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ABSTRACT

gastrointestinal conditions. The present research investigates in vitro dissolution behaviour of rifampicin i
healthy and disease-specific gastrointestinal environments.

Methods: Biorelevant dissolution medium that mimic the fasted-state intestinal conditions for
created by modifying pH, bile salt concentration, and the levels of mucin and inflammatory
Rifampicin fast-dissolving tablets (100 mg) were tested using United States Pharmacopeia
spectrophotometric analysis. Dissolution profiles were analyzed descriptively.

Results: Rifampicin demonstrated slower drug release in Crohn’s disease-simulated
condition). Drug release at 60 min exceeded 90% in FaSSIF control, whereas in Fa it was limited to approximately 58-62% (p<0.05).
Conversely, dissolution in the cholestasis medium exhibited no significant divergence SIF-NA under the evaluated conditions. The data
demonstrate significant diversity in dissolution behaviour among media i healthy and disease-altered gastrointestinal

environments.

Conclusion: These findings support the idea that physiological ¢ i strointestinal environment may affect how rifampicin
dissolves, as well as highlight the importance of media composition i icti i ilability in pathological states. Additional research with
adequate clinical data is needed to go deeper into these findings an impacts on specific components.
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INTRODUCTION

Rifampicin is a primary antibiotic widely u
Biopharmaceutics Classification System (B
absorption highly contingent upon dj
is swiftly absorbed and extensively
areas necessary to achieve anti picin experiences significant hepatic metabolism and biliary excretion, with enterohepatic
recirculation playing a consi e role,i ic absorption [4-6]. These attributes render its therapeutic efficacy particularly susceptible to
fluctuations in gastrointestinalcompositionjii function, and intestinal motility.

ant gastrointestinal and hepatobiliary illnesses that significantly modify the luminal environment, hence
availability of orally administered medications. Crohn's disease is linked to diminished bile salt levels,

atic circulation that may affect medication solubilization and metabolism [10]. Disease-induced physiological
terpatient heterogeneity in rifampicin systemic exposure, frequently requiring dosage adjustments or therapeutic

associated with Crohn's disease and cholestasis may markedly affect its dissolution dynamics and in vivo pharmacokinetic efficacy [8-13]. In vitro
biorelevant dissolution experimentation has developed into a mechanistic and predictive approach for elucidating drug behaviour in disease-
simulated environments. The utilization of media that mimic abnormal physiological traits facilitates the systematic assessment of dissolution
patterns and offers insights into possible clinical implications [14-18].

This work seeks to examine the in vitro dissolution characteristics of rifampicin utilizing biorelevant media that simulate Crohn’s disease and
cholestasis, and to compare these profiles with those of normal fasted-state intestinal fluid. This study aims to clarify disease-specific changes in
dissolution behaviour to improve comprehension of rifampicin efficacy in impaired physiological conditions, thereby facilitating informed clinical
decisions, formulation optimization, as well as potential dose individualization strategies to enhance therapeutic outcomes.

MATERIALS AND METHODS
Materials

Chemicals and reagents
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Rifampicin was procured from HiMedia Laboratories Pvt. Ltd.,, Mumbai, India. Phosphoric acid (H;PO,), phosphate buffer tablets, sodium hydroxide,
sodium dihydrogen phosphate, and sodium chloride were purchased from Sigma Aldrich Chemicals Pvt. Ltd., Bengaluru, Karnataka, India.
Hydrochloric acid (HCI), sodium taurocholate, lecithin, sodium glycocholate, phosphatidylcholine, oleic acid, and potassium phosphate were
obtained from TCI Chemicals India Pvt. Ltd., Hyderabad, India. Sodium bicarbonate, cholesterol, polycarbonate membrane filters, ethanol, and
dimethyl sulfoxide (DMSO) were purchased from Fisher Scientific Chemicals Pvt. Ltd., Delhi, India. All other chemicals, reagents, and solvents were
of analytical grade.

