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Contemporary dosage form dissolution testing has been fur-
ther developed and refined to aid in the drug development 
process. It now reflects the suitability of developed formula-
tions in the early stages of product development and allows 
for the selection of formulations that will advance into 
in-vivo studies. It also serves as a quality control measure 
and a means of comparison between different commercial 
products containing the same active pharmaceutical ingredi-
ent (bioequivalence assessment) [3]. Furthermore, in-vitro 
in-vivo correlations (IVIVC) utilize in-vitro data to predict 
in-vivo performance in humans, bridging the gap between 
pre-clinical and clinical studies [4–6].

There are several types of dissolution apparatus com-
monly used in pharmaceutical research and development, 
and the choice of apparatus depends on various factors, 
including the type of dosage form, pharmacopeial and 
regulatory requirements, and drug properties [5]. The gen-
eral performance tests monographed in the United States 
Pharmacopeia (USP) chapters on Dissolution < 711> [7], 
and Drug Release < 724> [8] details guidelines and stan-
dards for testing pharmaceutical dosage forms, and for 
solid oral dosage forms, USP type Apparatus 1 and 2 are 

Introduction

Dissolution testing, as defined by the United States Phar-
macopeia (USP), measures the rate and extent of drug 
solution formation from a dosage form [1]. Its fundamen-
tal importance was recognized in 1957, when Nelson dis-
covered a correlation between in-vivo blood concentrations 
of oral theophylline salts and their in-vitro dissolution [2]. 
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Abstract
Conventional dissolution tests only assess the aqueous release of drugs to ensure quality and performance, without indicat-
ing whether absorption occurs through the portal or the lymphatic circulation. To address this issue, this study aimed to 
develop novel first-generation dissolution models that could investigate the release and uptake of oral lymphotropic drugs 
and examine relevant formulation issues. Dissolution of three commercial lymphotropic drug products (Terbinafina, Apo-
terbinafine, and Lamisil) was done using modified versions of USP Apparatus II and IV. The developed models contained a 
lymphatic compartment filled with artificial chylomicrons to account for absorption through intestinal lymphatic pathway. 
The various products exhibited different release profiles into the aqueous media and the lymphatic media across the two 
tested models. The modified USP IV apparatus demonstrated greater distinction in aqueous release patterns. However, the 
release pattern into the lymphatic media remained similar in both models. This work represents a progress in meeting the 
challenges posed by the increasing complexity of pharmaceutical products containing lipophilic drugs or formulations, 
and has the potential to contribute towards the development of in-vitro bioequivalence standards for formulations target-
ing intestinal lymphatics.
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most frequently used [1]. However, these standard dissolu-
tion equipment only estimate the aqueous release of drugs 
from formulations, without reflecting the pathways through 
which they are absorbed.

Most oral drugs when absorbed intracellularly (active or 
passive), they pass through the portal vein to the liver before 
entering the general circulation [9, 10]. However, certain 
drugs can enter the general circulation via the intestinal 
lymphatics (lymphotropic drugs) instead of simply conven-
tional enteric absorption. These xenobiotics are packaged 
into triglyceride-rich lipoproteins called chylomicrons and 
then exocytosized out of the enterocytes to be taken up 
by the intestinal lymphatics [11, 12]. This method of drug 
absorption and delivery offers several pharmacokinetic and 
pharmacodynamics advantages, including shunting away 
from first-pass enteric and hepatic metabolism, potentially 
higher bioavailability, and increased efficacy of various 
treatment modalities [13–15]. Yet, quantifying this pathway 
directly is not possible without measurements in the lym-
phatic fluid, which requires invasive procedures [16].

In a previous study, we presented an in-vitro model crafted 
to predict, inhibit, and enhance lymphatic uptake. The foun-
dation of the model was based on the interaction of drugs 
with chylomicrons, a process well-documented for its pre-
dictive abilities in assessing intestinal lymphatic uptake [17].

Here we report the first lymph-focused dissolution mod-
els. This study aimed to develop innovative first-generation 
dissolution models that provide a deeper understanding of 
the release and uptake of oral lymphotropic drugs, thereby 
enhancing formulation design strategies. In light of the 
growing number of formulations and delivery systems 
designed for lymphatic transport, these models also have 
the potential to eventually contribute to the establishment 
of bioequivalence guidelines specifically for lymphotropic 
formulations.

