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ABSTRACT 

 
We evaluated experimental liquid and solid pharmaceutical formulations using specific enzymatic in vitro tests to 

reveal glutathione-reductase, catalase and NADPH-oxidase activity with an aim to choose the most promising formulations 
for further study and development of products for treatment of inflammatory conditions of the oral cavity. The above 
mentioned tests allow identification of substances with antimicrobial and immune stimulating activity respectively. Herbal 
extracts Eucalimin and Estiphan were used as reference products. As a result, differences in antimicrobial and immune 
stimulating activity of the formulations were found, and the most promising formulations were chosen for further study 
and development of products with antimicrobial and immune stimulating activity. 
Keywords: test systems, therapeutic agent, herbal products, biological activity.  
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INTRODUCTION 

 
Development of therapeutic agents for treatment of inflammatory conditions of the oral cavity is an 

important task of pharmaceutical technology science due to wide prevalence of such conditions, which are 
seen in 90% of all cases of inflectional diseases with a tendency to increase of the incidence within the last 10 
years. Antimicrobial drugs used for treatment of infectious diseases cause negative changes of oral microflora. 
Herbal therapeutic products are known to contain biologically active complexes, which produce a milder effect 
on the organism, and are better tolerated and cause side effects significantly less frequently as compared to 
synthetic agents. It is not by chance that prominent WHO experts believe that treatment by herbal products 
only is expedient for about 75% of patients. Therefore, development of herbal therapeutic products, which 
lack the above mentioned drawbacks, is necessary and important. Researchers must focus on combination of 
antimicrobial, anti-inflammatory and immune stimulating activity in one pharmaceutical formulation. It will 
allow to produce a multi-component therapeutic effect on the damaged oral mucosa, and to correct local 
immunity and improve sustainability of the mucosa.  

 
Due to development of new pharmaceutical direction, i.e. nanotechnologies, there is a possibility to 

create new medical forms on the basis of micellae, liposomes, microemulsions and others [1]. It's become 
possible to build up drug forms that are easy to use, non toxic, high efficient and bioavailable. Earlier we've 
developed optimized formulations of LF 1  and LF 2 in the form of micellar solutions with plant extracts on the 
basis of sodium alginate and methyl cellulose; LF 3 and LF 4  are microemulsions with lecitin on the basis of 
sodium alginate and methyl cellulose accordingly. To offer an opportunity for a patient to choose between 
various medical forms of the same drug we have formulated  two tablet forms, it is SF 1 with dextrate as a 
filler, and SF 2 with sucrose. These medical forms are portable, easy to intake, accurately dosed, demonstrate 
taste masking effect of API, possess long shelf life and are less expensive, than LF.  

 
However, a new therapeutic product must undergo multi-phase studies starting from in vitro studies 

before it reaches patients. One of the methods of in vitro studies utilizes specific test systems, which allow 
preliminary evaluation of the biological activity of pharmaceutical formulations without using laboratory 
animals. This method shows high selectivity, sensitivity and reproducibility, gives much information in short 
time, and allows optimization of preclinical studies.  

 
The study was specifically aimed at comparative evaluation of biological activity of liquid and solid 

experimental pharmaceutical formulations using reference products Eucalimin (a herbal therapeutic product 
with significant antibacterial activity) and Estiphan (a well-known immune stimulator) in order to develop a 
product for treatment of diseases of the oral cavity.   
 

MATERIALS AND METHODS 
 

Reagents: nicotinamide adenine dinucleotide phosphate (NADPH), oxidized glutathione, and highly 
purified glutathione reductase and catalase were from Sigma-Aldrich (USA). Hydrochloric acid, sodium 
phosphate, potassium phosphate, potassium chloride, magnesium chloride and hydrogen peroxide were of 
local origin. NADPH oxidase originated from resting polymorhonuclear leucocytes of rabbit peripheral blood 
[2].  Prothymosine-α is a thymus hormone, a natural immune activator [3]. 
 
Formulations: the following pharmaceutical formulations were chosen for the study: 
 

- Dry purified extract of manna gum (Eucalyptus viminalis Labill) (Eucalimin, ref. ФС 42-3606-98);  
- Dry extract of purple coneflower (Echinacea purpurea L.) grass (Estiphan, ref. ВФС 42 – 2372-94); 
- Experimental liquid formulations (LF): 
 
LF 1 - micellar solution with plant extracts based on sodium alginate;  
LF 2 - micellar solution with plant extracts based on methyl cellulose; 
LF 3 - microemulsion with lecithin based on sodium alginate; 
LF 4 - microemulsion with lecithin based on methyl cellulose. 
- experimental solid pharmaceutical formulations (SF): 
SF 1 - tablets with herbal extracts, basic excipient is dextrate; 
SF 2 - tablets with herbal extracts, basic excipient is saccharose. 
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METHODS 
 

Enzymatic reaction rate was measured spectrophotometrically using biochemical analyzer Clima СМ-
15 (Spain). The rate of glutathione reductase (GR) reaction was measured by decrease of optical density at 340 
nm due to NADPH oxidation, which is equimolar to reduction of oxidized glutathione according to Aebi [4]; the 
rate of catalase (CAT) reaction was measured at 410 nm by color reaction of hydrogen peroxide complex with 
ammonium molybdate [5]; the rate of NADPH-oxidase reaction was measured according to Daniels [6]. 
Solutions of the studied formulations in concentration range 1.5-50 mcg/ml were added to the test system 
after addition of the enzymes. The shape of “concentration – reaction rate” curve was determined in advance, 
and optimal substance concentrations corresponding to maximum of the “concentration – reaction rate” curve 
were established. Substances’ effects on the reaction rate were compared at optimal concentrations of the 
studied substances.  

