) 
(89:10:1 v/v) in 50-ml plastic flasks at 37°C, 5% 
CO2, and 95% humidity. The medium was changed 
every 48 h.

MDCK cells in complete medium (0.25 ml) were 
seed on 96-well plates at a final density 4×104 cells/ml.  
After 36 h, the medium was removed, and fresh cul-
ture medium was added to 6 wells of the first row 
(positive control) and 10% DMSO (Xilong Scientific) 
was added to 6 wells of the last row (negative control). 
To other wells, culture medium containing DHQ in 
concentrations from 2000 to 0.002 mg/ml (each poly-
morphic modification was tested in a special plate). 
After 2-h incubation in an incubator, the solutions 
were removed and a cell counting kit CCK-8B (Bei-
jing Bio Dee Biotechnologies) was added for 2 h. The 
absorbance was measured in a SPARK spectropho-

tometer (TECAN) at λ=450 nm. The viability (V) was 
calculated by the formula:

V=(An-A0)/(A100-A0)×100%,
where An is a mean absorbance of CCK-8 solutions 
after incubation with MDCK cells in the presence of 
DHQ in a certain concentration, A0 and A100 are the 
mean absorbance of CCK-8 solutions in negative and 
positive control, respectively.

To compare the permeability of polymorphic 
forms of DHQ, 0.5 ml cell suspension (2×106 cells/ml)  
was seeded on semipermeable membranes (area of 
4.7 cm2), and 1.5 ml of culture medium was added to 
the inner part of the wells. The medium was refreshed 
every 2 days until the cells reached confluence; control 
was carried out by measuring transepithelial electrical 
resistance using a Millicell ERS voltohmmeter (Mil-
lipore). After removal of the culture medium, the wells 
were washed with Hanks solution (Gibco) warmed to 
37°C. Then, 0.5 ml of DHQ-C suspension in culture 
medium was added to outer parts of 4 wells and 0.5 ml 
of DHQ-C suspension of the same concentration was 
added to other 4 wells. The inner part of the wells was 
filled with 1.5 ml Hanks solution. In 15, 30, 60, 90, 
and 120 min, 0.2-ml aliquots were taken from the inner 
part of each well and an equivalent volume of Hanks 
solution was added to replenish the well volume. The 
obtained aliquots were mixed with 0.2 ml acetonitrile, 
the mixture was stirred, centrifuged, and 0.25 ml su-
pernatant was analyzed by HPLC (Waters 600 HPLC 
with a Waters 2489 UV detector) at λ=290 nm using a 
preliminary constructed calibration curve (r2=0.9999). 
The apparent permeability (Parp) was calculated by the 
formula:

(dC×V)/dT
                      Papp= ,A×C
where dC/dT is the change of DHQ concentration in 
the receiver chamber over time, V=1.5 ml, A=4.7 cm2, 
C is initial DHQ concentration in the culture medium 
(mg/ml).

The data were analyzed using LibreOffice Calc 
6.2 (The Document Foundation), including potting and 
calculation of the mean values, confidence interval, 
and correlation coefficient.

RESULTS

At the beginning of the study the mean body weight 
of rats in groups 1, 2, 3, and 4 were 279.4±11.2, 
276.1±7.1, 268.2±10.4, and 277.1±7.8 g, respectively; 
the body temperature was about 38.0±0.9°C, i.e. the 
groups were homogenous and congenerous. After burn 
modeling, a decrease in body weight (by ~5.4%) was 
observed in all groups presumably due to distress. 
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Later, this parameter returned to initial values. No 
significant differences in body temperature were ob-
served.

The area of burns and the wound healing rates are 
presented in Table 1. According the results of contact 
method, the mean wound healing rate in groups 1, 2, 3, 
and 4 were 4.0±0.1, 4.3±0.1, 4.6±0.1, and 4.2±0.1%, 
respectively. These results were consistent with the re-
sults of non-contact method (4.1±0.1, 4.3±0.1, 4.8±0.1, 
and 4.4±0.1% in groups 1, 2, 3, and 4, respectively). 
In group 3, the wound completely healed by day 22, 
in group 2 and 4, healing was completed by day 24. 
In group 1, most wounds did not heal by the end of 
the experiment.

Based on the results of in vivo experiment, we 
hypothesized that the differences in pharmacological 
effects of the polymorphic modifications of DHQ are 
determined by their biopharmaceutical characteristics. 
To test this hypothesis, ex vivo analysis of permeabil-
ity was performed.

Evaluation of the toxicity of both polymorphic 
modifications revealed a logarithmic dependence be-
tween the concentrations of DHQ samples and cy-
totoxicity (Fig. 1). The nonlinear dose dependence 
can be explained by low water solubility of DHQ 
and formation of suspensions at higher concentra-
tions. Hence, the negative effect on MDCK cells was 
caused by physical impact of solid DHQ particles, 

TABLE 1. Wound Healing Rate with the Different Treatment Methods

Parameter Group 1 Group 2 Group 3 Group 4

Contact method

Wound area, cm2 day 1 7.8±1.0 8.7±0.5 9.0±0.5 8.4±0.7

day 8 6.3±0.6 5.7±0.3 5.1±0.5 5.7±0.2

day 14 3.2±0.5 2.9±0.5 2.5±0.5 3.0±0.6

day 24 0.6±0.8 0.6±0.7 0.2±0.2 0.6±0.6

Wound healing, % day 8 19.2 34.5 43.3 36.0

day 14 59.0 66.7 72.2 66.3

day 24 92.3 93.1 97.8 93.3

Non-contact method

Wound area, cm2 day 1 8.7±1.3 8.4±1.2 8.9±1.4 8.9±1.3

day 8 5.8±1.3 5.5±1.6 7.0±1.2 7.5±1.7

day 14 3.1±0.9 2.5±0.8 2.7±1.0 3.2±1.1

day 24 0.7±0.8 0.7±0.6 0.6±0.3 0.6±0.7

Wound healing, % day 8 33.4 34.4 21.0 15.3

day 14 64.1 70.0 70.2 64.1

day 24 92.3 92.0 93.4 92.7

Fig. 1. The dependence on of MDCK cell viability on DHQ 
concentration.

Fig. 2. Time course of DHQ concentration during permeability 
assay.
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rather than DHQ toxicity. The limit of cell viability 
for both samples was ~75%, so both DHQ forms dem-
onstrated high safety profile. Permeability analysis 
(Fig. 2) revealed no significant differences between 
the concentration curves of the studied DHQ forms. 
The Papp of DHQ-T was significantly higher than that 
of DHQ-C: 19.4±0.2×10—4 and 14.8±0.3×10—4 cm/sec,  
respectively. These findings support our assumption 
that the differences in wound healing efficacy of poly-
morphic modifications of DHQ are determined by bet-
ter permeability of DHQ-T.

Thus, DHQ-T demonstrates the same safety pro-
file as DHQ-C and better wound healing activity. The 
increase of pharmacological efficacy of DHQ-T corre-
lates with the better biopharmaceutical characteristics.

This work was supported by the Russian Aca-
demic Excellence Project 5-100.
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