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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Relevance: In the Republic of Kazakhstan, the pharmaceutical 

industry is undergoing rapid development. However, there is a 
significant deficit of specialized dosage forms for children. The 
majority of pharmaceuticals employed in paediatric practice 
have not been subjected to clinical trials in children, resulting 
in irrational prescribing and an elevated risk of adverse effects. 
The development of paediatric dosage forms for the treatment 
of socially significant diseases, such as juvenile rheumatoid 
arthritis (JRA), is of particular urgency. This article discusses 
the prospect of developing combined meloxicam and vitamin 
B12 tablets for children, which may improve the efficacy and 
safety of therapy.

Materials and methods: The study was carried out on the 
basis of South Kazakhstan Medical Academy and research 
testing center of JSC "Khimpharm". Physicochemical and 
technological properties of meloxicam and cyanocobalamin 
were studied and five model samples of core tablets were 
developed. Direct pressing methods, as well as dissolution and 
active substance release tests were used to assess the quality 
of tablets. The production technology included the stages of 
mixing, pressing and film coating.

Results: According to the Register of medicines of the 
Republic of Kazakhstan and the Kazakhstan National 
Formulary, only 0.3% of the total number of medicines are 
intended for children. 1.7% of medicines for children are 
included in the list of medicines for free and (or) preferential 
outpatient supply to citizens of Kazakhstan. 61 preparations 
of meloxicam are registered on the pharmaceutical market of 
Kazakhstan, but there are no preparations for children among 
them. Combination therapy has advantages over monotherapy, 
the simultaneous use of several active pharmaceutical 
ingredients reduces the duration of treatment and reduces 
the need for additional drugs. The results of determining the 
physicochemical and technological properties of meloxicam, 
cyanocobalamin and excipients showed that they meet the 
requirements of regulatory documents. Taking this into account, 
the method of direct pressing was chosen as a rational way of 
tableting meloxicam with cyanocobalamin. The data on quality 
indicators (by mass, height, diameter, hardness) and dissolution 
kinetics study showed that the composition no.4 of model 
samples of meloxicam core tablets is optimal. The technology 
of production of combined meloxicam tablets for children with 
an average weight of 62.0 mg ±10% (from 55.8 mg to 68.2 mg) 
coated was developed, and the pilot technology was tested on 
2448.00 g of tablet mass.

Conclusion: The development of combined meloxicam and 
vitamin B12 tablets for children represents a promising direction 
in the field of pharmaceutics. This dosage form has the potential 
to enhance the effectiveness of therapy for juvenile rheumatoid 
arthritis and other inflammatory diseases in children, whilst 
concomitantly reducing the likelihood of adverse effects. The 
results of the study indicate the necessity for additional clinical 
trials to be conducted, including bioavailability and stability 
tests, on the developed paediatric dosage form.

Key words. Rheumatic diseases, pharmaceutical development, 
combination tablets, meloxicam, cyanocobalamin, medicines 
for children, coated tablets.
Introduction.

In the Republic of Kazakhstan, there has been a notable 
development in the field of domestic pharmacy over the 
past decade [1,2]. Consequently, issues pertaining to the 
development of human resources [3,4], the cultivation of 
communicative competencies within the context of continuous 
professional development for pharmacists [5], the establishment 
of a pharmaceutical cluster [6], the financing of research and 
educational activities aimed at the development of innovative 
medicines [7,8], substances [9,10], and other related domains. 
Of particular note are the development of paediatric medicines 
[11] and the paucity of officially approved paediatric medicines 
[12,13]. According to the World Health Organization's (WHO) 
experts, there is an absence of special pediatric medicines for 
numerous pediatric diseases [14], a paucity of data on the safety 
of drugs in children, and an insufficiency of special pediatric 
dosage forms [15,16]. Consequently, pediatricians are compelled 
to assume considerable risks by administering medications that 
have not been specifically approved for use in children [17,18]. 
This risk is especially increased in early childhood illnesses, as 
well as in severe, rarely occurring diseases in children. It is a 
matter of particular concern that the majority of medications 
prescribed for newborns have not been registered for use in this 
age group [19,20].

Research has indicated that the prescription of medications 
to children is often not grounded in scientific rationale [21,22], 
with a limited number of children receiving long-term drug 
therapy for chronic or disabling diseases [23]. Furthermore, 
adverse effects of prescribed medications have been identified 
as a contributing factor to 18% of all hospital admissions [24]. 
According to experts in the field, this phenomenon can be 
attributed to the fact that 70-80% of drugs used in paediatrics 
have not undergone clinical trials in children [25]. The approach 
of transferring data from clinical trials conducted on adult 
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patients to the field of paediatric pharmacology is not always 
reasonable or accurate. The European Commission has reported 
that 50-90% of medicines prescribed for children are not tested 
in this age group and no special studies are conducted to assess 
the efficacy and safety of the drug for children [26,27].

The World Health Organization has developed the List of 
Essential Medicines for Children, which includes 350 medicines 
and is recommended for use in the development of national lists 
of children's medicines [28].

