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Treatment of metabolic disorders in children and adults of all ages is the current serious problem.
Nowadays much attention is paid to the treatment with drugs based on L-carnitine. The drug for
children in the form of a syrup containing L-carnitine has been researched and developed. Drugs
with the dosed L-carnitine for children are absent at the modern pharmaceutical market of Ukraine.
Suitable dosage forms for children of all ages are liquid forms, including syrups. The drug technology
has been developed and tested in the academic research technological laboratory of the National
University of Pharmacy for introduction into the pharmaceutical industry of the country. To develop
this technology the literature has been analyzed,; a number of similar drugs has been identified and
their qualitative composition has been studied. The quantitative composition of the drug developed
has been determined experimentally. Based on the data of the pharmacological activity of L-carnitine
the concentration of the active substance has been selected. The preservatives, modifiers of acid-
base properties and flavours have been selected. The sequence of manufacturing operations, which
allows creating a quality product, has been determined. A stepwise manufacture of the drug in the
flowchart of the technological process has been described. The pharmacotechnological quality
characteristics of the medicinal dosage form proposed, namely the drug appearance, pH, relative
density and transparency of the resulting solution, have been studied. The results of this work have
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been included in the pharmaceutical development of the drug.

The treatment of metabolic disorders is one of the
serious problems in modern medicine. Hundred years
of active research of the metabolic role of L-carnitine
pathogenetically justifies its use in various pathological
conditions both in adults and children, including new-
borns [7, 8, 9].

In recent years much attention is paid to the use of
L-carnitine in pediatrics. L-carnitine is necessary from
the beginning of the child’s life. Taking L-carnitine during
pregnancy has a positive impact not only on the mother’s
state, but also on development and the vital activity of
the fetus, improving the work of the lungs and the car-
diovascular system, as a result, the risk of the sudden
infant death syndrome reduces. Newborns differ by defi-
ciency of the energy metabolism. Disorders of the ener-
gy metabolism and deficiency of carnitine significantly
exacerbate in the case of prematurity, damage of the ner-
vous system, respiratory disorders, cardiovascular disease,
anemia and hyperbilirubinemia. L-carnitine penetrates
into the organism of an infant with the breast milk or
artificial feeding.

The positive action of L-carnitine has been revealed
in different spheres of the neuropsychic response due to
neurodynamic processes improvement, their activation,
switching and regulation; it provides increase of the re-
sistance to physical, intellectual and emotional loads.
The most expressed positive effect of the drug is ob-
served with the prolonged use (several months without
a break), especially in cases of high exhaustion, psy-
chophysical overload and in gross organic lesions of the
nervous system [1, 9-14].

L-carnitine is used in pediatrics in the composition
of drugs for adults “Cardonat” and “Trimetabol”, in pa-
tient information leaflets dosages for children are given,
but there are no dosage forms for children. Earlier in the
review article we proved the relevance and appropriate-
ness of introduction of a dosage form with L-carnitine
for children into medical practice [3, 6].

According to the guidelines of the European Medi-
cines Agency EMEA “Formulations of choice for the pe-
diatric population (EMEA/CHMP/PEG/196810/2005)”
and ICH E11 “Clinical Investigation of medicinal pro-
ducts in the pediatric population” these patients are usu-
ally in a high-risk group:

» premature infants (aged less than 37 weeks);

* newborns (aged 0-28 days);

* younger children (aged from 1 month to 2 years);
 children of the preschool age (aged from 2 to 5 years).

For these patients mainly drugs that are adminis-
tered orally (syrups, solutions, drops, suspensions) are
used with the concentration of the active ingredient,
convenient dosing in proportion to the body weight of
the child. It is undesirable to use certain preservatives
(benzyl alcohol, salts of benzoic acid, lactic acid, etc.),
sweeteners (aspartame, xylene, etc.), some flavouring
and colouring agents. After the analysis of the current
scientific data the composition of the dosage form for
children in the form of the syrup based on L-carnitine
has been selected.