The proposed models consider both pathways through 
which released drugs may enter the general systemic circu-
lation and incorporate an artificial chylomicron-containing 
compartment within the dissolution vessel. This compart-
ment adds a lipid dissolution sink for lymphotropic drugs 
to the setup. By analyzing the media in both the dissolu-
tion vessel and lymphatic compartments, the drug content 
in each compartment can be assessed, providing valuable 
insights into drug behavior.

Materials and Methods

Materials

Sodium chloride (NaCl, CAS: 7647-15-5), potassium phos-
phate monobasic (KH2PO4, CAS: 7778-77-0), potassium 

phosphate dibasic (K2HPO4, CAS: 7758-11-4), sodium 
hydroxide (NaOH, CAS: 1310-73-2) and triethylamine 
(CAS: 121-44-8) were all obtained from Caledon Laborato-
ries (Ontario, Canada). Hydrochloric acid (36.5–38%) was 
from BDH Inc. (Ontario, Canada) whereas artificial chylo-
microns media (Intralipid® [16]) was purchased from Fre-
senius Kabi Ltd (Toronto, Ontario, Canada). HPLC-grade 
acetonitrile and o-phosphoric acid (85%) were both prod-
ucts of Fisher Chemicals (Ontario, Canada).

Equipment

The tools and equipment used in the different experiments 
included dialysis bags with molecular weight cut-off, 
MWCO: 12–14 kDa and 45 mm-width (Spectra/Por molec-
ularporous membrane tubing SP4) from Fisher Scientific 
(Ontario, Canada), Amicon Ultra-0.5 30 KDa centrifugal 
filtering units (Millipore, Sigma-Aldrich, Darmstadt, Ger-
many), accumet® XL20 pH/conductivity meter (Fischer 
Scientific, Massachusetts, USA) and density kit (XPR/
XSR-Ana) from Mettler Toledo (Ohio, USA). For HPLC 
analysis, Shimadzu HPLC (LC-10AD, Shimadzu Corpo-
ration, Kyoto, Japan) equipped with SIL-10 A (Shimadzu 
Auto Injector) and UV-VIS detector (SPD-10AV) was used. 
Analysis was performed using Kinetex™ C18 column 
(250 mm ×4.6 mm×5 μm) from Phenomenex (California, 
USA), and resultant peak areas were integrated using Lab-
Solutions software (Shimadzu Corporation, Kyoto, Japan).

Preparation of the Dissolution Media

Standard Simulated Gastric Fluid (pH = 1.2) and Phosphate 
Buffer (pH = 6.8)

USP41-NF36 protocol was employed to prepare the simu-
lated gastric fluid (without enzymes, pH 1.2) and the phos-
phate buffer (pH 6.8) (p 5754 and 5748, respectively) [1].

Modified Simulated Gastric Fluid

An adapted gastric fluid was prepared by adding 0.9 g of 
sodium chloride, 3.27 mL of hydrochloric acid and 3.2 g of 
potassium dihydrogen phosphate to make 1000 mL solution 
using water. The pH of this solution was attuned to 1.9.

Measurement of Density of the Prepared 
Dissolution Media

The density of 80 mL-samples of each fluid was measured 
at a temperature of 25 ± 0.2 °C. The designated amount of 
fluid was added to the beaker and the sinker was fully sub-
merged. Any air bubbles that adhered to the sinker were 
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removed and the draft shield was closed. Once the balance 
was stabilized, the readings were recorded.

Measuring the Dissolution of Terbinafine Products 
Using the Developed Models

Dissolution of three commercial products of the lympho-
tropic drug terbinafine was tested using modified USP 
Apparatus II and IV (Fig. 1). The used products were Terbi-
nafina (Laboratorio Chile, Chile), Apo-terbinafine (Apotex, 
Toronto, Canada) and Lamisil (Manufactured by Novartis 
Pharma Produktions GmbH, Germay for Novartis Pharma 
AG, Switzerland). Each product was tested between 4 and 
6 times using each developed methodology. For terbinafine 
hydrochloride tablets, FDA Dissolution Methods Database 
calls for 500 mL media, maintained at 37 ± 0.5  °C and 
stirred at 50 rpm [18]. The same conditions were applied in 
these experiments.

