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ABSTRACT

Recently there has been an increased interest to develop specialised dosage forms that are better suited to
specific patient populations, such as paediatrics and geriatrics. In these patient populations the acceptability of
the oral dosage form can be paramount to the products success. However, many Active Pharmaceutical
Ingredients (APIs) are known to cause an aversive taste response. One way to increase the acceptability and to
enhance the palatability of the formulation is to design coated taste-masked particulate-based dosage forms. The
masking of poorly tasting drugs with physical barriers such as polymer coatings can be utilised to prevent the
release of drug within the oral cavity, thus preventing a taste response. However, currently, there are few
assessment tools and models available to test the efficiency of these particulate-based taste-masked formulations.
The rat brief access taste aversion model has been shown to be useful in assessment of taste for liquid dosage
forms. However, the applicability of the rat model for particulate-based taste masked formulations is yet to be
assessed. It is not understood whether dissolution, solubility and thus exposure of the drug to taste receptors
would be the same in rat and human. Therefore, rat saliva must be compared to human saliva to determine the
likelihood that drug release would be similar within the oral cavity for both species. In this study rat saliva was
characterised for parameters known to be important for drug dissolution, such as pH, buffer capacity, surface
tension, and viscosity. Subsequently dissolution of model bitter tasting compounds, sildenafil citrate and efa-
virenz, in rat saliva was compared to dissolution in human saliva. For all parameters characterised and for the
dissolution of both drugs in rat saliva, a substantial difference was observed when compared to human saliva.
This discrepancy in saliva parameters and dissolution of model drugs suggests that preclinical taste evaluation of
particulate-based taste-masked formulations suggests rat is not a good model for predicting taste of solid dosage
forms or undissolved drug where dissolution is required. Alternative preclinical in vivo models in other species,
or improved biorelevant in vitro models should be considered instead.

1. Introduction

an impact on therapeutic performance of the product. For paediatrics,
there have also been recent developments in European Union (EU)

The oral route is the most popular and convenient route for drug
administration [1]. For the prescription of medicinal products to pa-
tient populations such as paediatrics and geriatrics the acceptability of
a solid oral dosage form can be paramount to the products success [2].
There are several challenges to overcome when designing solid oral
dosage forms for children and older adults. For example, children can
have issues with conventional solid dosage forms due to poor palat-
ability, limited dose flexibility, difficulty swallowing, recalcitrance, and
differences in anatomy and physiology [2—4]. Therefore, there can be

legislation (Reg 1901/2006/EU and Reg 1902/2006/EU) stating that
new medicines coming to commercial markets must demonstrate pae-
diatric suitability [5]. Geriatrics are also receiving similar attention
with calls for an update in legislation for geriatric drug development
[6,7]. Consequently, there have been increased discussions on the de-
velopment of patient-centric particulate-based oral dosage forms for
these specific populations. Many Active Pharmaceutical Ingredients
(APIs) and excipients are known to cause an aversive taste response [8].
An unpleasant taste has been shown to greatly affect acceptability of a
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dosage form [9]. Taste-masking strategies are commonly used to
overcome these challenges. Particulate-based oral dosage forms can
have a polymer coating applied to provide a physical barrier between
the aversive tasting API and taste receptors within the oral cavity. The
addition of coatings to particulates to prevent a taste response reports
have shown a significant increase in palatability of dosage forms when
compared to API alone [10]. This demonstrates the effectiveness of
coatings in particulate-based formulations for taste-masking and in-
creasing acceptability in paediatrics. Particulate-based oral dosage
forms may be used for better acceptability in paediatrics due to en-
hanced palatability [11], flexible dosing, and improved swallowability
[12]. Particulate-based oral formulations such as minitablets, sprinkle
capsules, suspensions, and granules are intended to be swallowed from
the oral cavity intact. An appropriate preclinical assessment method is
hence required to investigate the efficiency of taste-masking in parti-
culate-based formulations.

Currently the most common method for taste evaluation for solid
oral dosage forms is using human taste panels [13]. However, target
populations that require taste-masked formulations, such as paediatrics,
may not be suitable for this assessment method due to ethical concerns
[13]. In addition, these human trials are expensive, resource intensive,
and may cause significant delays to drug development timelines.
Therefore, there are limited opportunities to conduct paediatric taste
panel studies as part of a clinical trial. In vitro drug release and dis-
solution studies can be used for the determination of drug released from
particulate-based taste-masked formulations, to determine if the con-
centration is above the taste threshold and has unacceptable taste.
However, there is no general consensus and limited studies on what
parameters and models should be used in an oral cavity dissolution test
[14]. What is agreed on is that biorelevant dissolution testing is of great
value and allows for a robust assessment method with better predictions
of in vivo behaviour for the formulations of interest [15-19].

Currently the most common preclinical in vivo taste evaluation
method for liquid dosage forms is the Brief-Access Taste Aversion
(BATA) method. Often mice and rats are deprived of water for 16-24 h
for motivation to drink. Then the animal is placed into a ‘lickometer’
apparatus which records the number of licks that the rodent makes for
different concentrations of the drug presented in several sipper tubes. A
high number of licks (relative to a suitable control) indicates an ac-
ceptable taste whilst those solutions with aversive taste will suppress
the number of licks [20]. It has been reported that the taste aversion
data of model bitter tasting drugs in this rodent model has good cor-
relation to human taste data [21-23]. What needs to be explored is
whether the BATA method in rats could be adapted to also allow the
assessment of particulate-based taste-masked formulations. As the taste
response associated with particulate-based taste-masked formulations is
dependent on the degree of drug release within the oral cavity, it is
imperative to understand the characteristics of the rat oral cavity to
investigate the applicability of the rat taste aversion model to particu-
late-based formulations.

The dissolution of solid dosage forms in the rat oral cavity is de-
pendent on the physicochemical characteristics of rat saliva, the dis-
solution media of the rat oral cavity. Therefore, further investigation is
needed to determine rat saliva physiochemical characteristics and to
assess drug dissolution of model bitter tasting APIs in saliva. In this
study two model bitter APIs (sildenafil citrate, and efavirenz) were used
to compare their dissolution in human and rat saliva.

Sildenafil citrate acts as a selective inhibitor of cGMP-specific
phosphodiesterase type 5 (PDE 5) and is used primarily in the treatment
of erectile dysfunction. However, sildenafil citrate also has therapeutic
applications in the management of paediatric pulmonary hypertension.
Sildenafil citrate is a BCS Class II drug that is known to produce a bitter
taste response [20]. Efavirenz is in the non-nucleoside reverse-tran-
scriptase inhibitor (NNRTI) family of anti-retroviral therapy that is used
in the treatment of human immunodeficiency virus (HIV), including the
treatment of paediatric HIV. It is a BCS Class II drug that is bitter tasting
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Table 1

Physicochemical parameters of sildenafil citrate and efavirenz. Molecular
weight, Log P, and pKa values were taken from ACD/Labs software (v5.0.0.184)
[27].