In recent decades, in many countries of the world serious 
attention is paid to the development of medicines for children 
[29]. This may be due to the labor-intensive and peculiarities 
of the technology of creating medicines for children [30,31], 
to the generally accepted approach of prescribing the same 
medicines for children as for adults, only with dose selection 
taking into account age, body weight and other physiological 
parameters of the child's body [32], as well as to the disinterest 
of pharmaceutical business in the production of children's 
medicines due to insufficient return on financial expenditures 
[33,34]. One of such pediatric medicines are medicines used for 
the treatment of socially important diseases in childhood, such 
as inflammatory diseases of the musculoskeletal system [35,36]. 
Arthritis is usually considered as an "age-related" disease that 
is mainly diagnosed in the elderly and arthritis in children was 
considered impossible until recently [37,38]. However, official 
statistics indicate that worldwide 1 in 1000 children suffer from 
inflammatory joint disease [39]. Pediatric arthritis (juvenile 
arthritis or pediatric rheumatic disease) is a group of rheumatic 
diseases that have different origins and manifest through lesions 
of all joint elements [40,41]. Pediatric rheumatology classifies 
arthritis in children as a group of socially significant diseases, 
often leading to disability of children [42,43].

In the domain of modern paediatric rheumatology, juvenile 
rheumatoid arthritis (JRA) has been identified as one of the 
most prevalent rheumatic diseases [44]. It can be utilised 
as a paradigm to elucidate the frequency and prevalence of 
paediatric rheumatologic diseases [45,46]. JRA is defined as a 
systemic inflammatory disease of connective tissue, manifesting 
predominantly in the musculoskeletal system. It is characterised 
by immune system dysfunction and pronounced autoaggression, 
leading to the development of pathological immune reactions 
[47,48]. JRA manifests in patients up to the age of 16 years, is 
characterised by a chronic, severe and progressive course, and 
generally has an unfavourable prognosis [41,49].

It is estimated that approximately 3 million children and young 
people worldwide are affected by JRA [50,51]. The incidence 
of JRA ranges from 3.8 to 400 in different regions of the world, 
with an incidence of 1.6 to 23 cases per 100,000 children per 
year [52,53]. The peak incidence of JRA is between the ages 
of 2-4 years and 10-14 (9-11) years (depending on the clinical 
manifestation) [54].

Analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs), 
glucocorticosteroids, immunomodulators, vitamins, antibiotics, 
antitumor and antirheumatic agents are prescribed for the 
treatment of arthritis [55,56].

NSAIDs are the mainstay of treatment, with a satisfactory 
clinical effect observed in 50-70% of cases [57].

The efficacy of NSAIDs in the management of pain syndromes 
of various localisations has been well-documented, thus 
classifying them as one of the most effective and popular groups 
of drugs [58,59]. The principal analgesic effect of NSAIDs 
is attributable to their capacity to inhibit cyclooxygenases 
(COX), pivotal enzymes in the synthesis of prostaglandins 
[60,61]. These enzymes possess robust anti-inflammatory and 
hyperalgesic characteristics [62]. The prescription of NSAIDs 
is due to their mechanisms of action, namely anti-inflammatory, 
antipyretic and analgesic [63,64]. Penetrating the synovial 
fluid of the affected joint, NSAIDs have been shown to reduce 
prostaglandin production [65], thereby exerting an anti-
inflammatory effect [66,67].

The nomenclature of NSAIDs authorized in pediatric practice 
is severely limited. Selective NSAIDs authorized in pediatric 
practice include nimesulide and meloxicam [68,69]. However, 
in the USA, Canada, the UK, Austria, nimesulide is not allowed 
for registration due to hepatotoxicity, in Japan, Israel and Spain 
the use of nimesulide is prohibited [70,71]. Among NSAIDs for 
the treatment of these diseases, especially juvenile idiopathic 
arthritis, a number of authors show the effectiveness of 
meloxicam (0.125-0.25 mg/kg) for children from 2 to 16 years 
of age compared to other drugs [72,73]. In addition, it should 
be taken into account that in the complex therapy of patients, B 
vitamins with a wide range of neurotropic properties (thiamine, 
pyridoxine, cyanocobalamin) contribute to the activation of 
reparative processes in damaged nerve trunks subjected to 
compression or ischemia, and potentiate the effect of analgesics 
[74]. Combination therapy (nonsteroidal anti-inflammatory 
drugs (NSAIDs) and B vitamins) has advantages over NSAID 
monotherapy; their simultaneous use with analgesics and 
NSAIDs shortens the treatment period and reduces the need for 
additional use of analgesics [75].

Numerous studies have shown that the combination 
of nonsteroidal anti-inflammatory drugs (NSAIDs) and 
B-group vitamins, in particular cyanocobalamin (vitamin 
B12), may produce a synergistic analgesic effect [57,65,74]. 
Cyanocobalamin is involved in nerve regeneration, myelin 
synthesis, and has neurotropic properties that enhance the 
analgesic activity of NSAIDs [65,74]. Moreover, no clinically 
relevant interactions have been reported between meloxicam 
and vitamin B12, which supports the safety of their co-
administration. Evidence in pediatric and adult populations 
suggests that this combination can enhance analgesia and 
reduce the required NSAID dose, thereby minimizing adverse 
effects [68,73].

Thus, the development of combination dosage forms with 
meloxicam is relevant [76]. Studies show that such combination 
can improve drug dissolution [77], show good stability (drug 
content, disintegration time, solidity and in vitro dissolution 
properties) [78,79], increase drug solubility [80,81] and improve 
bioavailability of meloxicam [82].

