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The work is devoted to the study of the effect of the preparation of plant polyphenols on the dental status and the state 
of the tissues of the oral cavity of rats under conditions of intrauterine hypoxia and cariogenic diet. The experiment was carried 
out on 36 white rats of both sexes: 30 females and 6 males. A preparation of plant polyphenols had a caries-preventive and 
parodontoprotective effect in the offspring of rats under conditions of intrauterine hypoxia and a cariogenic diet. In the oral mucosa, 
the preparation showed anti-inflammatory and antioxidant effects. The preparation improved state of collagen in the intercellular 
matrix of the connective tissue of rat parodontal tissue as a result of normalization of the levels of general and free oxyproline in 
the oral mucosa, as well as general oxyproline in the alveolar bone of rats. 
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КОРЕКЦІЯ ПРЕПАРАТОМ РОСЛИННИХ ПОЛІФЕНОЛІВ МЕТАБОЛІЧНИХ ЗМІН 

ТКАНИН РОТОВОЇ ПОРОЖНИНИ ЩУРІВ В УМОВАХ ДІЇ ВНУТРІШНЬОУТРОБНОЇ 

ГІПОКСІЇ ТА КАРІЄСОГЕННОГО РАЦІОНУ 
 

Робота присвячена вивченню впливу препарату рослинних поліфенолів на стоматологічний статус і стан тканин 
ротової порожнини щурів в умовах дії внутрішньоутробної гіпоксії та карієсогенного раціону. Дослід проведено на 36 білих 
щурах обох статей: 30 самок і 6 самців. Препарат рослинних поліфенолів в умовах дії внутрішньоутробної гіпоксії і 
карієсогенний раціон у потомства цих щурів мав карієспрофілактичну і пародонтопротекторну дію. У слизовій оболонці 
порожнини рота препарат проявив протизапальну і антиоксидантну дію. Під дією препарату поліпшувався стан колагену 
міжклітинного матриксу сполучної тканини пародонту щурів в результаті нормалізації рівнів загального та вільного 
оксипроліну в слизовій оболонці порожнини рота, а також загального оксипроліну в кістці альвеолярного відростка щурів. 

Ключові слова: гіпоксія, карієс-профілактична дія, метаболічні маркери, рослинні поліфеноли, щури. 

 

The work is a fragment of the research project “Influence of hypoxia on the processes of collagen formation and 

mineralization on models of dental pathology and correction of the obtained disorders”, state registration No. 0118U006963. 
 

Hypoxia is a typical pathological process that occurs when there is insufficient oxygen supply to 
tissues or when its utilization is impaired. There are several types of hypoxic conditions, among which 
tissue or histotoxic hypoxia has been studied. This type of hypoxia develops as a result of a violation of the 
ability of cells to absorb oxygen (with its normal delivery to cells) or in conditions of a decrease in the 
effectiveness of biological oxidation as a result of the uncoupling of oxidation and phosphorylation 
processes. 

Utilization of oxygen by tissues can be hampered by the action of various inhibitors of biological 
oxidation enzymes, changes in the physicochemical conditions of their action, disruption of the synthesis 
of tissue respiration enzymes. 

One of the most important pathogenetic factors in the development of tissue hypoxia is the 
disintegration of the structure of mitochondrial membranes, which occurs under the influence of various 
etiological factors – bacterial, hormonal imbalance, during aging of the body [12]. 

Fetal hypoxia is a complex of changes in the fetus' body due to insufficient oxygen supply, which 
leads to fetal growth retardation, the appearance of developmental abnormalities. In children who have 
undergone hypoxia in the antenatal period, the incidence of developmental delays is significantly increased, 
and an increase in the incidence of caries is shown in comparison with healthy children. [3]. They develop 
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hypoxic syndrome with impaired redox processes in mitochondria, activation of the glycolysis process, 
which is accompanied by an increase in lactic and pyruvic acids, peroxide compounds in the tissues [1]. 

In connection with the above, the use of antihypoxants and antioxidants in clinical practice is 
important for the prevention and treatment of such conditions. 

Experimental data from biochemical and cytomorphological studies of recent years indicate a 
significant role of plant polyphenols (PPP) in ensuring the resistance of the epithelial tissue of the oral 
cavity to damaging factors of different nature [9]. Anti-inflammatory properties and an increase in the rate 
of epithelization and regeneration of rat gingival tissues under the influence of plant polyphenols were 
established [9]. 