Drug Molecular weight
(g/mol)

Log P pKa PH solubility

(mg/mL), 37 °C

Sildenafil 666.7 2.3 Sildenafil free Adapted from

citrate base: [25]

6.5, 9.2 pH 3.0: 6.97

pH 4.0: 7.08
pH 5.0: 2.07
PpH 6.0: 0.11
pH7.0-pH10.0:
< 0.04
pH 11.0: 0.32
Adapted from
[26]
PpH 1.2: 0.020
PH 4.5: 0.019
pH 6.8: 0.011
pH 7.4: 0.082
pH 9.0: 0.16

Efavirenz 315.7 4.8 10.2

and gives burning mouth syndrome [24]. Both these model drugs have
clinical use for paediatric populations, and both required formulation
strategies to overcome issues with taste. A brief summary of physico-
chemical properties of sildenafil citrate and efavirenz is shown in
Table 1.

Therefore, the aim of the present work was to determine if rat saliva
has similar physicochemical properties to human saliva, and drug dis-
solution properties for potential adaptation of a rat taste preclinical
taste model to the assessment of particulate-based taste-masked for-
mulation

2. Materials and methods

Sildenafil citrate API powder was donated by Pfizer Ltd. (Sandwich,
UK). Efavirenz API powder was purchased from ChemShuttle (Wuxi
City, China). Pilocarpine hydrochloride was purchased from Sigma-
Aldrich (UK). Methyl-tert-butyl ether (MTBE) was purchased from
Fisher Scientific (UK). All solvents used in the study were HPLC grade
or higher.

2.1. Collection of human saliva from healthy adult volunteers

Human saliva was collected in accordance with Ethics Reference
Number: R12122013 from Faculty of Medicine and Health Sciences,
Nottingham University Hospitals, as previously described [28,29]. In-
formed written consent was obtained from all volunteers. All data was
held in agreement with the Data Protection Act. Exclusion criteria for
the volunteers included chronic or acute illness in the past 3 months,
cold or flu symptoms, oral health concerns, and taking medication
(except contraceptives). Before collection of saliva (at least 2h prior)
volunteers were asked to not eat, smoke, drink or use oral hygiene. To
avoid differences in saliva composition due to circadian rhythms, all
saliva was collected between 14:00 and 16:00 h.

Participants were asked to chew on 5 cm X 5 cm square of Parafilm®
for stimulated saliva (SS), which is a known inert material that is widely
used for mechanical stimulation of saliva [30-33]. To donate saliva,
participants were asked to lean forward and drain saliva into sterile
polypropylene graduated centrifuge tubes (Grenier Bio-One, UK) via
sterile disposable funnels. Saliva samples were then flash frozen in li-
quid nitrogen and stored at —80 °C. In total, four volunteers donated
saliva. The donated saliva was pooled, characterised, and used in dis-
solution studies.
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2.2. Collection of stimulated rat saliva

All procedures for rat saliva collection were reviewed and approved
by the Rutgers University Institutional Animal Care and Use Committee.
Male Sprague-Dawley rats (Envigo, USA) 8 — 12 weeks old were used for
saliva collection. Animals were housed under controlled temperature,
twelve-hour light/dark cycle and free access to food and water.

For the collection of rat saliva there are two main approaches de-
scribed in literature. Firstly, intra-oral cannulation of salivary duct or-
ifices to gather saliva from their respective glands [34-38]. Secondly,
an elevation collection method, that collects saliva passively from the
mouth from anaesthetised animals [39,40].

The saliva collection method used in this work was an optimisation
of the previously reported non-invasive, elevation sialometric method
[39,40]. This sialometric method involves anaesthetising animals, then
administering a sialogogue agent, and orientating animals head in a
downwards slope to which then saliva can passively flow into collection
tubes. General anaesthesia was induced with inhalation of 3% iso-
flurane, and anaesthesia was maintained throughout collection with
isoflurane via a nose cone. Specific 3D printed platforms were necessary
for efficient saliva collection as the platform must hold a number of
components at once: a nose cone for anaesthesia, the collection tube,
orientation of the animals’ head downwards without impacting cardi-
ovascular parameters, and engagement of the lower incisors to keep the
mouth open during collection, as shown in Fig. 1 [41]. These platforms
were tapered in height from 50 mm to 10 mm, width 100 mm, depth
125 mm.

Immediately before saliva collection 2 mL saline was injected for
fluid replacement by subcutaneous bolus. Saliva was then stimulated by
intraperitoneal administration of 2 mg/kg pilocarpine hydrochloride.
Immediately following the injection, the animals were positioned on
top of the platforms for saliva collection. After collection, the animals
were left to recover for 48 h, and were given an additional 2 mL saline
replacement 24 h post collection. Immediately following collection, pH
of individual saliva samples was measured with a Mettler Toledo S220
Seven Compact pH/ion meter, connected to an InLab Micro pH elec-
trode (Mettler Toledo, Switzerland). Saliva samples were then flash
frozen in liquid nitrogen and stored at —80 °C until further analysis.

2.3. Characterisation of rat and human saliva

Pooled stimulated human saliva was characterised for: pH, buffer
capacity, viscosity, and surface tension as previously described [28,29].
Individual rat saliva samples were tested for pH immediately after
collection. Pooled stimulated rat saliva was characterised for: buffer
capacity, viscosity, and surface tension. Two hundred pL of rat saliva,
and 4 mL of human saliva samples were brought to 37 °C in a water

Anaesthetic nose
cone
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bath. Initial pH was determined using Mettler Toledo S220 Seven
Compact pH/ion meter, connected to an InLab Micro pH electrode.
Saliva samples were titrated with 0.01 M HCI until pH had decreased by
1 unit. Buffer capacity was then calculated in mmol H* /L, by the
amount of acid added. A Modular Compact Rheometer MCR 302 (Anton
Paar GmbH, Germany) was used with a cone-plate set up to measure
viscosity of saliva. The cone used was a CP50-2-SN30270, diameter
49.972 mm, angle 2.016°, truncation 211 pm. Viscosity measurements
were taken at 37 °C over three logarithmic decades for shear rate from 1
to 1000 s~ ! with measurements taken at 8 points per decade. Data was
recorded on Rheoplus software (Anton Paar GmbH, Germany) for
analysis. A DSA 100 Drop Shape Analyser with DSA 4 software (Kruss
GmbH, Germany) was used to measure surface tension of saliva by
using the pendant drop method with Laplace-Young computational
method. Temperature was set to 37 °C using an MB-5 heat circulator
and water bath (Julabo GmbH, Germany).

