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EDITORIAL 

On behalf of the Editorial Board of 
Acta Pharmaceutica Hungarica, its 
authors and readers, I would like 
to thank the Hungarian Society for 
Pharmaceutical Sciences, for the 
signifi cant eff orts to advance the 
profi le of the prestigious Hungari-
an pharmaceutical journal and 
made it open access and interna-
tionally available.

I am honoured to assume the re-
sponsibilities of Editor-in-Chief of 
Acta Pharmaceutica Hungarica. The 
future success of Acta Pharmaceuti-
ca Hungarica is due to the eff orts of 
my predecessors and the internationally diverse 
team of editors, reviewers, contributors and the 
supporting staff . I anticipate considerable chal-
lenges in this dynamic era of the excessive number 
of scholarly journals, and I am commi  ed to im-
prove the quality of publications, increase its pro-
fessional impact and keep the journal relevant in 
the fi eld of pharmaceutics.

Our mission is to provide good submission ex-
perience for the authors with aiming at a shorter 
submission to decision time while keeping the 
professional level, and we will respond to any au-

thors’ concern in a timely manner.
We warmly welcome submis-

sions from the scientifi c communi-
ty and industry partners. 

I am sure that the new enthusi-
asm and the support from the 
Hungarian Society for Pharmaceu-
tical Sciences will allow the journal 
to expand in scope and depth, at-
tract both traditional and emerg-
ing collaborative researchers from 
the multidisciplinary fi elds of 
pharmaceutical sciences to im-
prove the journal recognition and 
quality further.

As an Editor-in-Chief, I am commi  ed to sup-
porting access to this journal among the practising 
pharmacists as well.

I look forward to working with all the authors, 
reviewers or editors to bring about new achieve-
ments for Acta Pharmaceutica Hungarica. As an Edi-
tor-in-Chief, I welcome suggestions, discussions 
and thoughts from all the contributors to help us 
to understand and rectify any concern with the 
Journal.

Romána Zelkó
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Foams as carrier systems for pharmaceuticals and cosmetics 

DÓRA FARKAS, NIKOLETT KÁLLAI-SZABÓ, ISTVÁN ANTAL*

Department of Pharmaceutics, Semmelweis University, Hőgyes Str. 7., Budapest, H-1092

*Corresponding author: István Antal
E-mail: antal.istvan@pharma.semmelweis-univ.hu

 Introduction

According to the conventional classifi cation of col-
loid systems, foams (Figure 1) are defi ned as dis-
continuous gas bubbles dispersed in a continuous 
phase (liquid or solid). Solid foams include thin 
polymer walls, while traditional liquid foams con-
tain thin liquid fi lms separating gas bubble ag-
glomerations [1]. Foams can also be described as 
deformed (laminar diff orm) lyosols because the 
dispersing phase is a colloid. The thickness of the 
lamellae separating the bubbles is in the micro-
nanometer range [2].

There are non-aqueous foams too, which with-

out the increase in the liquid phase viscosity, gell-
ing, or solidifi cation caused by cooling or polym-
erization are only stable for a short time. Due to 
their low density, good heat-insulating ability, and 
great mechanical solidity despite the small weight, 
these solid foams (xerosols, xerogels) are of great 
industrial signifi cance in several areas, including 
pharmaceutical industry [2]. Gelatine or collagen-
based solid foams, or sponges, containing antibi-
otic or steroid active ingredients are often used as 
primary wound dressings [3]. The mutual a  ri-
bute of all foams that distinguishes them from 
sponges, irrespectively of the state of the fi lm, is 
the enclosed bubbles and the lack of connection 
with the surrounding bubbles, so the gas phase is 
discontinuous while the liquid or solid phase is 
continuous [1].

 Foam formation

Foams can be produced by two basic methods. The 
more common, mechanical one is by dispersing 
the gas phase in the liquid with beating or shaking 
[2]. The other way is by the gas-supersaturation of 
the liquid. The gas can be dissolved under pres-
sure that is later released or can be formed in situ 
[4]. In both cases, the lifetime of the foams made of 
pure liquids is quite short [2]. For an enduring dis-
persion, the presence of surface active agents ab-
sorbing spontaneously onto the interface is essen-
tial. These amphipathic molecules have polar 
groups that contact with the water and also a hy-

Received: 21 January 2019 / Accepted: 8 February 2019 / Published online: 4 April 2019 

Abstract
Foams are becoming more and more popular in several areas of our lives, including pharmaceutics and cosmetics. They are colloid sys-
tems where gas is dispersed in a liquid phase. Active ingredient bearing pharmaceutical foams are traditionally applied topically (der-
mal, local rectal, vaginal), but formulations for other delivery routes (e.g. nanosystems parenterally, solid foams orally) are also avail-
able. Numerous advantages are a  ached to foams when compared to traditional vehicles, resulting in increased patient compliance. 
Amongst others, the suitable composition contributes to quick, oily residue free and convenient application even on large or hairy ar-
eas, as well as to good drug transfer rate.

 Keywords: foam classifi cation and characterization, formulation, excipients, image analysis

Figure 1 Aerosol foam (A); propellant-free foam (B); solid 
polypropylene foam particles (C); stucture of a gum based 

solid foam (D)
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drophobic part that orients towards the gas and so 
creating a monomolecular layer. Surfactants re-
duce the energy required for foam formulation by 
decreasing the surface tension. They also foster the 
creation of an elastic boundary layer thus increas-
ing the lamella stability by inhibiting their taper-
ing. This progress can be hindered in diff erent 
ways: by the presence of hydration shell of the sur-
factant molecules or by the repulsion of the ionic 
surfactant’s electric charges. Another way is by the 
bulking of partially solvating particles, that reduce 
the system’s free energy with the amount of adhe-
sion work (Wa), at the interface [2,5]. 

  (1)

where γ is the surface tension, a is the radius of 
the particle and θ is the contact angle [2].

Aerosol foams are formed due to the overpressure 
(usually 2-4 bars) when upon actuation the pro-
pellant evaporates quickly from the liquid. De-
layed foam formulation can be reached by using a 
propellant with a high boiling point [6].

 Foam stability

Due to the excess interfacial Helmhol   free ener-
gy, the foams are thermodynamically unstable but 
can have kinetic stability in case of hampered 
phase disunion [5].

Ensuring good stability is essential for eff ective 
foam forming. Without decent fi rmness, the struc-
ture is to break down partially resulting in in-
creased bubble sizes. There are several events oc-
curring simultaneously in foams that infl uence 
their stability.

Liquid evaporation itself can destroy the foam 
structure. The type of the surfactant used can in-
fl uence the speed by altering the nature of the 
monolayer and result in reduced evaporation [7].

It is known, that the smaller volume phase has 
higher vapor pressure and be  er solubility. As a re-
sult of the diff erence in the vapor pressure of vari-
ous sized bubbles, the smaller ones disappear grad-
ually. This is called Ostwald ripening or dispropor-
tionation and it can also be aff ected by the nature of 
the monolayer or the type of gas used. The more 
water-soluble gas results in less stable foams, since 
it is transported quicker across the fi lms [7,8].

Owing to buoyancy force, in a few minutes after 
foam forming a creamy layer is observable on top 
of the liquid phase. Creaming is slower in concen-

trated dispersions. 
Cream ing and drainage 
lead to the break-down 
of foams. Curved liquid 
surface results in lower 
Laplace pressure (curva-
ture pressure, capillary 
pressure) in the middle 
than around. This capil-
lary downdraft results in 
decreased water volume in the foam and causes the 
thinning of the liquid fi lm. When the dispersed vol-
ume fraction is about 60%, the bubbles deform each 
other resulting in a polyhedral foam. The lamellae 
meet each other at 120-degree angles, forming a 
channel called Plateau border (Figure 2) [2,4,7].

The lifetime of foams can be elongated by in-
creasing the viscosity of the liquid phase by add-
ing e.g. polymers [2]. It is known, that even thick 
foam fi lms can be stabilized by a low concentra-
tion polymer-surfactant complex. Given higher 
concentrations, uneven fi lm thickness can be ob-
served due to the aggregated complexes [9].

 Medicated foams

The European Pharmacopoeia defi nes medicated 
foams (musci medicati) as preparations for skin or 
mucosal applications that consist of large volumes 
of gas dispersed in a liquid. They usually contain 
one or more active ingredients, surfactants for foam 
formation and other excipients. The liquid formula-
tion is fi lled into a pressurized container that is 
equipped with a valve suitable for the ex tempore 
foam formation at the site of application [10].

The composition of the foam formulation, the 
type and amount of propellant highly infl uence 
the properties of the foams. The properties of an 
ideal medicated foam from the perspective of the 
patient:
 − the easy application even on bigger, hirsute or 

sensitive, infl amed areas,
 − stable and does not collapse, or drain for a short 

period post-expelling,
 − persist while manipulation – e.g. lifting off  a 

surface with an applicator for application on the 
skin,

 − good spreadability – low shear is enough to de-
stroy, thus slight rubbing is suffi  cient,

 − drug delivery ability at least as good as conven-
tional transdermal formulations,

 − less oily residues than creams, ointments, [11]
 − easy removal, in case it is needed,

Figure 2 The structure of 
Plateau border
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 − non-irritant, non-toxic, non-allergenic, pharma-
cologically inert vehicle.
The drug transfer rate of foams is infl uenced by 

the signifi cant physicochemical changes that the 
formulation undergoes while and after actuation 
from the container. When topically applied, the 
quick evaporation of the propellant causes in-
creased active ingredient concentration, in some 
cases even supersaturation, that increases the ab-
sorption rate of foams [12].

A couple of pharmaceutical foams are available 
in Hungary and foreign countries and their indica-
tions for use are listed in Table I [11,12].

 Classifi cation of foams

In the fi eld of pharmaceutics and cosmetics, the 
most used foams belong to aerosol foams, that are 
pressurized semi-solid formulations in aerosol 
cans.

