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Abstract: Background and aim — Gratiola officinalis extract has antimicrobial properties, but its wound healing activity has not been 
described.  
Material and Methods — The aqueous solution of dry Gratiola officinalis extract was used for treatment of skin wounds with different 
routes of administration. In the experiment 40 white laboratory male rats with weight of 150±50 grams were subjected to the incised 
model of flat skin wounds in the interscapular region under the general anesthesia. A morphological study was carried out to assess the 
effectiveness of the therapy administered.  
Results — The most effective method of treatment was found to be local application of the extract, which reduced wound healing time by 
8 days. Intramuscular and oral administrations reduce healing time by 6 days. Morphological signs of regeneration, which developed under 
the influence of Gratiola officinalis extract, allowed to estimate the wound healing activity. Clear differentiation and thickness of layers of 
the newly formed epidermis, a large number of thin-walled vessels and actively proliferating fibroblasts indicate an active regeneration 
process. 
Conclusion — This extract may be interesting to specialists in regenerative medicine as a remedy for treatment of wound processes.  
  
Keywords: flavonoid-containing extract, wound-healing activity, Gratiola officinalis, experimental model, quercetin. 
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Introduction  

Therapy of the wound process is a topical issue in modern 
medicine. According to the World Health organization (2017), 20% 
of the beds in surgical hospitals are the beds for patients with 
purulent diseases, and more than 40% of surgical patients are 
people with purulent inflammatory diseases and purulent wound 
complications [1]. Annually, about 5 million patients with purulent 
and inflammatory soft tissue diseases are registered in the 
Commonwealth of Independent States, which lead to fatal 
outcome in 7-11% of cases. These figures demonstrate the 
relevance of the problem of purulent infection in surgery. The key 
task is to find an effective and cost-effective drug with wound 
healing activity for the treatment of infected wounds [2]. 

The healing process is largely mediated by cytokines or growth 
factors, such as the tumor necrosis factor alpha (TNF-α), 
transformative growth factor beta (TGF-β), platelet growth factor 
(PDGF) and vascular endothelial growth factor (VEGF), which 
promote activation of a number of specialized cells and their 
migration to the wound site [3-5]. Polymorphonuclear neutrophil 
leukocytes and macrophages appear around wounds. 
Macrophages are the main phagocytic cells in the wound process, 
they provide an effective local antibacterial barrier [6, 7]. 
Macrophages can induce production of TNF-α, TGF -β, CD68 and 

other factors [8]. Proliferation of macrophages and epithelioid 
cells into fibroblasts and angiogenesis are triggered later. The 
processes of formation and maturation of connective tissue 
happen at the same time [9]. In this phase fibroblasts synthesize 
collagen and form new extracellular matrix [10]. Maturation 
includes the synthesis of extracellular matrix, tissue remodeling, 
wound contraction. A large number of cytokines and growth 
factors are involved in wound healing. Their functions are 
regulated, which reduces the time of wound healing and the risk of 
undesirable complications [11]. 

One of the promising areas of research in the treatment of 
wound processes is the study of wound healing activity of plant 
extracts. Most of plant extracts have complex chemical 
composition and therefore they are able to influence the activity 
of cytokines and growth factors [12]. A promising group of 
substances with antimicrobial and wound-healing properties are 
bioflavonoids, which are plant phenolic compounds [13]. 

In modern scientific literature, there is a direction of research, 
which are related to the study of wound healing activity of 
flavonoid-containing plant extracts. For example, the wound 
healing activity of aqueous extract of leaves and fractions of Ficus 
exasperata (Moraceae) and its assessment of safety on albino rats 
has been described [11]. The extract has antibacterial, anti-
inflammatory, antioxidant, antipyretic effects, which together 
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have a direct impact on the wound healing rate [14]. Another 
example is the study of the effects and mechanisms of action of 
flavonoids of Blumea balsamifera (L.) DC. on the skin wound in 
rats. Authors have attempted to prove that the flavonoids of B. 
balsamifera can contribute to the increase of TGF-β expression in 
comparison with the control groups. They also emphasized that 
TGF-β plays a key role in attracting additional inflammatory cells, 
increasing tissue destruction of macrophages, and facilitating the 
formation of collagen and granulation tissue [15-17]. The 
increased expression of TGF-β in B. balsamifera groups may be 
caused by the stimulation of macrophages which is induced by 
flavonoids in wounds. As earlier studies have shown, macrophages 
may increase the TGF-β content [18].  