2.4. Oral cavity dissolution studies of sildendfil citrate and efavirenz in
pooled rat and human stimulated saliva

The volume of saliva used in the oral cavity dissolution method was
based on average saliva volumes reported for adult humans [42,43].
Multiple small-scale dissolution vessels were kept at 37 °C each with a
magnetic stirrer in a setup as was previously described for human saliva
dissolution studies [29]. Separate dissolution vessels were used in
parallel to measure the concentration of drug over different time points.
At each time point pH of saliva was recorded. Pooled stimulated saliva
(200 puL) was added to 10 mg of sildenafil citrate. Pooled stimulated
saliva (250 pL) was added to 50 mg of efavirenz. Volume of saliva and
amount of drug were selected to give relevant clinical dose in humans.
A constant stirring speed of 200 rpm was used to allow adequate mixing
of solid material in relatively small volumes of media. Both rat and
human stimulated saliva were used as dissolution media for the two
drugs of interest. After each time point was reached, the entire contents
of the dissolution vials were transferred to Costar Spin-X centrifuge
tubes with 0.22 pm pore CA filters (Corning B.V. Life Sciences, UK), and
centrifuged for 10 min at 17,000 X g.

2.5. Analytical procedures

Filtered dissolution sample (10 uL) was transferred to a glass test
tube, to which the following was added: 10 pL of internal standard (IS),
90 uL of blank saliva (for further dilution of the drug to the range sui-
table for HPLC analysis), and 400 pL of 50:50 acetonitrile (ACN), me-
thanol mixture (stored at —20 °C). After filter centrifugation of efa-
virenz samples, 180 pL of filtered dissolution sample was transferred to
a glass test tube, to which 20 pL of internal standard (IS), and 400 uL of

Rat saliva stimulated
with 2mg/kg pilocarpine

50 mm

Collection tube

125 mm

3D printed platform

Fig. 1. Schematic description of the non-invasive sialometric method to collect stimulated saliva from anaesthetised rats.
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acetonitrile/methanol mixture (50:50, stored at —20 °C) was added. % é 3
Then, the test tubes were vortex mixed for 2 min. Next, methyl-tert- = : o
butyl ether (MTBE) was added to each test tube (3 mL for sildenafil, g = Tl 0~
4mL for efavirenz), and vortex mixed at 1200 min~ "' for 10 min in a 2 E e i 3
multi-tube vortexer (VWR VX-2500). Then, samples were centrifuged at 53 % el
1690 x g for 10 min. Following centrifugation, the organic layer was % T & 2=
transferred and evaporated to dryness under nitrogen. The dry residue = E S
was then reconstituted with 100 pL. of mobile phase (44% ACN, 56% "% @ S Z3
water). Reconstituted samples were then vortex mixed and centrifuged, J:: E 2
before transferring the contents to HPLC vials. All calibration and g TE E S
quality control samples underwent the same sample preparation pro- E’* g g 21 we
cedures as stated for the dissolution samples. c= ==
Waters (Milford, USA) 2695 separations module HPLC system g E g -
equipped with Waters 996 PDA UV detector was used. Samples in the g g 853
autosampler were maintained at 4 °C and the column oven was set to £ 5 2l e
40 °C. Empower 2 software was used for data processing. Separation of g g ‘é Z’
the extracted sildenafil citrate and efavirenz samples were achieved = E 12|22
with Waters Xterra C18 2.1 X 100 mm, 3.5 um particle size column, E & -
with Xterra MS C18 2.1 X 10 mm 3.5 pm guard column and pre-column g E Z
filter including a 0.5 um stainless steel frit. Mobile phase was 56% 0.2 M % i:’; g d a 88
ammonium acetate buffer (pH 7.0) and 44% ACN, eluted at isocratic g g | 8E ==
conditions at 0.3 mL/min for sildenafil citrate, and 0.2 mL/min for E ‘j: g o
efavirenz. Bifonazole was used as the internal standard (IS) for silde- = i Y
nafil. Sildenafil citrate was used as the internal standard (IS) for efa- i g o | -
virenz. Sildenafil citrate and bifonazole were detected at 224 nm at 3.1 Ao :‘f g
and 7.9min respectively. Efavirenz and sildenafil were detected at % Eo = @ e
290 nm and 224 nm at 11.2 and 4.0 min respectively. Validation of both Ex - =
assays for these compounds was performed following FDA guidelines R g N9
[44]. A summary of validation parameters is shown in Tables 2 and 3 g f:_f 2 [
for sildenafil and efavirenz respectively. Calibration curves were con- T s gl
structed in the concentration ranges expected from dissolution of the % 5 g | 5
drug in saliva. Calibration curves all had correlation coefficient (1) E % El2| &3
values of > 0.99. < % ~
3 g
2.6. Statistical analysis a s g § 3 g8
% § = O E ® ®
Results are expressed as mean = standard deviation (SD). pH, s § Slawx
buffer capacity and surface tension were analysed with unpaired t-test. EN g T
Dissolution and viscosity results were analysed with one-way ANOVA g § 2| =
and Sidak’s multiple comparisons test. A p < 0.05 was considered to E § ; %
represent a significant difference. E E gl 2|83
25 -
3. Results E %) = S «
2o 2| 1S
g8 o
3.1. Characterisation of rat and human saliva g3 S| g
Stimulated rat (RS SS) and human saliva (HS SS) were characterised z°
for: pH, buffer capacity, viscosity, and surface tension (Fig. 2). The % E’ g E"
characterisation results for human saliva were in agreement with our 2 g o 3
previously reported works [28,29]. All characterisation parameters of Sy 8 § 5 E g8
stimulated rat saliva were observed to be different from stimulated § CIE! _
human saliva. Stimulated rat saliva had dramatically higher pH com- E i g g N 0
pared to stimulated human saliva (Fig. 2A), but substantially lower % 85': = =8
buffer capacity (Fig. 2B) and surface tension (Fig. 2C). Stimulated rat 9 g f'é 2
saliva had also statistically significantly lower (p < 0.05) viscosity at o EEe 2
shear rates from 1.33 to 10.0 s~ compared to stimulated human saliva, & § 8 2 R
whilst no significant differences between rat and human saliva were § o 5 N
found at 1 s~ nor in the range of 13.33-1000 s~ ! shear rates (Fig. 2D). E = g &
S22 gles
. - . . . . w O S - Q g g 8
3.2. Dissolution of sildendfil citrate in saliva g3 E =1
EEE| o
Dissolution of sildenafil citrate API powder (50 mg dose equivalent) £ g £ g = | owv
was assessed in pooled stimulated rat and human saliva (equivalent to = Q= EU
1.0 mL residual volume of saliva in humans). Concentrations of silde- ~ -% :(; ,E E 2 9
nafil in human saliva were profoundly higher than the concentrations of 2T g a2 2 2
sildenafil in rat saliva, as shown in Fig. 3. Changes in pH of saliva over £s88l”
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Table 3

Validation parameters measured for HPLC-UV assay of efavirenz in stimulated human saliva (HS SS) and stimulated rat saliva (RS SS). Validation outputs include lowest limit of quantification (LLOQ), lower quality

control (LQC), middle quality control (MQC), higher quality control (HQC), and recovery. Accuracy and precision of the assay gave acceptable values of relative error (RE), and relative standard deviation (RSD)

respectively from both intra-day and inter-day analyses [44].

