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Determination of the composition of a combination of active
pharmaceutical ingredients of the herbal medicinal product
with the hepatoprotective action

Aim. To study the recommended doses and calculate the component composition of a combination of the amor-
phous solid dispersion of silymarin, the dry artichoke leaf extract and the dry peppermint leaf extract for its further use
as part of medicinal products for the treatment of diseases of the hepatobiliary system.

Materials and methods. The study object was the combination of the amorphous solid dispersion of silymarin,
the artichoke leaf dry extract and the peppermint leaf dry extract. To determine the recommended doses of individual
components of the combination, the bibliosemantic method was used. To calculate the component composition of the
combination, data from monographs of the European Medicines Agency and the Commission E were used.

Results. Based on the pharmacological properties and recommended doses of the individual components, the
composition of the combination of active pharmaceutical ingredients of plant origin was developed. The content of the
solid dispersion of silymarin in one dosage of the combined product was set at the equivalent of 35 mg of silymarin
calculated with reference to silibinin corresponding to 162.2-191.7 mg of the substance. The content of the artichoke
leaf dry extract in one dosage of the combined product was 100 mg. The content of the dry peppermint leaf extract in
one dosage of the combined product was set at 125 mg. The total content of active pharmaceutical ingredients in one
dosage unit of the medicinal product was within 387.2-416.7 mg. The daily dose was set within 6 single doses. Considering
the pharmaco-technological properties of the components of the combination, as well as taking into account the proper-
ties of Syloid® XDP 3150 as a carrier of the solid dispersion of silymarin, the optimal dosage form for the combination
developed is hard gelatin capsules. The composition of the combination of active pharmaceutical ingredients deter-
mined in this study will provide a wide range of the pharmacological activity of the herbal medicinal product, namely:
hepatoprotective, hepatoregenerative, anticholestatic, lipid-lowering and antispasmodic effects.

Conclusions. It has been determined that the active ingredients of the API combination of the hepatoprotective
herbal medicinal product are the amorphous solid dispersion of silymarin, the artichoke leaf dry extract and the pep-
permint leaf dry extract. It has been calculated that the component composition of the individual ingredients of the
combination in one dosage unit of the medicinal product should be: the equivalent of 35 mg of silymarin in the form of
an amorphous solid dispersion, 100 mg of the artichoke leaf dry extract and 125 mg of the peppermint leaf dry extract.
It has been found that, considering the pharmaco-technological properties of the components of the combination, the
optimal dosage form for the combination developed is hard gelatin capsules.

Keywords: technology; technological process; combination; medicinal product; polyphenols; active
pharmaceutical ingredient; herbal substance, extract.
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HaujioHanbHWI yHiBEpCUMTET OXOPOHM 340poB’s YKpaiHu imeHi I1. J1. Wynuka

BusHayeHHs cknaay koMGiHauUii akTUBHUX cpapMaLeBTUYHUX iHrpeaieHTIB
POCIMHHOrO fiKapCbKOro 3acoby renatonpoTeKTOPHOI Ail

MeTa — gocniguTn pekomeHAoBaHi [03K Ta po3paxyBaT KOMMNOHEHTHWIA cknad KoMbGiHaLii amopdHoi TBepaoi
avcnepcii cunimapuHy, Cyxoro eKCTpakTy MUCTA apTULLIOKY Ta CyXOro eKCTPakTy NUCTS M’ATW NepLeBoi 3 MeTOHo ii Mo-
[anbLUOoro 3acToCyBaHHA y cknagi Nikapcbkux 3acobiB Ans nikyBaHHA 3aXBOPIOBaHb renatobiniapHoi cnctemu.

MaTtepianu Ta metoau. O6’ckToM gocnigxeHHs Gyna kombiHauis amopdHoi TBepAoi Aucnepcii cuniMapuHy, cy-
XOro eKCTpaKTy NIMCTS apTULLOKY Ta CyXOro eKCTpakTy McTa M'STu nepuesoi. [na BU3Ha4YeHHA pekoMeHO0BaHnX 403
iHOMBIZYanbHNX KOMMOHEHTIB KOMGiHaLT 6yno BMkopucTaHo 6ibniocemaHTUYHMn MeTod. [nsa po3paxyHKy KOMMOHEHT-
Horo cknagy KombiHaLii 6yrno BUKOpUCTaHO AaHi MoHorpadii €BponencLKoro areHTCTBa Nikapcbkux 3acobis Ta Komicii E.