Dissolution Testing via Modified USP Apparatus II

Freshly prepared and degassed media was used (250 mL of 
modified simulated gastric fluid (pH = 1.9)). Dialysis bag 
containing 5mL of artificial chylomicrons mediawas added 
to mimic lymphatic uptake. Initially, the dialysis bag was 
attached either to the bottom of the paddle or the paddle 
shaft. However, a systematic assessment led to determining 
that the most effective configuration involved placing the 
dialysis bag within the dissolution media in the vessel of the 
modified USP Apparatus II. This positioning ensured con-
tinuous contact with the media throughout the experiment, 

enabling valuable comparisons between the Apparatus II 
and Apparatus IV setups as further illustrated in the follow-
ing section. Samples were taken from the vessel media at 
different time points (5, 15, 30, 45, and 60 min). From the 
dialysis bags, 60-minute samples were taken after the end of 
the experiment. These samples of 0.2 mL were then diluted 
with 0.8 mL acetonitrile before being filtered into the HPLC 
vial for analysis. Also from the bag, 0.5 mL was added 
to the centrifugal filtering unit and centrifuged at 10  K g 
for 10  min. The filtrate was collected and analysed using 
HPLC. The calculated concentrations for the samples were 
plotted to determine the cumulative percent dissolved over 
time using DDSolver [19].

Dissolution Testing via Modified USP Apparatus IV

This apparatus included a pump that moved the media from 
a container through a flow cell of 22.6 mm internal diameter. 
The cell held the dosage form that was placed over 25 glass 
beads of 1  mm size positioned in the bottom of the cell. 
The media used for the test were placed in a constant tem-
perature water bath, maintained at 37 ± 0.5 ° C and pumped 
through the cell. The dissolved drug along with any other 
substances that pass through the flow cell were collected in 
a vessel comparable to the USP Apparatus II vessel. First, 
simulated gastric fluid (SGF) was pumped through the cells 
at a flow rate of 8 mL/min for 15 min. This was followed by 
phosphate buffer (pH 6.8) at a flow rate of 16 mL/min for 
45 min. Upon switching to the second media, dialysis bag 
containing 5 mL of artificial chylomicrons media was added 
to the collection vessel. Here, the collection vessel would 

Fig. 1  Illustration of the a Modi-
fied USP Apparatus II (Top) and 
b Modified USP Apparatus IV 
(Bottom) used to study the dis-
solution of various commercial 
products of the lymphotropic 
drug, terbinafine. To each model 
a dialysis bag (molecular weight 
cut-off, MWCO:12-14kD and 
45 mm-width) containing 5mLof 
artificial chylomicrons – was 
added to mimic lymphatic 
uptake. Part of this illustration 
was created with www.BioRen-
der.com
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compartment than Apo-terbinafine. However, Terbinafina 
had higher lymphatic uptake than Lamisil (2.58%, 2.32%, 
respectively). Apo-terbinafine had 1.71% in the lymphatic 
compartment of this model.

The results obtained from the modified USP Apparatus 
IV revealed notable differences among the tested products 
(Fig.  3). Specifically, Terbinafina demonstrated superior 
release as documented in the collection vessel compared to 
Lamisil, with both exhibiting significantly higher release 
than Apo-terbinafine (101.93%, 83.93%, and 11.48%, 
respectively). A similar phenomenon was observed in 
the lymphatic compartment, with Terbinafina exhibiting 
the highest accumulation in the lymphatic compartment 
(2.14%), followed by Lamisil (1.16%) and Apo-terbinafine 
(0.21%).

Discussion

Following oral administration, immediate-release dosage 
forms have to disintegrate to liberate drugs that dissolve 
in the physiological fluid before moving across the GIT 
[20, 21]. While most drugs travel from the GIT into the 
systemic circulation via portal blood, others might take a 
different route to the systemic circulation through intesti-
nal lymphatic voyage via chylomicrons [13, 16]. The latter 
mainly have log P > 5 and solubility in long chain triglyc-
erides > 50  mg/g, however other molecular descriptors 
may also play a role [17]. These drugs get packaged into 
chylomicrons which are taken up by the lymphatics rather 
than blood capillaries once they get exocytosized from the 
enterocytes [22, 23].

Dissolution testing of oral dosage forms quantifies the 
release of the active pharmaceutical ingredient (API) in a 
specified dissolution media that might mimic the physi-
ological environment in which the same process would 
happen in-vivo [24]. For drugs not subjected to first-pass 
effect or other physiological phenomenon and whose per-
meability is not limited, dissolution testing performance can 

start filling as the experiment progressed, therefore, attach-
ing the bag to a fixed point (paddle bottom or shaft) would 
not have provided the consistent media contact that the cho-
sen position did, making it a critical choice for this study. 
During the dissolution test, 5 mL samples were collected at 
5, 15, 30, 45, and 60 min. The media volume was weighed 
and exact volume was calculated using the previously deter-
mined density of the media. Samples from the dialysis bags 
containing the artificial chylomicrons were collected at the 
end and processed as described with the apparatus II.