Instruments

A UV-Visible spectrophotometer (Shimadzu UV-1800, Kyoto, Japan) was used for drug analysis. Dissolution studies were performed using a
dissolution tester (TDT-06P, Electrolab, Mumbai, India). pH measurements were conducted using a digital pH meter (Eutech Instruments pH 700,
Singapore). Temperature control during dissolution was maintained using a thermostatic water bath (Julabo SW22, Germany). All experiments
were carried out using calibrated laboratory equipment.

Methods

Preparation of stock solution of drug

magnesium stearate and talc. The tablets were prepared using direct compression and evaluated for standar
(hardness, friability, thickness, and weight variation) prior to dissolution testing.

Method A: A standard stock solution of Rifampicin (100 pg/ml) was prepared by dissolving its 10 mg in 100
was scanned in-the UV-visible range. Further, different dilutions, i. e., 3.0, 6.0, 9.0, 12.0, 15.0, 18.
solution, were prepared using 0.1 M HCL. The absorbances of each dilution were taken at absor
between the concentration vs. absorbance to get the standard curve [19].

Method B: A standard stock solution of Rifampicin (100 pg/ml) was prepared by dissolving i
scanned in-UV Visible range. Further, different dilutions, i. e., 3.0, 6.0, 9.0, 12.0, 15.4
were prepared using 0.1 M H3PO4. The absorbance’s of each dilution were taken at'e
concentration vs absorbance to get the standard curve [19].

0 pg/ml of the standard solution,
e graph was plotted between the

The standard curve of rifampicin in phosphate buffer (6.5 pH)

A standard stock solution of Rifampicin (100 ug/ml) was prepared by dissolvi
by adding about 1.74 g of Sodium hydroxide (NaOH), 19.77 gm of Sodiu
Chloride (NaCl) in dissolved in 5 | of purified water. The pH was a
was scanned in-UV Visible range. The absorption maxima were foun
27.0, 30.00, 33.00, 36.00 and 39.00 pg/ml of the standard solution, w
were taken at 260 nm, and the graph was plotted between the co

ate (NaH2P0O4. H20), and 30.93 gm of Sodium
um hydroxide (NaOH). Further a 20 pg/ml dilution
, different dilutions, i. e., 9.0, 12.0, 15.0, 18.0, 21.0, 24.0,
pH phosphate buffer. The absorbances of each dilution

Selection of biorelevant media

Appropriate biorelevant media was chosen that mimi
intestine and colon condltlons are requlred as Crohn s d1

ditions of the gastrointestinal tract. Simulation of both the small
s. Various types of biorelevant media are used to simulate the fasting

Fasted State Small Intestinal Conditions (Fa e sroduce the effects of fasting in the proximal small intestine. This medium
includes bile salts and phospholipids (leci i ition to a stable phosphate buffer system [20]. Sodium taurocholate is selected as a
representative bile salt. Bile salt ought to be i edium at a concentration of 3-5 mmol. Bile salt and lecithin are found in a ratio of about
4:1 for adults (table 1).

Fed State Small Intestinal Condltlon
and intraluminal volume follo . UniqUle interactions between the medication and food components that are consumed may happen and
an abrupt increase in bile sal ignificantly impact the bioavailability of drugs [21]. To reflect the biliary response to meal intake, taurocholate,
and lecithin are present in signifi g ounts than in the fasting state medium.

ntroduced in order to consider the situations where less complex media can be appropriate or situations
ered. Level 0 biorelevant media (pH) are considered for the approval of the immediate release of solid

o respond to certain queries or unique formulations [22]. Examples include adding enzymes to the media for gelatin
crosslinking or when determining the amount of release from lipid-based dosage forms.

Therefore, lev: was selected for the investigation of Rifampicin release in Fasted state of the adult patients. The most appropriate media
has been summarized in table 1.