Recovery = SD (%)

MQC HQC

LQC

LLOQ

Efavirenz

Inter-day

Conc. (ng/ Intra-day

mL)

Inter-day

Intra-day

Conc. (ng/

mL)

Inter-day

RSD (%) RE (%) Conc. (ng/ Intra-day

Conc. (ng/

mL)

mL)

RSD (%) RE (%) RSD (%) RE (%)

RSD (%) RE (%) RSD (%) RE (%)

RSD (%) RE (%) RSD (%) RE (%)

105.11 + 0.2
105.3 = 0.1

-6.8
-9.1

9.0
7.8

1.3

3.3
6.7

15,000
15,000

6.4

3.4
6.6

3000 1.8 2.7
5.2

3000

-2.5
—-2.2

9.0
8.5

—-6.2
—-6.3

200 13.4
200

-7.5
-5.9

11.8
8.5

6
6

HS SS

-9.9

9.9

7.9

13.8

75

RS SS
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sildenafil dissolution time course are shown in Fig. 4. In both HS and RS
saliva pH was shown to reduce to pH 4.5 within the first time point
(1 min).

3.3. Dissolution of efavirenz in saliva

Dissolution of efavirenz API powder (200 mg dose equivalent) was
assessed in pooled stimulated rat and human saliva (equivalent to
1.0 mL residual volume of saliva in humans). Concentrations of efa-
virenz in human saliva were substantially lower than in rat saliva, as
shown in Fig. 5. Changes in saliva pH over efavirenz dissolution time
course are shown in Fig. 6. In both HS and RS saliva pH was shown to
increase over 2min with substantial differences between HS and RS
throughout the dissolution time course.

4. Discussion

Most currently used taste evaluation methods are designed pri-
marily for the assessment of liquid dosage forms [13]. However, these
methods designed for determining taste of liquid dosage forms with
taste-masking agents may not be optimal for solid oral dosage forms
and suspensions. Particulate-based taste-masked formulations aim to
prevent an aversive taste response by reducing the release of the poorly
tasting drug into the oral cavity. Thus, the dissolution properties of the
API in saliva become critical. There is a lack of in vivo preclinical models
that incorporate biorelevant dissolution and thus expose a realistic
concentration to the receptor for particulate-based formulations. To
assess the applicability of rat as an in vivo taste evaluation model for
particulate-based formulations, rat saliva was characterised in this work
for parameters important for drug dissolution and compared to these
parameters in human saliva. Moreover, dissolution of model bitter APIs
were assessed in rat saliva and compared head to head to dissolution in
human saliva. Rat saliva was found to be dramatically different to
human saliva for all tested parameters. The pH of rat saliva was sub-
stantially more alkaline compared to human saliva, as shown in Fig. 2A.
The rat saliva and human saliva pH levels recorded in this study are also
supported by similar findings in literature [28,29,45]. The difference in
pH between rat and human saliva can significantly affect the dissolu-
tion profile of drugs, especially of weakly acidic ionisable APIs and
excipients due to their higher aqueous solubility at higher pH. For ex-
ample, acidic drugs clinically relevant for paediatric use and taste
aversiveness such as efavirenz, diclofenac and chloral hydrate can
achieve higher concentrations in rat oral cavity compared to the human
oral cavity due to this pH effect on solubility. In addition, taste-masking
strategies such as the use of weak base anion exchange resins will not
function in a manner similar to human oral cavity at the higher pH of
rat saliva [10]. The dissimilar pH could also affect other pH dependent
coatings and suspensions. Therefore, this difference in pH between rat
and human saliva could impact the extrapolation of particulate-based
formulation rat taste studies to humans.

The buffer capacity of rat saliva was significantly lower than human
saliva, as displayed in Fig. 2B. As saliva is a buffered aqueous medium
the dissolution rate of sparingly soluble weak acid or weak base drugs
can be affected due to ionic interactions at the microenvironment solid-
liquid interface [46]. The impact the buffer has on drug dissolution is
dependent on several factors, such as ionisation constants of the buffer
and drug, molar concentration of the buffer, buffer capacity, and the
concentration of buffer species reacting with the drug [46]. Therefore,
the results suggest that it is likely that the dissolution of drugs could be
affected by this difference in buffer capacity which could then impact
the correlation between rat and human particulate-based formulation
taste studies.

Previous studies have shown the effect of surface tension on drug
dissolution [47,48]. The surface tension of rat saliva was dramatically
lower than the surface tension of human saliva. The Washburn equation
explains that the penetration of dissolution media is the rate limiting



J. Ali, et al.

European Journal of Pharmaceutics and Biopharmaceutics 146 (2020) 1-9

A B
9.0 , 14
=5 12
85 = .
T
S 10
8.0 &
é 1
% z
7.5 T e
E - 1
©
o
7.0 = =
£ a4
=]
0
65 2 L
6.0 0
s P ro%e oﬁ%
& & $ ¢
Saliva Type Saliva Type
Cc D
70 100
* HS SS
[ ® RS SS
Ee e
£
£
~= 50 a
c (o]
5 — o
2 £
2 40 -
o >
et = 10
° 4
S 30 o
g 2
= =
<D 20
10
0 1
1 10 100 1000
oﬁ% J’% -1
B3 & Shearrate (s )

Saliva Type

Fig. 2. Characterisation of stimulated rat saliva (RS SS) and stimulated human saliva (HS SS). (A) pH of individual stimulated rat saliva samples and pooled
stimulated human saliva (n = 24 rat, n = 12 human). (B) Buffer capacity of pooled stimulated rat and human saliva (n = 12 rat, n = 8 human). (C) Surface tension of
pooled stimulated rat and human saliva (n = 12 rat, n = 8 human). (D) Viscosity of pooled stimulated rat and human saliva at different shear rates (n = 12rat,n = 3
human). Box represents median value, 25th and 75th percentile. Whiskers represent maximum and minimum values. Viscosity values are expressed as mean = SD.
Significant differences were observed for all parameters between rat and human saliva; **** p < 0.0001, * p < 0.05.

step to solid dosage form disintegration, and is directly influenced by
media surface tension [49]. Therefore, the disintegration of particulate-
based formulations in the oral cavity will be affected by saliva surface
tension.

