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Understanding the impact of dynamic alterations in gastrointestinal fluid properties and intestinal dissolution of
poorly soluble drugs, such as lapatinib, is crucial for predicting drug absorption in vivo. The current study employs
a micro-dissolution pH shift model to forecast the dynamic dissolution of lapatinib in buffer and bio-relevant media
by application of analytical design of experiments. The utilization of a Box-Behnken design has resulted in a robust
analytical method. According to an in vitro micro-dissolving pH shift experiment in United States Pharmacopeia
buffers, lapatinib displays a typical weak base pH-dependent solubility, with 15% drug release at pH 1.2 and
dropping to 2% at pH 6.5 buffers. In contrast, the solubility of the compound was initially measured to be 0.0127 mg/
ml in fasted state-simulated gastric fluid; however, pH alterations by the addition of fasted state-simulated intestinal
fluid 6.5 resulted in a significant increase to 0.0291 mg/ml. The in vitro pH-effect risk for dissolution experiment in
biorelevant media is 0.80, suggesting that the existence of salts in fasted state-simulated intestinal fluid results in the
formation of a macroaggregate that is accountable for improved solubility of lapatinib. Thus, using a bio-relevant
buffer in a pH shift model may improve this in vitro technique’s predictive ability and aid weakly drug advancement

in the intestinal environment.

INTRODUCTION

Lapatinib ditosylate monohydrate (LDM) is a potent
inhibitor of ErbB-1 epidermal growth factor receptor and
human epidermal growth factor receptor (ErbB-2) tyrosine
kinases. It has been observed that LDM effectively inhibits
the proliferation of cancer cells that exhibit overexpression of
these two growth-promoting factors. TYKERB® 250 mg tablet,
manufactured by Novartis Pharmaceuticals Corporation, is a
commercially available LDM that has been approved by the
US FDA for the treatment of advanced or metastatic breast
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cancer in 2007 [1]. The hepatic biotransformation of LDM is
predominantly facilitated by CYP3A4 and CYP3AS enzymes,
while CYP2C19 and CYP2CS isoenzymes play a minor role in
the biotransformation process. Furthermore, it was established
that LDM also serves as a substrate for both P-glycoprotein
(P-gp) and breast cancer resistance protein (BCRP) efflux
transporter proteins. Additionally, it also inhibits the functioning
of P-gp, BCRP, and organic anion-transporting polypeptide
1B1 [2]. Although LDM exhibits high selectivity for tumors,
its clinical effectiveness and safety have been challenging
because of its inadequate water solubility and permeability. The
characteristics highlighted above, i.c., limited bioavailability,
high daily dose strength, and negative side effects, emphasize the
importance of maintaining optimum therapeutic levels of LDM.
This can be achieved by providing sufficient bioavailability to
attain favourable patient outcomes [3,4].

The aqueous solubility of LDM is pH-dependent and
can be affected by gastric acid secretion and intragastric pH
changes. The solubility of the compound exhibits a significant
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decrease upon exposure to pH levels greater than 4.4. The
oral absorption of a drug can be significantly affected by its
solubility in water or physiological pH. This can result in
restricted bioavailability or variability in the absorption process.
The concern lies in the potential drug interaction that may lead
to decreased LDM bioavailability when an acid-reducing agent
is co-administered [5]. The clinical investigation conducted by
Koch et al. [6] has reported a reduction in the aqueous solubility
of LDM by a factor of 1,000 as the pH increases from 4 to 7 [6].
This decrease is in line with the reduction of the ionized fraction
of LDM, which is a weak base having an acid dissolution constant
(pKa) of 4.6 and 6.7. The pH of the gastrointestinal (GI) tract
typically ranges from 1.6 in the stomach to 6.6 in the proximal
small intestine, owing to the buffering properties of pancreatic
and biliary secretions [7]. The properties imply that an elevation
in pH results in reduction of aqueous solubility and subsequent
decrease in absorption. The study conducted by Koch et al. [6]
successfully attained test conditions by administering LDM
at doses that are therapeutically relevant to patients who were
concurrently using a proton pump inhibitor, a class of drugs
which is commonly prescribed to cancer patients. In accordance
with the findings of Koch ef al. [6], it has been suggested that
dosing LDM in a fasted state is advisable in order to attain a
consistent therapeutic exposure, given the significant rise in
LDM bioavailability and absolute variability. The consumption
of a food resulted in a significant rise in the LDM area under
the concentration-time curve (AUC) by 167% (2.67-fold) and
maximum concentration (Cmax) by 142% (2.42-fold) [8].