Table 1: Types and composition of biorelevant media

Components FaSSIF FeSSIF FaSSIF Adult
Sodium Taurocholate 3 mmol 15 Mm 3 mmol
Lecithin 0.75 mmol 3.75 mmol 0.75 mmol
Acetic acid - 8.65g

Sodium chloride - 11.874¢g 125.5 mmol
Sodium hydroxide gsad pH 6.5 4.04 g pellets gsad pH 6.5
pH 6.5 5.0 6.5

Deionized water 11 11 11
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Osmolality (mOsmol/kg) ~270 ~ 670 ~270
Buffer Capacity (mEq/pH/1) ~12 ~72 ~12
Surface tension (mN/m) 54 48 42

*FaSSIF-Fasted state Simulated Intestinal Fluid and FeSSIF-Fed state Simulated Intestinal Fluid

Following sections describes the most appropriate conditions for making biorelevant media specific to the Crohn's disease and cholestasis to ensure
most appropriate simulation of these conditions and to ensure optimum correlation with the in vivo condition of the patients suffering from these
diseases.

Simulation of disease condition and composition of biorelevant media for Crohn’s disease

Biorelevant media for simulating Crohn's disease conditions should mimic the altered physiological environment of the gastrointestinal tract in
individuals with this condition. While there is no single standardized biorelevant medium for Crohn's disease, one can create a cistom medium that
replicates key characteristics associated with the disease. The composition and preparation of such a medium involve considexing factors like
altered pH, inflammatory components, and microbiota changes.

Crohn's disease often results in shifts in intestinal pH. The pH in the small intestine typically ranges from 6 to 7, w|
from 5.5 to 7. Mimicking these conditions might use phosphate or acetate buffer adjusted pH of the mediu
characterized by chronic inflammation. Inflammatory markers such as tumor necrosis factor-alpha (TNF-a), inte
protein (CRP) was added into the dissolution medium to simulate the inflammatory environment [23].
cytokines or laboratory-generated equivalents are recommended to be used in this case. C
gastrointestinal tract. Adding mucin, obtained from animal or synthetic sources to the medi
microbiota are also associated with Crohn's disease. Specific bacterial strains isolated from the

concentration of bile salts. Bile salts are crucial for digestion and absorption in_the small i i . er the malabsorption issues
associated with Crohn's disease and adjust the nutrient composition accordingly. T oncentration of certain nutrients
like fats [26].

Preparation of Crohn's disease biorelevant Media

Mucin was used at a concentration of 2 mg-mL™*(porcine gastric mucin, Sigma- Aldrl MO, USA; Cat. No. M1778) and solubilized in the
buffer solution in combination with bile salts, with the final bile salt concentrati C o the targeted intestinal region. The pH of the
medium was modified to simulate the physiological conditions of the small o-inflammatory cytokines TNF-q, IL-1f, and C-
reactive protein (CRP) were obtained from R and D Systems (Minne i Afrecombinant human proteins, TNF-a Cat. No. 210-TA, IL-1p Cat.

No. 201-LB, CRP Cat. No. DY1707) and reconstituted in sterile ) ine (PBS) prior to administration at concentrations
representative of the desired inflammation severity. The media’ itibn” was altered to simulate malabsorption circumstances
characteristic of Crohn’s disease, particularly by decreasing fat a bohydrate levels (table 2). Ultimately, chosen bacterial strains were
injected, and the medium was cultured under anaerobic condltl icate gastrointestinal microbial environments. The FaSSIF-CD

medlum served as experlmental blorelevant system to qua evalu e the p0551ble impact of lummal dlsease related and mﬂammatory

medium composition to represent important pathologicz i ed to Crohn's dlsease. This medium's goal was to offer a mechanistic
foundation for analysing dissolution variability in i ointestinal circumstances rather than to create a fully verified physiological
surrogate. However, It should be noted that th i is an exploratory mechanistic dissolution model rather than a validated
bined system response, and the individual contributions of mucin, cytokines,
and microbiological components were not i

Simulation of disease condition and ] i evant media for cholestasis

Biorelevant media for cholestasis a
Cholestasis is characterized bygi
formula for preparing a bior
and sodium taurocholate al
phospholipid present j
maintain a physiolo, as potassium phosphate or sodium bicarbonate is used. Sodium chloride (NaCl) is typically added for
maintain i . i e specific research objectives, adding cholesterol, cholesterol esters, and mucus may be considered to

and changes in bile composition, which can affect drug solubility and absorption [27]. A basic
estasis may include several things. Bile salts are a critical component of bile. Sodium glycocholate