From shear rates 1.33-10.0 s~ ! rat saliva viscosity was significantly
lower than the viscosity of human saliva. The relationship of viscosity
on drug dissolution rate has shown to be inversely proportional [50].
Using the Noyes-Witney dissolution model, an increase in dissolution
media viscosity would increase the thickness of boundary layers and
decrease the diffusion coefficient [51]. In contrast, the shear rate ex-
perienced in humans from the initial perception of solids within the oral
cavity has shown to be around 50 s~! [52]. At 505! no significant
differences in viscosity were observed between rat and human saliva.
However, currently there are no reports of shear rates experienced in
rats for initial perception of solids within the oral cavity, so it is im-
possible to determine how these viscosity differences could affect taste
in vivo. Rheology is known to be a key element in the oral processing of
solid oral dosage forms [52]. Differences in rheology and potential

differences in oral cavity shear could again impact the correlation of
particulate-based taste-masked formulations assessment in a rat model.

The substantial differences observed from the characterisation data
suggest that there could be differences in dissolution of drugs between
human and rat saliva. Therefore, it was important to confirm this as-
sumption by investigating the dissolution of model bitter APIs with
distinct physicochemical properties.

The concentration of sildenafil citrate was found to be significantly
lower in rat saliva compared to human saliva. Conversely, the con-
centration of efavirenz was shown to be significantly higher in rat saliva
compared to human saliva. These differences in dissolution profiles
between the two saliva sources are likely to be due to the differences in
physicochemical properties of saliva. For sildenafil citrate dissolution,
the measurements of dissolution chamber pH for both saliva types was
shown to remain at pH 4.5 after the one-minute time point as shown in
Fig. 4. The immediate reduction in saliva pH likely suggests that the
introduction of sildenafil citrate into saliva had caused dissociation of
the salt back into the sildenafil free base [53]. The pH over the
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Fig. 3. Dissolution-time profile of sildenafil citrate API powder in pooled sti-

mulated rat saliva (RS SS) and pooled stimulated human saliva (HS SS). Values

are expressed as mean * SD (n = 6). **** Significantly lower (p < 0.0001)

concentration in rat compared to human saliva.
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Fig. 4. pH of saliva over the course of sildenafil citrate dissolution in pooled
stimulated human saliva (HS SS), and pooled stimulated rat saliva (RS SS).
Values expressed as mean * SD (n=3). **** Significantly higher
(p < 0.0001) pH in rat compared to human saliva.

remaining time course in both rat and human saliva was maintained
around pH 4.5, this suggests the differences seen in sildenafil con-
centrations over the time course between the two saliva sources was not
primarily due to pH. Instead, these differences in dissolution for silde-
nafil between the two saliva types may be caused by other saliva
parameters such as mucin content, proteome composition, or ionic
exchange from the salivary pellicle. For efavirenz the difference in
dissolution profile from rat and human saliva was likely due to the
differences in saliva pH. Efavirenz is known to have a pH-dependent
relationship with regards to solubility. Previous studies have shown
that when media pH exceeds pH 8.0, the solubility of efavirenz in-
creases 6-fold compared to the solubility at pH 7.4 [26]. Fig. 6 shows
that the differences in saliva pH are likely to be a main contributing
factor to the differences in EFV concentration. However, in this study
the difference in efavirenz concentration was much greater than 6-fold,
suggesting that other characteristics of rat saliva were also contributors
to the dissolution profile observed.

In order to have a reliable rat taste model to assess particulate-based
taste-masked formulations, and to have direct correlation to human
taste procedures the characteristics of rat saliva should be to some ex-
tent similar to human saliva. The dissolution of drugs would have to be
similar in both rat and human saliva as the media of the oral cavity
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Fig. 5. Dissolution-time profile of efavirenz API powder in pooled stimulated
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Fig. 6. pH measurements taken from saliva over the course of efavirenz dis-

solution in pooled stimulated human saliva (HS SS), and pooled stimulated rat

saliva (RS SS). Values expressed as mean * SD (n = 3). ****Significantly

higher (p < 0.0001) pH in rat compared to human saliva.

would dictate the release of drug from taste-masked formulations.
However, this study has shown that the physicochemical characteristics
of rat saliva are very different from human saliva. Moreover, this was
further confirmed by the dissolution of two model bitter drugs being
completely different in rat versus human saliva. Therefore, the data
suggest that a rat taste model for the assessment of particulate-based
taste-masked formulations would not likely be representative of the
taste response from human taste panels. This is likely to have im-
plications for the adaptation of currently existing BATA models used
successfully for liquid taste masked formulations to particulate for-
mulations. Looking at other common laboratory animals, previous
comparisons have also shown that canine saliva is different to human
saliva as it has higher pH, buffer capacity, and concentration of mi-
nerals [54]. These considerable changes in saliva characteristics be-
tween species suggest that particulate-based taste-masked formulations
should be for now assessed in vivo utilising human taste panels. Further
work is needed to find another suitable species for a preclinical in vivo
model with similar saliva characteristics to humans. Moreover, in vitro
biorelevant oral cavity dissolution models, mimicking physicochemical
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parameters of human saliva and fluid dynamics of oral cavity could
provide a useful alternative to human panels in the future.

5. Conclusion

In this study it has been found that stimulated rat saliva is sig-
nificantly different from stimulated human saliva in terms of pH, buffer
capacity, surface tension, and viscosity. In addition, the dissolution of
two model bitter drugs, sildenafil citrate and efavirenz gave very dif-
ferent concentrations in stimulated rat saliva compared to stimulated
human saliva. These differences suggest that the fate of the particulate-
based dosage forms in the rat oral cavity could be quite different
compared to human oral cavity. This discrepancy in saliva parameters
and dissolution of model drugs suggests that a rat preclinical taste
evaluation method of particulate-based taste-masked formulations
could be not representative of the taste of these particulate-based taste-
masked formulations in humans. Alternative preclinical in vivo models
in other species, or improved biorelevant in vitro models should be
considered instead.

Acknowledgments

This work was supported by the Engineering and Physical Sciences
Research Council [grant number EP/L01646X]; the University of
Nottingham CDT in Advanced Therapeutics and Nanomedicine; and
Pfizer Ltd.

References

[1] A.M. Aulton’s, Pharmaceutics, Churchill Livingstone Elsevier, 2007.