Therefore, considering the above scenario the
bioavailability of LDM is complex in both aspects. The ingestion
of food is known to have a rapid buffering effect on gastric acid
[9]. As a result, it is anticipated that the bioavailability of LDM
would decrease in higher pH gastric environment. The Koch et
al. [6] study’s findings indicate that LDM’s bioavailability is not
significantly affected by pH and an increase in bioavailability
was observed when administered with food. Weakly basic drugs
tend to dissolve more readily in the fasted stomach as compared
to weakly acidic drugs and forecasting the in vivo performance
of poorly soluble weakly basic drugs is notably challenging
[10]. Weakly basic compounds exhibit high solubility at low pH
values due to their physicochemical properties. Consequently,
significant inter- and intra-individual variability can be observed
for these drugs because gastric pH is highly variable, even in
the fasted state. The aqueous solubility of BSC class II and IV
compounds can be misleading during drug development because
the solubilizing capacity of the human intestinal environment is
much higher than that of pure water or the buffers and dissolution
media suggested by pharmacopeias’ and as a result, solubility
problems may be overestimated [9,11].

Biorelevant media, such as fasted and fed state simulated
intestinal fluid (FaSSIF and FeSSIF), have been designed to
closely mimic human intestinal contents. These media, along
with their variations, have significantly contributed to the
advancement of biopharmaceutical in vitro tools, such as pH-
shift or biphasic dissolution models. Physicochemical parameters
such as surface tension, osmolality, viscosity, pH, and content of
bile salts, phospholipids, and other amphiphiles can be used to
characterize GI fluids. Amphiphiles present in intestinal fluids are

crucial for solubilizing compounds that have poor solubility [12].
Using biorelevant dissolution media, numerous researchers have
predicted the effect of dynamic variations in GI fluid characteristics
in the fed, fasted, and bicarbonate buffer states on the intestinal
dissolution of LDM [13,14]. Furthermore, while the solubility of
LDM under specific pH conditions has been documented [15], the
impact of pH shifts occurring in real-world physiological scenarios
remains to be determined. In order to establish an in vitro—in vivo
correlation, the results will be obtained using a micro-dissolution
model comprising bio-relevant media, a physiologically acceptable
clinical dose, and pertinent conditions, all of which should be
taken into account. In this regard, the current investigation aims
to analyse and enhance understanding regarding the molecular-
level pH sensitivity of LDM, while also establishing a connection
between the physicochemical characteristics of LDM in the
presence of buffer and bio-relevant media. The principal aim of this
investigation was to examine the influence of pH alteration on the
release of LDM when exposed to conventional dissolution buffers
and bio-relevant media, utilizing a micro-dissolution model.

MATERIALS AND METHODS

Chemicals and reagents

MSN Laboratories Pvt. Ltd., Hyderabad, provided
a gift sample of LDM. Biorelevant (Croydon, Surrey, UK)
supplied the media for fasted state-simulated gastric fluid
(FaSSGF) and fasted state-simulated intestinal fluid (FaSSIF).
Merck supplied buffers and salts i.e., potassium dihydrogen
phosphate, sodium phosphate dibasic, hydrochloric acid,
sodium chloride, and orthophosphoric acid. Milli-Q UV plus
systems (Millipore Co., Bedford, MA) were used for purifying
water. This study used analytical-grade compounds, solvents,
and reagents for experiment.

Instrument and chromatographic conditions

The Shimadzu Prominence high-performance liquid
chromatography (HPLC) system with LC-20 AT binary pumps,
SPD-20A UV/VI'S detector, and SIL-20AC HT autosampler
was used to implement the optimised chromatographic method
for quantification of LDM. A Phenomenex C,, EVO (250 x 4.6
mm, 5 p) column was used for chromatographic separation of
LDM as a stationary phase with the mobile phase comprising
of 10 mM ammonium acetate buffer of pH 4.5, acetonitrile, and
methanol in the ratio 80:20 (The final mobile phase ratio was
60:40, buffer: organic phase) with a flow rate of 1 ml/minute at
253 nm wavelength using isocratic elution.

Software

Design of the experimental runs, analytical
method optimization, and statistical analysis was carried
out using Design Expert® software version 12.1 (Stat-Ease,
Minneapolis, MN, Trail version).