The approphi s of bile salts, phospholipids (lecithin), fatty acids (oleic acid), sodium chloride, and optional components were weighed
based on th ements. A buffer solution was prepared to maintain the desired pH of the media like small intestine (around pH 6-7). The
buffer was ma tely and added to the media later. The dry ingredients were dissolved in an appropriate solvent (sufficient for complete

dissolution) including 1:1 ethanol and dimethyl sulfoxide. The dissolved dry ingredients were gradually mixed with the prepared buffer solution
while stirring continuously until a homogeneous mixture was obtained. If required, the pH of the media was adjusted to the desired level. The media
was sterilized by filtration (0.45 uM) to remove any particulate matter and ensure its sterility. The prepared biorelevant media were stored to
prevent from contamination until use. In order to enable mechanistic assessment of solubility-dependent drug dissolution, a higher bile salt
concentration (10 mmol) was purposefully chosen to reflect a compensatory micellar environment scenario that is outlined in some cholestatic
situations, where changed bile flow and composition may result in localized bile salt accumulation (table 2). In accordance with physiological
conditions and commonly used formulations like FaSSIF and FeSSIF, biorelevant dissolution media were made with a bile-to-lecithin ratio of
roughly 4:1 [30, 31]. The stable mixed micelles required for drug solubilization in the small intestine can be formed based on the ratio 1:1 ethanol-
DMSO mixture was utilized solely to solubilize hydrophobic bile salts during stock preparation. After dilution into the final dissolution medium, the
total organic solvent content was maintained at less than 1% v/v, a level deemed acceptable in dissolution testing that does not significantly affect
micellar solubilization or polarity. Further, this facilitated rifampicin solubilization during preparation of cholestasis-simulated dissolution media.
The solvent concentration was minimized to limit potential interference with dissolution behaviour and bile salt functionality. The produced
medium was primarily watery and physiologically realistic.
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Table 2: Composition of biorelevant media specific to Crohn's Disease and cholestasis

Components FaSSIF Adult FaSSIF-CD FaSSIF-cholestasis
Sodium Taurocholate 3 mmol 1.2 mmol 10 mmol
Lecithin 0.75 mmol 0.3 mmol 2.5 mmol
Oleicacid - - 60.0 mmol
Sodium chloride 125.5 mmol 125.5 mmol 125.5 mmol
Sodium hydroxide gsad pH 6.5 gsad pH 6 gsad pH 6.5
pH 6.5 5.5-7 6-7
Deionized water 11 11 11
Osmolality (mOsmol/kg) ~270 ~270 ~270
Buffer Capacity (mEq/pH/1) ~12 ~12 ~12
Surface tension (mN/m) 42 53 43
Inflammatory markers - TNF-q, IL-13, C-RP -

Mucin - 2 mg-mL™* -

Bacterial strains isolated from the fecal microbiota - Added -

transplant (FMT) of Crohn’s disease

*FaSSIF-Fasted state Simulated Intestinal Fluid

The standard curve of rifampicin in biorelevant media

A standard stock solution of Rifampicin (100 pg/ml) was prepared by dissolving its 10 mg
phosphate buffer pH 6.5. Further, a dilution of 20 ug/ml (prepared in the biorelevant media)
maxima were found to be 260 nm and 263 nm respectively in the case of bioreleya ase and cholestasis, respectively.
Subsequently, different dilutions were prepared using the same biorelevant mediums, 1€y, 2.0, 4.0, 6. 12.0, 14.0, 16.00, 18.00, 20.00 and
22.00 pg/ml of the standard solution. The absorbances of each dilution were taken at m and 263 n pectively, and the graph was plotted
between the concentration vs absorbance to get the standard curve. Rifampicin sho eric and chemical shifts that depend on pH, which
causes Amax to change in different dissolution media. Initial spectral scanning found of 260 nm in acidic medium (0.1 N HCI) and 263
nm in phosphate-based media (FaSSIF). These values gave the best peak defini intensity. The chosen wavelengths correspond
to experimentally determined maxima in each solvent system and were not gi

