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The aim. Experimental selection of paracetamol and N-acetyl-D-glucosamine (NAG) ratio and combined dose and 

bioavailability study of the pharmaceutical composition and active pharmaceutical ingredient (API) in the model of cell 

biomembranes. 

Materials and methods. The following substances were used: paracetamol, Actimask Acetaminophen (gelatin-coated 

paracetamol), and NAG. For pharmacological studies were used laboratory rats, which received test objects intra-

gastrically. The study was performed on the model of inflammatory hyperalgesia according to the Randall-Selitto meth-

od. The values of pain threshold before and after pathology induction were established. For biopharmaceutical studies, 

dry L-α-dimyristoylphosphatidylcholine purchased from Avanti Polar Lipids (purity 99.9 %) was used, hydrated with an 

appropriate amount of double-distilled water to obtain 70 % wt./wt. water dispersion. Differential scanning calorimetry 

(DSC) studies were performed employing DSC 1 microcalorimeter (Mettler Toledo). Pharmaceuticals investigated were 

placed on the bottom of a crucible, then a proper amount of the lipid membrane was added and this moment was taken 

as the time reference point (t=0). Then a crucible was sealed with a lid and a sample was undergone consecutive tem-

perature scans, heating from 0 to 35 ºC at a scanning rate of 2 ºC/min. The procedure was repeated until no more 

changes in DSC profiles were observed, i.e. system equilibrium was reached.  

Results. It has been experimentally proven that the combination of paracetamol and NAG in the ratio of 4:1 showed 

better analgesic efficacy. The dose of active ingredients was determined to be 50 mg/kg by the sum of API. The active 

interaction of paracetamol with the bilayer of biomembranes was established and it was determined that Actimask has a 

worse rate of penetration into the membrane due to the coating of paracetamol with a gelatin shell. NAG didn't signifi-

cantly affect the rate of penetration of Actimask through the bilayer of membranes, but the auxiliary components of the 

tablet mixture significantly improved the rate and completeness of penetration of paracetamol through the bilayer of 

biomembranes. 

Conclusions. The study found the most effective ratio between paracetamol and NAG in the composition, which is 4:1. 

The next step was to determine the dose of API, which is 50 mg/kg of the sum of active substances. It has been deter-

mined that paracetamol has good permeability through the bilayer of biomembranes, and the tablet mass significantly 

improves the permeability of paracetamol 
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1. Introduction

According to current data, chronic pain (CP) is

experienced by a significant proportion of the population 

in need of long-term analgesic therapy. According to 

international and national protocols for the treatment of 

CP, first-line drugs are paracetamol, metamizole sodium, 

ibuprofen, and other non-steroidal anti-inflammatory 

drugs (NSAIDs) [1].  

The International Association for the Study of 

Pain (IASP) defines pain as “an unpleasant sensory and 

emotional sensation associated with actual or potential 

tissue damage”. The IASP also deciphers the concept of 

CP: “it is pain that lasts beyond the normal recovery 

period and/or more than three months” [2]. Today, CP is 

considered not only as a symptom or syndrome but also 

as a separate nosology. CP can remain after the healing 

process and be separated from the damage. Some diseas-

es are accompanied by CP. First of all, these are oncolog-

ical, rheumatological, neurological diseases, etc. [3, 4].  

There are several types of pain according to their 

origin. Nociceptive pain occurs because of tissue damage 

under the direct influence of a negative agent. Examples 
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of such pain are joint and lower back pain, osteoarthritis, 

sports injuries, and after surgery. One of the types of 

nociceptive pain is pain caused by inflammation that 

occurs in soft tissue injuries [5, 6].  

Neuropathic pain occurs because of damage or 

malfunction of the somatosensory nervous system. Such 

pain occurs with injuries and diseases of various parts of 

the nervous system. It is usually not accompanied by 

objective physical symptoms. Neuropathic pain is often 

described as hot, tingling, prickly, and acute. This type of 

pain usually occurs a few days or weeks after the injury. 

Sometimes this pain occurs suddenly, for no apparent 

reason [7].  

Paracetamol (PAR), ibuprofen, naproxen, naprox-

en, diclofenac, indomethacin, ketoprofen, etc. are rec-

ommended for the treatment of CP according to national 

and international protocols and recommendations [8]. 

The use of PAR in the treatment of CP is due to the safe-

ty of the drug and fewer side effects compared to other 

NSAIDs (primarily, the lack of gastro- and cardiotoxici-

ty) [9, 10].  