One of the representatives of the flavonoid-containing extracts 
is the herbal extract from the Gratiola officinalis L. Different 
methods of extraction from Gratiola officinalis make it possible to 
obtain biologically active compositions with various 
pharmacological effects: laxative, vomiting, antispasmodic, 
diuretic, digitalis-like effect on the heart, antioxidant, antitumor 
and immunomodulatory, antipyretic, antimicrobial, anti-
tuberculosis [19-21]. The flavonoid containing extract obtained by 
the authors’ method is not toxic and able to positively influence 
the state of red bone marrow [22, 23].  

Aim of the study: to evaluate the wound healing effect of 
flavonoid containing Gratiola officinalis extract and to conduct a 
comparative analysis of wound healing in cases of topical, oral and 
intramuscular routes of its application. 

 

Material and Methods 

Extract preparation 

The aqueous solution of the dry extract of Gratiola officinalis 
was used in the study. We used the material of Gratiola officinalis 
which was collected in Voskresensky district of Saratov region in 
the vicinity of the Chardym village in July 2016. Dried leaves of 
Gratiola officinalis were pre-comminuted for more complete 
extraction. 

The steamed extract of flowers and leaves of the Gratiola 
officinalis obtained by the patent method (Patent RU 2482863) 
was non-toxic due to its chemical composition, which had been 
previously confirmed in rats. 

Extract, obtained by this method from the Gratiola officinalis, 
had the following chemical composition: 4-vinyl-2-methoxyphenol; 
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one; 2,3-
dihydrobenzofuran; 3-furancarboxylic acid; 5-hydroxymethyl-2-
formaldehyde; ethyl-a-d-ribozide; 4-propyl phenol; pyrocatechin; 
L-luxose (pentosa); 6-deoxyhexose L-galactose; ethyl ester 
benzoyluxic acid; hexadecanic acid (palmitic acid); homovanilic 
acid; glucose; 1,4-anhydro- d-mannitol; benzoic acid; quercetin. 
The average value of quercetin in this extract according to the 
quercetin graduation reference standard (98%) Sigma, is 0.66%. 
Standardization of the extract was carried out by liquid 
chromatography, the amount of quercetin in the dry residue of 
extractive substances (derived from 10 g of dry material Gratiola 
officinalis) was 350 micrograms [24].  

 

Experimental design (Design of the experiment) 

The experiment was conducted according to “International 
Guiding Principles for Biomedical Research Involving Animals” [25]. 
The experiment was carried out in accordance with the guidelines 

for experimental (preclinical) study of new pharmacological 
substances and all applicable international, national, and/or 
institutional guidelines for the care and use of animals were 
followed. 40 male white laboratory rats weighing 150±50 grams 
were used; the model of flat skin wounds in the interscapular 
region in rats was reproduced under general anesthesia with the 
use of the preparation "Zoletil-100" (dissociative anesthetic, 
permitted in Russia) in the dosage of 15 mg/kg [26]. The wound 
was a section of rounded shape with the area of 100 mm2. 
Epidermis and dermis were dissected up to subcutaneous fatty 
tissue. It was applied to the interscapular area by cutting out the 
plane on a pre-prepared stencil. Animals with experimental non-
sterile wounds were divided into four groups by a random 
sampling method of 10 rats in each. The first experimental group 
contained rats with surface application of the extract to the 
wound. The second experimental group contained rats with 
intramuscular injection. Animals with oral injection were included 
in the third experimental group. All animals in experimental 
groups were given the extract in the dosage of 1 gram of extract 
per 1 kilogram of weight by different methods of application. The 
fourth group was a group of comparison which contained animals 
with non-sterile wounds, which had been treated daily with 3% 
hydrogen peroxide solution. Experiment continued until the 
wounds finally healed. 