[2] F. Liu, S. Ranmal, H.K. Batchelor, M. Orlu-Gul, T.B. Ernest, . W. Thomas,

T. Flanagan, C. Tuleu, Patient-centred pharmaceutical design to improve accept-

ability of medicines: Similarities and differences in paediatric and geriatric popu-

lations, Drugs. 74 (2014) 1871-1889, https://doi.org/10.1007/540265-014-

0297-2.

H.K. Batchelor, J.F. Marriott, Formulations for children: Problems and solutions, Br.

J. Clin. Pharmacol. 79 (2015) 405-418, https://doi.org/10.1111/bcp.12268.

A'F. Schlatter, A.R. Deathe, R.C. Vreeman, The need for pediatric formulations to

treat children with HIV, AIDS Res. Treat. 2016 (2016), https://doi.org/10.1155/

2016/1654938.

[5] E. Commission, Regulation (EC) No 1901/2006 of the European Parliament and of

the Council of 12 December 2006 on medicinal products for paediatric use and

amending Regulation (EEC) No 1768/92, Directive 2001,/20/EC, Directive 2001/

83/EC and Regulation (EC) No 726/2004, (2006). https://ec.europa.eu/health//

sites/health/files/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf.

E.M. Agency, Concept paper on the need for a reflection paper on quality aspects of

medicines for older people, 44 (2013). https://www.ema.europa.eu/en/

documents/scientific-guideline/concept-paper-need-reflection-paper-quality-
aspects-medicines-older-people-first-version_en.pdf.

[7] D.A. Van Riet-nales, N. Hussain, K.A.E. Sundberg, D. Eggenschwyler, C. Ferris,

J. Robert, F. Cerreta, Regulatory incentives to ensure better medicines for older
people : From ICH E7 to the EMA reflection paper on quality aspects, Int. J. Pharm.
512 (2016) 343-351, https://doi.org/10.1016/j.ijpharm.2016.05.001.

[8] A. Cram, J. Breitkreutz, S. Desset-bréthes, T. Nunn, C. Tuleu, Challenges of devel-
oping palatable oral paediatric formulations, Int. J. Pharm. 365 (2009) 1-3, https://
doi.org/10.1016/j.ijpharm.2008.09.015.

[9] D. Matsui, Current issues in pediatric medication adherence, Paediatr. Drugs. 9
(2007) 283-288.

[10] H. Sohi, Y. Sultana, R.K. Khar, Taste masking technologies in oral pharmaceuticals:
recent developments and approaches, Drug Dev. Ind. Pharm. 30 (2004) 429-448,
https://doi.org/10.1081/DDC-120037477.

[11] P. Mistry, H. Batchelor, Evidence of acceptability of oral paediatric medicines: a
review, J. Pharm. Pharmacol. 69 (2017) 361-376, https://doi.org/10.1111/jphp.
12610.

[12] J. Walsh, S.R. Ranmal, T.B. Ernest, F. Liu, Patient acceptability, safety and access: a
balancing act for selecting age-appropriate oral dosage forms for paediatric and
geriatric populations, Int. J. Pharm. 536 (2018) 547-562, https://doi.org/10.1016/
j.ijpharm.2017.07.017.

[13] V. Anand, M. Kataria, V. Kukkar, V. Saharan, P.K. Choudhury, The latest trends in
the taste assessment of pharmaceuticals, Drug Discov. Today. 12 (2007) 257-265,
https://doi.org/10.1016/j.drudis.2007.01.010.

[14] S. Gittings, N. Turnbull, C.J. Roberts, P. Gershkovich, Dissolution methodology for
taste masked oral dosage forms, J. Control. Release. 173 (2014) 32-42, https://doi.
org/10.1016/j.jconrel.2013.10.030.

[15] J.B. Dressman, C. Reppas, In vitro-in vivo correlations for lipophilic, poorly water-
soluble drugs, Eur. J. Pharm. Sci. 11 (2000) 73-80, https://doi.org/10.1016/
$0928-0987(00)00181-0.

[3

=

[4

=

[6

[}

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

European Journal of Pharmaceutics and Biopharmaceutics 146 (2020) 1-9

E.S. Kostewicz, U. Brauns, R. Becker, J.B. Dressman, Forecasting the oral absorption
behavior of poorly soluble weak bases using solubility and dissolution studies in
biorelevant media, Pharm. Res. 19 (2002) 345-349.

V.H. Sunesen, B.L. Pedersen, H.G. Kristensen, A. Miillertz, In vivo in vitro corre-
lations for a poorly soluble drug, danazol, using the flow-through dissolution
method with biorelevant dissolution media, Eur. J. Pharm. Sci. 24 (2005) 305-313,
https://doi.org/10.1016/j.ejps.2004.11.007.

M. Vertzoni, J. Dressman, J. Butler, J. Hempenstall, C. Reppas, Simulation of fasting
gastric conditions and its importance for the in vivo dissolution of lipophilic com-
pounds, Eur. J. Pharm. Biopharm. 60 (2005) 413-417, https://doi.org/10.1016/j.
€jpb.2005.03.002.

A. Okumu, M. DiMaso, R. Lobenberg, Dynamic dissolution testing to establish in
vitro/in vivo correlations for montelukast sodium, a poorly soluble drug, Pharm.
Res. 25 (2008) 2778-2785, https://doi.org/10.1007/511095-008-9642-z.

A.H.A. Mohamed-Ahmed, J. Soto, T. Ernest, C. Tuleu, Non-human tools for the
evaluation of bitter taste in the design and development of medicines: a systematic
review, Drug Discov. Today. 21 (2016) 1170-1180, https://doi.org/10.1016/j.
drudis.2016.05.014.

J. Soto, G. Winzenburg, R. Turner, S. Desset-Bréthes, Y. Sheng, M. Orlu-Gul,

C. Tuleu, Assessing the bitter taste of medicines: a comparison between rat taste
panels (via the brief-access taste aversion (BATA) model) and human taste panels,
Int. J. Pharm. 511 (2016) 1127-1128, https://doi.org/10.1016/j.ijpharm.2016.06.
063.

J. Soto, A. Keeley, A.V. Keating, A.H.A. Mohamed-ahmed, Y. Sheng, G. Winzenburg,
R. Turner, S. Desset-bréthes, M. Orlu, C. Tuleu, Rats can predict aversiveness of
active pharmaceutical ingredients, Eur. J. Pharm. Biopharm. 133 (2018) 77-84,
https://doi.org/10.1016/j.ejpb.2018.09.027.

A. Keeley, M. Teo, Z. Ali, J. Frost, M. Ghimire, A. Rajabi-Siahboomi, M. Orlu,

C. Tuleu, In vitro dissolution model can predict the in vivo taste masking perfor-
mance of coated multiparticulates, Mol. Pharm. (2019), https://doi.org/10.1021/
acs.molpharmaceut.9b00060.