The syrup of L-carnitine, 10%, belongs to drugs of
the metabolic action with the anabolic effect. It shows
neuro-, hepato-and cardio protective effects, improves
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Table 1

Functional purpose of components [5]

The name Functions The influence on technological parameters and characteristics
of excipients in a dosage form of the finished product
Sorbitol Preservative, Introduceed into the composition of a drug as a sweetener and preservative.
sweetener (flavour | The coefficient of sweetness in relation to sucrose is about 0.6; thus, for obtaining
enhancer) a sweet taste the use of rather high concentrations of sorbitol (15-20% or
higher) is required. It has a marked osmotic effect, reduces the activity of
water in solutions, and due to it the environment that is unfavourable for
microbial growth creates. The concentration of sorbitol being more than
30-35% is sufficient to obtain stable solutions, the concentration of sorbitol
that is less than 10% does not provide the conservative effect
Citric acid Modifier of acid- Introduced into the formulation as a modifier of acidity and preservative.
(monohydrate) base properties, Introduction of citric acid shifts pH to the acidic medium, and it increases the
preservative resistance of the active substance to oxidation, improves taste characteristics,
and provides additional preservative effect due to the influence of micro-
organisms on the citric acid cycle. It inhibits malate dehydrogenase, isocitrate
dehydrogenase, succinate dehydrogenase and other enzymes of bacteria
Food flavouring Flavour Introduced into the drug for odour correction
(lemon, orange, mint)
Purified water Solvent Creates the required concentration of the active ingredient and excipients

transmission of nerve impulses in synapses and axons
by increasing neurotransmitters and the lipid metabolism,
stimulates the cellular immunity, reduces the symptoms
of physical and mental fatigue. It is indicated for use
primarily in infants and children up to 2-5 years old with
the primary and secondary carnitine-deficiency condi-
tions and it is possible to use in older children.

Taking into account the abovementioned we set a
goal to develop the technology of a dosage form for
children that contains L-carnitine for further introduc-
tion into the pharmaceutical production.

Experimental Part

When developing pediatric drugs the following as-
pects be must taken into account: the age category of
patients treated by the given drug, interaction of the ac-
tive ingredient with excipients, possible side effects of
preservatives, sweeteners, colouring agents and other
excipients used in creation of a dosage form for chil-
dren. The most common dosage forms for children are
syrups. They are thick, clear liquids containing one or
more active substances dissolved in concentrated aqueous
solutions of sucrose or other sugars, and they have a typi-
cal taste and odour depending on the composition [2].

To achieve this goal we set the following tasks:

* to determine the qualitative composition of the drug
base according to the literary analysis of the existing
similar drugs with L-carnitine;

* to select the quantitative content of the drug base;

» to develop the manufacturing technology for the drug;

* to study the pharmacotechnological indicators of the
dosage form developed.

L-carnitine is very soluble in water and very hygro-
scopic. Solubility in water is 2500 mg/ml. Considering
the high hygroscopicity the crystalline L-carnitine is
used mainly in liquid dosage forms and beverages and
practically is not used in solid dosage forms (without
coating), BAA (SHP) and dry food products. In neutral
and weakly acidic aqueous solutions L-carnitine is sta-

ble, but in long storage in the alkaline or oxidized me-

dium it gradually decomposes especially at high tem-

peratures (above 90°C).

L-carnitine is thermostable (at 60°C and 90°C) in a
dry state and in solutions.

Excipients containing in the syrup of levocarnitine,
10%, used in its development are described in the Euro-
pean Pharmacopoeia and included in “The list of names
of excipients containing in the composition of drugs”
approved by the Ministry of Public Health of Ukraine
from 19.06.2007, No.339 [4].

The syrup of levocarnitine, 10%, contains excipi-
ents having the following functions: preservatives, pH
modifiers, sweeteners and flavouring agents (flavours
of taste and odour) (Table 1).

Development of the drug — the syrup of levocarni-
tine, 10%, was conducted using the substance of levocar-
nitine by NANJING PHARMACEUTICAL FACTORY
company from China according to the following stages:
» the study of the compositions of the existing analo-

gues of the drug and physicochemical and techno-

logical properties of the drug components;

» the experimental testing of the composition of com-
ponents and its correction for providing the necessary
technological and organoleptic properties.