The mechanism of action of PAR is the action 

mainly in the central nervous system by inhibiting both 

isoforms of cyclooxygenase (COX) COX-1, COX-2, and 

possibly COX-3, which are involved in the synthesis of 

prostaglandins. Unlike NSAIDs, PAR does not inhibit 

cyclooxygenase in peripheral tissues and therefore has no 

peripheral anti-inflammatory effects. The antipyretic 

properties of PAR are probably due to the direct effect on 

the thermoregulatory centers of the hypothalamus, which 

leads to peripheral vasodilation, sweating, and, conse-

quently, heat dissipation [11, 12]. 

PAR is metabolized mainly in the liver, where 

most are converted to inactive compounds by conjuga-

tion with glucuronic acid and sulfuric acid, which are 

excreted by the kidneys. Only a small amount is excreted 

unchanged in the urine or oxidized through the liver 

cytochrome P450 enzyme system (CYP2E1). Metabo-

lism via CYP2E1 produces the toxic metabolite N-acetyl-

p-benzoquinonymine (NAPQI). The toxic effects of PAR 

are caused by NAPQI and not by PAR or its major me-

tabolites. At therapeutic doses, NAPQI reacts with the 

sulfhydryl group of glutathione to form a non-toxic con-

jugate that is also excreted by the kidneys. High doses of 

PAR could cause glutathione depletion, NAPQI accumu-

lation, and, consequently, hepatotoxicity [13, 14].  

To date, there are not PAR-based drugs on the 

pharmaceutical market of the world and Ukraine, which 

are intended for long-term therapy of CP. The solution to 

this problem may be to create a drug that combines PAR 

and a hepatoprotector. 

N-acetyl-D-glucosamine (NAG) is the most inter-

esting agent among the active pharmaceutical ingredients 

(APIs) that have a hepatoprotective effect and potentiate 

the analgesic effect of PAR. In the research of Tahia H. 

Saleem et al. was found a decrease in the hepatotoxicity 

of PAR at combined application with NAG in therapeutic 

doses. Hepatocytes of experimental rats had a condition 

close to the cells of healthy animals in the control group 

and much better than in the groups receiving PAR. The 

combination showed a marked decrease in the hepatotox-

icity of PAR [15]. According to the literature, glucosa-

mine affects the metabolism of PAR. Glucosamine inhib-

its the activity of the enzyme P450, as a result of which 

the conversion of PAR occurs in other ways and does not 

form toxic NAPQI. Due to this, the hepatotoxicity of API 

is reduced [16]. In the dissertation of Tulyakov V., the 

potentiating effect of analgesic and anti-inflammatory 

action of the combination of PAR with glucosamine was 

investigated. The study revealed the interaction between 

the components of the composition in the form of poten-

tiation and synergism of the analgesic effect of PAR. 

However, an effective ratio and dosage between PAR 

and NAG has not been established by Tulyakov V. [17].  

Thus, according to the literature, the combination 

of PAR with NAG has prospects for the creation of a 

combined drug aimed specifically at the treatment of CP. 

By combining it is possible to increase the effectiveness 

of PAR while reducing its toxicity. 

The interaction of drugs (ID) with the lipid bilayer 

of biomembranes is inevitable because the site of drug 

administration, their penetration into the systemic blood-

stream, entering the target cell, metabolism, etc. is ac-

companied by interaction with many cells. 

It is known that the penetration of most APIs into 

the cell is carried out by passive diffusion through the 

lipid bilayer of cells. The interaction of ID with the lipid 

membrane is a mutual process: on the one hand, it affects 

the pharmacokinetic properties of pharmaceuticals, on 

the other – changes in the structural and functional prop-

erties of the membranes themselves [18]. 

Recently, to study the interaction of API with cell 

membranes, model lipid membranes are widely used, which 

provide valuable information about absorption, toxic proper-

ties, opportunities to optimize drug delivery [19]. 

There is another important aspect of the interac-

tion of pharmaceuticals with membranes. Modern phar-

maceutical compositions usually consist of API, which 

has a therapeutic effect, as well as a set of excipients that 

are part of the pharmaceutical composition, which often 

affect the pharmaceutical, pharmacological, biopharma-

ceutical performance, and the like.  