Analytical design of experiment (DoE) method optimization

Defining analytical target profile (ATP) and critical analytical
attributes (CAAs)

Establishing an ATP is the first stage in establishing a
reversed-phase HPLC (RP-HPLC) method using the quality by
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design (QbD) methodology. The ATP includes (i) the separation
of LDM and (ii) the quantification of LDM. A variety of
critical method attributes may be selected in order to meet the
ATP requirements. A critical quality attributes (CQAs) include
retention time (Rf), tailing factor (Tf), height equivalent to
a theoretical plate (HETP), spectral peak purity, resolution
between impurities, resolution between the primary analyte and
adjacent impurity, peak area, and assay, among others [16,17].

Risk assessment for screening of factors affecting the method

A risk assessment was performed as an essential
element of the QbD methodology for method development, in
order to determine the probability of potential risks or failures.
In order to attain the desired outcome, a methodology involving
the implementation of an Ishikawa fishbone diagram was
employed to establish a causal connection between CAA and
critical process parameters (CPPs) with the CQAs.

Method development using full factorial design

A factorial design comprising four factors was
utilized for the initial screening of CAA like column, pH, and
buffer. Four CAA/CPP were chosen for the screening which
includes: A) pH of the buffer, B) percentage volume/volume
of the aqueous mobile phase, C) column, and D) flow rate. The
screening process was executed through the implementation
of a three-level four-factorial design, which is presented in
Table 1. A total of nine experiments were conducted with a
uniform concentration of 10 pg/ml. The stated CQAs of Rz,
theoretical plates (Tf), and HETP were used to analyse against
the experimental data. A design model that best fits the data
was generated and selected based on its significance using an
analysis of variance (ANOVA) F test.

Method optimization using Box—Behnken design

The final optimization was performed using Box-
Behnken Design with A) pH of the buffer, B) the percentage
volume per volume (% v/v) of the organic phase, C) the % v/v of
modifier in a solvent, and D) the flow rate as CAA (Table 2). The
experimental design consisted of 29 trial runs that employed a

combination of CAA, as indicated in the design matrix. The
experiments were conducted using drug concentration of 10
pg/ml of LDM and injection volume of 20 pl. The statistical
techniques of ANOVA and response surface analysis were
employed to further assess the model generated using DoE
software.

Method validation

The developed analytical technique was validated for
specificity, linearity, the limit of detection (LOD), the limit of
quantification (LOQ), accuracy, and precision in accordance
with the International Conference on Harmonization (ICH) Q2
(R1) [18].

Micro-dissolution pH shift experimentation

The micro-dissolution pH shift analysis of LDM was
performed as per the our previously reported method [16,19,20].
Through a microdilution pH shift experiment using United
States Pharmacopeia (USP) dissolution media and simulated
bio-relevant media, the physiochemical changes and solubility of
LDM in various pH transit was assessed. The pH levels for the
two compartments of the in vitro micro dissolution test—gastric
(FaSSGF buffer) and intestinal (FaSSIF buffer)—were 1.2, 6.5,
and 6.8, respectively [21-23]. Prior to the experiment, all fluids
were preheated to 37°C and degassed. The clinically equivalent
dose of the LDM, 250 mg per 250 ml of water, was calculated
to determine the target dose for the micro-dissolution setup. The
dissolution experiment was then monitored for 20 minutes after
the calculated quantity of LDM was added to 14 ml of pH 1.2
gastric medium (HCI/FaSSGF buffer). The pH was then shifted
by adding 28 ml of pH 6.5 buffer (Phosphate/FaSSIF buffer) to the
same setup upto and samples were withdrawn upto 180 minutes. In
an alternate configuration, an analogous assembly was organized
using 14 ml of Phosphate/FaSSIF buffer with a pH of 6.5. The
dissolution process was executed for a duration of 20 minutes at
pH 6.5. Subsequently, 28 ml of Phosphate/FaSSIF buffer with
a pH of 6.8 was introduced in the same set-up to mimic the pH
shift. The maintenance of sink conditions was achieved through
the replacement of an equivalent volume of fresh buffer. The

Table 1. Selection of independent variables and their levels for factorial design.