Taking into account the above-mentioned, we aimed to 
study the current state of drug supply of children in the 
pharmaceutical market of the Republic of Kazakhstan and to 
consider the prospects for the development of combined tablets 
of meloxicam with cyanocobalamin for children.
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Materials and Methods.
The article consists of several parts. In the first part we consider 

the relevance of the problem and the current state of drug supply 
for children, in the second part - the methodology of the study, 
in the third part - the results of prospective development and 
testing of tablets, in the fourth part - discussion of the obtained 
data and their significance for pharmaceutical practice.

To assess the current state of drug supply and production of 
medicines for children in the pharmaceutical market of the 
Republic of Kazakhstan (RK), we studied the main regulatory 
documents [83] governing drug supply to the population, 
including children [84,85]. The State Register of Medicines 
and Medical Devices of the Republic of Kazakhstan, the List 
of Medicines and Medical Devices for free and (or) preferential 
outpatient provision of certain categories of citizens of 
Kazakhstan, and the Kazakhstan National Formulary were used 
in the study.

As a base for conducting prospective study was chosen the 
Department of Drug Technology of South Kazakhstan Medical 
Academy (SKMA) and Joint Stock Company "Khimpharm" 
(Member of Polpharma Group, Shymkent). In addition, the 
results of scientific research of the authors H. Hosseinzadeh and 
M. Magaña-Villa were used.

For the research we studied the possibilities of using 
cyanocobalamin as a component that enhances the analgesic 
effect of meloxicam, determined the optimal technological 
properties of the main medicinal and auxiliary substances to 
develop the composition of combined meloxicam tablets for 
children, developed the composition and determined some 
quality indicators of combined meloxicam core tablets with 
cyanocobalamin for children for further research. The study was 
conducted at the Department of Technology of Dosage Forms 
of South Kazakhstan Medical Academy (Protocol No. 5a of 
15.01.2024).

Determination of the optimal composition and technology 
of combined tablets of meloxicam with cyanocobalamin for 
children was carried out on the basis of research testing center 
of Joint Stock Company (JSC) "Khimpharm" (Member of 
Polpharma Group, Shymkent). The objects of the study were 
meloxicam - produced by "Pharmacutical LTD" (China) and 
cyanocobalamin - produced by "Xi'an ZB Biotech Co., Ltd" 
(China).

To determine the physicochemical and technological properties 
of the main medicinal (meloxicam and cyanocobalamin) and 
auxiliary substances for the development of the composition of 
combined tablets meloxicam for children were used Temporary 
Analytical Normative Document (VAND 42-3843-07) and the 
State Pharmacopoeia of the Republic of Kazakhstan (II volume, 
p. 557).

In developing model samples of meloxicam core tablets, we 
studied the possibility of using as dry binders: povidone K-25, 
croscarmellose sodium; leavening agents: sodium citrate, 
anhydrous silicon dioxide; sliding agents: microcrystalline 
cellulose 102, mannitol, hydroxypropylmethylcellulose 4000 
(Sheffcel 75 HD 15000CR), hydroxypropylmethylcellulose 
4000 (Sheffcel 75 HD 4000CR), magnesium stearate and other 
excipients. In accordance with the requirements, we determined 

the technological properties of the selected auxiliary substances: 
particle size, friability, bulk density.

Using different combinations of the amounts of the main 
medicinal and auxiliary substances, calculated for one load 
of 200 g, we prepared the prescriptions of 5 model laboratory 
samples of meloxicam core tablets. The doses of medicinal 
substances were selected taking into account the age of children: 
for meloxicam the dose was chosen at the rate of 0.125 mg/kg of 
child weight (the weight of a 10-year-old child is approximately 
30-32 kg) or 50% of the adult dose and for cyanocobalamin - 
the generally accepted dose of vitamin B12 administration for 
children. Thus, the calculated meloxicam dose per tablet was 
3.75 mg. Given the limited ability of younger children (e.g., 
<6 years) to tolerate solid dosage forms and the challenges of 
accurately dividing small tablets, this dosage form is primarily 
intended for children aged 10 years and older with body weight 
approximately 30-32 kg. The possibility of splitting or adjusting 
the dose for younger children remains limited and would require 
the development of alternative dosage forms (e.g., dispersible 
tablets or suspensions), which is the subject of future work.

For preparation of tablet mass in laboratory conditions 
meloxicam, cyanocobalamin, aerosil were sieved through a 
vibrating screen, sieving was carried out twice. Then a sieved 
mixture of microcrystalline cellulose, povidone K-25, sodium 
croscarmellase and sodium citrate was added. The mixture 
was sieved twice, then transferred to a mixer and stirred for 
30 minutes. Pre-sieved magnesium stearate was added to this 
mixture and mixed for an additional 5 minutes. Tablets were 
pressed from the prepared mass on a tablet press model ADEPT 
MINI PRESS "MUMBAI" (India). Studies were carried out in 
the research testing center of JSC "Khimpharm" (Member of 
Polpharma Group). The punch diameter was 5 mm, spherical 
shape, height 2.80 mm. Tablet machine automatically determines 
mass, height, diameter, hardness of core tablets.