Several pharmaceutical formulations of excipients
in different proportions were composed on the basis of
analysis of the component composition of the drugs-ana-
logues described in literature, the results of determina-
tion of physicochemical and technological properties of
the substance, scientific data about the pharmacological
activity of L-carnitine.

The concentration of the active ingredient (10%)
was selected on the basis of the available pharmaco-
logical data taking into account the ease of dosing for
groups of children of diferent age.

Special requirements to drugs for children require
minimizing the possible negative effects on the child’s
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Table 2
The preservative action and organoleptic properties of sorbitol in different concentrations
Concentration 10.0% 20.0% 30.0% 45.0%
Preservative action * * ** Fax
Taste + + ++ +++

Note. Preservative action: * — weak effect; ** — Moderate effect; *** — Pronounced effect. Sweet Taste: + — Unexpressed; ++ — Weakly

expressed; +++ — Expressed

Table 3
The content of a flavoring in the dosage form
Concentration 0.02% 0.03% 0.05% 0.075% 0.10%
Odour + ++ ++ +++ ++++
Note: + — Weakly expressed; ++ — Distinct, pleasant; +++ — Strongly expressed; ++++ — Strongly expressed (unpleasant)
organism together with preservation of high organo- Table 4

leptic properties. It is known that such preservatives as
benzoic acid and its salts increase the risk of hepatitis
B in infants, benzyl alcohol is toxic and causes allergic
reactions in infants and children under 3 years, the con-
centration of ethanol in the drug for children under 3
years should not exceed 0.5%. The choice of a sweeten-
er is limited by a possible negative effect due to aspar-
tame, some sugars, etc., or unsatisfactory organoleptic
and technological properties (glyciram thaumatin, etc.).

Organoleptic properties were evaluated by selecting
the concentration of the main taste in relation to taste of
the solution taken from a standard with a bitter-astrin-
gent taste (Table 2).

Substances, which structure is the closest to the struc-
ture of natural substances, have qualitative organoleptic
and technological properties, therefore, sorbitol in com-
bination with citric acid, sorbic acid, some sweeteners
approved for use in drugs for newborns (sucralose, neo-
hesperydyn, etc.) and flavourings with the odour of mint,
lemon and orange approved for use in food products
and drugs have been offered as the substances provi-
ding organoleptic and preservative properties.

The concentration of sorbitol of 45% was selected
on the basis of available data on the preservative effect
of sorbitol at different concentrations taking into account
the maximum recommended daily dose of sorbitol.

The concentration of flavours was chosen experimen-
tally. The content of a flavouring (mint, lemon, orange)
in the dosage form is given in Table 3.

The composition of the medicinal form
of levocarnitine syrup, 10%, for children

The name of the component Amount, g
Levocarnitine 10.000
Sorbitol 45.000
Citric acid 1.000
Flavouring (mint, lemon, an
ore;r:;ue) g (mint, lemon, and 0.037
Purified water less than 100.000 ml

Thus, the optimal amount of a flavouring in the do-
sage form is 0.03%.

Results and Discussion

On the basis of the data concerning the pharmaco-
logical activity of levocarnitine the concentration of the
active substance has been chosen, and experimentally the
concentration of excipients in the dosage form of levo-
carnitine syrup, 10%, for children has been determined.

Based on the results obtained the composition of
the drug has been suggested; it is given in Table 4.

The manufacturing technology of the drug developed
(Figure) is acceptable for the enterprises, which produce
liquid dosage forms and can be introduced into pharma-
ceutical manufacture with the purpose of expanding the
nomenclature of domestic products.