D.a. Chiappetta, C. Hocht, A. Sosnik, A highly concentrated and taste-improved
aqueous formulation of efavirenz for a more appropriate pediatric management of
the anti-HIV therapy, Curr. HIV Res. 8 (2010) 223-231, https://doi.org/10.2174/
157016210791111142.

Y. Wang, M.S.S. Chow, Z. Zuo, Mechanistic analysis of pH-dependent solubility and
trans-membrane permeability of amphoteric compounds: application to sildenafil,
Int. J. Pharm. 352 (2008) 217-224, https://doi.org/10.1016/j.ijpharm.2007.10.
039.

A.D. Panikumar, Y. Venkat Raju, G. Sunitha, C.V.S. Sathesh Babu,

P.R. Subrahmanyam, Development of biorelevant efavirenz and its formulations,
Asian J. Pharm. Clin. Res. 5 (2012) 3-6.

A.C.D. Inc., ACD/I-Lab 2.0, version 5.0.0.184, (2019). http://ilab.cds.rsc.org.

S. Gittings, N. Turnbull, B. Henry, C.J. Roberts, P. Gershkovich, Characterisation of
human saliva as a platform for oral dissolution medium development, Eur. J.
Pharm. Biopharm. 91 (2015) 16-24, https://doi.org/10.1016/j.ejpb.2015.01.007.
J. Ali, A. Zgair, G.S. Hameed, M.C. Garnett, C.J. Roberts, J.C. Burley,

P. Gershkovich, Application of biorelevant saliva-based dissolution for optimisation
of orally disintegrating formulations of felodipine, Int. J. Pharm. 555 (2019),
https://doi.org/10.1016/j.ijpharm.2018.11.051.

H. Aiuchi, Y. Kitasako, Y. Fukuda, S. Nakashima, M.F. Burrow, J. Tagami,
Relationship between quantitative assessments of salivary buffering capacity and
ion activity product for hydroxyapatite in relation to cariogenic potential, Aust.
Dent. J. 53 (2008) 167-171, https://doi.org/10.1111/j.1834-7819.2008.00027 .x.
A. Bardow, D. Moe, B. Nyvad, B. Nauntofte, The buffer capacity and buffer systems
of human whole saliva measured without loss of CO2, Arch. Oral Biol. 45 (2000)
1-12, https://doi.org/10.1016/S0003-9969(99)00119-3.

C.E. Christersson, L. Lindh, T. Arnebrant, Film-forming properties and viscosities of
saliva substitutes and human whole saliva, Eur. J. Oral Sci. 108 (2000) 418-425,
https://doi.org/10.1034/j.1600-0722.2000.108005418..x.

H. Inoue, K. Ono, W. Masuda, T. Inagaki, M. Yokota, K. Inenaga, Rheological
Properties of Human Saliva and Salivary Mucins, J. Oral Biosci. 50 (2008) 134-141,
https://doi.org/10.2330/joralbiosci.50.134.

K.-A. Omnell, E.E. Qwarnstrom, A Technique for Intraoral Cannulation and Infusion
of the Rat Submandibular Gland, Dentomaxillofacial Radiol. 12 (1983) 13-15,
https://doi.org/10.1259/dmfr.1983.0002.

H. Katsukawa, Y. Ninomiya, Capsaicin induces cystatin S-like substances in sub-
mandibular saliva of the rat, J. Dent. Res. 78 (1999) 1609-1616 http://www.ncbi.
nlm.nih.gov/pubmed/10520965.

O. Kopach, J. Vats, O. Netsyk, N. Voitenko, A. Irving, N. Fedirko, Cannabinoid
receptors in submandibular acinar cells: functional coupling between saliva fluid
and electrolytes secretion and Ca2+ signalling, J. Cell Sci. 125 (2012) 1884-1895,
https://doi.org/10.1242/jcs.088930.

A. Nezu, T. Morita, Y. Tojyo, T. Nagai, A. Tanimura, Partial agonistic effects of
pilocarpine on Ca 2* responses and salivary secretion in the submandibular glands
of live animals, Exp. Physiol. 100 (2015) 640-651, https://doi.org/10.1113/
EP085110.

M. Ulmansky, J. Sela, T. Dishon, E. Rosenmann, J.H. Boss, A technique for the
intubation of the parotid duct in rats, Arch. Oral Biol. 17 (1972) 609-IN25, https://
doi.org/10.1016,/0003-9969(72)90080-5.

M.A. Benarde, F.W. Fabian, S. Rosen, C.A. Hoppert, H.R. Hunt, A method for the
collection of large quantities of rat saliva, J. Dent. Res. 35 (1956) 326-327, https://
doi.org/10.1177,/00220345560350022801.

L. Kopittke, R. Gomez, H.M.T. Barros, Opposite effects of antidepressants on un-
stimulated and stimulated salivary flow, Arch. Oral Biol. 50 (2005) 17-21, https://
doi.org/10.1016/j.archoralbio.2004.08.006.