One of the quality indicators of tablets is the release of the 
drug substance from the dosage form. For tablets such a test is 
the study of tablets by the test "Dissolution". Determination of 
meloxicam release from core tablets by the test "Dissolution" 
was carried out on the dissolution tester "ERWEKA DH1520" 
in accordance with the requirements of GF RK (Volume 1, page 
236). Dissolution medium - phosphate buffer solution with 
pH 6.8; dissolution medium volume - 900 ml; basket rotation 
speed - 100 rpm; dissolution time - 45 min, dissolution medium 
temperature - (37.0 ± 0.5) °C.

We used Opadray® 03F28446 (Calarcon Ltd., England), a 
film-forming agent, which is a fine powdery finished mixture 
of excipients, to coat the core tablets. Two film coating systems 
were used during the process: Opadry® 03F28446 (a base coating 
formulation) and Yellow Opadry® grade 86F32004, a coloured 
film-coating formulation specifically used for imparting the final 
yellow opaque appearance. For standardisation and clarity, the 
term Yellow Opadry® 86F32004 will be used throughout this 
article to describe the coating material used for the final batch.

Core tablets were loaded into the rotary drum of BG 10 coating 
machine (Germany) through a direct feeder, and the tablets 
were dedusted for 20 minutes at a drum rotation speed of 6 rpm, 
then the tablets were heated to a temperature of 30℃. Next, a 
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suspension of film-forming agent was sprayed onto the rotating 
warm core tablets at a drum rotation speed of 20-24 rpm using 
a spray gun to increase the weight of the tablets to 2.5- 3%. 
Simultaneously with the suspension supply, heated air of 40- 
50℃ temperature is injected through the bottom of the drum, 
which ensures fast drying of tablets and uniform distribution of 
coating on the core tablets.

To prepare the slurry for film coating, 4,200 l/kg of purified 
cold water (20-25℃) and 800.0 g of yellow opadraya grade 
86F32004 were prepared. Subsequently, 4,200 l/kg of purified 
cold water was loaded into the solution preparation apparatus 
and the stirrer was turned on at 15Gc. Opadray yellow 86F32004 
in an amount of 0.8 kg was slowly poured in with the stirrer 
on. The solution was stirred for 50 minutes with the stirrer on. 
Ready slurry for coating should be in the apparatus with constant 
stirring. Tablets - kernels pre-dusted and at the tested quality of 
atomization of the suspension are loaded into the drum of the 
BG 80 coating machine (Germany). Control of the film coating 
process was carried out every 30 minutes.

When spraying the opadraya suspension, the average tablet 
weight was checked every 30 minutes. The application of 
yellow opadraya suspension was carried out until the tablets of 
the required weight were obtained.

To determine the promising technology of production and 
tested pilot technology of combined coated meloxicam tablets 
for children, the quality of tablets was assessed and the main 
technological parameters of meloxicam core tablets in the 
process of coating were determined. The study was conducted 
in the laboratory of the research testing center and in the tablet 
shop of JSC "Khimpharm" (Member of Polpharma Group), 
Shymkent, Kazakhstan (Protocol series PP №11123 from 
01.11.2023), as well as in the testing center of LLP "BioEtica", 
Shymkent, Kazakhstan (Test Protocol №671 from 16.06.2024).

Scientific novelty of the research is confirmed by the 
application №2024/0779.2 from 23.07.2024 on the issuance 
of a patent for a utility model of the Ministry of Justice of the 
Republic of Kazakhstan "Composition of the core of a solid 
dosage form for children with anti-inflammatory, analgesic and 
antipyretic action".
Results.
Study of the current state of drug supply and production of 
medicines for children in the pharmaceutical market of the 
Republic of Kazakhstan:

When analyzing the State Register of Medicines and Medical 
Devices of the Republic of Kazakhstan, we found that this 
document registered only 7987 medicines authorized for 
use in the country, of which only 23 medicines are intended 
for children's practice in special dosage and dosage form for 
children, which is about 0.3% of the total number of registered 
medicines.

The list of medicines and medical devices for free and (or) 
preferential outpatient provision of certain categories of citizens 
of Kazakhstan with certain diseases (conditions) includes 1100 
names of medicines, of which only 19 (1.7%) medicines are 
intended for children.

The "Kazakhstan National Drug Formulary (KNLF)" includes 

6852 drugs, of which 25 (0.36%) are used in pediatric practice. 
The results of the research are presented in Figure 1.

The pharmaceutical industry of Kazakhstan practically does 
not produce children's medicines; there is one drug on the market 
- syrup "Ambro" for children, produced by JSC "Khimpharm" 
[86,87].

The results of studies indicate the need to determine the 
nomenclature of drugs, in special pediatric dosage forms and 
the development of drugs for children, taking into account 
anatomo-morphological, technological features of drugs for this 
age group of patients [88].

The analysis has shown that on the pharmaceutical market 
of the Republic of Kazakhstan registered preparations of 
meloxicam: in ampoules - 23 items; in tablets of 7.5 mg and 15 
mg - 31 items; in the form of suppositories - 2; gels - 2; cream - 
3 items. Drug preparations of meloxicam for children are absent 
in this list, especially with a coated coating.