HPLC Instrumentation and Chromatographic 
Conditions

The mobile phase was composed of a mixture of acetoni-
trile and water containing 0.02 M ortho-phosphoric acid and 
0.01 M triethylamine (40:60 v/v) and was eluted isocrati-
cally at 25 ºC and a flow rate of 1 mL/min. All samples were 
injected at 20 µl, and detection was set at 224 and 283 nm.

Statistical Analysis

All dissolution groups were established with 4–6 indepen-
dent replicates, and the results are presented as mean ± stan-
dard error of the mean (SE). Statistical differences were 
assessed using an ANOVA test with a significance level of 
α = 0.05, where p-values below 0.05 were deemed statisti-
cally significant in all instances.

Results

As depicted in Fig. 2, results of performance of the differ-
ent products in the modified USP Apparatus II demonstrated 
that terbinafine release into the dissolution media was high-
est with Lamisil followed by Terbinafina, then Apo-terbi-
nafine (87.90%, 83.17% and 71.68%, respectively). For 
the lymphatic uptake aspect of the model system, Terbina-
fina and Lamisil accumulated more drug in the lymphatic 

Fig. 2  Cumulative percentage of 
dissolved terbinafine from the 
commercial products into modi-
fied USP apparatus II. The Line 
graph represents the dissolution 
vessel profile and the columns 
represent the % of the drug with 
respect to the total dose in the 
lymphatic vicinity (dialysis mem-
brane containing the artificial 
chylomicrons) after 60 min. Data 
represent the mean values and 
bars represent the stansard error 
(n = 4–6). * Denotes statistically 
significant from other groups 
p < 0.05
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data, a standard USP Apparatus II was employed with dif-
ferent media, namely standard simulated gastric fluid (SGF, 
pH = 1.2), modified simulated gastric fluid (modified SGF, 
pH = 1.9), and phosphate buffer (pH = 6.8). Standard simu-
lated gastric fluid has been reported as a dissolution medium 
for terbinafine tablets and other dosage forms in the litera-
ture [20]. Preliminary findings (data not shown) indicated 
that the cumulative percent dissolved of terbinafine from 
the different products in SGF was quite low. The highest 
amount of the drug detected in the media was about 15%. 
Nevertheless, the performance of the tablets in terms of dis-
solution rate was increased in the modified SGF, and was 
ultimately utilized instead of the standard SGF. Results in 
phosphate buffer results showed close to zero drug release 
over time.

Being a basic drug whose solubility is pH-dependent with 
maximum solubility at acidic pH, modified SGF yielded 
understandably better results than the basic phosphate buf-
fer. As seen from the solubility graph of terbinafine (Fig. 4), 
the drug solubility in both pHs of the standard and modified 
SGFs (1.2 and 1.9, respectively) remains the same. How-
ever, the superior performance of the modified SGF than the 
standard SGF might be attributed to the excipients utilized 
in the different products as will be discussed later.

be an indicative method of the in-vivo drug bioavailability 
in plasma [25]. However, not all drugs reach the systemic 
circulation via the portal vein. For those xenobiotics a more 
representative dissolution model should be considered; one 
that considers both blood and lymphatic pathways through 
which candidate APIs may reach the general circulation.

In the proposed models for the measurement of disso-
lution of lymphotropic drugs, artificial chylomicrons [16, 
17] were added to the dissolution media in the vessel of 
modified USP Apparatus II and to the media in the collec-
tion vessel of modified USP Apparatus IV to facilitate the 
drug uptake into a lymphatic-like environment and hence 
account for the proportion of the lymphatic uptake of the 
dissolved drug.

Terbinafine was the selected model drug in this study. It 
has been documented to go through intestinal lymphatics 
[26]. The molecular descriptors of terbinafine are in Table 1. 
It comes in various oral solid dosage forms including tablets 
and granules [27]. Three commercial product of 250 mg ter-
binafine hydrochloride tablets were sampled and utilized in 
this work (Terbinafina, Apo-terbinafine and Lamisil).