In the process of our experiment the control of the
samples quality was conducted by the pharmacotechno-

Table 5
Pharmacotechnological indicators of quality of levocarnitine syrup, 10%
The name of the The requirements of the SPhU Actual results
component
Description A transparent colqurless liquid with a sour- A transparent colqurless liquid with a sour-
(visually) sweet taste and with odour t.hat is typical of the | sweet taste and with odour t.hat is typical of the
respective flavour (lemon, mint, orange) respective flavour (lemon, mint, orange)
pH From 4.5 to 5.2 (SPhU 2.2.3.) 4.81
Relative density From 1.14 to 1.22 (SPhU 2.2.5. method 1) 1.19
Trans_parency of the |The solution should be transparent transparent
solution (SPhU 2.2.1.)
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Fig. The technological flowchart of the drug production

Note: Critical stages and critical points in the production process are marked in a grey colour.

logical indicators of the drug developed. They are shown
in Table 5.

CONCLUSIONS

1. The literary analysis conducted has proven the expe-
dience of using drugs containing L-carnitine for the treat-
ment of disorders of the energy metabolism in children.

2. The qualitative and quantitative analysis of exci-
pients in the compositions of the available drugs with
L-carnitine has been performed. The results of this work

have been included in the pharmaceutical development
of the drug.

3. In the research technological laboratory at the
National University of Pharmacy the technology of a
liquid dosage form for children in the form of a syrup
has been developed.

4. The pharmacotechnological characteristics of the
product developed have been studied. The composition of
the drug corresponds to the requirements of the SPhU.
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PO3POBKA OUTAYOI NIKAPCbKOI ®OPMU 3 L-KAPHITUHOM

O.M.Be3yacHrok, T.B.36opoecbka, C.M.KosaneHko

Knroyoei cnoea: supobHUUMeo dumsiHux fikapcbKux ¢hopm; L-kapHimuH; cupor

JlikysaHHss memaborniyHux poanadie y dimeli pi3HO20 8iKy ma OOPOCIIUX € Cy4YaCHOK i CKITadHOK rpo-
6riemoro cb0200eHHs1. Beruka ysaza Ha cb0200HI npudinaemscs fiKysaHHIO rpenapamom Ha OCHOS8I
L-kapHimuHy. lNpoeedeHi Haykosi docrideHHs 3 pO3pObKU fikapCbKo20 npenapamy 0r1s Oimed y chopmi
cupony, wo micmums L-kapHimuH. Ha cydacHoMy ¢ghapmauesemuyHoMy puHKy YkpaiHu eidcymHi rpe-
rnapamu 3 dumsa4Yumu 0o3y8aHHAMU L-kapHimuHy. [pulHamHUMU nikapcbkumu ¢hopmamu 01 dimed
pi3HO20 8iKy € pidki chopmu, 8 momy yucni cuponu. Hamu 6yno po3pobrieHo ma anpobosaHo 8 Ha-
84aribHO-HayKo8ill mexHor1o2idHil rabopamopii nikapcbkux ¢popm HauioHanbHO20 chapmaue8muyHo20
yHigepcumemy mexHorsiog2ito supobHuymea rnpenapamy 0715 8nNposad)KeHHs1 8 ¢hapMayesmuyHy rpo-
mucriogsicmb KpaiHu. [ns po3pobku mexHonoeil 6ynu npoaHarnisosaHi nimepamypHi 0xepena ma eu-
3Ha4yeHo psI0 aHarnoaiyHuUX rpenapamis, O0CNIOKEHO iX sKicHUU cknad. EkcriepumMeHmarnbHUM WIISXoM
8CMaHOBIEHO KiNnbKiCHUU cKnad npenapamy, wo po3pobrnsemscs. Ha nidcmasi daHux npo ¢hapma-
KosoziyHy akmuseHicmb L-kapHimuHy nidibpaHa KoHueHmpauis diro4oi cybemaHnuii. NposedeHo nidbip
KOHcepsaHmig, Moducghikamopie KUCIIOMHO-ITYXXKHUX erlacmugocmeli, Kopu2eHmie 3araxy ma CMaky.
Takox Hamu 6yr10 8cmaHOB/IEeHO MOCTIG08HICMb MEXHOM02IHHUX onepauil, siki d0380M5H0Mb CMBopU-
mu sikicHul npenapam. lNocmaditiHe supobHUYMEo npernapamy suKadeHo 8 br10K-Cxemi mexHoroaiu-
Hoe2o rpouyecy. BusyeHi chapmakomexHoOoaiyHi MoKasHUKU SIKOCMI 3arporoHO8aHol fikapCbKol gpopmu,
a came 308HiwWHIl 8uansad npenapamy, pH, 8i0HOCHa WinbHiCMb ma MPo30picmb OMpPUMaHo20 Po3-
YuHy. Pe3ynbmamu ripogedeHoi pobomu 6ydo eHeceHO 00 ghapmauesmuyHOi po3pobKU rpenapamy.
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PA3PABEOTKA OETCKOW NEKAPCTBEHHOW ®OPMbI C L-KAPHUTUHOM