Factor Name Units Type Minimum Maximum Coded low Coded high
A Flow rate ml/minute Numeric 0.8 1.2 -1+ 0.80 +1 < 1.20
B pH of buffer Numeric 3 6 -1 3.00 +1 & 6.00
C Column Numeric 1 3 -1+ 1.00 +1 < 3.00
D % Organic % Numeric 40 60 —1 < 40.00 +1 < 60.00

Table 2. Selection of independent variables and their levels for optimization method using Box Behnken design.

Factor Name Unit Minimum Maximum Coded low Coded high
A pH - 4.5 6 -1 < 4.50 +1 < 6.00
B % Organic % 50 70 -1 < 50.00 +1 < 70.00
C % Modifier % 0 20 -1 < 0.00 +1 > 20.00
D Flow rate ml/minute 0.8 1.2 -1+ 0.80 +1 < 1.20
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experimental fluids were mixed using magnetic stirrers rotating at
a speed of 350 revolutions per minute, as directed by the assembly.
The centrifugation of the samples was performed at a speed of
10,000 revolutions per minute. The resulting supernatants were
analysed using the optimized RP-HPLC method, which was
developed using the QbD strategy. The formula for calculating the
“pH effect” is shown below as Equation 1.

AUC (FaSSGF1.2-FaSSIF6.5) (1)
pH effect =
AUC (FaSSIF6.5-FASSIF 6.8)
RESULT AND DISCUSSION

Analytical DoE method development using factorial design

Experiments with distinct mobile phase solvents,
buffers, and stationary phases were carried out to build a
sensitive and effective analytical approach. Phosphate, acetate,
and formate buffers were tested at pH 3—6. The effects of four
independent technique factors, mobile phase pH (X1), % organic
in the mobile phase (X2), stationary phase (X3), and flow rate
(X4), on three LDM response variables, drug Rz (R1), Tf (R2),
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and HETP (R3), were examined using a four-factor three-level
factorial design. The proposed chromatographic experimental
conditions via DoEs were carried out using HPLC, and the
findings were evaluated by statistical analysis using Design
Expert 12.0 software.

The initial risk assessment by the analysis of the normal
plot and perturbation plot revealed favourable interactions
between CPP such as pH, % organic, flow rate, and CQA of
Rz, Tf, and HETP. Additionally, the factorial screening design
underwent statistical evaluation using ANOVA. The statistical
model demonstrated significance when analyzed using a two-
factor polynomial model fit design. The variable X1, which
represents the pH of the mobile phase, exhibited a statistically
significant influence on the responses Rz (R1) and HETP (R3).
The variables of flow rate, column, and % organic was observed
to have a significant impact on the responses R2 and R3. The
outcomes of the factorial screening design utilizing ANOVA
are presented in Table 3. The statistical parameters, namely
p-value, F-value, R?, and adjusted R?, exhibited a satisfactory
level of concurrence and demonstrated a noteworthy interplay

Table 3. ANOVA results for factorial screening design.

Response SD Mean p-value  F-value R? Adjusted R* Predicted R? Adequate precision
RT 0.24 6.532 0.0347  485.73 0.999 0.997 0.998 68.555
TF 0.08 0.259 0.0297 32.93 0.988 0.958 0.958 14.914
HETP 452.10  5,839.671 0.0468  267.37 0.999 0.995 0.995 39.761
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Figure 1. Perturbations and predicted versus actual plot interactions for dependant factors A, D; (R1) Rz, B, E; (R2) Tf'and C, F; (R3) HETP of LDM by three level

four factorial design.
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between CPP and CQA of the analytical approach (Fig. 1). The
utilization of 3D interaction plots facilitated the examination of
the interplay between the dependent and independent variables.
The response R1 (R?) of LDM was significantly influenced by
independent parameters, namely the pH of the mobile phase and
the columns utilized. Likewise, the response R2 (Tf) of LDM
exhibited a significant dependence on both the flow rate and the
% of organic solvent, as observed in response R2. The study
indicates that the response factors Rt and HETP do not exhibit
any statistically significant impact in relation to independent
variables, namely pH and flow rate (Fig. 2). The screening
design results indicated that the dependent variables, namely
Tf'and HETP, remained constant within the pH range of 4.5-6
and the organic percentage range of 50%—60%. The selection
of the C18 column was based on the impact of the independent
variable, column, on the response variable R3.