Pe3ynbraTy Ta ixHE 0GroBopeHHA. Ha ocHOBI (hapMaKkonoriyH1x BNacTUBOCTEN i peKOMeHO0BaHMX 403 iHAW-
BidyanbHMX KOMMOHEHTIB Oyno po3pobneHo cknag kombiHaLii akTMBHUX papMaueBTUYHMX iHIPediEHTIB POCIMHHOIO
noxomxeHHs. BMicT TBepaoi Ancnepcii cunimapuHy B 04HOMY [03yBaHHI kOMBiHOBaHOro 3acoby 6yno BCTaHOBMEHO B
ekBiBaneHTi 35 Mr cunimapuHy B nepepaxyHky Ha cunibiHiH, Lo Bignosigae 162,2-191,7 mr cybctaHuii. BmicT cyxoro
€KCTpaKTy NUCTSA apTULLOKY B OAHOMY [03yBaHHi KOMOiHOBaHOro 3acoby 6yno BctaHoBneHo sk 100 mr. BmicT cyxoro
€KCTpaKTy M'ATU B OQHOMY [03yBaHHi KOMGiHOBaHoro 3acoby Oyno BctaHoBMeHo sik 125 mr. 3aranbHuii BMICT akTuB-
HVX dhapmaLeBTUYHMX IHFpedieHTIB B OAHIM A030BaHi hopmi nikapcbkoro 3acoby nexuTs y mexax 387,2-416,7 mr.
[o6osa gosa Gyna BCTaHOBNEHa B Mexax 6 npuiiomiB pasoBux 4o3. 3 ornagy dapMakoTeXHOMOrYHUX BNacTMBOCTEN
cknagoBux KombiHauii, a Takox 6epyyn fo yearu BnactusocTi Syloid® XDP 3150, sk Hocis TBepaoi Ancnepcii cuniva-
pVHY, ONTMMaIbHOK NiKapcbkoto hopMOto ANst po3pobrneHoi KoMBiHaLiT € TBEPAi )KenaTUHOBI Kancynu. YCTaHOBNEHWI
y DOCnigKeHHI cknaj KoMbiHauii akTMBHUX hbapMaLeBTUYHMX IHIPeaieHTIB 4O3BONUTL 3a0e3neynTu LWMPOKNIA CNEKTP
dapmakonori4Hoi akTMBHOCTI POCIIMHHOTO fiKapCbKOro 3acoby, a came: renaTtonpoTEKTOPHY, renaTopereHepyBarnbHy,
aHTUXornecTaTuyHy, Ninigo3HWKyBanbHy Ta CNasMoniTUYHY Aito.
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BucHoBku. BusHaveHo, 1o komnoHeHTaMu kombiHaLii ADP| nikapcbkoro 3acoby renatonpTeKTOPHOI Aie € amopd-
Ha TBepAa Aucnepcis cunimapyHy, Cyxuii eKCTpaKT NIMCTS apTULLOKY Ta CyXWIA eKCTPaKT NMCTa M'STy nepueBoi. Pospaxosa-
HO, LLIO KOMMOHEHTHWI CKNaA iHaMBIAyanbHUX CKIagoBMX KOMOIHALLT B OOHIN [O30BaHI OAMHULI NikapcbKoro 3acoby
Mae CTaHOBWUTU: ekBiBaneHT 35 Mr cunimapuHy y BUmsai amopdHoi TBepaoi avcnepcii, 100 Mr cyxoro eKCTpakTy nuncts
apTuLOoKy Ta 125 Mr cyxoro ekcTpakTy NUcTs M'STU NepLeBoi. YCTaHOBIEHO, WO 3 nornagy dapMakoTeXHOMOrYHUX
BMacTMBOCTEN CKNaaoBuUx KoMbiHaLil onTuManbHO nikapcbkoto dhopMoto Ans po3pobneHoi koMbGiHauii € TBepai xe-

NaTuHOBI Kancynu.

Knroyoei crioea: mexHonozis; mexHoro2iyHul npouyec; KombiHauis; npenapam, rnonigheHoMbHI CriomyKu;
akmueHul ¢hapmauyesmuyHUl iHepedieHm; POC/IUHHA CUPOBUHA; eKCmpaKm.