Table I Some examples of medicated foam formulations
Active pharmaceutical 

ingredient Indication Product examples

azelaic acid mild to moderate rosacea Finacea® Foam (Bayer)

betamethasone valerate corticosteroid sensitive scalp dermato-
sis

Luxiq® (Stiefel Laboratories Inc.). Beta-
methasone valerate 0.12% Topical Foam 
(Mylan N.V.)

budesonide colitis ulcerosa
Budenofalk® (Dr. Falk Pharma GmbH), 
UCERIS® Rectal Foam (Salix Pharmaceuti-
cals Inc.)

calcipotriene plaque psoriasis (adults) Sorilux® (Mayne Pharma)
calcipotriol, betamethasone psoriasis (adults) Enstilar® (LEO Pharma)
clindamycin acne vulgaris (above 12 years) Evoclin® (Stiefel Laboratories Inc.)
clobetazol propionate plaque psoriasis (above 12 years) Olux® (Stiefel Laboratories Inc.)
common witch hazel ex-
tract, α-bisabolol decubitus TEVACARE antidecubitus foam spray 

(Laboratorium Dr. Deppe)
desonide atopic dermatitis Verdeso® (Aqua Pharmaceuticals)
dexpanthenol, bisabolol, 
Vitamin A, E and F sunburn, skin irritation Panthenol Foam (Dr. Müller Pharma)

dexpanthenol, lidocaine, 
sodium sulfosalicilate sa-
marate

superfi cial burns, running sores Phlogosam (PannonPharma Kft.)

hydrocortisone colitis ulcerosa Colifoam® (Meda Pharmaceuticals)

hydrocortisone acetas adjuvant therapy of ulcerative proctitis Cortifoam® (Alaven Pharmaceutical LLC)

hydrocortisone, pramoxine infl amed, itchy manifestations of corti-
costeroid sensitive dermatosis EpiFoam® (Alaven Pharmaceutical LLC)

ketoconazole seborrhoeic dermatitis (above 12 years) Extina® (Stiefel Laboratories Inc.), Ketocon-
azole Foam 2% (Perrigo Company Plc)

minoxidil alopecia Minoxidil Topical (Publix Super Markets 
Inc)

pramoxine, hydrocortisone

temporary relief of rectal infl ammation, 
itching, pain, and swelling associated 
with hemorrhoids, fi ssures, cryptitis, 
proctititis

ProctoFoam®-HC (Alaven Pharmaceutical 
LLC)

sodium fl uoride caries protection Oral-B® Minute-Foam® (Procter & Gamble Co.)
sodium sulfacetamide seborrhoeic dermatitis, seborrhea sicca Ovace® Plus (Espada Dermatology)

tolnaftate tinea pedis, tinea corporis FungiFoam® (The Tetra Corporation)

2QR bio-active bacterial 
blocker chicken pox PoxClin® (TRIMB HealthCare)

— cleansing, restoring and protecting skin Tena Wash Mousse (Essity Hygiene and 
Health AB)
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Foams can be classifi ed in several ways. We can 
diff erentiate aqueous, hydroethanolic and emol-
lient foams as well as petrolatum-, oil- or other 
solvent-based foams too [13].

Emollient foams, as traditional creams or lo-
tions, are emulsion-based so have a soothing, 
moisturizing eff ect. O/W or W/O emulsions can be 
used for the formulation, where the oil phase con-
sists of mineral oil, triglyceride, fa  y acid esters, 
such as isopropyl myristate, or isopropyl palmi-
tate, or essential oil. Omega-3 and 6 oils can also 
be used for therapy, or silicone oils for their pro-
tective nature. Rarely petrolatum is used, but for 
its greasy, cloth-staining properties. Emollient 
foams are complicated systems, even a small 
change in the composition can lead to the destabi-
lization of the foam [14]. At body temperature, 
they are relatively stable, but the easy application 
on large target area is guaranteed by shear force 
breakability.

Foams formed from nanoemulsions (droplet 
size between 20 and 200 nm) are promising for-
mulations given their ability to increase the bio-
availability and effi  cacy of hard-to-dissolve active 
ingredients by solubilizing them.

Hydroalcoholic (hydroethanolic) foams contain 
about 60% ethanol amongst others. Alcohol pro-
motes be  er skin penetration of active ingredients 
compared to other vehicles. It alters the barrier 
properties of stratum corneum reversibly thus en-
hancing the penetration. The quick evaporation of 
alcohol from the skin results in fast drying of the 
foam, therefore it leaves a less unpleasant sticky 
feeling behind. Rapid evaporation also contributes 
to the thermolabile property of hydroalcoholic 
foams, discouraging dispensing foam onto the 
hands instead of directly to the target area. Owing 
to the undesired skin-drying property of alcohols, 

the application of these foams is limited. In addi-
tion, skin irritation was reported repeatedly. 
These side eff ects lead to the creation of a foam 
that contains alcohol and still has an emollient ef-
fect (e.g. ScyteraTM prepared coal tar 2% w/w 
foam).

Water-free foams that enable water-insoluble or 
unstable active ingredients to be used in the form 
of foams are also under development. The formu-
lation would prevent microorganism growth, 
making preservatives unnecessary and could 
maximize the emollient eff ect [13].

Foam formulations containing aprotic, polar 
solvents, as dimethyl sulfoxide (DMSO) are under 
investigation. DMSO is a potent solvent, used as a 
penetration enhancer as it carries drugs through 
membranes without damage. According to labora-
tory studies, DMSO blocks peripheral nerve C fi -
bers; thus the analgesic eff ect is a  ributed to it. 
Anti-infl ammatory, antioxidant and membrane 
stabilizing properties promote DMSO-containing 
foams benefi cial in the treatment of numerous dis-
eases [15].

Amongst aerosol foams two- and three-phase 
foams can be diff erentiated (Figure 3A). By the 
fore-mentioned, the liquefi ed propellant is dis-
solved under high pressure in the mixture of the 
solvent, the surfactant, and the stabilizing agent. 
In three-phase foams, the propellant is dissolved 
in the inner phase of an oil-in-water type emul-
sion. In this case, the emulsifi er and foaming agent 
could be the same, and vaporized propellant acts 
as the third phase. Shaking before use is required 
in the course of both the two- and three phase 
foams [6].

Figure 3 Scheme for two- and three phase foams in aerosol 
cans (A); propellant-free pump device (B)

Figure 4 Determination of duration of expansion
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 Excipients

Various functional excipients (summarized in Ta-
ble II) are necessary for the preparation of medi-
cated foams. The use of foaming agents, or stabiliz-
ers, that can be surface active agents, macromolec-
ular substances that are easily solvated or partial-
ly we  ing powders is inevitable. [2]. When decid-
ing on the surfactant several factors have to be 
considered. Although ionic agents are eff ective 
they are known skin irritants; consequently, the 
use of non-ionic surfactants is suggested, especial-
ly when infl amed areas are to be treated [14].

Pharmaceutically acceptable oils, like mineral 
oils, plant oils or triglycerides are mostly chosen 
as hydrophobic component. Skin protective silicone 
oils are also preferred, while the greasy petrola-
tum is less used. Omega-3, Omega-6 polyunsatu-
rated oils or other therapeutically benefi cial oils 
are proven to work even well [14].

 Tests, examinations

The European Pharmacopoeia lists three tests for 
medicated foams: relative foam density, duration 
of expansion and sterility. The fi rst one is deter-
mined by the m/e ratio, where m is the mass of the 
foam in grams and e is the mass of the same vol-
ume water in grams. It is suffi  cient if from three 
measurements the deviation of the values not ex-
ceeds 20% from the mean value.

Duration of expansion is determined in a bu-
re  e with specifi ed parameters (Figure 4). After 
thorough shaking the volume of the actuated ca. 
30 ml foam is read every 10 seconds until it reach-
es the maximum volume. It is suffi  cient if from 
three measurements none exceeds 5 minutes [10].

Information from the quality of foam can be 
gained by examining its temporal behavior 

through time. The reduction of the foam volume 
can be measured as well as the half lifetime, that is 
the time it takes the volume of the foam to be 
halved. Other than these static methods, station-
ary ones can also be used. In the la  er case, it is 
possible to characterize the foaming agent and the 
foam itself together. For this a specifi c device is 
needed – foaming is induced by streaming gas 
with constant speed through a perforated mem-
brane and the stationary foam volume is mea-
sured when the speed of foam forming and break-
down is equal [2].

There are several tests beyond the pharmaco-
poeial ones. The circumstances of use are imitated, 
so the tests are carried out with the lack of propel-
lant, as it evaporates quickly after actuation [13].

Examining the physical properties of foams, 
like macroscopic appearance, bubble size, foam 
viscosity and elasticity, is inevitable.

A stereo microscope with digital ocular enables 
the observation of bubble size and the structure of 
the foam. With image analysis bubble size distribu-
tion, as well as several descriptive parameters (like 
Feret diameter, area, circularity or roundness) of in-
dividual bubbles, like the number of bubbles can be 
determined. Texture analysis is another method to 
gain information from the foam structure.

For basic evaluation of foams several methods 
can be used, including the determination of foam 
expansion (FE [%]), foam liquid stability (FLS 
[%]), foam volume stability (FVS [%]) and gas 
fraction (GF [ml]). These tests provide data on 
foamability and foam stability [6]. It is important 
to note, that there is no explicit connection be-
tween these two parameters [3].

The following parameters can be determined by 
fi lling up a glass cylinder with the foam and re-
cording the initial and the aged volume as well as 
the volume of drained liquid over time.

Table II Excipients for liquid foams

Solvent distilled water, ethanol, isopropanol, glycerine, propylene glycol, di-
methyl isosorbide, DMSO

Foaming agent cetyl alcohol, cetyl stearyl alcohol, sodium docecyl sulfate, sodium ole-
ate, sodium stearate, stearic acid, polysorbate 20

Foam stabiliser

xanthan gum, guar gum, hydroxyethyl cellulose, hydroxypropyl cel-
lulose, hydroxypropyl methylcellulse methyl cellulose, agar-agar, 
alginates, sodium lauryl sulfate, lauryl acid, palmitic acid, stearic acid, 
coconut oil, tragachant gum, gelatine, glycerine

Hydrophobic component, emollient mineral oils, plant oils, esters (e.g. isopropyl myristate), essential oils, 
petrolatum, omega-3 polyunsaturated oil, silicon oil

Absorption promoter ethanol, fa  y acids, fa  y alcohols
Foam breaker alkyl polysiloxanes, oils, alcohols, fa  y alcohols, acetone
Antifoaming agent silicone oil, glycerides, polyamide

Acta-1901.indb   9Acta-1901.indb   9 4/5/19   3:00 PM4/5/19   3:00 PM
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  (2)

where Vformulation is the volume of the formulation 
[ml] required to produce Vfoam [ml]. A linear rela-
tionship can be found between FE and good foam-
ability.
Foam liquid stability can be calculated as follows:

  (3)

where Vliquid,30min is the volume of drained liquid af-
ter 30 min [ml]. Lower FLS value refers to be  er 
stability.
Foam volume stability can be determined by us-
ing equation (4).