Thus, in Kazakhstan there is progress in the development of 
the pharmaceutical industry, the number of registered pediatric 
dosage forms remains extremely low (0.3% of the total number 
of drugs). For comparison, in the European Union and the USA, 
the share of pediatric dosage forms is about 5-10%, which is due 
to active government support and legislative initiatives, such as 
Pediatric Research Equity Act (PREA) in the USA and Pediatric 
Regulation in the EU [28,29]. These programs encourage 
pharmaceutical companies to conduct clinical trials involving 
children, which leads to an increase in the number of safe and 
effective drugs for pediatric practice.
Consideration of the prospects for the development of 
the formulation of combined meloxicam tablets with 
cyanocobalamin for children:

Meloxicam is a selective COX-2 inhibitor [89,90], and 
studies in adult patients have shown a relatively low incidence 
of side effects of the drug compared with other NSAIDs [91]. 
Meloxicam is used in the practice of treatment of children aged 
from 2 years at a dose of 0.125 mg/kg orally once a day with 
a maximum oral dose of 7.5 mg per day. The drug is approved 
for use in more than 80 countries for the treatment of OA, 
rheumatoid arthritis and ankylosing spondylitis [92].

Meloxicam has the properties of a selective COX-2 inhibitor 
and has a pronounced anti-pain effect, its use is characterized 
by a low risk of side effects, the absence of damaging effect 
of the drug on the state of cartilage tissue [93,94]. Therefore, 
meloxicam is one of the safest drugs of this class [95,96].

At the same time, the safe use of most NSAIDs, including 
meloxicam, in children is still poorly understood, and the list 
of recommended anti-inflammatory drugs for children is very 
limited [97,98]. In addition, most of these drugs have side 
effects, which limits their use in clinical practice [99,100]. In 
this regard, at present, the use of a combination of NSAIDs and 
B vitamins remains relevant [101,102] and may be a safe and 
inexpensive strategy for postoperative analgesia [103].

Exploring the potential use of cyanocobalamin (vitamin B12) 
as a component that enhances the analgesic effects of meloxicam 
is an interesting and potentially significant area of research. 
According to Drugs.com, which includes sources Micromedex 
(updated July 7, 2024), Cerner Multum™ (updated July 14, 
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2024), ASHP (updated July 10, 2024) and others, no interactions 
between meloxicam and vitamin B12 have been found. A total 
of 390 drugs are known to interact with meloxicam. It should be 
considered that Vitamin B12 may prove to be complementary or 
integrative in the treatment of pain conditions [104,105].

Before the research we analyzed the quality indicators of 
meloxicam powder in accordance with VAND RK 42-3843-07 
[106]; cyanocobalamin - in accordance with the requirements of 
the State Pharmacopoeia of the Republic of Kazakhstan [107]. 
Quality indicators of meloxicam and cyanocobalamin fully 
comply with the requirements of regulatory documents.

The results showed that meloxicam is 4-hydroxy-2-methyl-
N-(5-methyl-1,3- thiazol-2-yl)-2H-1,2-benzothiazine-3-
carboxyamide 1,1 dioxide, fine yellow colored powder in the 
form of sticks, crystalline powder anisometric shape, the size of 
the main fraction from 0.5 mm to 1 mm.

The results of physicochemical and technological properties of 
meloxicam are summarized in Table 1.

The results of determining the optimal variant of technological 
properties of auxiliary substances: particle size, friability, bulk 
density, are presented in Table 2.

Based on the study of various combinations of the amounts of 
the main drug and excipients, we formulated 5 model laboratory 
samples of meloxicam core tablets with cyanocobalamin, which 
are summarized in Table 3.

Taking into account the composition of model samples of core 
tablets, as well as the studies of some authors [77,108], we chose 
the direct pressing method as the tabeling method [82,109].

Statistically processed data of quality determination of the 
developed tablet in terms of mass, height, diameter, hardness of 
model sample of meloxicam core tablets with cyanocobalamin 
are presented in Table 4.

The results of studying the release kinetics of meloxicam from 
the model core tablet samples are shown in Figure 2.

On the basis of the above-mentioned technological indicators, 
we have chosen composition No. 4 for further research, as this 
model is optimal (Table 5).

Consideration of the prospects for the development 
of technology to create combined meloxicam and 
cyanocobalamin coated tablets for children:

We in the laboratory of Research and Development Testing 
Center of JSC "Khimpharm" (Member of Polpharma Group) 
developed a technology for production of combined meloxicam 
tablets for children with an average weight of 62.0 mg, coated 
(Figure 3).

In the tablet shop of JSC "Khimpharm" (Member of Polpharma 
Group) for testing the pilot technology of combined meloxicam 
tablets for children we calculated the necessary amounts of 
drugs and auxiliary substances for loading of 2500 g of tablet 
mass. The corresponding calculations are presented in Table 6.

The quality assessment data of meloxicam combination tablets 
(n = 10) during pressing are summarized in Table 7.

2448.00 g of core tablets were obtained, which were further 
directed to be coated with a film coating

Table 8 summarizes the experimentally selected main process 
parameters that were controlled during the coating process.

The obtained yellow-colored, coated tablets have a round 
shape with a biconvex surface. The average tablet weight is 62.0 
mg ±10% (55.8 mg to 68.2 mg).
Discussion.