100 ml of evant niedia prepared in
scanned in- sible range. The absorption

Release studies in biorelevant media

In vitro release study was conducted using dissolution tester in bi i ing Crohn's disease and cholestasis most appropriately.
This was done using standard dissolution apparatuses, such as (paddle) or apparatus 4 (flow-through cell), with modifications as
needed. Effect of different diseased conditions were checked i ici lution profile using dissolution studies in Electrolab tablet
dissolution tester USP XXIII, TDT-06P (Electrolab, Mumbai i i t biorelevant media based on the diseased states of Crohn’s disease
(concentrations of bile salts<2 mmol/l) and Cholestasis salts>10 mmol/1). The normal concentrations of bile salts in normal
condition are 3 mmol/l. The agitation rate was set at 7 0 a normal hydrodynamic stress experienced by dosage form during
peristalsis movement of GIT [14].

The release of the Rifampicin fast-dissolving f
were performed using a six-stage dissoluti ith USP apparatus II (paddle) specifications at 37 °C+0.5 °C. The volume of the media was
chosen to be 900 ml. During the entire diss
readily solubilizes in the range of 1-
900 ml dissolution medium exceed:

intestinal pH and media containing bile salts. Consequently, the saturation capacity in
tested dose of 100 mg (= 0.11 mg/ml) remains well below one-third of saturation solubility,
made sure that drug solubility did not restrict dissolution under any of the examined
ethodology were kept constant in all the experiments except dissolution medium (varied as per
and 60-minute, 5 ml aliquots of the sample were withdrawn. The withdrawal sample was replaced

ere filtered with the help of 0.6 um polycarbonate filters, diluted, and analyzed immediately by UV-Vis
ples of Crohn’s disease and 263 nm in the case of Cholestasis. Percentage release was calculated with
respect to abeled amount of rifampicin in the formulations. Evaluation of release profile was done by calculating
dissolution i in, which is defined as area under the dissolution curve to a certain time point, expressed as percentage of area of
the rectangle

circumstances. The dissoluti
diseased conditions). At the
with preheated fresh buffer.

The a fampicin on 0.6pm polycarbonate membranes was not evaluated through a dedicated filter-recovery experiment.
However i samples were filtered using the same membrane type and pore size prior to analysis to ensure consistency across
experiment itions. Polycarbonate membrane filters are widely employed in dissolution tests because of their comparatively low

indiscriminate ing in comparison to cellulose-based membranes. Additionally, even the minor adsorption that possibly occurred would
not substantially bias comparative dissolution profiling because all samples were handled with the same type of filter [33].

Sample processing and data analysis

The collected samples, at various time points, were analyzed to determine the amount of rifampicin released under these disease-specific
conditions. The UV-Visible based method of estimation was used for quantification. The drug release profiles obtained under disease conditions to
those under standard physiological conditions (e. g., fasting state) were compared to check the possible variation. Dissolution efficiency (DE) was
calculated to quantitatively compare the drug release profiles, as it represents the area under the dissolution curve up to a certain time relative to
the maximum possible release. This comparison was expected to help identify how the disease conditions affect drug release. The collected data was
interpreted to draw conclusions about the impact of Crohn's disease and cholestasis on rifampicin release in which various factors such as altered
pH, motility, drug solubility, and interactions with diseased tissues or components in the biorelevant media were considered for evaluation.

fotydt

Y1o00-t

X 100
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Where DE is the dissolution efficiency, y is the percentage of drug released at time t, y100 is 100% drug release, and t is the total dissolution time.
Statistical analysis

Dissolution profile comparisons were conducted using the similarity factor (f;), calculated according to regulatory guidelines, to quantitatively
assess similarity between dissolution profiles. An f, value between 50 and 100 was considered indicative of similarity. All analyses were performed
using replicate dissolution data, and results are expressed as mean+standard deviation.