  (4)

where Vfoam,30min is the foam volume after 30 min 
[ml]. There is an inverse relationship between FVS 
and foam stability [6].

Gas fraction, as well as bubble size, vary in wide 
range depending on the way of application [3]. For 
the calculation of GF, the following equation is to 
be used:

  (5).

Turbiscan method, based on Faraday-Tyndall 
eff ect, provides another method for the determi-
nation of foam stability. The light sca  ering of col-
loid solutions is measurable by measuring the in-
tensity of transmi  ed and backsca  ered light, that 
are infl uenced by the amount of air in the foam. 
Important to note, that the values vary in time due 
to foam destabilization.

Carrying out rheological measurements on 
foams is also circumstantial as for their instability. 
Oscillatory mode enables the determination of the 
fi lm elasticity [6].

After dispensing foams, over time, they tend to 
collapse. Analyzing photos taken periodically can 
provide information about the time it takes the 
height of the foam to be halved. This foam col-
lapse time is to be determined at 36 ˚C. It should 
take more than 1 minute, so proper application is 
possible, but 2-3 minutes is ideal [13].

Characterizing quick-breaking foams, due to 
their short lifetime, with the above-mentioned 
methods is complicated. In these cases, cryo-SEM 

(cryogenic scanning electron microscopy) is an al-
ternative method for quantitative foam analysis. 
Information can be gained aside from morpholog-
ical parameters, also from bubble size, and bubble 
size distribution. For these examinations, the foam 
has to be quickly frozen with liquefi ed nitrogen 
and fractured by a precision rotary knife [16].

Krüss Gmbh. has developed a dynamic foam 
analyser (DFA100) for the scientifi c analysis of liq-
uid foams. The instrument precisely measures the 
height of foams, and with the help of the software 
(ADVANCE, Krüss Gmbh.) data on foam stability, 
foamability, as well as decay characteristics can be 
easily obtained. It also enables the quick analysis 
of bubble size and bubble size distribution by 
measuring the liquid content. These features ease 
the optimization of all kinds of liquid foams, in-
cluding pharmaceutical ones [17].

 Dermal foams

Dermatological preparations on the market are 
mainly creams, gels or ointments. However, in the 
last decades the interest in new vehicles, including 
foams, has signifi cantly increased. This promising 
formulation is the objective of numerous patents, 
so it is highly likely that in a couple of years a 
growing number of foam preparations will be 
found in the market amongst the traditional phar-
maceutical forms [16].

The fi rst known dermatological application of 
foams belongs to Woodford and Barry. They ex-
amined the therapeutic advantages of a quick-
breaking hydroethanolic foam containing beta-
methasone benzoate compared to traditional 
semi-solid formulations. They reported it eff ective 
in psoriasis treatment [18]. Another study report-
ed that a calcipotriol and betamethasone dipropi-
onate-bearing foam reduced the symptoms signif-
icantly be  er than the ointment studied [19].

Based on several other studies foams are prov-
en to be at least as eff ective and safe as other der-
mal dosage forms with similar compositions. Pa-
tients – regardless of sex, age or ethnicity – consid-
ering other properties also prefer foams over tra-
ditional formulations [13,18–21].

In case of active ingredients with poor water 
solubility, foam formulations are advantageous, 
because with dissolving them in the oil phase of 
an emulsion foam, higher bioavailability can be 
reached [13].

Dermal foams, usually containing topical corti-
costeroids, are mainly used in the treatment of 
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skin and scalp dermatoses, like eczema, psoriasis 
or seborrhoea [12]. According to pharmacopoeial 
directions, foams have to be sterile when they are 
used on severely injured skin areas or open 
wounds [10].

In community pharmacies in Hungary two rele-
vant medicated foams for dermal use are available. 
Phlogosam (PannonPharma Kft.), sold without 
prescription, containing dexpanthenol, lidocaine 
and sodium samarium disulfosalicylate anhydrate 
for fi rst and second-degree superfi cial burn, der-
matitis solaris or artefi cialis and eczema [22].

TEVACARE antidecubitus foam spray is an 
emulsion foam containing common witch-hazel 
extract and α-bisabolol. In addition to the skin 
nourishing and regenerating properties, it has 
cleansing and deodorizing eff ect. The foam layer 
helps in even distribution of the mechanical pres-
sure thus reducing decubitus prevalence [23].

 Rectal foams

In the European Pharmacopoeia, the defi nition of 
rectal preparations is ‘intended for rectal use in 
order to obtain a systemic or local eff ect, or they 
may be intended for diagnostical purposes’ [24]. 
Local administration is for the adstringent or 
desinfi cient eff ect, but more often steroid-bearing 
foams are used for the treatment of infl ammatory 
rectal diseases (Chron disease, colitis ulcerosa). 
Beyond the advantages of rectal administrations, 
rectal foams have several other favourable proper-
ties. On the contrary to suppositories, active in-
gredient liberates without a latency time form the 
foam. As they gently fi ll the rectum, they provide 
a larger area for absorption. When applied no irri-
tation is experienced derived from the solidity 
and shape of suppositories. Compared to rectal 
solutions (klysmae), the application is signifi cantly 
easier and more convenient, backfl ow is less likely.

Foam formulations provide good alternative for 
the rectal application of light and/or oxidation-
sensitive active ingredients, as can be stored un-
der pressure in a dark container.

As a disadvantage, their low density can be 
mentioned, for the reason that large API quanti-
ties cannot be administered due to the limited vol-
ume of rectum [25,26].

In 2009, Dr. Falk Pharma GmbH released Bude-
nofalk® 2 mg rectal foam. This budesonide-con-
taining preparation for the treatment of colitis ul-
cerosa, is the fi rst and so far the only rectal foam 
on the market in Hungary [22].

 Vaginal and intrauterine foams

Vaginal foams containing spermicides are used as 
local anticoncipients. There are also vaginal tab-
lets and ovulum, that foams when in contact with 
cervical mucus. All three compositions are ad-
ministered precoital. These contraceptive meth-
ods are preferred for their eff ectivity and the lack 
of contraindications, but in some cases, local irri-
tation was reported. The inconvenience of applica-
tion is also disadvantageous [27–29].

Antibiotic-bearing foams are also patented for 
the treatment of vaginal infections [30].

Intrauterine foams containing antibiotics or dis-
infectants are used in veterinary therapy of endo-
metritis. The gas produced by the eff ervescent re-
action (Figure 5), that helps the homogenous dis-
tribution of the active ingredient, as large volume 
of foam is formed [31].

 Dry foams

In 1974 the eff ect of a gentamicin-bearing anti-in-
fective dry foam was investigated on Pseudomonas 
aeruginosa bacteria. Compared with an ointment, 
they were found to have the same effi  cacy [32].

Dry foam technology was developed as an al-
ternative method to improve the solubility and 
bioavailability of active ingredients. A foam for-
mulated from the suspension of the drug was 
dried under determined circumstances and tablet-
ted after granulation. This method was proven to 
have be  er solubility and bioavailability com-
pared to direct compress tablets or wet granulated 
tablets [33,34].

Figure 5 Foam expansion from eff ervescent intrauterine 
tablet (A) and the structure of the foam formed (B)
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 Foam dressings

Over the years, a wide variety of wound dressings 
appeared on the market for the diff erent wound 
types. An ideal dressing helps rapid healing while 
conveniently worn by the patient.

Foam dressings, made of porous polyurethane, 
have high moisture vapour transmission rate and 
provide moist, warm circumstances ideal for 
wound healing. Due to the foam structure, foam 
dressings have good absorbent properties that en-
able their use for heavily exuding wounds (Figure 
6) [35,36].

In a broad sense, some surgical implants can 
also be categorised as foams. There are collagen-
based gentamicin-impregnated foam implants 
that can promote the healing of chronic and post-
operative wounds by encouraging the wound 
healing process of the human organism. They en-
sure local antibiotic concentration higher than the 
MBC (minimal bactericide concentration) while 
keeping the systemic level below toxic [36,37].

 DepoFoam

DepoFoam® is a sustained-release, lipid-based 
multivesicular drug delivery system applied in 
the form of injections. The name is based on struc-
tural similarities with foams, only here the parti-
cles contain several internal aqueous chambers 
separated by a non-concentric continuous network 
of biocompatible and biodegradable lipid mem-
branes. This unique structure results in high 
aqueous-volume – liquid ratio (95:5). Subsequent-
ly, high drug loading and encapsulation capacity 
for therapeutic proteins, peptides and water-solu-
ble drugs are provided.

Compared to traditional liposomes DepoFoam® 
particles are larger. The great size (1100 μm) in-
hibits quick clearance by tissue macrophages and 
results in depot formation, from where the active 
ingredient release is sustained without a ‘burst’ ef-

fect. The release profi le can be altered by changes 
in the composition.

The technology was successfully applied with 
several active ingredients, like interleukins, IGF, 
insulin, colony stimulating factors and diff erent 
peptides. DepoCyt® is a clinically investigated in-
trathecal injection containing cytarabine for the 
treatment of malignant lymphomatous meningi-
tis, while DepoDurTM is a morphine-bearing epi-
dural injection for reducing postoperative pain 
[38–41].

 Advantages

Foams off er a modern alternative in topical treat-
ment. Owing to their good spreadability, fast ab-
sorption and easy application (even on large or 
hirsute areas), foams are preferred to creams or 
ointments. As rubbing in is not required, the ap-
plication on sore, infl amed skin areas is painless. 
Furthermore, the emulsion-based emollient foams 
can also assist to the hydration of the skin without 
leaving oily residues and greasy feeling. These 
contribute to patient acceptance and enhanced 
compliance and adherence [12,13,42].