Therefore, we conducted an experimental study of 

the interaction of PAR, glucosamine, and tablet mixture 

with the bilayer of biomembranes with the establishment 

of the effect of each API and the mixture on the mem-

branes to determine the biopharmaceutical characteristics 

of the studied pharmaceutical composition. 

The study aimed to experimentally select the ra-

tio and dose of the combination of paracetamol and N-

acetyl-D-glucosamine and study the bioavailability of the 

pharmaceutical composition and API on the model of 

cell biomembranes. 

 

2. Planning (methodology) of research 

The study of pharmacological and biopharmaceu-

tical characteristics of API and pharmaceutical composi-

tion aims to study the analgesic activity of the combina-

tion, the interaction at the level of biomembranes, and its 

prospects for use in pharmaceutical development. To do 

this, it was necessary to define certain parameters: 

a) the effective ratio between PAR and NAG; 

b) dose of API by the sum of active substances in 

the ratio established at the previous stage; 

c) interaction of PAR, Actimask Acetaminophen, 

NAG and the developed pharmaceutical composition 
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with biomembranes and possible influence of individual 

components on the biopharmaceutical parameters of the 

pharmaceutical mixture. 

The study consists of theoretical and practical jus-

tification of the amount of API in the development of 

pharmaceutical compositions and the study of the inter-

action of API and composition with biomembranes. 

 

3. Materials and methods 

3.1. Materials 

Paracetamol (Anqiu Lu`an Pharmaceutical Co., 

China), gelatin-coated paracetamol (Actimask
®
 Aceta-

minophen, SPI Pharma, USA), N-acetyl-D-glucosamine 

(Zhejiang Candorly Pharmaceutical, China), λ-

carrageenan (Sigma Aldrich, USA), Plasdone S-630 

(ISP, Switzerland), Kolidon CL (BASF, Germany), citric 

acid (Merck, Germany), sodium bicarbonate (Merck, 

Germany), Lubripharm (SPI Pharma, USA), Aspartame 

(Hyet Sweet, France), Orange flavor (Kerry, Italy). 

 

3.2. Pharmacological research 

Test objects and its preparation 

The combinations of PAR and NAG in ratios 2:1, 

3:1 and 4:1 were used as the objects of the research. To 

prepare the PAR/NAG combinations, PAR was used as 

Actimask
®
 Acetaminophen (SPI Pharma, USA). Test ob-

jects were administered to animals in the form of water 

suspension prepared using a vehicle containing 0.1 % 

Tween and 0.5 % Cekol after grinding in a mortar and it 

was mixed by vortex V-1 plus Biosan (Latvia). Test object 

suspensions were made at such concentrations that all ani-

mals received them at the same dose by volume – 10 ml/kg. 

Reference object and its preparation 

The reference object was PAR under the trade 

name Actimask® Acetaminophen (SPI Pharma, USA). 

The test samples of PAR were also administered in the 

form of suspension prepared with the vehicle similarly to 

PAR/NAG combinations. 

Experimental animals and grouping 

Experimental study was performed using 65 ran-

dom-bred male albino rats weighing 150–220 g, which 

were obtained from the vivarium of the Educational and 

Scientific Institute of Applied Pharmacy, National Uni-

versity of Pharmacy (Kharkiv, Ukraine). The rats were 

housed under conventional laboratory conditions in 

standard polypropylene cages in a well-ventilated room 

at 25±1 ºC and a relative humidity 55±5 % with a regular 

12 h light / 12 h dark cycle [20, 21]. The animals re-

ceived standard rat diet and water ad libitum [22]. All 

studies were performed in accordance with Directive 

2010/63/EU about meeting laws, regulations and admin-

istrative provisions of the EU states concerning protec-

tion of animals used for experimental and other scientific 

purposes [23]. The experimental protocols were ap-

proved by the Bioethics Commission of the National 

University of Pharmacy (Approval No. 2 of 04 Novem-

ber 2019). 

The research was conducted in two stages. The 

purpose of the first stage was to determine the optimal 

ratio of PAR and NAG in the composition. At this stage, 

30 animals were randomly divided into 5 experimental 

groups (n=6) as follows: 

group 1 – control pathology (rats with hyperalge-

sia receiving vehicle); 

group 2 – rats with hyperalgesia treated with 

PAR/NAG (2:1) at 100 mg/kg; 

group 3 – rats with hyperalgesia treated with 

PAR/NAG (3:1) at 100 mg/kg; 

group 4 – rats with hyperalgesia treated with 

PAR/NAG (4:1) at 100 mg/kg; 

group 5 – rats with hyperalgesia treated with PAR 

at 100 mg/kg. 