RESULTS

This study presents a first-of-its-kind mechanistic evaluation of rifampicin dissolution at intestinal pH under simulated gastrointestinal conditions
relevant to Crohn’s disease and cholestasis. Various investigation were carried out prior to the release study and suitable method of estimation was
evaluated. For this purpose, we prepared five types of standard curve to check the best fit conditions. First two standard curves (in acidic media)
were prepared to check which condition is most suitable to for the drugs solubility in GI tract environment. The next method was developed to find
its release and presence around normal intestinal pH (in phosphate buffer). The last two methods (in biorelevant media) were developed to check
its actual release at intestinal pH buffer with the most appropriate components mimicking the actual GI tract environment e ed with Crohn's
disease and cholestasis.

Method of estimation of rifampicin in different solvent

As far as standard curve of Rifampicin in 0.1 M HCl is concerned, it showed well linearity in the range of 3-30 pg/n t 978. The
equation of linearity was found to be y = 0.0281x-0.032. The method accuracy was found to be 99.92% and 0.
Rifampicin in 0.1 M H3POs showed linearity in the range of 3-30 pg/ml with the R2value 0.9983. The equ
0.0319x-0.0576. The method accuracy was found to be 99.97% and LOQ of 0.15 pg/ml (fig. 1).

0.9 1
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0.7 o e "
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2 & £06 .
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E 0.4 ” E 0.4 “‘
§ 0.3 P 4 - e

e ;
g g'f "  y=0.0281x-0.032 Uiz s ¥=0.0319x-0.0576
'0 o R*=0.9978 5 @ R?=0.9983
0 10 20 30 0 10 20 30 40
Concentration (pug/mL) Concentration (zg/mL)

'Mve in 0.1 M HCl absorbance’s taken at 263 nm. B) Curve in 0.1 M
H3PO ban ken at 259 nm

The standard curve of Rifampicin in pH 6.5 pha ffer showed linearity in the range of 9-39 pg/ml with the R2value 0.9942. The equation of
linearity was found to be y = 0.0282x-0.1328%0he meth curacy was found to be 99.81% and LOQ of 2.5 pg/ml (fig. 2).

Fig. 1: Standard curve of Rifampicin in acidic and al !E'

1.2
|
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£06
>
S04
g0.2 y=0.0282x - 0.1328
R?=(.9942
0
0 20 40 60
Concentration (pg/mL)

Fig. 2: Standard curve of rifampicin in pH 6.5 phosphate buffer at 260 nm

The standard curve of Rifampicin in in biorelevant media specific to Crohn's disease showed linearity in the range of 2-22 pg/ml with the Rzvalue
0.9905. The equation of linearity was found to be y = 0.0363x-0.0657. The method accuracy was found to be 99.95% and LOQ of 1.0 pg/ml.
However, the standard curve of Rifampicin in biorelevant media specific to cholestasis showed linearity in the range of 2-22 ug/ml with the R2value
0.996. The equation of linearity was found to be y = 0.0358x+0.006. The method accuracy was found to be 99.99% and LOQ of 0.22 pg/ml (fig. 3).
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Fig. 3: Standard curve of Rifampicin in biorelevant media specific to Crohn's disease and cholestasis. A)
specific to Crohn's disease and absorbances taken at 260 nm. B) Curve in biorelevant media specific t
at263 nm

Rifampicin release from fast-dissolving formulation in disease-specific biorelevant media

t for 60 min. The results of the
investigation are presented in fig. 4 represent the mean of six determinations*standard iation. ifampicin concentration observed
in each dissolution media remained well below the solubility threshold, indicating_that si were maintained throughout the
npicin released within the first 5 min, followed by
ofile in FaSSIF-Cholestasis exhibited a broadly
in. Notably, at 20 min, FaSSIF-Cholestasis

approximately 63% release at 10 min and nearly 80% release at 20 min. The d
comparable release pattern to FaSSIF-NA, with minor variations observe

demonstrated approximately 13% higher drug release compared to FaSSIF-N ing'e nce of cholestasis-specific media components on
rifampicin dissolution behaviour. ‘4
120 —
100
g 80
£
5o
5
p 60
=
]
g
C 40
—a—FaSSIF-NA
20 —e—FaSSIF-CD
—— FaSSIF-Cholastasis
--------- Linear (FaSSIF-CD)
0e
0 10 20 30 40 50 60 70
Time (min)