The development of pediatric dosage forms is an urgent 
problem, in particular, meloxicam and vitamin B12 combination 
tablets. The insufficient range of medicines for children forces 
pediatricians to use drugs that have not passed clinical trials in 
the pediatric population. This increases the risks of side effects 
and irrational use of medicines.

Meloxicam, as a selective COX-2 inhibitor, has a pronounced 
anti-inflammatory and analgesic effect, which makes it 
promising for the treatment of juvenile rheumatoid arthritis in 
children. However, its use in pediatrics is limited due to the lack 
of safety studies. The combination of meloxicam with vitamin 
B12 may enhance the analgesic effect and shorten the treatment 
period.

Indicators Determination results
Meloxicam Cyanocobalamin

Description Yellow crystals Dark red crystalline powder or dark red crystals

Solubility
Soluble in dimethylformamide, slightly soluble in 
acetone, very slightly soluble in 96% ethyl alcohol 
and methanol, practically insoluble in water.

Moderately soluble in water and in 96% alcohol, 
practically insoluble in acetone. The anhydrous 
substance is very hygroscopic.

Particle structure (Malvern Instruments 
Ltd Morphologi G3S automated particle 
structure and volume analysis system)

Flat plates Flat plates

Particle size, µm (Mastersizer 3000 
laser particle size analyzer from Malvern  
Instruments Ltd)

D10=2.26± 0.071;
D50=6.02± 0.262;
D90=12.3± 0.390;

D10=5.46± 0.102;
D50=10.23± 0.018;
D90=21.14± 0.024;

Bulk density, g/(cm)^3 (Erweka SVM-
121) (before compaction) 0.38± 0.02 0.36± 0.02

Bulk density, g/(cm)^3 (Erveka SVM-
121, instrument) (after compaction) 
0.51±0.02

0.51±0.02 0.49±0.02

Bulk density, g/s (Erweka GTL 
apparatus) 0.2± 0.02 0.3± 0.02

Pressability, kg/s (Erweka TBH-30 ) 1.9± 0.05 1.7± 0.05

Table 1. Physicochemical and technological properties of meloxicam and cyanocobamine.
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Auxiliary substances Manufacturer Particle sizes Bulk density, g/s Bulk density, g/см𝟑

Microcrystalline cellulose DFE Pharma
15% <63 microns
60-80%<150 µm
99%<250 microns

4.4 0.72±0.02

Povidone K-25 DFE Pharma

5-13% <75 µm
25-45%<150
microns
60-80%<250 µm
98%<600 microns

5.1 0.81±0.02

Sodium starch glucolate DFE Pharma
15% <45 µm
30-60%<150 µm
98%<250 microns

5.7 0.60±0.02

Sodium citrate DFE Pharma

30% <75 µm
40-70%<150 µm
90%<355 microns
100%<500 µm

6.2 0.54±0.03

Anhydrous colloidal silicon 
dioxide (aerosil) 200 Dow Chemical Company 110-225 µm 1.4 0.15±0.02

Magnesium stearate DFE Pharma

7-13% <75 µm
20-45%<150 µm
60-80%<250 µm
94%<600 microns

5.0 0.75±0.02

Mannitol DFE Pharma
18% <45 µm
30-60%<150 µm
97%<250 microns

5.5 0.64±0.02

Table 2. Technological properties of auxiliary substances.

Components
Number of components per 1 load
1 2 3 4 5

Active ingredients
Meloxicam 12.50 12.50 12.50 12.50 12.50
Cyanocobalamin 0.0067 0.0067 0.0067 0.0067 0.0067
Auxiliary substances
Microcrystalline cellulose type 200 124.160 66.67 116.16 129.49 128.69
Pregelatinized starch - - 40.00 - -
Mannitol - 57.49 - -
Povidone k-25 40.00 40.00 8.00 36.0 -
Croscarmellose sodium - - - 8.0 -
Lactose anhydrous - - - - 40.0
Sodium starch glycolate 8.00 8.00 8.00 - 8.00
Sodium citrate 11.334 11.334 11.334 10.0 6.8
Silicon dioxide anhydrous 2.00 2.00 2.00 2.00 2.00
Magnesium stearate 2.00 2.00 2.00 2.00 2.00
Weight per 1 load 200.0 200.0 200.0 200.0 200.0
Weight of 1 tablet (core) 60.0 60.0 60.0 60.0 60.0

Table 3. Compositions of model samples of meloxicam core tablets.

Laboratory
sample models

Statistical
processing Weight Height Hardness Diameter

Model No. 1

X min
X max 
X max-min 
X everage
X S
X rel

51.5 mg
57.0 mg
5.2 mg
55.04 mg
1.90 mg
3.44 %

2.72 mm
2.82 mm
0.10 mm
2.78 mm
0.03 mm
0.98 %

72 N
108 N
36 N
83.5 N
10.00 N
11.98 %

4.90 mm
4.96 mm
0.06 mm
4.92 mm
0.02 mm
0.50 %

Table 4. Quality indicators of core tablets during pressing of laboratory samples.
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Components quantity in mg.
Active ingredients
Meloxicam 3.75
Cyanocobalamin 0.002
Auxiliary substances
Cellulose Microcrystalline type 200 38.848
Povidone K-25 10.8
Croscarmellose sodium 2.4
Sodium citrate 3.0
Silicon dioxide anhydrous 0.60
Magnesium stearate 0.60
Tablet mass - core 60.0

Table 5. Composition of meloxicam core tablets No. 4.