 

Wound area measurement 

The wound healing dynamics was estimated by changing 
wound area according to the formula: S=A*B*π/4 (mm2), where A 
– width, B – length of the wound in mm. Measurements were 
made with an electronic caliper once in every two days from the 
beginning of the experiment. The healing rate of the wound was 
calculated by the formula C=(S2-S1/S2)*100%, where S2 was the 
initial area of the wound, S1 was the area of the wound on the 
current day of measurement. When the areas of wounds in 
experimental animals were determined in each group, we 
calculated the average area (M±у, where M was the arithmetic 
mean, у was the standard deviation of the arithmetic mean). We 
tallied the percentage of wound area reduction from the initial size 
(the percentage of wound healing) and the rate of wound healing 
(the percentage of wound area reduction per day). 

 

Microbiological research 

We took a swab from the wound surface once in every 6 days 
to assess the microbial dissemination of the wound defect. After 
that we inoculated the material on the surface of the nutrient agar 
for the cultivation of microorganisms. The inoculations were 
incubated for 24 hours at 37 degrees Celsius. The actual 
quantitative bacterial dissemination (taking into account dilutions 
and the microbial count in the washing fluid) was estimated by the 
number of colony-forming units in 1.0 ml of contaminated wash)- 
CFU (colony-forming units)/ml. 

 

Morphological research 

To compare morphological characteristics of wounds, the rats 
were subjected to euthanasia sequentially as the wounds healed, 
but at each stage of the experiment the animals from the each 
group were subjected to euthanasia. At the end of the experiment, 
all the rats were euthanized, and samples of the repaired tissue 
were taken from the wound area for further investigation. One of 
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the morphological features that characterizes the degree of 
activity of reparative and regenerative processes in wound healing 
was the thickness of the newly formed epidermis. In order to 
objectify the descriptive characteristics of the epidermis state, 
morphometric studies were carried out, i.e. the measures of its 
thickness at two points of the field of view (thickness of the new 
epidermis, thickness of the epidermis of the wound margins) were 
obtained from the histological specimen morphometry. 

 

Hematoxylin and eosin (H&E) staining 

Histological preparations were made according to standard 
methods. After fixation for 24 hours in 4% paraformaldehyde, the 
tissue blocks were dehydrated, embedded in paraffin, and cut into 
4-μm-thick sections. The sections were dewaxed and stained with 
an H&E staining using standard procedures. 

 

Statistical analysis 

The data was statistically processed using the SPSS 17.0 
software. The normal distribution of features was determined by 
Shapiro-Wilk test. Since the characteristics in the groups were 
found to be normally distributed, we chose Welch's t-test for 
estimation of parameters. A difference between mean values with 
a probability of 95% (significance level *p<0.05) by this method 
was determined at T≥1.96. 

 

Results 

Macroscopic view of a wound defect change 

On the 3rd day of the experiment the average area of animal 
wounds in all groups was quite uniform. In the comparison group 
the wound area was 379,68±26,5 mm2, in the group with topical 
application of Gratiola officinalis extract to the wound it made 

354,55±31,5 mm2, in groups with intramuscular and oral injections 
it was 339,7±42 mm2 and 352,5±43 mm2 correspondingly. 

On the 7th day of the experiment the wounds of the 
comparison group revealed no hyperemia and edema, they were 
covered by dry scab and their average area was 297.9±20.4. In the 
experimental groups of animals, the scab exfoliation was 
observed, and intensive epithelization and hyperemia occurred. 
Swelling and suppuration of wounds were absent. The average 
area in the group with topical application of Gratiola officinalis 
extract was 286±18.1 mm2, with intramuscular injection – 
268.9±36 mm2, with oral injection – 283.3±28 mm2. These results 
are shown in Table 1. 

From the 11th day of the experiment, there was a significant 
acceleration of wound healing in the group with intramuscular 
injection of Gratiola officinalis extract (the share of wound healing 
was 82.4%). In contrast to the comparison group (where the share 
of wound healing was 51.1%) the healing process appeared to be 
more effective. On the 13th day, we observed the wound healing 
acceleration in the group with topical application (wound healing 
rate – 82.3%) which, in contrast to the comparison group (wound 
healing rate – 51.6%), was 30.7% more effective. Oral 
management of Gratiola officinalis extract showed a significant 
acceleration of healing from the 15th day of the experiment 
(84.8%) in the experimental group versus 57.9% in the comparison 
group, which was 25.9% more effective. These results are shown in 
Figure 1. 