 Image analysis of foams

With picture analysis software (ImageJ, public do-
main program inspired by NIH, US) from photos 
or microscopic images, data can be gained from 
the shape, size and size distribution of the bubbles 
in foams. It enables the examination of the eff ect 
of the composition on the structure of the foam, or 
to follow the structural changes in time.

Figure 7A shows a picture (Olympus Stylus 
TG-4 digital camera, Olympus Corp., Japan) of a 
foam consisting of 5% w/w Labrasol® (Ga  efossé, 
France) and distilled water (DW) formed with a 
propellant-free foam pump device (Figure 3 B, 100 
ml, PET from Nordtek Imexco Kft., Hungary). Im-

Figure 7 Photo of 5% w/w Labrasol® – DW foam before (A) 
and after analysis (B)

Figure 6 Gentamycin containing foam wound dressing (A) 
and its microscopic structure (B)
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age analysis was accomplished from a 0,5x0,5 mm 
photo section (Figure 7 B). The results are shown 
in Table III Spanvalue was calculated as follows:

  (6)

where Dv,0.9: 90% of the particles are under this di-
ameter, Dv,0.1: 10% of the particles are under diam-
eter, Dv,0.5: 50% of the particles are under this di-
ameter.

The bubble size data gained from image analysis 

enables the determination of bubble size distribu-
tion. Drawing frequency distribution (%) over the 
cumulative bubble size diameter (dmin; mm) re-
sults in the cumulative bubble size distribution 
graph (Figure 8).
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  Introduction

There is general consensus on the criteria for eval-
uating the equivalence of the extent of absorption 
in two drug products which exhibit simple linear 
kinetics, following their single administration to 
individuals [1]. In contrast, there is no agreement 
on testing parameters for absorption rates. Major 
regulatory agencies apply diff erent criteria. For ex-
ample, the US Food and Drug Administration has 
identical expectations for judging the equivalence 
of two Cmax values (maximum plasma concentra-
tion) and two AUC values (area under the curve 
contrasting plasma concentration with time). The 
European Community considers that Cmax has 
generally larger variability than AUC and allows a 
more relaxed criterion to the former. The Canadi-
an Health Protection Branch requires, in view of 
the prevailing uncertainty about the variability of 
Cmax, that only the ratio of AUC values, recorded 

for the two formulations, should be between pre-
set limits [2-5].

A source of uncertainties is that Cmax is only an 
indirect measure of absorption rates and absorp-
tion rate constants, as are other indices. Thus, 
these metrics may have limited specifi city, sensi-
tivity and precision. Explorations have been con-
ducted for an appropriate metric testing the equiv-
alence of absorption rates. For example, Endrenyi 
et al. [6,7] suggested that Cmax/AUC should be 
used as an indirect index of absorption rates and 
proposed regulatory criteria based on the comput-
ed variability of Cmax/AUC and Cmax. Bois et al. 
[8] and Reppas et al. [9] compared several indices 
under various modeling assumptions but have not 
reached decisive conclusions. Studies of the eff ec-
tive evaluation of bioequivalence have considered 
mostly the single administration of drugs which 
follow uncomplicated linear kinetics. Information 
on the quantitative features of procedures and in-
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Abstract
Aims: In order to ensure the therapeutic equivalence of generic products, it would be important to contrast measures additional to 
Cmax in order to assess diff erences in absorption rates.  Our aim was to compare partial AUC (PAUC), Swing, and PTF to Cmax in 
terms of sensitivity, specifi city and linearity under identical kinetic conditions.
Methods: Single-dose and multiple-dose concentration curves were generated assuming one-compartment models. Kinetic sensitivity 
curves were obtained by gradually changing the absorption rate constant and keeping all other parameters fi xed.
Results: Ideally, a metric should refl ect specifi cally the investigated kinetic feature (e.g., the rate of absorption), be linearly related to 
it, and should exhibit high kinetic sensitivity.  Cmax is related nonlinearly to the rate of absorption, is nonspecifi c to it (refl ects also the 
extent of absorption as well as the rates of disposition processes), lacks kinetic sensitivity even following a single administration.  Com-
pared to Cmax, PAUC was always more sensitive under every investigated condition.  Swing and PTF showed high kinetic sensitivity 
but, in contrast to PAUC, they could be evaluated only in multiple-dose studies.  
Conclusion: Under identical conditions, diff erent metrics provide widely diff ering point estimates.  Diff erences in kinetic sensitivity 
among bioequivalence metrics should be accounted for when results of diff erent metrics are compared.

 Keywords: Bioequivalence, Generic drugs, Partial AUC, Pharmacokinetics
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dices for testing bioequivalence in the steady state 
is more limited.

Therefore, the present communication has two 
main goals: (1) To develop principles by which 
metrics characterizing pharmacokinetic features, 
especially those involving bioavailability and bio-
equivalence, can be evaluated; (2) to illustrate the 
application of the principles following single and 
repeated dose administration.

Useful Features of Metrics Characterizing 
Bioavailahility and Bioequivalence

Studies were performed [8-10] which recorded dif-
fi culties and complications in evaluating indirect 
metrics which characterize absorption rates, and 
evaluated their comparisons. Therefore, criteria 
for assessing features of such metrics will be dis-
cussed.

An ideal metric used for the evaluation of bio-
availability and bioequivalence should refl ect spe-
cifi cally the underlying kinetic parameter, be re-
lated linearly to it, have high kinetic sensitivity, 
and exhibit high statistical insensitivity. Direct 
metrics possess these features; the performance of 
AUC refl ecting the extent of drug absorption 
serves as an example. Cmax is an indirect metric 
for the rate of absorption; its general characteris-
tics and some of the diffi  culties noted after the sin-
gle administration of drug products will be illus-
trated in this section.

 Specifi city

A good metric should represent solely, specifi cally 
the investigated kinetic feature. For example, AUC 
is specifi c since it refl ects only, in conjunction, 
plasma clearance and the extent of absorption; it 
does not depend on other kinetic parameters. In 
contrast, Cmax refl ects nonspecifi cally the rate of 
absorption; it depends also on the rates of disposi-
tion processes as well as the extent of absorption. 
Cmax/AUC is more specifi c than Cmax since it 
does not refl ect the extent of absorption [6]. How-
ever, this parameter still varies along with the 
rates of disposition processes.

 Linearity

The relationship between the applied metric and 
the investigated kinetic feature is characterized by 
a mathematical relationship. In the simplest case, 
the relationship is linear. For example, the mea-

sured AUC depends linearly on the extent of ab-
sorption. On the other hand, AUC is related recip-
rocally to plasma clearance. Consequently, the 
logarithm of AUC is connected linearly to the log-
arithms of both the extent of absorption and plas-
ma clearance.

In contrast, Cmax is related nonlinearly to ka 
(the absorption rate constant). As discussed in the 
next subsection, the lack of kinetic sensitivity is a 
consequence of nonlinearity. Moreover, the ob-
served variation of nonlinear metrics depends not 
only on the intraindividual but also intersubject 
variability of the underlying parameter(s). In ad-
dition, criteria for corresponding, parallel regula-
tory conditions depend on the levels of the sourc-
es of variation.

 Kinetic Sensitivity

If a change in an investigated kinetic parameter 
elicits an identical change in the measured metric, 
then the la  er can be said to exhibit full kinetic 
sensitivity. Full kinetic sensitivity prevails with 
respect to the extent of absorption: a 25% change 
in the la  er elicits a 25% change in AUC. If, how-
ever, a change in the parameter gives rise to a 
much smaller change in the metric then, the met-
ric lacks full kinetic sensitivity to the parameter. 

Kinetic sensitivity can be evaluated, approxi-
mately, from the slopes of relationships between 
the metrics and the investigated parameters. Use 
of a double-logarithmic relationship is convenient 
since both kinetic metrics and parameters have 
multiplicative character. 

However, studies of the eff ective evaluation of 
bioequivalence have usually considered single-
dose administration scenarios for drugs with un-
complicated linear kinetics. There are substantial-
ly fewer studies in the steady state. Even though it 
is generally recognized that Cmax is an insensitive 
metric [6-9] much less is known about its behavior 
at steady state, and how Cmax sensitivity com-
pares to other steady-state metrics proposed in the 
literature. Furthermore, results obtained from sin-
gle-dose studies cannot be directly compared with 
the steady-state results unless the kinetic condi-
tions are identical. Partial AUC (PAUC) is a re-
cently introduced early exposure measure defi ned 
as the area under the curve until the time of maxi-
mum concentration (Tmax) of the reference for-
mulation [10]. Its kinetic properties have been in-
vestigated following single-dose administration 
but not under steady-state conditions. 
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Therefore, we set the goal 
to compare the kinetic sensi-
tivities of Cmax and the pro-
posed alternative metrics, in-
cluding PAUC, following sin-
gle and repeated dose admin-
istrations under identical con-
ditions. 

 Methods

The kinetic model in the calcu-
lations and simulations as-
sumed single exponential 
terms for absorption and dis-
position. Consequently, the 
time (t) course of concentra-
tions (C) was described by the 
expression following single ad-
ministration:

 

 [1]

and at steady state: 

 [2]

where F is the fraction of dose absorbed into the sys-
temic circulation, Vd is the apparent volume of dis-
tribution, T is the maintenance time interval, Cl is 
the drug clearance and ka is the absorption rate con-
stant. The condition of single drug administration is 
approached as T is increased.

The application of several metrics has been pro-
posed [9] for repeated administration bioequiva-
lence studies. They include the maximum and 
minimum concentration (Cmax and Cmin), and 
the peak-trough fl uctuation (PTF) and Swing 
which are defi ned as: 

PTF = Cmax/Cmin 

Swing = (Cmax - Cmin)/Cmin 

where Cmax and Cmin are the maximum and 
minimum concentrations, respectively, during a 
dosing interval.

The true average parameters for the reference 
product, drug R, were arbitrarily set to ka = 1.39h-

1, Vd = 1 L, Cl = 0.347 L/h, Dose = 400 (in arbitrary 
units).

The kinetic equations were evaluated using 
Matlab (ver 2017b, MathWorks, USA).