Introduction. The growing dynamics of liver and
hepatobiliary system diseases in Ukraine requires the
development of effective and safe medicinal products
(MP). A feature of this type of therapy is the long-term
use of drugs by the patient, mostly without the doctor's
supervision. Given the above, combined herbal medici-
nal products (HMPs) can be an effective tool in solving
this problem. Their advantage is a relative safety with
the long-term use, no need for doctor’s supervision dur-
ing the therapy and a wide spectrum of action, depend-
ing on the active pharmaceutical ingredients (APIs) in
the combination [1-3].

Silymarin, a mixture of flavolignans from Milk this-
tle (Silybum marianum (L.) Gaerth.), is one of the most
studied active ingredients of herbal origin with the he-
patoprotective activity. Due to its anti-inflammatory, an-
tioxidant and antifibrotic effects, silibinin as the main
flavolignan of silymarin is used to treat a wide range of
liver diseases, including such chronic diseases as cir-
rhosis and hepatocellular carcinoma. The effective use
of silymarin and silibinin is limited by their low oral bio-
availability. However, studies of amorphous solid dis-
persions on porous carriers demonstrated a significant
improvement in the release rate of silymarin. Compared
with crystalline silymarin, solid dispersions based on
Syloid® XDP 3150 and Avicel® PH-102 showed an ap-
proximately 16- and 7-fold increase in the amount of
APIs released in 1 hour, respectively. The addition of
Tween® 80 increased the release rate of the active sub-
stance from solid dispersions based on Avicel® PH-102
and had a minor effect on the release of silymarin from
dispersions based on Syloid® XDP 3150. However, the
ability of Tween® 80 to inhibit the gut wall efflux opens
up the possibility of modulating the bioavailability of si-
lymarin without changing the drug release profile [4, 5].

The hepatoprotective, hepatoregenerative and anti-
cholestatic effects of the Artichoke leaf extracts (Cyna-
ra Scolymus L.), which are associated with phenolic com-
pounds, allow to consider extracts of this herbal sub-
stance as promising components in combination with
silymarin. In addition to hepatoprotective effects of si-
lymarin, this API is able to supplement the spectrum of
pharmacological properties of the combination with a cho-
leretic effect and expand the therapeutic range of the com-
bined MP use [6-8].

In case of spastic disorders of the gallbladder and
bile ducts, there is a need to remove secreted bile.
Therefore, it is advisable to introduce antispasmodic
APIs into the composition of the combination. Such
a component can be the Peppermint leaf extract (Mentha

piperita L.) since the extracts of this plant are known
for their antispasmodic and choleretic properties [9].

Thus, to develop a combination based on bioavail-
able silymarin, the artichoke leaf extract and the pep-
permint leaf extract is a promising task when creating
a combined HMP for the comprehensive treatment and
prevention of hepatobiliary system diseases.

The aim of the work was to study the recommend-
ed doses and calculate the component composition of
the combination of the amorphous solid dispersion of
silymarin, the artichoke leaf dry extract and the pepper-
mint leaf dry extract for its further use as part of MP for
the treatment of diseases of the hepatobiliary system.

Materials and methods. Silymarin in the form of
the amorphous solid dispersion, the dry artichoke leaf
extract and the dry peppermint leaf extract were com-
ponents of the combination of HMP.

The amorphous solid dispersion of silymarin was
obtained using the organic solvent evaporation method,
which consisted in dissolving a standardized milk thistle
dry extract (Silybum marianum fructus, the drug extract
ratio — 20-50:1, the extraction solvent — acetone) in ace-
tone, followed by the sequential addition of Tween® 80
and the mesoporous carrier Syloid XDP® 3150 and sub-
sequent removal of the solvent by evaporation. The ac-
ceptance criteria of the silymarin content in the solid
dispersion calculated with reference to silibinin (a dry
substance) was set within 18.26-21.58 %. The compo-
nent composition of the amorphous solid dispersion of
silymarin is shown in Table 1 [5].

The values of the artichoke leaf dry extract (Cyna-
rae folium) were the drug extract ratio — 10:1, the ex-
traction solvent — water. The acceptance criteria of the
quantitative characteristics of the dry extract were de-
termined: the content of polyphenols calculated with
reference to cynarin was not less than 5.0 %, and the

Table 1

The composition of the amorphous
solid dispersion of silymarin

Component

Component content, %

A standardized milk thistle fruit dry extract
(Silybum marianum fructus, DER 20-50:1,

the extraction solvent — acetone), the sily- 33.2
marin content calculated with reference to

silibinin (a dry substance) 55-65 %

Mesoporous silica Syloid® XDP 3150 66.5

Tween® 80 0.3
Total, % 100
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content of chlorogenic acid was not less than 0.6 % (a
dry substance).