At the second stage, we determined the effective 

dose of the combination with the most optimal ratio of com-

ponents. There were taken 35 rats, which were randomly 

divided into 5 experimental groups (n=7) as follows: 

group 1 – control pathology (rats with hyperalge-

sia receiving vehicle); 

group 2 – rats with hyperalgesia treated with 

PAR/NAG (4:1) at 25 mg/kg; 

group 3 – rats with hyperalgesia treated with 

PAR/NAG (4:1) at 50 mg/kg; 

group 4 – rats with hyperalgesia treated with 

PAR/NAG (4:1) at 100 mg/kg; 

group 5 – rats with hyperalgesia treated with 

PAR/NAG (4:1) at 150 mg/kg. 

Analgesia experiment 

The Randall-Selitto test was used to assess the an-

algesic effect of the test objects [24] under the develop-

ment of inflammatory hyperalgesia in rats [25]. At the 

beginning of the experiment, the baseline of pain thresh-

old (PT) was measured in all rats using the analgesimeter 

Ugo Basile 37215 by stimulating pain reaction on the 

right hind paw [26]. Then the model of inflammatory 

hyperalgesia was induced in the right hind paw in all rats 

by subplantar injection of 0.1 ml of 1.0 % λ-carrageenan 

solution [27]. In 1 hour after pathology induction, all rats 

received single intragastric administration of tested and 

reference drugs at corresponding doses. PAR was admin-

istered at a dose of 100 mg/kg, which corresponds to the 

recommended human single dose extrapolated according 

to the FDA recommendations [28] and also approximate-

ly to the median effective dose of PAR in Randall-Selitto 

assay [25]. PAR/NAG combinations were studied at 

equivalent doses by the sum of API. At the second stage, 

combination PAR/NAG (4:1) was administered at doses 

of 25–150 mg/kg, which overlaps the possible range of 

its effective doses. Animals of the control group received 

equivalent amount of vehicle.  

Since the time to reach the maximum blood level 

and, as a consequence, the most pronounced analgesic 

effect for oral use of PAR averages 30–60 minutes [29–

30], assessment of the analgesic activity (AA) of test 

drugs was performed 1 hour after administration. Then 

AA was calculated by ability of the tested drugs to de-

crease hyperalgesia level in animals [27]. Thus, AA 

calculated as a percentage of the level of PT increase in 

animals in comparison with control group: 

 

Analgesic activity= 

=(∆PTcontrol–∆PTtest)/∆PTcontrol×100 %                 (1) 

 

where ∆PTtest is the percentage difference in rate of PT in 

the test group before and after hyperalgesia induction and  
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drug administration; ∆PTcontrol is the percentage differ-

ence in rate of PT in the control group before and after 

hyperalgesia induction and drug administration. 

The calculation of ∆PT was performed according 

to the formula (2): 

 

∆PT=(PTinitial‒PTfinal)/PTinitial×100, %,               (2) 

 

where ∆PT ‒ the difference between the initial and final 

pain threshold; PTinitial ‒ initial pain threshold; PTfinal ‒ 

final pain threshold measured 1 hour after drug admin-

istration (2 hours after carrageenan administration). 

Statistical analysis 

All the results were processed by descriptive sta-

tistics and presented as the mean ± standard error of the 

mean. Statistical differences between groups were ana-

lyzed using one-way ANOVA followed by Tukey's post-

hoc test [31]. Utilized computer software included IBM 

SPSS Statistics v. 22 (IBM Сorp., USA) and MS Excel 

2016 (Microsoft Corp., USA). The level of statistical 

significance was considered as p<0.05. 

 

3.3. Lipid membrane preparation 

Dry L-α-dimyristoylphosphatidylcholine (DMPC) 

purchased from Avanti Polar Lipids (purity 99.9 %) was 

hydrated by a proper amount of bidistilled water to ob-

tain 70 % wt/wt water dispersion. During the preparation 

procedure, the samples were stored at 5 ºC for 3–4 days 

with regular agitation and heating to 50 ºC. Water con-

tent was controlled using Mettler XP 26 microbalance 

(Mettler Toledo).  

 

3.4. Differential scanning calorimetry 

Differential scanning calorimetry (DSC) studies 

were performed employing DSC 1 microcalorimeter 

(Mettler Toledo) according to procedure described in 

[32]. The samples (10–20 mg) were treated using 40 μl 

standard aluminium crucibles in consecutive temperature 

scans (heating from 0 to 35 ºC at scanning rate 2 ºC/min). 