E.M.Be34acHrok, T.B.36opoeckasi, C.H.KoeaneHko

Knroyeesie croga: npou3eodcmeo 0emcKux fiekapcmeeHHbIX popmM; L-KapHUMUH; cuporn

JledyeHue memabonudeckux paccmpoticms y demeli pasHO20 8o3pacma U y 83pO0C/IbIX S815emcsi msi-
XKerol npobremol cospemeHHocmu. borbuioe sHUMaHuUe ce2odHs ydernsaemcs 1e4eHuro npenapama-
Mu Ha ocHose L-kapHumuHa. [posedeHbl Hay4yHble uccriedo8aHusi 1o paspabomke fieKapcmeeHHO20
npenapama 0ns demel 8 ¢hopMe cuporna, codepxauie20 L-kapHUMUH. Ha coepemeHHOM ¢hapmaues-
MUYECKOM pbIHKE YKpauHbl omcymcmeyrom rpenapamsi ¢ 003uposkamu 011 demel ¢ L-KapHUMUHOM.
lMpuemnembimu nekapcmeeHHbIMU ¢hopmamu Or1s1 demel pa3Ho20 8o3pacma s6rsomes Xudkue gop-
Mbi, 8 MOM Yucne cuporbl. Hamu bbina paspabomaHa u anpobuposaHa 8 y4ebHo-Hay4HOU mexHooau-
yeckol ntabopamopuu fiekapcmeeHHbIx ¢hopm HayuoHanbHo20 ¢hapmayesmu4yecKkoeo yHusepcumema
mexHoso2us rpoudsodcmea rpernapama 0551 BHEOPEHUS 8 hapMaue8muUYeCcKy MPOMbILUIEHHOCTb
cmpatbl. [ns paspabomku mexHomoauu Oblniu npoaHanu3upo8aHbl iumepamypHbIe UCIMOYHUKU U Oripe-
OerieH psi0 aHasio2UYHbIX rpenapamos, ucciedosaH Ux Ka4eCmeeHHbIU cocmas. JKcriepuMeHmaribHbIM
rymem ycmaHO8&/IeH KO/Tu4ecmeeHHbIl cocmae paspabambeieaemMozo ripenapama. Ha ocHogaHuu OaH-
HbIX 0 ghapmakornoaudeckol akmusHocmu L-kapHumuHa nodobpaHa KoHyeHmpauus deticmsyrowieli
cybecmanyuu. lNposedeH nodbop KoHcepeaHMOo8, MOAUUKamMopo8 KUCIOMHO-WEN0YHbIX c80lCmS, KO-
pueeHm 3araxa u ekyca. Takxe Hamu bblnia ycrmaHoesneHa rnocsiedosameribHOCMb MEXHOI02UYECKUX
orniepayuti, Komophble r10360115M co30ampe Ka4ecmeeHHbIU rpernapam. [TocmaduliHoe rpou3sodcmeo
ripernapama u3roXeHo 8 brIoK-CXemMe mexHOI02U4YecKoeo npouecca. M3yqeHb! ghapmMakomexHomoauye-
CKUE riokaszameru Kkadecmea rnpedrioxeHHOU f1ekapcmeeHHoOU ¢hopMbl, a UMEHHO 8HeLUHUU 8ud rpe-
napama, pH, omHocumernsHas NIoMHOCMb U PO3payYHoCMb osly4eHHO20 pacmeopa. Pe3yrnbmamei
nposedeHHoU pabomai bbiru 8HECEHbI 8 chapMay,esmuyecKyto paspabomky rpernapama.