The values of the peppermint leaf dry extract (Men-
thae piperritae folium) were the drug extract ratio — 4-8:1,
the extraction solvent — ethanol 26-66 % vol. The ac-
ceptance criteria of the quantitative characteristics of the
dry extract were determined: the content of rosmarinic
acid was not less than 0.5 %, and the content of flavo-
noids calculated with reference to hesperidin was 7.0 %
(a dry substance).

The calculation of the daily dose of APIs without
constituents with the known therapeutic activity or ac-
tive markers was carried out using the formula:

D.D

"~ herbal substance

DER

where: D.D — is the daily dose of the extract as an API
in the composition of HMP, mg; D.D,,..; substance — 15 the
recommended daily dose of the herbal substance, mg;
DER —is the drug extract ratio.

Results and discussion. Amorphous solid disper-
sion of silymarin. According to the monograph of the
European Medicines Agency (EMA), the traditional use
of the milk thistle dry extract (Silybum marianum fruc-
tus, DER 20-70:1, the extraction solvent — acetone) in
the HMP in a single dose of 82-239 mg 2-3 times daily
with a maximum daily dose up to 478 mg contributes
to support of the liver function, symptomatic relief of
digestive disorders, sensation of fullness and indiges-
tion [10, 11].

The above-mentioned EMA recommendations cha-
racterize the extract only by DER and do not link the
dosage of the product with its quantitative characteristics,
particularly silymarin. From the perspective of using the
milk thistle extract standardized by silymarin it is justified
to refer to the recommendations of the Commission E.
According to the relevant monograph, the average daily
dose of silymarin calculated as silibinin is 200-400 mg.
Such preparation is recommended for use in the toxic
liver damage, supportive treatment in chronic inflam-
matory liver diseases and hepatic cirrhosis [12].

Considering the composition of the solid dispersion
of silymarin (18.26-21.58 mg silibinin/100 mg) and tak-
ing into account the recommendations of the Committee

D.D =

extract

on Herbal Medicinal Products (HMPC) of the EMA and
the Commission E on single and daily doses of milk
thistle preparations, the content of the solid dispersion
of silymarin in one dosage unit of the combined HMP
was set at the equivalent of 35 mg of silymarin calcu-
lated with reference to silibinin. This content, accord-
ing to the quantitative characteristics, corresponds to
162.2-191.7 mg of the substance (Tab. 2), which is an
expedient amount in terms of the total mass of one dos-
age unit of the finished product and the dosage of silibi-
nin in competitors. Accordingly, the daily dose was set
within 6 single doses per day, corresponding to 210 mg
of silymarin calculated with reference to silibinin.

Artichoke leaf dry extract. According to the EMA
monograph, the traditional use of extracts obtained with
the aqueous extraction solvent is recommended in the
composition of HMPs in a single dose of 200-640 mg
and a daily dose of 400-1320 mg for the extract of dried
leaves (DER 2-7.5:1, the extraction solvent — water)
and in a single dose of 200-900 mg and a daily dose of
600-2700 mg for the extract of fresh leaves (DER 15-35:1,
the extraction solvent — water). According to the mono-
graph, these herbal products are indicated for tradition-
al use in HMP for the symptomatic relief of digestive
disorders, such as dyspepsia with a feeling of fullness,
bloating and flatulence [13, 14].

The artichoke leaf dry extract is not a standardized
or quantified extract, therefore, its content in a single
dose of the combined MP and, accordingly, its daily dose
was calculated based on the DER. The calculation of
the daily dose of this API was carried out according to
the formula.

Considering the recommendations of the Commis-
sion E and HMPC EMA on a single and daily dose of
artichoke preparations, namely 6.0 g of fresh or dried
leaves of Cynara Scolymus L., the daily dose of the API
planned to use in the combined composition was cal-
culated. According to the calculation, the daily dose of
such artichoke leaf dry extract (Cynarae folium, DER
10:1, the extraction solvent — water) is 600 mg.