Analytical DoE method optimization using Box-Behnken
design

The utilization of the randomized quadratic Box-
Behnken design was extended to facilitate the optimization of
pH and the % of organic ratio with the aid of a modifier. The
independent variables were subjected to a risk assessment using

a normal probability perturbation plot and an actual versus
predicted plot. The perturbation plot was found to fall within
the acceptance criteria. The ANOVA-based statistical analysis
reveals that the % of modifiers and organic content have a
significant impact (»p < 0.001) on the responses R1 and R2.
Conversely, the pH of the mobile phase and flow rate exhibited
no significant impact on either of the responses. The ANOVA
results for the quadratic model, which was determined to be the
best fit, are presented in Table 4. The ANOVA predicted that
the response R1 would exhibit a similar interaction profile for
independent variables such as % organic, % modifier, and flow
rate, as evidenced by the 3D counterplots of the analysis. The 3D
interaction plot presented illustrates the relationship between the
response R1 (Rf) and the % of organic and modifier, as well as
the pH of the mobile phase. Nevertheless, Tf has demonstrated
the most noteworthy interaction with the percent modifier and
percent organic (Fig. 3). The method operable design region
(MODR) value obtained under optimized conditions indicated
that the design space for pH ranged from 4.5 to 6, while the
percentage of organic and modifier fell within the ranges of
55%—-60% and 10%-20%, respectively. The study determined
that the optimized method had a desirability score of 1. Working
within the operatable region of the design space is likely to result

RT
w

B: pH(Buffer) 4.2

HETP

D: %ORGANIC (%)

A: FLOWRATE (mL/min)

B: pH(Buffer) 36

3 08

Figure 2. 3D counter plot of interactions for dependant factors (A); (R1) Rz, (B, C); (R2) Tf'and (D); (R3) HETP of LDM by three level four factorial design.



110 Rajpurohit et al. / Journal of Applied Pharmaceutical Science 14 (06); 2024: 105-115

in a satisfactory yield (Fig. 4). Table 5 presents a summary of Method validation

the observed and forecasted outcomes for the reactions obtained The indicated parameters’ findings were assessed, and
through the optimized chromatographic technique for LDM. the method was validated in accordance with the ICH Q2(R1)

Table 4. ANOVA results for optimised method using Box-Behnken design.

Response SD MEAN  p-value  F-value R Adjusted R* Predicted R? Adequate precision
RT 1.42 10.66  <0.0001 46.78 0.979 0.958 0.879 25.465
TF 0.0115 1.10 <0.0001 18.76 0.949 0.898 0.771 16.302
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Figure 3. 3D counter plot of interactions for dependant factors (A); (R1) Rt and (B, C, D); (R2) Tf of LDM by Box-Behnken design.
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Figure 4. Design space of method operatable region for LDM with independent factors (X1) pH, (X2) % organic, (X3) % organic modifier and (X4) flow rate.

Table S. Predicted and actual point prediction at two-sided 95% confidence interval.

Responses Predicted mean Observed Std Dev SE Pred 95% PI low 95% PI high
RT 4.2173 5.728 1.418 1.784 0.389 8.045
TF 1.1225 1.133 0.011 0.014 1.091 1.153

guidelines. As the % relative standard deviation (RSD) of the
standards was less than 2%, the system appropriateness was
well within the permitted range. The concentration versus peak
area calibration curve was plotted as shown in Figure 5 after the
linearity for LAP was determined. Through statistical analysis,
the correlation coefficient and intercept were obtained with a
regression equation of y =29,336X-1,450.9. Figure 5 illustrates
the correlation coefficient (%), which was found to be 0.9999.
According to Table 7, the LOQ was 0.494 pg/ml and the LOD
was 0.163 pg/ml. As indicated in Table 6, the mean percent
recovery was found to be accurate and within the range of 98%—

102%. The offered method’s repeatability and intermediate
precision were used to determine its accuracy. According to
Table 7, the %RSD was calculated to be less than 2%.

Micro-dissolution pH shift experimentation

The intrinsic dissolution rate and pH-dependent
solubility of LDM, a drug with low solubility, were evaluated
through the use of USP dissolution buffers and bio-relevant
media (FaSSGF-FaSSIF) in a micro-dissolution model. This
was done to investigate the pH shift transition from the gastric
to intestinal phase. The impact of pH on LDM solubility and
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Figure 5. Calibration plot of analysis for LDM.

Table 6. Accuracy of LDM at 5 levels.