https://doi.org/10.1007/s40265-014-0297-2
https://doi.org/10.1007/s40265-014-0297-2
https://doi.org/10.1111/bcp.12268
https://doi.org/10.1155/2016/1654938
https://doi.org/10.1155/2016/1654938
https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://).ttps://www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-need-reflection-paper-quality-aspects-medicines-older-people-first-version_en.pdf
http://).ttps://www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-need-reflection-paper-quality-aspects-medicines-older-people-first-version_en.pdf
http://).ttps://www.ema.europa.eu/en/documents/scientific-guideline/concept-paper-need-reflection-paper-quality-aspects-medicines-older-people-first-version_en.pdf
https://doi.org/10.1016/j.ijpharm.2016.05.001
https://doi.org/10.1016/j.ijpharm.2008.09.015
https://doi.org/10.1016/j.ijpharm.2008.09.015
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0045
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0045
https://doi.org/10.1081/DDC-120037477
https://doi.org/10.1111/jphp.12610
https://doi.org/10.1111/jphp.12610
https://doi.org/10.1016/j.ijpharm.2017.07.017
https://doi.org/10.1016/j.ijpharm.2017.07.017
https://doi.org/10.1016/j.drudis.2007.01.010
https://doi.org/10.1016/j.jconrel.2013.10.030
https://doi.org/10.1016/j.jconrel.2013.10.030
https://doi.org/10.1016/S0928-0987(00)00181-0
https://doi.org/10.1016/S0928-0987(00)00181-0
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0080
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0080
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0080
https://doi.org/10.1016/j.ejps.2004.11.007
https://doi.org/10.1016/j.ejpb.2005.03.002
https://doi.org/10.1016/j.ejpb.2005.03.002
https://doi.org/10.1007/s11095-008-9642-z
https://doi.org/10.1016/j.drudis.2016.05.014
https://doi.org/10.1016/j.drudis.2016.05.014
https://doi.org/10.1016/j.ijpharm.2016.06.063
https://doi.org/10.1016/j.ijpharm.2016.06.063
https://doi.org/10.1016/j.ejpb.2018.09.027
https://doi.org/10.1021/acs.molpharmaceut.9b00060
https://doi.org/10.1021/acs.molpharmaceut.9b00060
https://doi.org/10.2174/157016210791111142
https://doi.org/10.2174/157016210791111142
https://doi.org/10.1016/j.ijpharm.2007.10.039
https://doi.org/10.1016/j.ijpharm.2007.10.039
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0130
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0130
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0130
http://ilab.cds.rsc.org
https://doi.org/10.1016/j.ejpb.2015.01.007
https://doi.org/10.1016/j.ijpharm.2018.11.051
https://doi.org/10.1111/j.1834-7819.2008.00027.x
https://doi.org/10.1016/S0003-9969(99)00119-3
https://doi.org/10.1034/j.1600-0722.2000.108005418.x
https://doi.org/10.2330/joralbiosci.50.134
https://doi.org/10.1259/dmfr.1983.0002
http://www.ncbi.nlm.nih.gov/pubmed/10520965
http://www.ncbi.nlm.nih.gov/pubmed/10520965
https://doi.org/10.1242/jcs.088930
https://doi.org/10.1113/EP085110
https://doi.org/10.1113/EP085110
https://doi.org/10.1016/0003-9969(72)90080-5
https://doi.org/10.1016/0003-9969(72)90080-5
https://doi.org/10.1177/00220345560350022801
https://doi.org/10.1177/00220345560350022801
https://doi.org/10.1016/j.archoralbio.2004.08.006
https://doi.org/10.1016/j.archoralbio.2004.08.006

J. Ali, et al.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

G. Voronin, M. Chiang, X. Zang, L. Kagan, T. Theis, L. Lyu, Advancing rare disease
discovery by bringing 3D printing to the lab, in: Adv. Rare Dis. Drug Discov., New
York City, NY, 2016.

F. Lagerlof, C. Dawes, The volume of saliva in the mouth before and after swal-
lowing, J. Dent. Res. 63 (1984) 618-621, https://doi.org/10.1177/
00220345840630050201.

J.D. Rudney, Z. Ji, C.J. Larson, The prediction of saliva swallowing frequency in
humans from estimates of salivary flow rate and the volume of saliva swallowed,
Arch. Oral Biol. 40 (1995) 507-512, https://doi.org/10.1016/0003-9969(95)
00004-9.

US Food and Drug administration (FDA), Guidance for Industry: Bioanalytical
Method Validation, (2001), pp. 4-10.

A. Tatevossian, W. Wright, The collection and analysis of resting rat saliva, Arch.
Oral Biol. 19 (1974) 825-827.

E.S. Stippler, N.E. Romero, J.W. Mauger, Formulating buffered dissolution media
for sparingly soluble weak acid and weak base drug compounds based on micro-
environmental pH, Dissolution Technol. (2014) 20-25.

P. Finholt, S. Solvang, Dissolution kinetics of drugs in human gastric juice—the role
of surface tension, J. Pharm. Sci. 57 (1968) 1322-1326, https://doi.org/10.1002/

[48]

[49]

[50]

[51]
[52]

[53]

[54]

European Journal of Pharmaceutics and Biopharmaceutics 146 (2020) 1-9

jps.2600570809.

M. Efentakis, J.B. Dressman, Gastric juice as a dissolution medium: Surface tension
and pH, Eur. J. Drug Metab. Pharmacokinet. 23 (1998) 97-102, https://doi.org/10.
1007/BF03189322.

A. Fathi-Azarbayjani, A. Jouyban, S.Y. Chan, Impact of surface tension in phar-
maceutical sciences, J. Pharm. Pharm. Sci. 12 (2009) 218-228, https://doi.org/10.
18433/J32P40.

R.J. Braun, E.L. Parrott, Influence of viscosity and solubilization on dissolution rate,
J. Pharm. Sci. 61 (1972) 175-178.

U.V. Banakar, Pharmaceutical Dissolution Testing, Taylor & Francis Group, 1991.
J.R. Stokes, M.W. Boehm, S.K. Baier, Current Opinion in Colloid & Interface Science
Oral processing, texture and mouthfeel : From rheology to tribology and beyond,
Curr. Opin. Colloid Interface Sci. 18 (2013) 349-359, https://doi.org/10.1016/j.
cocis.2013.04.010.

A.T.M. Serajuddin, Salt formation to improve drug solubility, Adv. Drug Deliv. Rev.
59 (2007) 603-616, https://doi.org/10.1016/j.addr.2007.05.010.

S. Pasha, T. Inui, I. Chapple, S. Harris, L. Holcombe, M.M. Grant, The saliva pro-
teome of dogs: variations within and between breeds and between species,
Proteomics. 1700293 (2018) 1-7, https://doi.org/10.1002/pmic.201700293.


https://doi.org/10.1177/00220345840630050201
https://doi.org/10.1177/00220345840630050201
https://doi.org/10.1016/0003-9969(95)00004-9
https://doi.org/10.1016/0003-9969(95)00004-9
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0225
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0225
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0230
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0230
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0230
https://doi.org/10.1002/jps.2600570809
https://doi.org/10.1002/jps.2600570809
https://doi.org/10.1007/BF03189322
https://doi.org/10.1007/BF03189322
https://doi.org/10.18433/J32P40
https://doi.org/10.18433/J32P40
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0250
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0250
http://refhub.elsevier.com/S0939-6411(19)31292-5/h0255
https://doi.org/10.1016/j.cocis.2013.04.010
https://doi.org/10.1016/j.cocis.2013.04.010
https://doi.org/10.1016/j.addr.2007.05.010
https://doi.org/10.1002/pmic.201700293

	Is rat a good model for assessment of particulate-based taste-masked formulations?
	Introduction
	Materials and methods
	Collection of human saliva from healthy adult volunteers
	Collection of stimulated rat saliva
	Characterisation of rat and human saliva
	Oral cavity dissolution studies of sildenafil citrate and efavirenz in pooled rat and human stimulated saliva
	Analytical procedures
	Statistical analysis

	Results
	Characterisation of rat and human saliva
	Dissolution of sildenafil citrate in saliva
	Dissolution of efavirenz in saliva

	Discussion
	Conclusion
	Acknowledgments
	References