Paracetamol content was kept 6 % wt/wt relatively to the 

lipid membrane.  

The data obtained were processed with Stare SW 

11.0 software. Normalized DSC thermograms were plot-

ted, where original heat flow values were normalized by 

sample mass values. Sample mass was fixed before and 

after each DSC experiment employing Mettler XP 26 

microbalance (Mettler Toledo). Between the scans, the 

samples were stored at room conditions. 

 

4. Results 

According to the results shown in Tab. 1, the de-

velopment of inflammation was present in all studied 

animals. After administration of the pharmaceutical 

compositions, a decrease in limb edema was visually 

observed in all experimental groups, but with different 

strengths of onset of effect. This observation confirms 

the presence of pharmacological activity of the combina-

tion in the model of inflammatory hyperalgesia. 

 

Table 1 

Results of the assessment of paracetamol and N-acetyl-D-glucosamine ratio in the composition 

Group of animals 
PT, g ∆PT, g АА, % 

initial final 

Control pathology 119.4±13.3 56.1±9.0 52.1±2.5 ‒ 

PAR/NAG (2:1) 174.4±20.6 142.0±13.8 22.2±2.9* 57.4±5.5 

PAR/NAG (3:1) 150.3±15.0 113.1±12.4 24.8±2.4* 52.3±4.6 

PAR/NAG (4:1) 175.7±14.5 140.3±12.7 20.0±4.1* 61.6±3.4** 

PAR 166.5±13.5 118.9±7.7 27.9±2.6* 46.6±3.4 
Note: NAG – N-acetyl-D-glucosamine; PAR – paracetamol; PT – pain threshold; AA – analgesic activity; * P <0.05 compared to 

control pathology group; ** P <0.05 compared to group treated with PAR 

 

 
Fig. 1. The curve of changes in the analgesic activity of different ratios of paracetamol and N-acetyl-D-glucosamine in 

the composition: NAG – N-acetyl-D-glucosamine; PAR – paracetamol; * P <0.05 compared to group treated with PAR 

 

 

As could be seen from Fig. 1, PAR/NAG compo-

sitions showed different analgesic effects, but all variants 

were more active than pure PAR (comparison drug). 

However, there is a decrease in the analgesic effect in the 

option of 3:1, which may indicate the nonlinearity of the 

indicators. The most pronounced ratio of NAG and PAR 
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in terms of hyperalgesia is 4:1 by the sum of API, which 

is statistically significant for paracetamol. Subsequently, 

this ratio was chosen to find the effective dose. The se-

cond stage of the study aimed to determine the most 

effective total dose of the PAR/NAG combination in a 

certain ratio of 4:1.  

The methodology of the study was the same as de-

termining the ratio. 

 

Table 2 

Results of the study of the effective doses of the paracetamol and N-acetyl-D-glucosamine combination in a ratio of 4:1 

Group of animals 
PT, g ∆PT, g АА, % 

initial final 

Control pathology 236.4±25.2 82.9±7.1 65.0 ±4.6 ‒ 

PAR/NAG (4:1) 25 mg/kg 177.1±18.9 95.0±11.6 41.6±8.9 36.0±9.4 

PAR/NAG (4:1) 50 mg/kg 217.9±6.4 186.4±15.5 15.9±3.9* 75.6±6.0** 

PAR/NAG (4:1) 100 mg/kg 188.6±26.6 155.0±17.2 15.5±5.0* 76.2±7.7** 

PAR/NAG (4:1) 150 mg/kg 112.9±12.3 93.6±5.9 14.6±4.5* 77.5±6.9** 
Note: NAG – N-acetyl-D-glucosamine; PAR – paracetamol; PT – pain threshold; AA – analgesic activity; * P <0.05 compared to 

control pathology group; ** P <0.05 compared to group treated with PAR/NAG combination (4:1) at a dose of 25 mg/kg 

 

 
Fig. 2. The curve of changes in the analgesic activity of different doses of the paracetamol and N-acetyl-D-glucosamine 

combination in a ratio of 4:1: * – p<0.05 compared to group treated with PAR/NAG combination (4:1) at a dose of 25 mg/kg 

 

All studied doses of PAR/NAG combination (4:1) 

showed analgesic activity in a model of inflammatory 

hyperalgesia. As could be seen from Table 2 and Fig. 2, 

there is an increase in activity with increasing dose from 

25 mg/kg to 50 mg/kg. However, after a dose of  

50 mg/kg analgesic activity reaches its “plateau of activi-

ty”, i.e., doses of 100 mg/kg and 150 mg/kg showed the 

effectiveness of slightly more than 50 mg/kg, which is 

not statistically significant. It could be concluded that 

from the point of view of safety-efficacy the most appro-

priate dose of PAR/NAG combination (4:1) is 50 mg/kg 

by the sum of API. 