Plants-antihypoxants and antioxidants include plantain (Plantago major), the leaves of which 
contain a wide variety of flavonoids, bitter and tannins, enzymes (emulgin, invertin), vitamin C, citric acid, 
carotene, mucus, phytoncides, saponins, aucubin, fatty oils, etc. 

Preparations from plantain leaves have a multifaceted healing effect: wound healing, anti-
inflammatory, hemostatic, analgesic, bactericidal, anti-allergic. 

The purpose of thе work was to study the effect of the preparation of plant polyphenols from the 
leaves of Plantago major on the dental status and the state of the tissues of the oral cavity of rats under 
conditions of intrauterine hypoxia and cariogenic diet. 

Materials and methods. The experiment involved 36 white Wistar rats of herd breeding of both 
sexes: 30 females and 6 males, which were kept on a standard vivarium diet.  

In mature rats (9 females), 2 males were added to reproduce the offspring. Then, in these females, 
presumably from 10 to 19 days of pregnancy, hypoxia (H) of uncoupling of oxidation and phosphorylation 
processes was reproduced [9] by intraperitoneal administration during pregnancy of “Warfarin Nycomed”. 
(Takeda Pharma, Poland) at a dose of 1.5 mg/kg body weight of rats. After birth, rat pups at 1 month of 
age were put on a cariogenic diet (CgD) [4]. The intact group consisted of 6 rats. During 30 days, rats on 
the background of hypoxia and CgD received per os Preparation of polyphenols of leaves of Plantago major 
(ZAT “Liktravi”, Zhitomir, Ukraine). Working name PPP, obtained by original laboratory technology [15], 
the amount of polyphenols in PPP preparation is 7.83 mg/g of raw material. 

The animals were removed from the experiment by total bloodletting from the heart performed 
under general anesthesia (sodium thiopental 40 mg/kg). Having previously separated the oral mucosa, the 
jaws were dissected out. The objects of biochemical studies were the liver, the supernatant of the 
homogenates of the oral mucosa (25 mg/ml), the bones of the alveolar ridge (50 mg/ml), and the pulp of 
the incisors of rats. The supernatant was obtained by centrifugation in a RS – 6 centrifuge for 15 minutes 
at 3000 rpm at a temperature of +4° C. 

The state of the intercellular matrix (ICM) of the connective tissue (CT) was assessed by the state 
of the level of collagen (according to the content of bound, free and total hydroxyproline [6]) and 
glycosaminoglycans (GAG) in parodontal tissues [11]. The level of lipid peroxidation (LPO) products was 
assessed by the content of malondialdehyde (MDH) in tissues by the thiobarbituric method [5]. The state 
of the physiological antioxidant system (PAS) was assessed by the activity of glutathione peroxidase (GPO) 
[11] and catalase [10]. 

To assess the state of rat tissues, biochemical parameters were determined by unified methods using 
commercial reagent kits: alkaline phosphatase (ALP) activity, acid phosphatase (AP) activity, calcium, 
phosphorus content, lactate dehydrogenase (LDH) activity, pyruvate content (produced by UV – Abris+). 

The number of carious cavities (per 1 rat), as well as the depth of caries lesions of the rats’ teeth 
(in points) were determined on macro-preparations of the isolated rat jaws. The isolated jaws of rats were 
subjected to morphometric examination. [8]. 

The results were processed by variational statistical methods of analysis using the Microsoft Office 
Excel 2016 software. Statistical processing of the experimental study results was carried out by the methods 
of variation analysis using the Student's test. The difference was considered statistically significant at p<0.01. 

Results of the study and their discussion. The study of the effect of the PPP preparation was 
carried out under conditions of the combined action of intrauterine hypoxia, the uncoupling of oxidation 
and phosphorylation processes and a cariogenic diet. 

The conducted studies revealed a significant decrease in resorptive processes in the bone tissue of 
the parodontium – the resorption of the parodontal bone under the influence of the PPP drug decreased by 
8 % (p=0.05; 100 % in the control group; table 1). 