Fig. 4: Graphical presentation of comparative release profile of Rifampicin in biorelevant media specific to Crohn's disease and
cholestasis at fasted condition along with normal biorelevant media at fasted condition. Data expressed as meanSD (n = 3)

Accelerated drug release was observed in FaSSIF-Cholestasis, with nearly complete drug release achieved within 30 min compared to
approximately 40 min in FaSSIF-NA; however, except for the 20 min time point, differences between the profiles were not pronounced.

In contrast, rifampicin dissolution in FaSSIF-CD showed a comparatively slower and distinctly altered release pattern relative to FaSSIF-NA and
FaSSIF-Cholestasis. The formulation exhibited approximately 18% drug release at 5 min and 29% at 10 min, followed by a gradual increase in drug
release over time. More than 90% drug release was achieved at 60 min, whereas similar extents of release were attained earlier in FaSSIF-NA and
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FaSSIF-Cholestasis. Notable differences in drug release were observed across multiple time points between 10 and 50 min, indicating a sustained
and delayed dissolution behavior under Crohn’s disease-simulated conditions.

When rifampicin dissolution profiles were compared pairwise using the similarity factor (f;), there was a clear difference between healthy and
disease-simulated medium fig. 5. The non-similar dissolving behaviour across the studied conditions were indicated by all f, values being below the
regulatory similarity criterion of 50. An f, value of 29.39 was obtained when PBS pH 6.5 was compared with FaSSIF-NA, however much lower f,
values were found when PBS was compared with FaSSIF-CD (f, = 4.74), indicating significant changes in dissolution under Crohn's disease-
simulated conditions. Comparing FaSSIF-NA and FaSSIF-CD also yielded a f, value of 2.68, indicating a significant difference in release profiles
between diseased states and healthy conditions. In contrast to healthy controls, comparisons including cholestasis-simulated media also showed f,
values below 50 (25.26-29.39), indicating altered dissolution behaviour. Collectively, the f, analysis quantitatively confirms that disease-associated
media significantly impact rifampicin dissolution characteristics.

Similarity factor (fz) comparison of rifampicin dissolution profiles

FaSSIF-NA vs FaSSIF-Cholestasis

FaSSIF-NA vs FasSIF-CD

PBS 6.5 vs FaSSIF-Cholestasis

PBS 6.5 vs FasSIF-CD

Comparison between groups

1
I
1
I
1
I
1
I
1
I
1
1
1
I
1
I
1
I
]
1
1
1
I
1
I
)
]
1
|
|
PBS 6.5 vs FaSSIF-NA !
]
|
1

0 10 20 30 40 50
Similarity factor (f2)

acposs healthy and disease-simulated media. The dashed
. All c isons yielded f, values<50, indicating dissimilar

Fig. 5: Similarity factor (f,)-based comparison of rifampicin diss
vertical line represents the regulatory similarity thresh

DISCUSSION

in under gastrointestinal circumstances that mimic Crohn’s disease and
nstrated that rifampicin release was substantially diminished in FaSSIF-CD,
rable to what was observed in healthy adult fasted-state conditions. These
luminal shifts on drug solubilization and potential systemic drug exposure.

The current research explored the dissolution
cholestasis, using disease-specific biorelevant

pH and bile salts, with micellar solubilization playing a crucial role in its dissolution efficiency
gher concentrations of bile salts and phospholipids substantially enhance the solubilization of
@ micelle. The concept that gastrointestinal physiological variations could serve as important
s is further supported by earlier research showing that bile salt disparities might explain variability in

and intestinal absorption. Sti
lipophilic drugs through fo
determinants of phar; i

systemic d substances [30-33]. The considerably decreased bile salt concentration (approximately 1.2 mmol) in the
FaSSIF-CD tributed to the reduced drug release reported in the present research. This is in agreement with prior research
indicating imp: nd solubilization capacity in inflammatory bowel disease [34-36]. The increased bile salt concentration in
FaS enhanced micelle stability and drug solubilization capacity, which accounts for the minimal variance from the

dissolu healthy FaSSIF-NA conditions.