On the 21st day after the operation there was a further 
reduction in the average area of wounds in all groups of animals: 
in the comparison group it was 90.5±3.4 mm2, in the group with 
topical application of Gratiola officinalis extract it was 1±0.5 mm2, 
groups with intramuscular injection and oral injection were 
measured 1.3±0.4 mm2 and 9±4.2 mm2 correspondingly. 

 

Table 1. Dynamics of wound area reduction in rats during treatment with Gratiola officinalis extract 

Experimental 
group 

Index 
Day of experiment 

1 3 5 7 9 11 13 15 17 21 

Comparison 
group 

S wound mm2 413.3±33.8 379.6±26.5 361.7±19.3 297.9±20.4 279.8±17.7 202.7±12.4 200.2±13 174±8.9 120.51±5.6 90.5±3.4 
percentage of healing %  8.23±6.33 12.6±7.57 28.1±8.36 32.4±1.7 51.1±3.79 51.6±2.5 57.9±3.4 70.9±2.6 78.2±2.1 

Group of local 
application 

S wound mm2 401.8±32.2 354.5±31.5 301.6±18.4 286±18.1 222.9±20.3 84.3±13.6* 71.1±12* 42.2±2.3* 12.56±1.3* 1±0.5* 
percentage of healing %  11.7±2.6 24.9±6 28.7±3.2 44.4±7.8 78.8±6.5 82.3±3.7 89.5±11.3 96.8±3.9 99.7±4 

p-value 0.218 0.562 0.682 0.721 0.473 0.008 <0.001 <0.001 <0.001 <0.001 

Intramuscular 
injection 

S wound mm2 359±38.4 339.7±42 302.6±28.6 268.9±36 195.5±24.5 63.6±8.8* 58.1±8.7* 54±9.4* 9.68±4.4* 1.3±0.4* 
percentage of healing %  5.5±4.4 10.3±4.8 25.3±3.2 45.7±6.3 82.4±8.9 83.8±8.3 85±4.96 97.3±1.6 99±1.2 

p-value 0.314 0.441 0.112 0.541 0.818 <0.001 <0.001 <0.001 <0.001 <0.001 

Oral injection 
S wound mm2 356.4±45.6 352.5±43 320.2±51 283.3±28 190.4±27.3 78.6±23.8* 72.7±18.7* 54±5.13* 37.4±7.78* 9±4.2* 

percentage of healing %  1.5±3.4 10.16±4.8 20.7±3.2 46.6±6.3 78.3±8.9 79.7.8±8.3 84.8±4.96 89.6±1.6 97.4±1.2 
p-value 0.172 0.479 0.242 0.692 0.644 <0.001 <0.001 <0.001 0.008 <0.001 

Data were expressed as mean ± SEM (standard error mean). * statistically significant differences compared with respective controls (male) was done using 
Kramer-Welch criterion. 

 

Table 2. Morphometric research of the thickness of the newly formed epidermis and epidermis of the wound margins 
Experimental group Index Value P-value 

Comparison group 
Thickness of the new epidermis (µm) 15±3  

Thickness of the epidermis of the wound margins (µm) 60±9  

Group of local application 
Thickness of the new epidermis (µm) 65±8* <0.001 

Thickness of the epidermis of the wound margins (µm) 115±12* <0.001 

Intramuscular injection 
Thickness of the new epidermis (µm) 30±3* <0.001 

Thickness of the epidermis of the wound margins (µm) 76±8* 0.002 

Oral injection 
Thickness of the new epidermis (µm) 36±2* <0.001 

Thickness of the epidermis of the wound margins (µm) 107±11* <0.001 

Data were expressed as mean ± SEM (standard error mean). * statistically significant differences compared with respective controls (male) was done using 
Kramer-Welch criterion. 
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Figure 1. Wound areas in dynamics. 

 

 

The group with topical application fully completed healing by 
the 19th day of the experiment. In groups with intramuscular and 
oral injection of the extract the healing was fully completed within 
21 days of the experiment. In the comparison group, full wound 
healing occurred on the 27th day of the experiment. 