Under the influence of the preparation, the number of carious cavities decreased by 30 % (p1=0.04) 
compared to the control group (100 %). The depth of dental caries lesions also decreased significantly by 
31.4 % (p1=0.04) (in points). 
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Table 1  
The effect of PPP on the condition of the dentition in rats under conditions of hypoxia  

and cariogenic diet reproduction, M±m 

Indices 
Groups 

Indices of bone resorption 
of parodontal tissue (%) 

Number of carious lesions 
per 1 rat 

Depth of dental caries lesions 
(in points) 

Intact 17.2±0.7 1.9±0.4 1.9±0.4 

H+CgD 17.2±0.5 
3.4±0.3 
р=0.03 

3.5±0.2 
р=0.016 

H+CgD+PPP 15.8±0.4 
р1=0.05 

2.4±0.3 
р1=0.04 

2.4±0.4 
р1=0.04 

Note. p – the index of the reliability of differences relative to the intact group; p1 – the index of the reliability of differences 
relative to the control group; 

 

Changes in the activity of acid and alkaline phosphatases in the pulp of rat teeth indicate the 
metabolism of odontoclasts and odontoblasts in this study object. AP activity (index of odontoclast 
metabolism) decreased by 18 % (p>0.05) and did not differ significantly from the data of the intact group 
(table 2). 

Table 2 
Effect of PPP preparation on biochemical parameters in dental pulp and parodontal tissues of rats, M ± m 

Groups 
Indexes 

Animal groups 
Intact H+CgD H+CgD+PPP 

 Dental pulp 

AP (nkat/l) 31.0±5.61 
51.7±5.00 

р=0.03 
42.6±3.41 

 

ALP (mkat/l) 1.98±0.16 
1.32±0.29 

р=0.08 

1.01±0.070 
р=0.003 
p1=0.002 

 Oral mucosa 

AL (nkat/g) 89.8±5.10 
265±10.6 
p<0.001 

119±7.40 
р=0.015 
p1<0.001 

 Alveolar bone 

AL (nkat/g) 61.8±2.00 
155±0.025 
р<0.001 

 

82.2±137 
р<0.001 
p1<0.001 

ALP (mkat/g) 193±2.20 
73.5±1.03 
р<0.001 

 

126±1.73 
р<0.001 
p1<0.001 

Calcium (mmol/g) 7.30±0.12 
2.68±0.090 

р<0.001 
6.95±0.27 
p1<0.001 

Phosphorus (mmol/g) 8.07±0.25 
4.18±0.080 

р<0.001 
7.21±0.12 
p1<0.001 

Note. p –index of the reliability of differences relative to the intact group; p1 – the index of the reliability of differences relative 
to the control group; 

 

The alkaline phosphatase activity in the dental pulp decreased by 24 % (p1=0.002) compared with 
the G+CgD group and by 51 % (p=0.003) compared with the intact one, which indicates insufficient 
functioning of odontoblasts in this study object under the influence of the preparation.  

PPP had a significant effect on the state of mineral metabolism in the alveolar bone under the action 
of intrauterine hypoxia and cariogenic diet. Thus, the preparation increased the alkaline phosphatase 
activity by 1.7 times compared to the control (p1<0.001), but was slightly lower than in the intact group.  

The content of calcium and phosphorus increased 2.6 and 1.7 times, respectively, and approached 
the data of intact groups. 

In the bone of the alveolar bone, the activity of acid phosphatase, as an indicator of the activity of 
osteoclasts, decreased 1.9 times (p1=0.001) and correlated with a decrease in the parameters of 
osteoresorption of the parodontal bone tissue (table 1). 

The activity of acid phosphatase under the influence of PPP preparation changed in soft and hard 
parodontal tissues of rats Thus, the activity of the pro-inflammatory enzyme AP in the oral mucosa 
decreased 2.2 times (p1<0.001), which indicated the anti-inflammatory properties of the preparation. 

Indirectly, the decrease in inflammation in the alveolar bone was evidenced by a 30 % decrease 
(p1=0.001) in the MDH content under the action of PPP and practically corresponded to the data of the 
intact group. In the oral mucosa of rats under the action of the drug, the MDH content decreased by 14 % 
(p>0.05) compared to the control (H+CgD) and did not differ from the data of the intact group. 
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In the liver, PPP preparation normalized the activity of antioxidant enzymes – catalase and 
glutathione peroxidase. In the oral mucosa and the alveolar bone, the activity of glutathione peroxidase was 
consistent with the data of intact groups. 

Catalase activity in the oral mucosa increased by 54 % under the influence of PPP (p1=0.05). In the 
parodontal bone tissue, catalase activity did not change significantly. 