Model No. 2

X min
X max 
X max-min 
X everage
X S
X rel

58.8 mg
60.8 mg
2.0 mg
59.79 mg
0.77 mg
1.28 %

2.83 mm
2.87 mm
0.04 mm
2.86 mm
0.02 mm
0.53 %

55 N
70 N
15 N
61.80 N
4.94 N
7.99 %

4.87 mm
4.93 mm
0.06 mm
4.91 mm
0.02 mm
0.33 %

Model No.3

X min
X max 
X max-min 
X everage
X S
X rel

59.1 mg
64.9 mg
5.8 mg
62.82 mg
1.80 mg
2.86 %

2.89 mm
3.10 mm
0.21 mm
3.02 mm
0.06 mm
1.98 %

35 N
57 N
22 N
46.50 N
7.18 N
15.45 %

4.89 mm
4.94 mm
0.05 mm
4.91 mm
0.02 mm
0.32 %

Model No.4

X min
X max 
X max-min 
X everage
X S
X rel

59.0 mg
61.6 mg
2.6 mg
60.28 mg
0.84 mg
1.39 %

3.13 mm
3.18 mm
0.05 mm
3.15 mm
0.02 mm
0.58 %

40 N
56 N
16 N
46.80 N
4.52 N
9.65 %

4.91 mm
4.94 mm
0.03 mm
4.92 mm
0.01 mm
0.23 %

Model No.5

X min
X max 
X max-min 
X everage
X S
X rel

54.8 mg
61.0 mg
6.2 mg
58.14 mg
1.75 mg
3.00 %

2.79 mm
2.84 mm
0.05 mm
2.82 mm
0.02 mm
0.56 %

51 N
78 N
27 N
61.30 N
9.80 N
15.98 %

4.87 mm
4.91 mm
0.04 mm
4.89 mm
0.01 mm
0.22 %

Components
Composition per 1
tablet

Composition per load
2500 g.

В % In mgmt. In g.
Active ingredient
Meloxicam 6.25 3.75 153,00
Cyanocobalamin 0.003 0.002 0.0833
Auxiliary substances
Cellulose microcrystalline type 200 64,747 38.848 1584,9
Povidone k-25 18.0 10,8 440,7
Croscarmellose sodium 4.0 2.4 97,9
Sodium citrate 5.0 3.0 122,40
Anhydrous silica (aerosil) 1.0 0.6 24,5
Magnesium stearate 1.0 0.60 24,5
Tablet weight (core) 100.0% 60.0 2448,00
Opadray yellow 2.00

Table 6. Quantity of medicinal and auxiliary substances for production of pilot series of meloxicam tablets for children.

Note: The term “Opadray yellow” refers to Yellow Opadry® 86F32004 used for film coating of the tablets.
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Quality indicators
Weight Height Hardness Diameter
60.5 mg
61.2 mg
63.5 mg
59.8 mg
60.5 mg
63.4 mg
63.7 mg
58.5 mg
60.5 mg
61.0 mg

3.22 mm
3.22 mm
3.25 mm
3.21 mm
3.22 mm
3.24 mm
3.23 mm
3.22 mm
3.22 mm
3.23 mm

47 N
56 N
67 N
45 N
52 N
68 N
66 N
44 N
52 N
49 N

5.01 mm
5.01 mm
5.01 mm
5.00 mm
5.00 mm
5.02 mm
5.02 mm
5.01 mm
5.00 mm
5.00 mm

Statistical
n= 10
58.5 mg
63.7 mg
5.2  mg
61.3 mg
1.7 mg
2.8%

n=10
3.21 mm
3.25 mm
0.04 mm
3.23 mm
0.01 mm
0.4%

n=10 44 N
68 N
24 N
55 N
9,3 N
17 %

n=10
5.00 mm
5.02 mm
0.02 mm
5.01 mm
0.01 mm
0.22 %

Table 7. Quality control of meloxicam combination tablets during tabletting process.

Film coating mode
Control time, h
Normative
indicators 13.00 13.30 14.00 14.30 15.00

Temperature of air supplied to the unit, ℃ 40-50 45 47 47 47 45
Inlet air temperature,℃ (indicators on the 
installation panel) 38-52 47.3 49.3 47.9 47.3 49.3

Exhaust Air Temperature,℃ 25-35 31.8 31.5 31.3 31.8 31.5
Pill layer temperature , ℃ 20-30 24.3 24.2 22.4 24.3 24.2
Optimization pressure to nozzle, kgf/cm2 max 3 3.0 3.0 3.0 3.0 3.0
Drum rotation speed, rpm up to 15 6 7 7 7 6
Slurry feed, rpm 1-10 6 5 6 6 5
Tablet weight, g 62.0 ±10% 62.3 62.3 62.6 62.5 62.2

Table 8. Control points during the film coating process.
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162

Figure 2. Results of meloxicam dissolution kinetics in model core tablet samples.

Figure 3. Technological scheme of meloxicam combination tablets for children with a coated coating.
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Analysis of the pharmaceutical market in Kazakhstan showed 
an extremely low share of pediatric dosage forms (0.3% of the 
total number of drugs). This emphasizes the need to develop 
new dosage forms that take into account the anatomical and 
morphological features of children.