Terbinafine hydrochloride is listed officially in the 
United States Pharmacopoeia, British Pharmacopoeia, and 
European Pharmacopoeia [28]. For collecting preliminary 

Table 1  Molecular descriptors of terbinafine 

Fig. 3  Cumulative percentage of dissolved terbinafine from the com-
mercial products into modified USP apparatus IV. The Line graph rep-
resents the dissolution vessel profile and the columns represent the % 
of the drug with respect to the total dose in the lymphatic vicinity (dial-

ysis membrane containing the artificial chylomicrons) after 60  min. 
Data represent the mean values and bars represent the stansard error 
(n = 4–6). * Denotes statistically significant from other groups p < 0.05
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highly effective in promoting a more rapid tablet disintegra-
tion and dissolution, while croscarmellose sodium may be 
less effective in this regard, likely due to functional differ-
ences between the two disintegrants. Specifically, sodium 
starch glycolate has a higher swelling and wicking capac-
ity, meaning it can absorb additional water and distribute it 
more evenly throughout the tablet, leading to more uniform 
disintegration. It also has greater compressibility, allowing 
it to be used in higher concentrations without compromis-
ing tablet hardness or friability, ultimately enhancing tablet 
disintegration and dissolution [29, 30].

Although the hydrophobicity of hydroxypropyl cellulose 
and hydroxypropylmethyl cellulose is different [31]. Yet, 
that did not affect the performance of their formulations 
(Terbinafina and Lamisil, respectively). However, for Apo-
terbinafine, the usage of methylcellulose in Apo-terbinafine 
could have impacted the drug release. Methylcellulose is a 
water-soluble polymer that can form a gel-like matrix in the 
presence of water [32]. The presence of this gel can decrease 
tablet porosity, water diffusivity, and increase the time it 
takes for the tablet to disintegrate, all of which can result 
in a slower drug release rate from the tablet. This property 
is utilized in controlled release formulations [33, 34]. The 
hydration of methyl cellulose is lower compared to both 
hydroxypropyl methyl cellulose [35] and hydroxypropyl 
cellulose [31]. The adhesive property of methyl cellulose, 
which could potentially block tablet pores, may explain the 
prolonged disintegration time observed in Apo-terbinafine 
tablets compared to Lamisil and Terbinafina.

Moreover, the manufacturing process of these products 
could also have affected their dissolution performance [36]. 
Terbinafina and Lamisil may have been manufactured under 
conditions that result in a more porous or more rapidly dis-
solving tablet. For example, the less compression force 
used during production could impact the tablets and impart 
superior dissolution performance compared with Apo-ter-
binafine. Other factors could be granulation or direct com-
pression, however, this information is proprietary [37].

In an attempt to simulate the changing conditions inside 
the gastrointestinal tract, modified USP Apparatus IV was 
utilized [38]. A dynamic dissolution protocol with two dif-
ferent media was applied: one that mimicked the environ-
ment of the stomach (modified SGF), followed by one that 
simulated the environment of the intestines (phosphate buf-
fer with a pH of 6.8). In experiments, when switching to 
the intestinal-like media, a dialysis bag containing artificial 
chylomicrons media was added to the collection vessel to 
account for the intestinal lymphatic uptake of the dissolved 
drug.

The observed differences in release when the modified 
USP Apparatus IV was used were attributed to the rate of 
disintegration and dissolution of the different products. For 

Results obtained from modified Apparatus II could be 
justified by the excipients used in the different products. 
While all three products are pharmaceutical equivalent 
according to the FDA definitions, differences in the for-
mulation, specifically in the excipients used are evident 
(Table 2). Terbinafina and Lamisil have identical formula-
tions, while the percent ratio of the excipients in the formu-
lation and processing variables are not known. In contrast, 
excipients utilized in Apo-terbinafine are different. Sodium 
starch glycolate was used as the disintegrant in Terbina-
fina and Lamisil, while croscarmellose sodium was used 
in Apo-terbinafine. Sodium starch glycolate is known to be 

Table 2  Excipients used in the different terbinafine hydrochloride 
table products (Terbinafina, Laboratorio; Apo-terbinafine, Apotex; and 
Lamisil, Novartis)
Product Terbinafina* Lamisil** Apo-terbinafine***
Excipients Hydroxypropylcel-

lulose
Hydroxy-
propyl 
methyl-
cellulose

Methylcellulose

Microcrystalline 
cellulose

Micro-
crystalline 
cellulose

Colloidal anhy-
drous silica

Colloidal silicon 
dioxide

Colloidal 
silicon 
dioxide

Croscarmellose 
sodium

Sodium starch 
glycolate

Sodium 
starch 
glycolate

Magnesium 
stearate

Magnesium stearate Mag-
nesium 
stearate

Data were obtained from:
*https://www.laboratoriochile.cl/producto/terbinafina-250-mg/
** h t t p s : / / w w w. a c c e s s d a t a . f d a . g o v /d r u g s a t f d a _ d o c s /
label/2012/020539s021lbl.pdf
***https://www.nps.org.au/medicine-finder/apo-terbinafine-tablets