 Results

 Single-Dose Administration

Figure 1A shows concentration profi les of a refer-
ence (R) and a test (T) drug product which diff er 
in their rate constants but not in their extents of 
absorption. For the quantitative comparison of the 
curves appropriate single-number characteristics 
are needed. These are called bioequivalence met-
rics. Figure 1A illustrates the defi nitions of two 
commonly used metrics, Cmax and PAUC. The 
fi gure shows in red the concentration profi le for 
the reference product with the stated kinetic pa-
rameters. The concentration of two simulated sub-

Figure 1 Metric defi nitions and metric sensitivity following a single oral dose.  
(A)  Concentration-time profi les of the Reference (R) product in red and two Test 
(T) formulations, in black, following a single dose.  Absorption rate constants are 
compared indirectly, by comparing numerical characteristics called bioequivalence 
metrics from the observed concentrations.  The left panel of the fi gure illustrates 
the two regulatorily accepted bioequivalence metrics for absorption rates: Cmax 
and PAUC (shaded area).  The bioequivalence decision is based on the statistical 
comparison of the appropriate metrics such as CmaxT versus CmaxR.  (B) Calculated 
kinetic sensitivity curves contrasting the metric ratio with the corresponding ka, 
absorption rate constant, ratios. 

Table I Sensitivity  of absorption metrics following a single 
dose administration. The sensitivity of a bioequivalence 
metric is defi ned as the slope of the curve contrasting 
logarithmic absorption rate constants and logarithmic metric 
ratios. Sensitivities were calculated in two diff erent kinetic 
conditions, when the elimination rate is relative fast to that 
of absorption (ka/ke=4) and when it much slower (ka/ke = 12)
Metrics Sensitivity

ka/ke ratio = 4 ka/ke ratio = 16
Cmax 0.269 0.123
PAUC 0.498 0.358

Acta-1901.indb   19Acta-1901.indb   19 4/5/19   3:00 PM4/5/19   3:00 PM



20 Acta Pharmaceutica Hungarica  DOI: 10.33892/aph.2019.89.17-21

jects are also shown in black 
whose absorption rate con-
stants are diff erent from that 
of the reference formulation 
but who have the same extent 
of absorption, and therefore 
the same AUC.

As the absorption rate con-
stant of the test formulation 
gradually increases (or de-
creases) relative to the refer-
ence product so do the corre-
sponding metrics. The quanti-
tative relationships between 
absorption rate constants and 
the metrics with default kinet-
ic parameters are displayed in 
Figure 1B. The slope between 
the logarithmic metric and ka 
ratios can be used for numeri-
cal comparison. Slopes approximating 1.0 suggest 
satisfactory, high sensitivity while small values in-
dicate low sensitivities. Table I shows that the 
slopes of Cmax and PAUC are below 1. Therefore, 
compared to AUC, Cmax is not a sensitive metric. 
Compared to Cmax, PAUC is a more sensitive 
measure. However, neither indirect metric is spe-
cifi c, the slopes depend on the ka/ke ratio (Table I).

Repeated Drug Administration

The kinetic parameters in Figure 2A are the same 
as in Figure 1A but now the concentration profi les 
represent the steady-state condition. Cmax and 
PAUC increase with rising absorption rate con-
stant, relative to the reference product, while 
Cmin (the concentration just before the next dose) 
decreases. Therefore, for easy visual comparison 
for Cmin we computed the CminR/CminT ratio in-
stead of CminT/CminR. Figure 2B shows that, at 
steady state, Swing is the most sensitive parameter 

followed by PTF and PAUC. Compared to these 
metrics, Cmax and Cmin are much less sensitive 
(Table II). Just as in the case of single dose adminis-
tration, all slopes are smaller than 1 and they de-
crease in parallel with ka/ke ratio. The slopes are 
higher in Table I than in the corresponding entries 
of Table II. 

 Discussion 

We computed and compared kinetic sensitivities 
of absorption metrics following single and repeat-
ed dosing in two diff erent kinetic conditions. Even 
though the numerical details were diff erent, the 
relative ranking remained the same. PAUC was al-
ways more sensitive than Cmax and metrics esti-
mated from single dose studies were more sensi-
tive than their steady-state counterparts. Howev-
er, considerations for assessing comparative ab-
sorption rates are much more diffi  cult and compli-
cated in the steady state than following the single 
administration of drugs. The decrease in sensitivi-
ty was expected since the estimations generally 
involve the determination of the maximum con-
centration or a quantity related to it. The net 
height of concentration peaks (the fl uctuation of 
concentrations) is lower in steady state than fol-
lowing a single administration and they further 
decrease with increasing accumulation. Neverthe-
less, Swing and PTF at steady state were more sen-
sitive than the metrics applied following a single 
dose. Therefore, it is possible construct sensitive 
metrics that can be applied under steady-state 

Figure 2 Metric defi nitions and metric sensitivity following repeated dosing. 
(A) Concentration-time profi les of the Reference (R) and two Test (T) formulations in 
steady state.  The left panel shows three directly calculated metrics for the reference 
drugs: the maximum concentration (CmaxR): the minimum concentration (CminR), 
and the area until Tmax (PAUCR).  (B) Calculated kinetic sensitivity curves contrasting 
the metric ratio with the corresponding ka, absorption rate constant ratios.  PTF and 
Swing are two additional, derived metrics defi ned as Cmax/Cmin and (Cmax-Cmin)/
Cmin, respectively.

Table II Pharmacokinetic sensitivities of 5 metrics estimating 
absorption rates in the steady state.  Under both kinetic 
conditions the between dose interval (T) equals with the drug 
half-life.
Metrics Sensitivity

ka/ke ratio = 4 ka/ke ratio = 16
Cmax 0.213 0.079
Cmin 0.287 0.062
PTF 0.499 0.138
Swing 0.673  0.360
PAUC 0.307 0.122

Acta-1901.indb   20Acta-1901.indb   20 4/5/19   3:00 PM4/5/19   3:00 PM



APH 2019;89:17 Acta Pharmaceutica Hungarica 21

conditions. This is important because in certain 
cases bioequivalence should be demonstrated in 
the steady state possibly because single-dose stud-
ies cannot be performed at all. Additional multi-
ple-dose bioequivalence studies are needed for 
prolonged-release formulations [11]. Multiple- 
dose bioequivalence studies are also accepted if a 
single-dose study cannot be conducted in healthy 
volunteers due to tolerability reasons. Multiple-
dose bioequivalence studies are recommended 
with drugs with dose- and time-dependent kinet-
ics such as strong enzyme inductors. In the la  er 
case, the sensitivity can be even higher at steady 
state compared to a single dosing [12]. The reason 
is that due the enhanced elimination rate the ka/
ke ratio is smaller and, as we showed, the kinetic 
sensitivity of the absorption metrics negatively 
correlates with the ka/ke ratio (Tables I and II). 

 Conclusion

 Under identical conditions diff erent metrics pro-
vide diff ering point estimates. Diff erences in ki-
netic sensitivities among bioequivalence metrics 
should be accounted for when results of diff erent 
metrics are compared. The kinetic analysis of bio-
equivalence metrics helps also not only to design 
new, sensitive metrics but also to identify clinical 
situations when the results of standard single-
dose bioequivalence studies cannot be easily ex-
trapolated to clinical se  ings.
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 1. Introduction

Acta Pharmaceutica Hungarica (APH) was founded 
by the Hungarian Society for Pharmaceutical Sci-
ences (MGYT) together with its sister journal, Gyó-
gyszerészet (Pharmacy). While the la  er is a month-
ly publication, which aims to assist pharmacists in 
education, continuous professional development, 
highlighting relevant literature and to inform 
about professional aff airs, both in Hungary and 
on an international scale, APH is quarterly, re-
search-oriented journal, reporting on the experi-
mental results of laboratories involved in pharma-
ceutical science [1,2]. Bibliometrics is an area of sci-
ence, which is concerned with the qualitative and 
quantitative assessment of research, that is often 
used to evaluate the impact of journals, institu-
tions, study groups or individual scientists [3,4]. 
The bibliometric analysis of a given journal may 
be important for various reasons; university li-
braries often evaluate these characteristics before 
including journals in their collection. Further-
more, authors study commonly known bibliomet-
ric parameters (e.g., number of publications per 
year, impact factor, CiteScore, h-index) before sub-
mi  ing a manuscript to a journal [5,6]. Hence, the 

present study aims to give a general bibliometric 
overview of APH in a 53-year period (1965-2018), 
since the journal was listed by international con-
tent indexing services.

 2. Materials and methods

The data  analyzed in this study, dating between 
1965 and 2018 was extracted from the Scopus data-
base on the 15th of October 2018. The information 
was exported in RIS (Research Information Sys-
tems, Incorporated) fi le format to the Harzing’s 
Publish or Perish 6.35 software for data analysis 
[7,8]. In addition, VOSviewer 1.6.9 software was 
used to generate the collaboration and word co-
occurrence networks from the recovered data [9].

 3. Results

The total number of documents published in APH 
during the study period (1965-2018) was 1868, the 
number of papers published since 2001 decreased 
by 46.31-47.11% compared to the two previous peri-
ods (Table I) The most frequently published docu-
ment type indexed by Scopus was „original article” 
(n=1710, 91.54%), followed by „review” (n=114, 6.10%; 
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 Abstract:
Aims: The aim of this study is present a general overview of the journal from 1965 to 2018 using bibliometric indicators.
Methods: The data analyzed in this study, was extracted from the Scopus database. The information was exported in RIS fi le format 
to the Harzing’s Publish or Perish and VOSviewer software for data analysis.
Results: The number of documents published in APH during the study period was 1868, the most frequently published document 
type was „original article”. Articles published APH were cited 2555 times overall, averaging 1.37 citations per each paper. The 
highest number of articles published in collaboration was in 2007 and 2018 (16.7%). Overall, the period between 1981-2000 was the 
most fruitful, while the following years saw a decline in the number of articles. Clusters and co-occurrence networks of the authors 
keyowrds of the published documents were generated.
Conclusion: APH manages to reach a very wide audience of the Hungarian scientifi c community of researchers. Additionally, an 
evolution on the research topics covered by the journal could be observed, providing a contemporary overview of the pharmaceutical 
sciences. The submission of additional articles to the journal is highly encouraged to widen the reach of this journal towards 
international audiences.
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fi rst occurrence in 1991), „short survey” (n=24, 1.28%; 
fi rst occurrence in 1990) and 18 „conference paper” 
(n=18, 0.96%; fi rst occurrence in 1989). There was 
only one paper classifi ed as an „editorial” (in 2011 
[10]) and an „erratum” (in 2003), respectively. The av-
erage amount of authors per paper increased con-
sistently throughout the years (2.36-3.47; Table I).