The developed combined tablets of meloxicam with 
cyanocobalamin showed good basic physicochemical and 
technological properties. Despite the lack of directly comparable 
studies on the development of pediatric dosage forms combining 
meloxicam and cyanocobalamin, several studies support the 
rationale behind such formulations. For instance, combination 
therapies involving NSAIDs and B vitamins have demonstrated 
enhanced analgesic and anti-inflammatory efficacy in adult 
patients with neuropathic or musculoskeletal pain [110,111]. 
Moreover, the use of B vitamins such as cyanocobalamin in 
conjunction with NSAIDs has shown a potential to reduce the 
required dosage of NSAIDs, thereby mitigating associated side 
effects. Although no prior pediatric formulations exactly match 
the one developed in this study, this indirect evidence supports 
the hypothesis that combining meloxicam and cyanocobalamin 
may yield synergistic effects, particularly relevant for juvenile 
rheumatoid arthritis. Therefore, the absence of identical analogs 
in the literature underscores the originality of our approach, 
while the existing evidence base from adjacent domains provides 
sufficient grounds for further clinical investigation. The results 
of the study confirm the prospectivity of this development for 
pediatric practice, and require further clinical studies

The article does not consider the pharmacological effects 
of use (clinical efficacy studies) and stability of combined 
meloxicam tablets with cyanocobalamin (safety of the proposed 
combination) coated in pediatrics, which limits the possibility 
of direct introduction of the drug into medical practice without 
additional trials. These aspects will be the subject of further 
studies.

It is important to note that although the developed tablet 
contains 3.75 mg of meloxicam, which corresponds to 
the recommended dose for a 10-year-old child weighing 
approximately 30-32 kg, this dosage form may not be suitable 
for younger or lighter children due to the difficulty in ensuring 
precise dose titration. Therefore, the current formulation is 
optimized for older pediatric patients, and further studies are 
required to assess the feasibility of dose flexibility or to create 
alternative age-appropriate forms.

Thus, the study emphasizes the importance of developing safe 
and effective dosage forms for children, especially in conditions 
of insufficient assortment on the pharmaceutical market. 
Combined meloxicam tablets with vitamin B12 represent a 
promising area for further research with subsequent introduction 
into clinical practice. 

One of the key considerations in pediatric drug formulation 
is ensuring the acceptability of the dosage form by the child 
patient. In this regard, the application of a film coating to the 
meloxicam and vitamin B12 tablets serves multiple functions. 
Firstly, meloxicam has a distinctly bitter taste, which may 
negatively affect adherence in children. The film coating acts as 
a taste-masking layer, thereby improving the palatability of the 
tablets. Secondly, it enhances the physical and chemical stability 
of the dosage form by protecting the active pharmaceutical 

ingredients from external factors such as moisture, light, and 
oxygen. Finally, coated tablets are generally perceived as 
more aesthetically appealing and easier to swallow, which is 
particularly important for pediatric patients and contributes to 
improved compliance.

These considerations are critical for ensuring the therapeutic 
effectiveness of pediatric treatment regimens and must be 
prioritized in the development of child-friendly dosage forms.
Comparison with Existing Studies.

The results obtained in the current study can be better 
appreciated through comparison with previous research on 
the use of meloxicam in pediatric monotherapy and combined 
NSAID treatments with B vitamins. Meloxicam has been 
studied in children with juvenile idiopathic arthritis (JIA), 
where its efficacy at doses of 0.125-0.25 mg/kg demonstrated 
satisfactory safety and therapeutic outcomes [72]. However, 
despite its selective COX-2 inhibition and lower gastrointestinal 
side effects, long-term monotherapy in pediatric patients may 
require additional analgesic support.

Several clinical studies [105] indicate that the use of B-group 
vitamins, especially cyanocobalamin, in combination with 
NSAIDs such as diclofenac and ibuprofen enhances analgesic 
efficacy and may reduce treatment duration and side effects. 
Though such combinations have been tested predominantly 
in adult patients, the analgesic potentiation by B vitamins – 
via modulation of nerve conduction and anti-inflammatory 
mechanisms – uggests similar potential in pediatric applications.

Compared to existing formulations, our proposed combination 
of meloxicam and vitamin B12 in tablet form offers technological 
advantages (e.g., optimized dissolution and stability) as well as 
a pharmacological rationale for reduced polypharmacy. This 
study, therefore, bridges a gap between monotherapy limitations 
and the potential for rational combination therapy in pediatric 
rheumatology, warranting further clinical exploration.
Conclusion.

The development of pediatric dosage forms, in particular, 
combined meloxicam and vitamin B12 tablets for the treatment 
of juvenile rheumatoid arthritis is an urgent problem. The 
paper presents the results of development of composition and 
production technology of tablets, as well as evaluation of their 
physicochemical and technological properties. The developed 
technology for the production of coated tablets shows promise 
for further studies, including stability, bioavailability and 
clinical efficacy. The article emphasizes the need to develop 
pediatric pharmaceuticals and increase the share of specialized 
dosage forms for children in the pharmaceutical market, 
especially in the context of their current deficit in Kazakhstan. 
However, the developed dosage form is primarily intended 
for older children due to fixed-dose limitations, and further 
development of flexible pediatric formulations for younger age 
groups is warranted.
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