Considering that the planned frequency of taking
a single dose was 6 units per day, the content of the dry
extract in one dosage of the combined HMP was set as
100 mg (Tab. 2).

Table 2
Characteristics of the API combination in a single dose of the herbal medicinal product
AP The content in a dosage unit
of the medicinal product, mg
The amorphous solid dispersion of silymarin (standardized milk thistle fruit dry
extract Silybum marianum fructus, DER 20-50:1, the extraction solvent — acetone; 162.2-191.7
Syloid® XDP 3150; Tween® 80) that corresponds to 35 mg silymarin calculated with ) ’
reference to silibinin
The artichoke leaf dry extract (Cynarae folium, DER 10:1, the extraction solvent - 100.0
water) .
The peppermint leaf dry extract (Menthae piperritae folium, DER 4-8:1, the extraction 125.0
solvent - ethanol 26-66 % vol.) ’
Total, mg 387.2-416.7
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Peppermint leaf dry extract. According to the EMA
monograph, the traditional use of peppermint prepara-
tions is described for comminuted herbal substances
for the tea preparation, tincture (1:5; ethanol 45 % vol.)
and tincture (1:5; ethanol 70 % vol.). The recommend-
ed daily doses of such peppermint preparations in tea
should be equivalent to 4.5-9 g of leaves and 6-9 ml of
tincture [15].

The above-mentioned EMA recommendations are
difficult to implement for the peppermint dry extract
(DER 4-8:1, ethanol 26-66 % vol.), which is intended to
be used as part of the API combination. Along with this,
the recommendations of the Commission E are more
convenient for calculating the content of the dry extract
in a dosage unit and the corresponding daily dose of the
MP. According to this monograph, the daily dose of the
peppermint preparation for use in spastic complaints of
the gastrointestinal tract, as well as a gallbladder and
bile ducts should be equivalent to 3-6 g of dried leaves
of Mentha piperita L [12].

The peppermint leaf dry extract is not a standardized
or quantified extract, therefore, the calculation of its con-
tent in a single dose of the combined MP and, accord-
ingly, its daily dose was calculated similarly to the ar-
tichoke extract, namely based on the DER. The calcu-
lation of the daily dose of the peppermint extract was
carried out according to the formula.

Considering the recommendations of the Commis-
sion E and HMPC EMA on a single and daily dose of
peppermint preparations, namely 3-6 g of dried leaves
of Mentha piperita L., the daily dose of the API was
calculated. The average values of DER and the amount
of the herbal substance were used for the calculation.
According to the calculation, the daily dose of the pep-
permint leaf dry extract (Menthae piperritae folium,
DER 4-8:1, the extraction solvent — ethanol 26-66 % vol.)
is 750 mg.

Considering that the planned frequency of taking
a single dose was 6 units per day, the content of the dry

extract in one dosage of the combined HMP was set as
125 mg. The composition of the combination of HMPs
as API in one dosage unit of the HMP is shown in Table 2.

Thus, based on the pharmacological properties and
recommended doses of the individual components, the
composition of the combination of APIs of plant origin
was developed. The total content of APIs in one dosage
unit of the HMP is within 387.2-416.7 mg. Considering
the pharmaco-technological properties of the compo-
nents of the combination, as well as taking into account
the properties of Syloid® XDP 3150 as a carrier of the
solid dispersion of silymarin, the optimal dosage form
for the combination developed is hard gelatin capsules.
The composition of the API combination determined in
this study will provide a wide range of the pharmaco-
logical activity of the HMP, namely: hepatoprotective,
hepatoregenerative, anticholestatic, lipid-lowering and
antispasmodic effects.

Conclusions and prospects for further research.
It has been determined that the active ingredients of the
API combination of the hepatoprotective HMP are the
amorphous solid dispersion of silymarin, the artichoke
leaf dry extract and the peppermint leaf dry extract.

It has been calculated that the component compo-
sition of the individual ingredients of the combination
in one dosage unit of the medicinal product should be:
the equivalent of 35 mg of silymarin in the form of an
amorphous solid dispersion, 100 mg of the artichoke leaf
dry extract and 125 mg of the peppermint leaf dry extract.

It has been found that, considering the pharmaco-
technological properties of the components of the com-
bination, the optimal dosage form for the combination
developed is hard gelatin capsules.

The further stage of research will be development
of the finished medicinal product in the form of hard
gelatin capsules based on the combination of APIs de-
termined.
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