Regarding the impact of papers in APH, articles 
published between 1965 and 2018 were cited 2555 
times overall, averaging 1.37 citations per each pa-

per, with more than 57% of overall citations on ar-
ticles published in the period between 1981-2000. 
The average ratio of self-citations was 26.76% 
(0-69.23%; highest in 2001). The papers with high 
amount of citations (defi ned as 15 or more cites) 
correspond to 12.13% of total citations (8.86 cita-
tions per year, 140.99 cites/author) for APH (arti-
cles listed in Table II). The journal is associated with 
two subject categories, namely Medicine (miscella-
neous) and Pharmaceutical sciences. Based on the in-

Table I General bibliometric characteristics of APH between 1965-2018
 Publication years 1965-1980 1981-2000 2001-2018 Overall

Number of papers 743 (39.77%) 732 (39.19%) 393 (21.04%) 1868

Citations on the papers during 
the study period (1965-2018) 600 (23.48%) 1463 (57.26%) 492 (19.26%) 2555

Cites per year 11.32 39.54 28.94 48.21

Cites per paper 0.81 2.00 1.25 1.37

Authors per paper 2.36 3.06 3.47 2.87

h-index 8 14 10 14

Figure 1 Co-author collaboration network from documents published in APH between 1965-2018
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ternational impact of the papers published, the 
quartile ranking of APH ranged between the sec-
ond (Q2; 2003) and fourth (Q4; consistently from 
2011 onwards) quartile (Table III). International, col-
laborative research involving multiple partners 
usually enhances the impact of published articles. 
For this reason, the ratio of collaborative publica-
tions (defi ned as articles with authors from more 
than one country) in APH was assessed in the 
most recent period (2001-2018). Presented in Table 
IV, the highest number of articles published in col-
laboration was in 2007 and 2018, respectively 
(16.7% in both cases).

 To establish the network of strong collaborators 
and the profi le of APH in more depth, the authors 
and the words present in the titles and abstracts of 
the published documents were analyzed by VOS-
viewer with the aim of generating clusters and co-
occurrence networks. Together with the connect-
ing lines, the colors in Figures 1 and 3 indicate the 
relationship of the authors and keywords, while in 

Figures 2 and 4, the shade of color indicates the 
temporal nature of relationships.

Out of 2644 authors, 186 met the threshold to 
become “nodes” in the generated network, while 
159 could be included in the network (i.e., had at 
least one co-authored paper with another author 
qualifying to be a “node”) to generate clusters of 
association (Figure 1-2). Overall, 7901 keywords 
were identifi ed by VOSviewer, from which 1164 
met the threshold to become “nodes” and 180 was 
enrolled in the generation of the co-occurrence 
network (Figure 3-4). Beginning with 1990, the 
most prevalent keywords were “high perfor-
mance liquid chromatography”, “animal tissue”, 
“human/humans”, “drug release”, “bioavailabili-
ty”, “drug solubility”, “drug manufacture”, 
“plant extract”, particle size”, “molecular struc-
ture”, “mass spectrometry” and “nuclear magnet-
ic resonance”, refl ecting on the changing trends in 
pharmaceutical sciences in the period of 1980-
2000.

Figure 2 Overlay visualization of co-author collaboration based on year of publication in APH between 1965-2018
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 4. Discussion

The aim of this study was to assess APH using bib-
liometric methods in the time period between 
1965-2018, in which indexing data was available 
from the Scopus database. From an institutional 
perspective, most of the papers originated from the 
four universities in Hungary (Budapest, Debrecen, 
Pécs and Szeged) where there is a Faculty of Phar-
macy or the training of pharmacists takes place. In 
addition, the Budapest University of Technology 
(BME) and some industrial institutions (e.g., Gede-
on Richter Ltd.) were also important contributors. 
Citations are generally considered an important 
parameter to assess the quality of papers published 
in any given journal, however, the absolute number 
of citations is not always informative (self-citations 
or “negative citations” that call a  ention to fl awed 

papers may distort this bibliometric indicator). The 
average ratio of self-citations for APH was 26.76%, 
which can be considered a good result, compared 
to other journals published in Hungary. Overall, 
the 20-year period between 1981-2000 was the most 
fruitful for this journal, based on the number of 
published articles and the amount of citations, 
while the following years between 2001 and 2018 
saw a decline in the number of articles by almost 
50% and the number of citations by nearly 300%, 
whereas the ratio of papers reporting on the re-
search of international collaboration was variable 
[25-27]. The reason for this decrease may be a  rib-
utable to the increasing pressure to publish in in-
ternational journals with (preferably high) impact 
factors, because this has become a pre-requisite for 
the awarding of doctoral (PhD) degrees and for 
successful application for research grants.

Figure 3 Keyword co-occurrence network from documents published in APH between 1965-2018
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Table III Quartile ranking of APH between 2001-2018
Category 2001 2002 2003 2004 2005 2006 2007 2008 2009

Medicine (miscellaneous) Q3 Q3 Q2 Q3 Q3 Q3 Q3 Q3 Q4
Pharmaceutical sciences Q3 Q3 Q2 Q3 Q4 Q3 Q3 Q4 Q4

2010 2011 2012 2013 2014 2015 2016 2017 2018
Medicine (miscellaneous) Q3 Q4 Q4 Q4 Q4 Q4 Q4 Q4 Q4
Pharmaceutical sciences Q3 Q4 Q4 Q4 Q4 Q3 Q4 Q4 Q4

Table IV Articles published in international collaboration in APH between 2001-2018
2001 2002 2003 2004 2005 2006 2007 2008 2009

Precentage
0% 0% 6.1% 3.7% 4.4% 8.3% 16.7% 10.5% 5.0%

2010 2011 2012 2013 2014 2015 2016 2017 2018
0% 6.7% 0% 6.7% 5.6% 0% 15.8% 0% 16.7%

Table II Publications from APH with the most amount of citations 
Publication Year Type Citations Cites/year

Kiss, B.., Kárpáti, E.:
 On the mechanism of action of vinpocetine [11] 1996 Review 35 1.59

Fejes, S., Kéry, Á., Blázovics, A., Lugasi, A., Lemberkovics, É., Petri, 
G., Szőke, É.:
Investigation of the in vitro antioxidant eff ect of Petroselinum crispum 
(Mill.) Nym. ex A. W. Hill. [12]

1998 Article 29 1.45

Medhin, D.G., Hadházy, P., Bakos, P., Verzár-Petri, G.:
Hypotensive eff ects of Lupinus termis and Coriandrum sativum in anaes-
thetized rats. A preliminary study [13]

1986 Article 29 0.91

Matus, Z., Molnár, P., Szabó Gy.:
Main carotenoids in pressed seed (Cucurbitae semen) of oil-pumpkin (Cu-
curbita pepo convar. pepo var. styriaca) [14]

1993 Article 26 1.04

Császár, J., Morvay, J.:
Characteristics of Schiff  bases derived from salicylaldehyde and sulphon-
amides. Spectral and antibacterial studies [15] 

1983 Article 25 0.71

Budai, M., Szógyi, M.:
Liposomes as drug carrier systems. Preparation, classifi cation and therapeu-
tical advantages of liposomes [16]

2001 Article 23 1.35

Issopoulos, P.B.:
Analytical investigations of β-lactam antibiotics in pharmaceutical prepara-
tions. IV. Sensitive colorimetric determination of fi ve cephalosporins of the 
fi rst generation [17]

1991 Article 23 0.85

Kéry, A., Horváth, J., Nász, I., Verzár-Petri, G., Kulcsár, G., Dán, P.:
Antiviral alkaloid in Chelidonium majus L. [18] 1987 Article 20 0.65

Lemberkovics, É.,, Kéry, Á., Marczal, G., Simándi, B., Szőke, É.:
Phytochemical evaluation of essential oils, medicinal plants and their prepa-
rations [19]

1998 Short survey 18 0.90

El-Brashy, A.M.:
Titrimetric determination of captopril in dosage forms [20] 1995 Article 18 0.78

Issopoulos, P.B.:
 A sensitive spectrophotometric determination of acetaminophen [21] 1992 Article 17 0.65

Sarg, T.M., Ateya, A.M., Farrag, N.M., Abbas, F.A.:
Constituents and biological activity of Bidens pilosa L. grown in Egypt [22] 1991 Article 16 0.59

Kata, M., Schauer, M.:
Increasing the solubility characteristics of albendazole with dimethyl-β-
cyclodextrin [23]

1991 Article 16 0.59

Szántay Cs. Jr., Bihari, M., Brlik, J., Csehi, A., Kassai, A., Aranyi, A.:
Structural elucidation of two novel ergot alkaloid impurities in 
α-ergokryptine and bromokryptine [24]

1994 Article 15 0.63
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 5. Conclusions

This study presents a qualitative and quantitative 
bibliometric analysis of the leading trends that oc-
curred in the journal between 1965 and 2018, us-
ing the Scopus database for the collection of bibli-
ographic information and specialized software for 
data analysis. To assess APH from a diff erent per-
spective, this research also presents keyword co-
occurrence and collaboration networks of the 
journal. Acta Pharmaceutica Hungarica manages to 
reach a very wide audience of the Hungarian sci-
entifi c community of researchers interested in its 
content. Additionally, an evolution on the research 
topics covered by the journal could be observed, 
providing a contemporary overview of the phar-
maceutical sciences. The submission of additional 

articles to the journal is highly encouraged to wid-
en the reach of this journal towards international 
audiences.
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 1. INTRODUCTION

Cyclin-dependent kinases (CDK) are character-
ized as Ser/Thr kinases. Twenty members of this 
group have been discovered so far [1]. In most cas-
es their activity depends on cyclins, which bind to 
them and act as regulatory subunits to control ki-
nase activity and substrate specifi city. These CDK-
cyclins complexes are usually involved in cell cy-
cle and transcription regulation, therefore their 
overexpression or amplifi cation can easily lead to 
improper operation of cell cycle or transcription, 
which may cause uncontrolled proliferation and 
thus tumor formation [2].