 
Statistical analysis of the results was done using Statistica 6.0 software (StatSoft, США). Significance of 

the difference between data sets with close to normal distribution was checked using Student’s T-test [7] at 
threshold significance level for evaluation of statistical hypothesis equal to 0.05. Data are presented in tables 
as arithmetic mean (M) + arithmetic mean error (m).    

 
RESULTS AND DISCUSSION 

 
Specific enzymatic biotest systems are included into the Biological Collection of enzymatic biotest 

systems in vitro (BK-SEBTS) of FSBSI VILAR. 
 
Adaptation-improving, antioxidant and antimicrobial activity of the substances was evaluated by their 

effect on the rate of reactions catalyzed by glutathione reductase and catalase [8, 9, 10]. As shown earlier, 
adaptation-improving substances selectively accelerate GR reaction and decelerate CAT reaction in vitro [8], 
antioxidant substances accelerate both GR and CAT reactions [9], and antimicrobial substance inhibit GR and 
CAT reactions [10]. Immune stimulatory activity was evaluated by the substance effect on the rate of reaction 
catalyzed by NADPH-oxidase [11].  

 
Data about direct effect of the substances on the rate of GR and CAT reactions in experimental 

conditions in vitro are presented in fig.1.  
 

 
 

Fig 1. Direct effect of the substances on the rate of GR and CAT reactions in experimental conditions in vitro 

 
Evaluation of the effect of two solid formulations on the rate of GR and CAT reactions (fig.1) showed 

that solid formulation 2 (SF2) significantly influenced the rate of GR and CAT reactions in experimental in vitro 
conditions. At final concentration 6.6 mcg/ml SF2 decreased the rate of CAT reaction by 29.9% and the rate of 
GR reaction by 72.8%, thus demonstrating significant antimicrobial activity according to [10].  Solid formulation 
1 (SF1) also decelerated both GR and CAT reactions, though to a lesser extent, thus demonstrating 
antimicrobial activity. 
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All 4 liquid formulations showed inhibition of GR and CAT reactions, and LF2 demonstrated the 
highest antimicrobial activity with deceleration of CAT reaction by 44.5% and GR reaction by 75,6%.  

 
Reference product Eucalimin, which is a known antimicrobial drug [12], inhibited GR reaction by 

approximately 50% and CAT reaction by 25%. Estiphan, which is a known immune stimulator [13], did not 
affect the CAT reaction in vitro, but significantly decreased the rate of GR reaction, this demonstrating 
moderate antimicrobial activity.   

 
Data about direct effect of the studied substances on the rate of NADPH-oxidase reaction in 

experimental conditions in vitro are presented in fig.2. NADPH is inactive in resting (non-activated) leucocytes 
[10], but is activated upon addition of an immune stimulator. Direct stimulating effect of the studied 
substances on NADPH-oxidase reaction in vitro was qualitatively compared after data normalization to the rate 
of this reaction in leucocytes treated with immune activator prothymosine-α, with the latter value taken as 
100%. 

 
The rate of NADPH -oxidase reaction in control sample (without any substance) was equal to 0. 

Prothymosine-α addition to homogenate of resting leucocytes resulted in induction of NADPH-oxidase, and 
NADPH was oxidized at a rate of 69.8 nmol/min/10 mcl, which was taken as 100%.  

 

 
 

Fig 2. Direct effect of the substances on the rate of NADPH-oxidase in vitro. 
 

Remarks: * - statistical significance variation from the control, р<0,05. 

 
Eucalimin addition in a lower concentration (3.3 mcg/ml) resulted in NADPH oxidation at a rate of 

20.3 nmol/min/10 mcl, which makes 29% of prothymosine-α effect. This effect matches the previously shown 
Eucalimin immune stimulating effect in vivo with elevation of opsonization-phagocytic index 1.5-2-fold [12].  

 
Estiphan addition in a higher concentration (6.6 mcg/ml) resulted in NADPH oxidation at a rate of 13.5 

nmol/min/10 mcl, which makes 19.3% of prothymosine-α effect. This effect matches the previously shown 
dose-dependent Estiphan immune stimulating effect in vivo [13]. 

 
Dose-dependent immune stimulating effect was also found for SF1 and SF2. Bothe substances in 

optimal concentrations increased the rate of NADPH-oxidation by mean 80% of reference substance effect.  
As to liquid forms, the strongest immune stimulating effect was found for LF2, which increased 

NADPH-oxidation rate by 31.8% (added volume 10 mcl) or by 24,4% (added volume 20 mcl) of prothymosine-α 
effect. 

 
CONCLUSIONS 

 
Evaluation of in vitro biological activity of different liquid and solid multi-component formulations 

containing extracts of manna gum (Eucalyptus viminalis L.) and of purple coneflower (Echinacea purpurea L.) 
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grass demonstrated significant immune modulating and antimicrobial activity of solid formulations SF1 and 
SF2 and liquid formulations LF2 and LF4. Activity of solid formulations increased with elevation of product 
concentration, while liquid formulations were more active at lower concentrations (added volume 10 mcl).   

 
The strongest immune modulating and antimicrobial activity was shown for SF2 and LF2, which are, 

therefore, most promising for further study and development of products for treatment of inflammatory 
diseases of oral cavity. 
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