 

Microbiological screening of a wound defect 

Evaluation of microbiological picture of wounds on the 3rd day 
of the experiment showed that microbial complications were not 
observed in the wounds of all groups of animals. On the 9th, 15th, 
21st, 27th day after the operation the comparison group of 
animals revealed massive microbial insemination by bacteria 
belonging to the p. Staphylococcus in the amount of 3.0±0.05E∙10 
CFU/ml. In the wounds of animals of experimental groups 
microbial insemination was at the level of <1.0±0.05E∙10 CFU/ml. 
These results are shown in Figure 2. 

 

Histological research of a wound defect 

On the 19th day the histological research of skin samples of 
the wound surface in the comparison group determined the 
following changes in the epidermis: thinned corneal layer, the lack 
of clear differentiation of the layers, basal keratinocytes deformed 
and flattened. Cellular composition of spinous (stratum spinosum) 
and granular (stratum granulosum) layers was not differentiated. 
In the papillary layer of the dermis there were a small number of 
thin-walled blood vessels up to 45 microns in diameter. Most 
fibroblasts had a spindle shape and elongated hyperchromic 
nucleus, which indicated the functional inactivity of this cells’ 
subpopulation. The small number of new thin-walled vessels and a 
large number of functionally inactive fibroblasts indicated a low 
regenerative potential. Thickness ratio of the newly formed 
epidermis to the epidermis of the wound margins was 1:4.4. These 
results are shown in Figure 3A. 
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Figure 2. Assessment of microbial contamination of wound defects on the surface of HGM-agar on day 9. 

 

The histological research of skin samples of the wound surface 
on the 19th day in the group with topical application of Gratiola 
officinalis extract demonstrated such epidermal changes as 
thinned horny layer, clear differentiation of the layers, active 
proliferation of the basal layer’s keratinocytes, the presence of a 
wide spinous layer. In the papillary layer of the dermis there were 
a large number of thin-walled blood vessels up to 55 microns in 
diameter, the presence of numerous proliferating fibroblasts and 
an increased number of macrophages and neutrophils. Thickness 
ratio of the newly formed epidermis to the epidermis of wound 
margins was 1:1.9. These results are shown in Figure 3B. 

On the 21st day of the experiment, a thinned corneal layer was 
observed in the comparison group. There was no clearly defined 
differentiation of the epidermis layers. There were single thin-
walled vessels in the papillary layer. A significant number of 
polygonal shaped proliferating fibroblasts and spindle shaped 
fibroblasts were observed. Thickness ratio of the newly formed 
epidermis to the epidermis of wound margins is 1:7.5. These 
results are shown in Figure 3C. 

In the groups of oral and intramuscular injection of Gratiola 
officinalis extract there was a tendency to layer differentiation and 
active proliferation of keratinocytes of the basal layer on the 21st 
day of the experiment. The presence of numerous proliferating 

fibroblasts and increased number of macrophages, neutrophils 
and newly formed sebaceous glands were found. Thickness ratio 
of the newly formed epidermis to the epidermis of the wound 
margins in case of oral administration was 1:2.2 and in case of 
intramuscular administration – 1:2.9. These results are shown in 
Figures 3D and 3E. 

 

Morphometric research of the thickness of the newly formed 
epidermis and the epidermis of the wound margins 

As a result of histological morphometry, the parameters of the 
newly formed epidermis layer and the epidermis layer of the 
wound margins in all experimental groups exceeded the 
corresponding parameters of the comparison group. In 
comparison with the control group, the layer of the newly formed 
epidermis was 4.3 times thicker for the group with local 
application, twice thicker for the group with intramuscular 
administration and 2.4 times thicker for oral administration group. 
The indexes of epidermal thickness of the wound margins in the 
experimental groups also exceeded the corresponding indexes in 
the comparison group as follows: 1.9 higher for local application, 
1.3 higher for intramuscular introduction and 1.8 higher for oral 
introduction. These results are shown in Table 2. 

 



 

ISSN 2304-3415, Russian Open Medical Journal 6 of 8 

2021. Volume 10. Issue 4 (December). Article CID e0413 
DOI: 10.15275/rusomj.2021.0413 

Pharmacology 

 

[ 

© 2021, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

 
Figure 3. Morphological changes in the comparison group and the experimental group. 