Under the action of the PPP preparation, the pyruvate content decreased in all the studied objects 
– in the liver and parodontal tissues as compared with the data of the control groups. Thus, the content of 
pyruvate in the liver decreased by 3 times (p1<0.001), by 1.6 times in the oral mucosa and in the alveolar 
bone (p1=0.001; p1=0.007, respectively; fig. 1). The levels of pyruvate in the liver and parodontal tissues 
were consistent with those of the intact groups. 

 
Fig. 1. Effect of PPP preparation on pyruvate content in rat tissues, mmol/g 

 

Under the influence of the preparation, the LDH activity in the liver decreased by 1.5 times 
(p1=0.001) compared tothe control group. 

In the parodontal tissues, LDH activity increased: by 2 times (p1<0.001) in the oral mucosa and by 
2.6 times (p1<0.001) in the alveolar bone, which may indicate a decrease in lactate levels under the 
influence of PPP in these research objects. LDH activity in parodontal tissues corresponded to values in 
intact groups (fig. 2). 

 

 
Fig. 2. Effect of PPP preparation on LDH activity in rat tissues, μkat/g 



ISSN 2079-8334. Світ медицини та біології. 2021. № 3 (77) 

218 

The parameters of the ICM state of the parodontium in rats are presented in figure 3 and 4. Thus, 
the PPP preparation increased the content of total oxyproline in the oral mucosa and alveolar bone in 
comparison with the data of the control groups (H+CgD) and normalized relative to intact values.  

The PPP preparation significantly increased the levels of bound oxyproline in the oral mucosa by 
1.8 times (p1<0.001) and 3.6 times (p1<0.001) in the parodontal bone tissue compared to the control groups. 
In the bone of the alveolar bone, the content of bound oxyproline was 3 times (p1<0.001) higher than the 
data in the intact group (Fig 3). 

 

 
Fig. 3. Influence of PPP preparation on content of oxyproline, μmol/g 

 

The content of the gel-forming environment ICM, represented by GAG, increased in the oral 
mucosa by 1.5 times (p1=0.011) and more significantly by 5.7 times (p1<0.001) in the alveolar bone. At the 
same time, these indicators did not reach the levels of intact groups (Fig 4). 

 

 
Fig. 4. Influence of PPP preparation on content of glycosaminoglycans, mg/g 

 

The problem of prenatal hypoxia and its long-term consequences has been extremely urgent for 
many decades and attracts the attention of scientists, doctors of various specialties in terms of explaining 
the mechanisms of development and possible prevention of various pathological conditions [2, 13, 14]. 
However, in our opinion, the existing studies devoted to the treatment of disorders in the oral cavity of 
children who underwent hypoxia in the antenatal period are rather few [7, 12], therefore, the obtained 
results will allow to develop in the future an effective therapeutic and prophylactic complex for the 
correction of metabolic changes in the oral cavity in such patients. As a result of the research carried out, 
the following should be stated. The preparation of plantain leaves polyphenols (PPP preparation) under 
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conditions of intrauterine tissue hypoxia and cariogenic diet in the offspring of these rats had a caries-
prophylactic effect. It reduced the number of dental caries lesions and reduced the aggressiveness of the 
carious process. Parodontal bone resorption rates also decreased, correlating with a significant decrease in 
this object of study in the activity of AP as a marker enzyme of the action of osteoclasts. The preparation 
improved mineral metabolism in the alveolar bone. In the oral mucosa of rats, the preparation showed an 
anti-inflammatory effect – it reduced the activity of the pro-inflammatory enzyme, acid phosphatase. The 
antioxidant effect of the preparation was expressed in a decrease in the level of LPO processes, as well as 
in the normalization of the activity of FAS enzymes – catalase and glutathione peroxidase. PPP improved 
the state of collagen in the intercellular matrix of the connective tissue of rat parodontal tissue as a result 
of normalization of the levels of general and free oxyproline in the oral mucosa, as well as general 
oxyproline in the alveolar bone of rats. In these study objects, the levels of bound oxyproline exceeded the 
values in the intact groups. 

 

Conclusions 

1. The preparation of Plantago major leaf polyphenols under conditions of intrauterine tissue 
hypoxia and cariogenic diet in the offspring of these rats had a caries- prophylactic effect. 

2. In the oral mucosa of rats, the preparation showed an anti-inflammatory effect – it reduced the 
activity of the pro-inflammatory enzyme – acid phosphatase. 

3. Almost complete normalization of the levels of metabolic markers of hypoxia in the parodontal 
tissues of rats under the influence of PPP was revealed. 
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