Fig. 4  Solubility graph of terbinafine hydrochloride in different pHs. 
Data was predicted by ADMET predictor (version 10.4 (Simulations 
Plus Inc., Lancaster, CA, USA)
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lymphatic absorption pathway facilitated by chylomicrons 
and the increasingly recognized use of hydrophobic xenobi-
otics in formulations. These models offer greater discrimi-
natory power in dissolution testing, allowing for precise 
evaluations in complex contexts. Additionally, they open 
doors to post-approval changes, enabling pharmaceutical 
companies to adapt to evolving regulatory requirements and 
emerging scientific insights with precision and efficacy.

Conclusion

Lymphotropic candidate formulations are specifically 
designed to facilitate uptake via the intestinal lymphatic 
system as an alternative absorption route to the enteric-por-
tal pathway. However, conventional dissolution tests assess 
drug release in aqueous media solely for quality and per-
formance assurance, without contemplating the absorption 
pathway, be it portal or lymphatic. This study showed that 
it may be possible to develop lymphatic-focused dissolution 
models to assess formulations and factors potentially affect-
ing chylomicron uptake. With the challenges encountered 
in solubilizing hydrophobic drugs and the increased focus 
on lipid based formulations of xenobiotics, it is prudent that 
dissolution testing and development are also developed and 
refined in an attempt to more accurately assess increase pos-
sible lymphatic uptake, and variables such as excipients and 
manufacturing that may impact formulation performance. 
Given the rising complexity of pharmaceutical products and 
further refining and developing performance testing meth-
ods must also be reconceptualised and refined accordingly 
where possible.
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Terbinafina and Lamisil, a faster disintegration and disso-
lution resulted in higher drug release, whereas Apo-terbi-
nafine exhibited low release due to its slow disintegration 
and subsequent dissolution, which may be attributed to its 
excipients or tableting processes as previously discussed.

It is noteworthy to mention that the solution in the collec-
tion vessel turned turbid at completion of the experiments. 
The solubility of the drug and the pH change between the 
stomach and intestine may explain this displayed phenome-
non of precipitation. A dissolved basic drug entering a basic 
intestinal environment may cause first a supersaturated solu-
tion followed by precipitation out of solution [39]. How-
ever, due to sink conditions and drug absorption from the 
intestinal lumen, the drug redissolves and is subsequently 
absorbed [40, 41]. In this experiment set-up, the presence 
of phosphate buffer in the collection vessel, combined with 
simulated gastric fluid, altered the pH of the local media. As 
the solubility of terbinafine is pH-dependent, and when the 
pH of the media is suboptimal, the drug can precipitate out 
of the solution, as observed in this case.

To ensure the ability of the model to distinguish lym-
photropic drugs accurately, a comparative analysis with 
the biphasic method [21] was conducted. Interestingly, the 
accumulation in the octanol phase in the biphasic model 
showed almost identical behaviour for both a lymphotropic 
drug (rifampicin) and a non-lymphotropic drug (Ibuprofen 
[21]). However, in the model proposed in this paper, the 
uptake into lymphatic compartment varied among different 
lymphotropic drugs (terbinafine and rifampicin), despite the 
fact that the aqueous solubility of rifampicin was compa-
rable to one of the terbinafine products (data not shown).

Nonetheless, refinements in the proposed experimental 
models can be tailored according to the specific goals of the 
study. For the second model, it is important to consider the 
more alkaline pH conditions in the collection vessel, which 
can present solubility challenges, especially for drugs with 
basic properties, as observed in our tested compounds. To 
address this concern, one potential strategy is to introduce 
surfactants into the dissolution media, which can enhance 
drug solubility under alkaline conditions. Additionally, con-
tinuous sampling from the lymphatic compartment could 
be explored as a refinement. This approach would allow for 
the simultaneous monitoring of drug uptake profiles into the 
lymphatic vicinity along with the aqueous dissolution pro-
file. That can help gain deeper insights into the dynamics of 
drug absorption and distribution, particularly in the context 
of lymphatic uptake.

Overall, the evolution of dissolution testing and USP appa-
ratus represents an on-going commitment to enhancing the 
quality assessment of pharmaceutical products. The innova-
tive models introduced herein have the potential to expand 
this evolution by focusing on the often-underestimated 
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