The next component of our research was the study 

of the interaction of API and tablet mixture with the 

biomembrane bilayer. 

The obtained cascades of DSC profiles are repre-

sented in Fig. 3. Fig. 4 is plotted to refer to DSC profiles 

obtained for the samples at various stages of equilibra-

tion. The profile of a neat DMPC membrane contains 

two endothermic peaks. They correspond to 1
st
 order 

phase transitions “gel phase → ripple phase” 

(Tp=15.8 ºC) and “ripple phase → liquid crystalline 

phase” (Tm=24.4 ºC) [33]. Upon addition PAR in various 

combinations, the first peak becomes smeared and disap-

pears in the first few scans.  

One should note that each sample demonstrates 

the unique pattern of DSC profiles which reflects kinetics 

of drug-lipid interaction [32]. Indeed, for individual PAR 

(Fig. 3, a), a new low-temperature peak appears at the 

very first scan. Its position is unchanged almost until 

equilibrium, but its intensity rises significantly. At the 

same time, the high-temperature portion of the initial 

peak drops rather fast and coalesce with the low-

temperature one in 1.7 hrs after the start of the experi-

ment. In the samples containing Actimask (Fig. 3, b), this 

coalescence takes place much later, after ab. 30 hrs. Sim-

ilar equilibrium values Tm
eq
=21.7±0.1 ºC were obtained 

for the samples containing both Actimask and PAR, as it 

clears from Fig. 4, b. 

The presence of glucosamine (Fig. 3, c) shortens co-

alescence time to 23 hrs and elevates Tm
eq

 value to 22.3 ºC. 

Tablet-mass introduction into the membrane gives a 

more complex pattern of DSC profiles (Fig. 3, c), but one 

could specify its pronounced lowering effect on Tm
eq

  

(to 20.8 ºC). A control sample was a neat DMPC mem-

brane that remained unchanged all the time (Fig. 4, b). 
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a  b 

       
c  d 

Fig. 3. DSC profiles of lipid membranes containing: a – paracetamol; b – Actimask; c – Actimask + glucosamine;  

d – tablet-mass. The numbers on the right of the curves indicate the time (in hrs) since the start of the experiment. The 

DSC profile of the neat lipid membrane (dotted line) corresponds to the time reference point (t=0) 

 

   
a                                                                  b 

Fig. 4. Normalized DSC profiles of lipid membranes containing pharmaceuticals: a – after 3 hrs since the start of exper-

iments; b – after systems equilibrium (time (hrs) is indicated in numbers on the right of the curves). DSC profiles of the 

neat lipid membrane are marked with dotted lines 
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5. Discussion 

As a result of our work, there is a confirmation of pre-

vious studies presented in the dissertation of Tulyakov V., 

where the potentiating effect of the analgesic combina-

tion of PAR with glucosamine was given [17]. An in-

crease in the analgesic activity of the combination of 

PAR as Actimask with NAG was found in comparison 

with the PAR mono-preparation. 

As we could see from the results of the study (Ta-

ble 1 and Fig. 1), the analgesic activity of the PAR mono-

preparation is weaker than in the composition. At a lower 

dose of PAR, the effectiveness of the drug in a mixture 

with NAG is much higher (by 15 % when comparing the 

mono-preparation of PAR and the composition 4: 1). 

However, there is a decrease in the analgesic effect in the 

option of 3: 1, which may indicate the nonlinearity of the 

indicators. The most analgesically active ratio of PAR 

and NAG is 4: 1. Subsequently, this ratio was chosen to 

find the effective dose. 

All combinations showed analgesic activity in a 

model of carrageenan inflammatory hyperalgesia. As 

could be seen from Table 2 and Fig. 2, there is an in-

crease in activity between doses of 25 mg/kg and  

50 mg/kg. However, after a dose of 50 mg/kg analgesic 

activity reached its “plateau of activity”, i.e., doses of 

100 mg/kg and 150 mg/kg showed the efficacy of slight-

ly more than 50 mg/kg and are statistically insignificant. 