CDK9 can be expressed in two isoforms, a light-
er 42 kDa protein and a heavier 55 kDa protein [3]. 
Both are capable of forming complexes with cyclin 
T1, T2a, T2b and K [4]. The structure of CDK9 
shows typical features of its class. There is an 
N-terminal lobe (residues 16-108), which contains 
fi ve segments of β-sheet completed with a single 
α-helix, while the C-terminal lobe (residues 
109-330) is comprised of four β-strands and seven 
main α-helices [5]. The ATP binding site is located 
in a cleft between the two lobes of the protein and 

there is also a loop behind them called ‘hinge’. All 
these three parts are involved in the ATP binding. 
The binding pocket has a characteristic sickle-like 
shape, with a volume of approximately 360 Å3 
(calculated by Schrödinger’s SiteMap application) 
[6, 7]. It is relatively narrow and fl at with a hydro-
phobic region in the middle. The structure of 
CDK9 is very similar to that of CDK2, as they have 
40% sequence identity [5]. 

The determination of its crystallographic struc-
ture became possible only 14 years after the dis-
covery of CDK9 [5]. Sixteen crystal structures of it 
were deposited in the RCSB database until present 
day. For our project we retrieved one from the 
Protein Database (PDB ID: 4BCF). It is in complex 
with cyclin T and what is more important with a 
2-amino-4-heteroaryl-pyrimidine inhibitor. We 
have selected this structure, because the co-crys-
tallized inhibitor was similar to our ligands, so it 
probably binds with similar interactions to the 
protein.

Physiologically, cyclin T is needed for the acti-
vation of the enzyme by the phosphorylation of 
Thr186. After that the complex can fulfi ll its role [8], 
which is the following: CDK9/cyclin T is a part of 
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 Abstract:
Aims: Cyclin-dependent kinase 9 (CDK9) plays a major role in the regulation of transcription. Its overexpression – which occurs in 
several types of cancer – increases the levels of certain antiapoptotic proteins that can lead to tumorigenesis, therefore the identifi cation 
of new, more potent and more selective inhibitors is essential. 
Methods: In this study we present a computational approach, which can facilitate lead selection and optimization. 
Results: First, a pharmacophore hypothesis based on the active compounds has been developed to identify the key features for the 
ligand-target interaction. This was followed by the docking of the compounds into the active site of CDK9, the poses and interactions 
with the amino acids were compared with those of the co-crystallized ligand. The mode of their binding further explained the character-
istics of these inhibitors while the docking scores can be a factor in the selection of active compounds in the future. Finally, a fi eld-based 
QSAR model was also created, to predict the activity of inhibitor candidates. 
Conclusion: With our current work we deepened our knowledge about the interactions between CDK9 and its inhibitors, which can 
contribute to the discovery of novel CDK9 inhibitors.

 Keywords: CDK9 inhibitor, docking, QSAR, pharmacophore model
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a larger protein complex called positive transcrip-
tion elongation factor b (P-TEFb) in which the 
CDK9 can phosphorylate the C-terminal domain 
(CTD) of RNA polymerase II (RNAPII). This 
is a key regulatory mechanism during elon-
gation [4]. CDK9 mediated phosphorylation 
of the CTD in RNAPII increases the levels of 
antiapoptotic proteins such as Mcl-1 and 
XIAP. If CDK9 is overexpressed or amplifi ed, 
this process can lead to tumorigenesis [9, 10]. 
Additionally, through the hexamethylene bi-
sacetamide-inducible protein 1 (HEXIM1), 
CDK9 can be associated with the replication 
of Human Immunodefi ciency Virus (HIV) 
[11]. Therefore, CDK9 inhibitors could be 
used in HIV and cancer therapy as well.

Several CDK and CDK9 inhibitors have 
been developed so far. Roscovitine (seliciclib) 
was the fi rst CDK inhibitor to enter clinical 
trials [12], but palbociclib was the fi rst that 
obtained FDA approval [13, 14]. As for 
CDK9, one of the most signifi cant inhibitors 
is dinaciclib that reached the most advanced 
clinical phase [13, 15]. One of the main prob-
lems regarding the current CDK9 inhibitors 
is the lack of selectivity, which may lead to 
severe side eff ects during therapy [16]. There-
fore, the need for more selective CDK inhibi-
tors has been emerged. Our work aims to 
provide a useful method in compound pre-
screening to reduce the time and costs of lead 
selection and optimization.

 
 2. MATERIALS AND METHODS

 2.1 Data set

All models we created were based on a set of 
41 CDK9 inhibitors that was synthesized by 
our research group [17]. We kept the number-
ing of the compounds as it is in the above-
mentioned paper. The structures and IC50 val-
ues of the compounds are listed in Table I.

During our work we used Schrödinger’s 
Maestro software [18] to run calculations and 
create models. 

 2.2 Protein and ligand preparation

The fi rst task was to prepare the crystal 
structure of 4BCF with Protein Preparation 
Wizard [19], which included preprocessing, 
H-bond assessment and restrained minimi-

zation. Default se  ings were used in all parts of 
the preparation. Ligand structures were drawn 
with Schröd inger’s Maestro graphical user inter-

Table I Structure and CDK9 inhibitory activity of N-aryl pyrimid-
inamines [17].

ID R1 R2 R3 R4 Ar IC50 
(nM)

21 MeO H H H 3,4-dimethyl-isoxazole 3
22 MeO F H H 3,4-dimethyl isoxazole 2
23 MeO H F H 3,4-dimethyl-isoxazole 9
24 MeO H H F 3,4-dimethyl-isoxazole 1
25 MeO F F H 3,4-dimethyl-isoxazole 8
26 MeO H F F 3,4-dimethyl-isoxazole 1
27 MeO CL H H 3,4-dimethyl-isoxazole 12
28 MeO H H Cl 3,4-dimethyl-isoxazole 25
29 MeO MeO H H 3,4-dimethyl-isoxazole 9
30 EtO F H H 3,4-dimethyl-isoxazole 8
31 EtO H H F 3,4-dimethyl-isoxazole 2
32 EtO Cl H H 3,4-dimethyl-isoxazole 17
33 iPro F H H 3,4-dimethyl-isoxazole 49
34 H H iPro F 3,4-dimethyl-isoxazole 458
35 MeS F H H 3,4-dimethyl-isoxazole 13
36 Me F H H 3,4-dimethyl-isoxazole 6
37 F F H H 3,4-dimethyl-isoxazole 11
38 F MeO H F 3,4-dimethyl-isoxazole 21
39 Cl F H H 3,4-dimethyl-isoxazole 55
40 MeO Cl H H 3,4-dimethyl-isoxazole 50
41 MeO H H H 4,5-dimethyl-isoxazole 4
42 MeO F H H 4,5-dimethyl-isoxazole 3
43 MeO F H H benzo[d]isoxazole 5
44 MeO H H H thiazole 33
45 MeO F H H thiazole 122
46 MeO H H F thiazole 2
47 EtO F H H thiazole 210
48 EtO Cl H H thiazole 378
49 MeO H H H * 12
50 MeO F H H * 6
51 MeO H F H * 9
52 MeO H H F * 2
53 MeO F F H * 10
54 MeO H F F * 0.4
55 MeO MeO H H * 14
56 EtO F H H * 2
57 EtO Cl H H * 5

*: 2-methyl-[1,3,4]thiadiazol
Continuation on next page
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face (GUI), then the LigPrep module was used to 
generate energy-minimized 3D conformations of 
each compound. To perform this, the optimized 
potential for liquid simulations 2005 (OPLS-2005) 
force fi eld [20] was adopted. One stereoisomer per 
ligand was studied. As for ionization forms, we 
generated the most possible state of each molecule 
with Ionizer at target pH of 7.4. The negative loga-
rithm values (pIC50) of the previously published 
inhibitory activities were calculated and used for 
the model building [17]. Flexible Ligand Align-
ment procedure of the Maestro GUI was utilized 
for the superposition of the ligands. The best 
alignment was received by using the ‘Common 
scaff old alignment’ with ‘fuzzy matching’ option.

 2.3 Docking 

Schrödinger’s Grid-based Ligand Docking with 
Energetics (GLIDE) was used in the docking stud-
ies. Firstly, we created the grid box for the dock-
ing. The co-crystallized ligand was used to deter-
mine the place of the binding pocket and after 
measuring the size of our ligands we decided to 

set the size of the grid box for 20×20×20 Å to 
surely have enough space in it for all ligands. 
The co-crystallized ligand was re-docked 
with both the ‘score in place’ and the stan-
dard precision (SP) procedures in order to 
validate our model. Then all the examined li-
gands were docked via both the SP and the 
extra precision (XP) methods. Flexible ligand 
sampling was used with the standard set-
tings during all docking procedures.

 2.4 Pharmacophore Hypothesis 

Schrödinger’s Phase module [21] was used 
for pharmacophore model development. We 
developed two kinds of pharmacophore hy-

potheses. For the fi rst one, we used the previously 
aligned ligands and defi ned entries with pIC50 val-
ue above 7.0 as active. Then several hypotheses 
were developed. As for the second kind, we used 
the XP docked ligand conformations for the mod-
el, thus there was no need to generate conformers 
during the development of these pharmacophore 
hypotheses. In both cases there were 4-7 features 
in the hypotheses, which matched 66%, 75% or 
90% of the active ligands. Hereby we present one 
model, which we found the best based on Survival 
score and compatibility with our data from dock-
ing and pharmacophore hypothesis.