in FaSSIF-CD (2 mg/ml) was determined based on previous studies demonstrating that mucin structures significantly
influence drug s well as create a hydrophilic viscoelastic wall surrounding drug particles, thereby limiting transport and dissolution rates
[37-38]. The presence of inflammatory mediators, including TNF-a, IL-1B, and CRP, indicates the elevated inflammatory milieu characteristic of
active Crohn’s disease. Cytokines are recognized for their ability to compromise epithelial tight-junction integrity, modify mucus architecture, and
change luminal physicochemical properties [39-40]. Collectively, these disease-associated factors may contribute to the reduced rate and delayed
extent of rifampicin dissolution observed in FaSSIF-CD relative to healthy and cholestasis-simulated media. The observed dissolution behaviour
demonstrates increased diffusional resistance within the disease-simulated medium; however, interpretation is limited to qualitative trends
supported by model-independent dissolution profile comparison [41-42].

It is important to note that the FaSSIF-CD medium used in this study is an exploratory mechanistic dissolution model rather than a validated
physiological surrogate. The observed dissolution differences should be interpreted as directional mechanistic indicators rather than quantitative in
vivo predictors considering the individual contributions of mucin, cytokines, and microbial components were not isolated.

From a clinical perspective, the substantial change in dissolution profile under conditions of Crohn’s disease may lead to decreased oral
bioavailability, potentially requiring dose modifications, therapeutic drug monitoring, or enhanced formulation strategies for optimum therapeutic
efficacy. Conversely, cholestasis conditions were not found to significantly influence dissolution, suggesting that modifications to dosage related to



P. Sharma et al.
Int ] App Pharm, Vol 18, Issue 3, 2026, ??-7?

dissolution may not be required. In vivo validation is necessary prior to the establishment of clinical recommendations, and physiologically based
pharmacokinetic (PBPK) modeling may serve as a valuable approach to facilitate in vitro-in vivo correlation.

Limitations and future directions

The present research addresses biorelevant dissolution medium for Crohn's disease as an exploratory model. A disadvantage of the current work is
the lack of experimental validation of cytokine stability, pH-dependent rheological changes, and possible microbial degradation of rifampicin. As a
result, the results produced with this medium should be interpreted qualitatively, and comprehensive physicochemical and biological validation
should be included in future research before translational use. Future research ought to include the characterization of medium rheology, including
pH and viscosity, the persistence of cytokines as measured by ELISA, and the degradation behaviour analyzed through HPLC/IC-MS. Although
organic solvent content was maintained below 1% v/v, experimental validation of solvent effects on bile salt aggregation and dissolution dynamics
was not performed. Therefore, the cholestasis dissolution medium should also be regarded as a mechanistic tool rather than a fully physiologically
representative system.

Furthermore, One disadvantage of the current work is that recovery tests were not used to quantitatively assess the pote
rifampicin onto the filter membrane. However, all samples received the identical filtration processes, thereby eliminated sy:
comparing dissolution profiles across media.

ial adsorption of

literature [40]. This study establishes that Crohn’s disease conditions significantly impede rifampicin dissolutio
results generated from this study highlights the need for further mechanistic and in vivo pharmacokinetic i
therapeutic dosing implications.

CONCLUSION

hile chol€stasis conditions
astrointestinal tract, such as
atory medi mucin production, and disruption
i ampicin, highlighting the need for
g disease-specific gastrointestinal
inical outcomes. It is recommended to undertake
ate these in vitro findings into clinically relevant
phesentative physiology into drug development

of microbiota. The results suggest that patients with Crohn’s disease may have reduced
tailored therapeutic strategies, including dose optimization or modified-release
parameters in formulation development and evaluation may improve the predictaj
additional research utilizing advanced dynamic dissolution systems and PBPK mode
results. The results further highlight the necessity of incorporating gastrointesti

process for enhanced therapeutic effectiveness and patient-centric treatment
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