It could be concluded that from the point of view of safe-

ty-efficacy, i.e., further increase in dosage does not in-

crease efficiency, however, it is possible to detect side 

effects of PAR, the most appropriate dose is 50 mg/kg by 

the sum of active substances PAR and NAG in a ratio  

of 4: 1. Therefore, for further studies, we chose the low-

est dose without loss of analgesic activity, but with less 

likely side effects. 

It is worth noting that model lipid membranes 

used in the present study could be represented as ordered 

planar multibilayer structures where lipid bilayers are 

separated one from another by water phase. Kinetics of 

drug-membrane interactions could be affected by a set of 

processes: drug release, drug sorption by a lipid bilayer, 

drug diffusion through lipid/water stacks, etc. The pres-

ence of additional compounds could impact all these 

processes as well to shift equilibrium drug distribution 

between water and lipid phases. Indeed, there is a wide 

diversity of joint membranotropic effects caused both by 

API combinations [34] and by excipients in drug formu-

lations [35]. Based on the above, we could interpret the 

results obtained in biopharmaceutical experiments.  

As one could see from Fig. 4, a, PAR and Acti-

mask differ substantially in the kinetics of drug-

membrane interactions, and the most probable limitation 

stage seems drug release from gelatin capsules. Joint 

administration of Actimask and glucosamine to the lipid 

membrane hinders PAR diffusion through lipid bilayers 

as it is clear from a significant portion of undisturbed 

DSC peak. Meanwhile, tablet-mass demonstrates im-

proved kinetics even relative to individual PAR, which is 

caused by joint drug-excipient membranotropic effects.  

Equilibrium state (Fig. 4, b) demonstrate that 

gelatin does not impact PAR distribution into lipid mem-

brane and localizes in distinct membrane regions (see 

small high-temperature peak on “Actimask” profile). 

Glucosamine individually induces practically no changes 

in membrane ordering (both initial DMPC peaks, Tm and 

Tp, remain undisturbed), but reduces PAR distribution 

which reflects in Tm
eq

 elevation on “Actimask + glu-

cosamine” profile. Finally, tablet-mass causes sufficient 

Tm
eq

 diminishing which bears witness to the promotion of 

PAR distribution to the membrane.  

Taken together, all our findings point that the drug 

formulation improves both kinetics and equilibrium 

characteristics of PAR -membrane interactions.  

Study limitations. Certain limitations in the work 

used in the method of studying the analgesic activity of 

the drug. The method of inflammatory analgesia charac-

terizes the action of analgesics during the development of 

edema and inflammation. However, chronic pain is not 

always caused by inflammation and there are other 

mechanisms of pain response. There are also restrictions 

on the use of only the biomembrane bilayer model, 

which contains only one type of phospholipid. 

Prospects for further research. There is interest 

in the study of analgesic activity in other pharmacological 

models. Research on a wider range of lipid bilayers of 

biomembranes. The prospect of further research is also to 

study the hepatoprotective and toxic effects of the pharma-

ceutical combination in subchronic modeling of the drug. 

 

6. Conclusions 

The study found the most effective ratio between 

PAR as Actimask and NAG, which is 4:1. The effective 

dose in the selected ratio becomes constant at 50 mg/kg, 

and a further increase in dosage does not show an in-

crease in effectiveness, but it is possible to detect side 

effects of PAR. Therefore, for further studies, we chose 

the lowest dose without loss of analgesic activity, but 

with less likely side effects. 

The active interaction of PAR with the bilayer of 

biomembranes was found and it was determined that the 

coating with a gelatin shell (substance Actimask Aceta-

minophen) impairs the rate of penetration of API into the 

membrane. NAG did not significantly affect the rate of 

penetration of Actimask Acetaminophen through the 

bilayer of membranes, but the auxiliary components of 

the tablet mixture significantly improved the rate and 

completeness of penetration of API through the bilayer 

of biomembranes. 

Thus, the studied tool has prospects for analgesia 

of inflammatory acute pain with predicted hepatoprotec-

tive activity, which is also a considerable advantage in 

the case of long-term use. The improvement of biophar-

maceutical parameters of the drug in the study of API 

penetration through the bilayer of membranes due to the 

auxiliary components of the developed pharmaceutical 

composition was determined. 
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