 2.5 Field-Based QSAR

Our Quantitative Structure–Activity Relationship 
(QSAR) models were developed with Schröding-
er’s Field-based module. The previously aligned 41 
ligands were used for this part. The activity prop-
erty was pIC50. The data set was randomly divided 
into training (66 %) and test sets (33%). Partial least 
squares regression (PLS) method with up to 6 fac-
tors with standard se  ings was used, except that 

ID R1 R2 R3 R4 R5 R6 R7 R8 IC50 
(nM)

58 MeO H H H F H MeO *** 1576
66 MeO H H H H ** H H 3
67 MeO F H H H ** H H 4
68 MeO H H F H ** H H 2

**: 1H-benzimidazole-1-yl-methyl
***: carboxamide

Table II Statistical parameters of the fi nal fi eld-based QSAR model
Number of PLS factors 4
Standard deviation of the regression (SD) 0.3847
Training set regression (R2) 0.8046
Cross-validated R2 (R2-CV) 0.4567
R2 with scrambled activities (R2 scramble) 0.4154
Stability of the model predictions to changes in the training set composition (maximum value 
is 1, meaning stable)

0.799

F – variance ratio (large values indicate a more statistically signifi cant regression) 23.7
P – signifi cance level of variance ratio (smaller values indicate a greater degree of confi dence) 7.19E-08
Test set regression (Q2) 0.5329

Continuation from previous page
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we eliminated variables with 
|t-value| <2. The model with 
the best statistical a  ributes 
was selected as the fi nal one. 

 3. RESULTS AND 
DISCUSSION

 3.1 Field-Based QSAR

As shown in Table II, the mod-
el we found best, off ered good 
predictive power and descrip-
tive capability. The R2 value 
for the regression of the train-
ing set was above 0.8 and 0.53 
for the test set, the cross-vali-
dated R2 and scrambled R2 
values were also within the 
range of acceptance. These 
data together with the Stabili-
ty and F and P values were in-
dicating the reliability and ro-
bustness of our model. The 
graphical representation of the 
R2 (Figure 1) and Q2 (Figure 2) 
also indicated a good align-
ment with only a few outliers. 
Moreover, after visualization 
of the model, we could get 
more valuable information 
about CDK9 inhibitors (Figure 3). 
As it is illustrated, generally, 

Figure 3 QSAR Visualization via Contour maps using compound 54 as an example: 
a: numbering of compound 54, b: Gaussian Steric Force Field, green: favorable, yellow: 
unfavorable c: Gaussian Electrostatic Force Field, blue: favorable, red: unfavorable 
d: Gaussian H-bond Acceptor, red: favorable, magenta: unfavorable e: Gaussian 
Hydrophobic, yellow: favorable, white: unfavorable f: Gaussian H-bond Donor, purple: 
favorable, cyan: unfavorable

Figure 1 QSAR – Sca  er plot of the training set Figure 2 QSAR – Sca  er plot of the test set
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Figure 4 XP docking results a: side view of the site with all docked ligands included b: top view of the site, which reveals the 
characteristic narrow, fl at shape of the pocket (together with compound 54 as an example of ligand positioning)

Figure 5 Ligand interaction diagrams showing the most common interactions between the inhibitors and the binding site
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introducing various substituents at the ends of the 
molecule can lead to changes in activity. The steric 
contour map (Figure 3b) suggested that a bulky 
group at C-12 on the thiadiazole ring could be a 

good way the improve binding, while substitution 
at C-18 may be disadvantageous. From the electro-
static fi eld contour map (Figure 3c) we could con-
clude that  electrostatic groups at C-12, 19 and 20 
may increase the activity while at C-22 an electro-
negative group could lead to a similar result. 
Judging from Figure 3d, the introduction of a hy-
drogen bond acceptor moiety near C-20 and N-13 
could also possibly improve the inhibition of 
CDK9. After having a look at Figure 3e it is easy to 
see that a hydrophobic substituent at C-19, 22 and 
23 could be desirable in order to increase the in-
hibitor activity.

 3.2 Docking

Each ligand of our compound set was docked into 
the binding pocket of 4BCF. As expected, XP 
scores were be  er than SP scores, however, no real 
correlation with the biological data was found as 
some lower activity compounds (eg. 34, 47, 48 and 
58) were overscored (especially in terms of the XP 
method), which may be caused by the relatively 
low resolution of the X-ray structure.

As it can be seen in Figure 4a, the docked li-
gands are very well aligned and fi t in the binding 
pocket quite easily. Every ligand formed two H-
bonds with Cys106 (both as a hydrogen bond do-
nor and acceptor), while Ile25 usually acted as a 
hydrogen bond acceptor. Phe30 often had a π-π 
stacking with heterocyclic rings such as thiazoles 
or isoxazols, while Phe103 was often involved in a 
π-π stacking interaction with one of the aromatic 
rings. In some cases His108 and Asp109 also 
formed secondary bonds with the inhibitors. Simi-
larly to the co-crystallized inhibitor, the conforma-
tion of our compounds was bent and usually parts 
like the sulfonamide group, triazole and isoxazole 
rings were solvent exposed as they were (at least 
partially) positioned outside of the binding pocket 
granting more conformational freedom for these 
moieties, but as a result they were less likely to es-
tablish connections with the protein. Although 
they are not shown in this fi gure, there was a sig-
nifi cant amount of Van der Waals bonds between 
the ligands and the protein, which we believe 
plays a signifi cant role in the binding process, 
which is in line with our knowledge about the hy-
drophobic nature of this binding site.

 3.3 Pharmacophore Hypotheses

Our best pharmacophore model hypotheses 

Table III Docking scores
ID pIC50 XP docking score SP docking score
54 9.398 -11.387 -9.498
25 8.097 -11.184 -9.245
32 7.770 -11.134 -8.702
35 7.886 -11.046 -9.294
33 7.310 -11.026 -9.435
28 7.602 -10.943 -8.737
27 7.921 -10.942 -9.366
42 8.523 -10.928 -9.257
30 8.097 -10.914 -9.326
68 8.699 -10.912 -9.891
40 7.301 -10.911 -9.158
37 7.959 -10.911 -9.453
26 9.000 -10.897 -9.740
67 8.699 -10.883 -9.250
53 8.000 -10.855 -9.208
22 8.699 -10.850 -9.248
24 9.000 -10.833 -9.610
34 6.339 -10.830 -9.195
46 8.699 -10.815 -9.120
23 8.046 -10.812 -8.876
39 7.260 -10.757 -9.265
52 8.699 -10.753 -9.447
36 8.222 -10.751 -9.288
50 8.222 -10.715 -9.113
51 8.046 -10.700 -9.225
56 8.699 -10.690 -9.373
43 8.301 -10.676 -9.136
48 6.423 -10.657 -8.986
47 6.678 -10.653 -9.389
21 8.523 -10.632 -9.262
49 7.921 -10.572 -9.092
57 8.301 -10.522 -9.082
45 6.914 -10.491 -9.155
44 7.481 -10.462 -9.225
66 8.523 -10.311 -9.472
31 8.699 -10.265 -9.659
38 7.678 -10.135 -9.140
58 5.802 -10.012 -8.837
29 8.046 -9.936 -8.947
42 8.398 -9.907 -8.795
55 7.854 -9.749 -9.238
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were obtained using the superposition of the 
conformations obtained from the XP docking 
poses. The knowledge we got from the docking 
experiments was also taken into consideration 
regarding the selection of pharmacophoric 
groups. Our best model, AADRRR can be char-
acterized with a Survival score of 6.21 and a Se-
lectivity score of 2.14. The Fitness of compound 
54 in this hypothesis was 2.633653. This model 
contained a hydrogen bond donor (D) and an 
acceptor (A) at exactly the same position we 
could observe in the docking part. There were 
also two rings (R), which were also observed as 
π-π interaction participants with the protein. 
There was another hydrogen bond acceptor (A), 
namely an oxygen atom in the sulfonamide 
group. As we saw earlier, this part of the mole-
cule is usually out of the binding pocket, thus 
less likely forms any bonds. The high scores 
may indicate that this unique model could be 
suitable for the identifi cation of new, potentially 
CDK9 selective inhibitors.As a comparison, a 
hypothesis based on the co-crystallized ligand 
was also developed. This model consisted of 
three aromatic rings (R), one hydrogen bond do-
nor (D) and one acceptor (A) and also a hydro-
phobic region (Figure 6b). It must be pointed out, 
that despite the structural diff erences of the in-
hibitors, these hypotheses showed some signifi -
cant similarities (four out eight groups had a 
perfect match), which further indicates the va-
lidity of our model.

 4. Conclusions

Based on a previously published CDK9 X-ray 
structure and 41 CDK9 inhibitor compounds, a 
docking study was completed. Our investigations 

also included ligand-based pharmacophore-, and 
QSAR modeling studies. Judging from our best 
pharmacophore hypothesis and the docking pos-
es, a hydrogen bond donor and acceptor at close 
proximity are essential in the binding, because 
they both interact with the backbone atoms of 
Cys106. These interactions presumably help to fas-
ten the compound in the binding pocket. Accord-
ing to our opinion, the orientation and presence of 
the aromatic rings could also be important, be-
cause they are able to form π-π interactions with 
Phe30 and Phe103. The importance of the sulfon-
amide group lies in the fact, that its NH group is 
able to form a hydrogen bond with Ile25, while 
other components of the inhibitors like thiazole- 
and dimethylisoxazole groups are usually un-
bound so their orientations were varied in the 
poses. The bent conformation of the ligands and 
the shape and surface of the binding pocket are 
also key factors that determine the nature of the 
interactions between CDK9 and its inhibitors. To 
sum up, we generated a pharmacophore hypothe-
sis and determined the main features of these 
molecules that play a role in their activity as in-
hibitors. Then we docked all of these compounds 
to deepen our understanding of the binding, and 
reveal new interactions and connections, and fi -
nally we built a robust fi eld-based QSAR model 
with a strong predictive power, which might be 
able to predict the activity of inhibitor candidates 
in the future. If we apply the three above detailed 
methods in the right order, it gives us a powerful 
tool that can facilitate our CDK9 inhibitor re-
search. We could screen databases and compound 
libraries by using our pharmacophore hypothesis. 
After that we could dock the selected ligands to 
compare their ability to bind to CDK9 and fi nally 
test them with a QSAR model to predict their ac-
tivities. We are confi dent that all the models and 
knowledge that we gathered by this project can 
improve the CDK9 inhibitor design and can lead 
to new and – after completing the protocol with 
further targets – probably more selective inhibi-
tors. We also believe that our method can reduce 
time and costs of CDK9 inhibitor drug develop-
ment and can assist in lead selection and optimi-
zation.
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Figure 6 Comparison of pharmacophore models a: Our best 
(AADRRR) pharmacophore hypothesis superimposed on 
compound 54 b: Pharmacophore hypothesis developed from 
the 4BCF co-crystallized ligand
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