 

Discussion 

Gratiola officinalis extract is a flavonoid containing 
composition. Flavonoids have a therapeutic application due to 
their anti-inflammatory, antifungal, antimicrobial, antioxidant and 
wound healing properties [27-29]. In addition, flavonoids and their 
derivatives are known to reduce lipid peroxidation, improving 
blood flow to blood vessels, and preventing or slowing the 
progression of cell necrosis. Therefore, it is assumed that any drug 
that inhibits lipid peroxidation increases the viability of collagen 

fibers by increasing the circulation and strength of collagen fibers, 
stimulating DNA replication and preventing cell damage [30-32]. 

 When applied topically to the wound, aqueous solution of 
Gratiola officinalis extract shortens the wound healing time by 8 
days in relation to the comparison group. This effect is caused by 
the direct influence of active components of the extract on the 
wound defect zone. The bacterial flora was eliminated, which 
eliminated the possibility of purulent complications. It is known 
from literature sources that flavonoids are able to activate and 
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have a modulating effect on Wnt signaling pathway, which is 
responsible for the differentiation of stem cells, as well as for the 
directed attachment of nerves to them. That, in turn, enhances the 
regenerative activity of tissue and activation of angiogenesis, 
which was demonstrated in the morphological study of samples of 
the dissected wound area (a large number of thin-walled vessels, 
cells of the phagocytic-macrophage system, a large number of 
proliferating fibroblasts). 

In groups with oral and intramuscular administration of 
Gratiola officinalis extract there was an observation that the 
wound healing time was 6 days shorter in relation to the 
comparison group. This time delay, as compared to the group of 
local application, is due to such a characteristic feature of 
bioavailability of flavanols as very slow removal of their 
metabolites from the body (half-life period – from 11 to 28 hours). 
This may contribute to the accumulation of metabolites in plasma 
at repeated injection. Quercetin and its metabolites contained in 
Gratiola officinalis extract are modulators of epidermal growth 
factor receptors, which stimulate cell growth and cell 
differentiation of epithelial cover, accelerating the process of early 
healing [14]. 

The antimicrobial activity assessment revealed a twofold 
decrease in microbial semination of wounds in all experimental 
groups relative to the comparison group. Due to the proven 
antimicrobial and anti-inflammatory properties, the Gratiola 
officinalis extract prevents the development of purulent 
complications of the wound surface [17]. 

Morphological signs of regeneration, which developed under 
the influence of Gratiola officinalis extract, revealed at histological 
examination of wound tissues, allowed the estimation of wound 
healing activity. Clear differentiation and thickness of layers of the 
newly formed epidermis, a large number of thin-walled vessels, 
actively proliferating fibroblasts indicate an active regeneration 
process. Thickness of the newly formed epidermis at the end of 
the experiment in all experimental groups more than twice 
exceeded this morphometric index of the comparison group, 
which confirms the literature data on the activation of signal 
pathways responsible for the innervation and differentiation of the 
epidermis stem cells. 

 

Limitations  

We used 40 white Wistar rats, 10 animals in each group, to 
study the effect of flavonoid-containing extract of Gratiola 
officinalis on the process of wound healing. This number 
represents a sufficient reference sample and allows reliable 
extrapolation of the study results. All applicable international, 
national, and/or institutional guidelines for the care and use of 
animals were followed. The advantages of the proposed new 
wound healing remedy based on the Gratiola officinalis extract 
include absence of toxicity, availability of raw materials from 
which the remedy is obtained and a wide range of other effects: 
anti-inflammatory, antimicrobial activity, ability to reduce the level 
of endogenous intoxication. The extract showed efficacy with oral, 
intramuscular and local application, which is demonstrated by the 
reduction of wound healing time – the time was reduced by 6 days 
with oral and intramuscular administration and by 8 days with 
local application, as well as morphological and morphometric signs 
of stimulation of tissue regeneration in all experimental groups, 
compared to the comparison group.  

 

Conclusion 

In summary, the aqueous solution of the dry extract of 
Gratiola officinalis has wound-healing activity due to the presence 
of a flavonoid – quercetin, which induces the regenerative 
potential of tissue. Antimicrobial properties of the extract prevent 
the development of purulent complications of the wound surface. 
The most effective route is local application of the product, where 
wound healing time is reduced by 8 days, intramuscular and oral 
administrations reduce healing time by 6 days. This extract may be 
of interest for specialists in the field of regenerative medicine, as 
an aid in the treatment of wound processes. 
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