CONC Mean
% Recovery
(ng/ml) recovery

Accuracy

level % Std. Dev

% RSD

98.68

50% 1.25 98.15 98.94 0.944 0.954
99.99
102.15

80% 2 103.07 102.70 0.489 0.476
102.88
100.13

100% 2.5 98.40 99.05 0.947 0.956
98.61
99.84

120% 3 102.51 101.51 1.457 1.436
102.18
103.20

150% 3.75 103.17 102.32 1.501 1.467
100.58

its dissolution profile in USP buffer is demonstrated in Figure
6, which displays data for HCI pH 1.2 and Phosphate buffer
pH 6.5. The initial drug concentration was dissolved in a
buffer solution with a pH of 1.2, in which 0.0164 mg/ml of
LDM was found to be soluble. Upon modifying the pH of the
experimental system from 1.2 to 6.5, an instantaneous drop in
the solubility of the drug was observed, resulting in a value
of 0.0040 mg/ml. According to the report, LDM exhibited
solubility values of 0.008 and 0.006 mg/ml in the intestinal
phase set of phosphate buffer at pH 6.5 and 6.8, respectively.
The observed reduction in drug solubility subsequent to the pH
alteration underscores the critical role of pH in drug solubility
and illustrates the pH-dependent nature of the drug. Likewise,
in a micro-dissolution setup utilizing bio-relevant media, LDM
was observed to exhibit minimal solubility in an acidic milieu,
specifically FaSSGF at a pH of 1.2. Following a duration of 20

Table 7. Intraday-interday precision of LDM at 5 levels.

Day 1
Determinations 50 80 100 120 150
1 127 202 254 295 3.79
2 1.23 207 249 297 3.84
3 1.25 202 250 3.2 3.71
MEAN 1.25 2.04 251 3.01 3.78
STD 0.02  0.03 0.02 0.09  0.06
%RSD 1.76 1.38 0.95 2.98 1.62
Day 2
Determinations 50 80 100 120 150
1 129 204 250 297 3.87
2 1.23 206 246  3.08 3.87
3 1.25 206 247 3.07 3.73
MEAN 126  2.05 2.48 3.04 3.82
STD 0.03 0.01 0.02 0.06  0.08
%RSD 252 048 096  2.01 2.04

minutes, a significant reduction in the solubility of LDM during
GI transit was observed, plausibly due to the precipitation of the
more soluble acidic di-tosylate salt. The impact of a pH shift on
the solubility and dissolution profile of LDM in bio-relevant
media is depicted in Figure 7, where the transition is made
from FaSSGF pH 1.2 to FaSSIF pH 6.5. The solubility of the
compound was initially measured to be 0.0127 mg/ml; however,
it underwent a significant increase to 0.0291 mg/ml following
the pH alterations. During the transition from intestinal phase
shift of FaSSIF pH 6.5 to FaSSIF pH 6.8, the solubility of LDM
was found to be 0.0337 mg/ml and remained constant until it
reached saturation equilibrium. Upon changing the pH to 6.8,
the solubility of LDM decreased to 0.0289 mg/ml and this value
was maintained for a duration of 180 minutes.

In gastric bio-relevant media, the drug exhibits limited
solubility with a release of up to 20% during the first 20 minutes
of dissolution. The dissolution of LDM was observed to be
significantly faster in the intestinal fluids of FaSSIF pH 6.5, with
a release of 75%—-80% within 180 minutes. LDM exhibits poor
water solubility and high lipophilicity, with a logP value of 5.66.
It also displays weak basicity, with a pKa of approximately 3.7,
and weak acidity, with a logP value of 5.66. Under highly acidic
aqueous conditions, LDM has the ability to undergo ionization
and solubilization. Various researches have been conducted to
investigate the solubility of the unpolluted medication. These
studies have revealed that the amount of drug dissolution
at pH 2 is notably low [7,9,13]. Koch et al.’s [6] study on the
pH-dependent interaction of LDM in humans revealed that
despite the observed decrease in aqueous solubility in vitro, the
reduction in LDM absorption was not significant. The observed
discrepancy in drug efficacy could potentially be attributed to
the interplay between the physicochemical properties of the drug
and the environmental conditions within the intestinal lumen.
The hydrophobic nature of LDM promotes the segregation of
amphoteric bile salts into micelles within the enterocytes’ wall
or the duodenum. This mechanism serves to counterbalance the
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Figure 6. Effect of pH shift on solubility of LDM for (A) HCI pH 1.2—Phosphate pH 6.5 and (B) % drug release by in vitro micro dissolution.
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Figure 7. Effect of pH shift on solubility of LDM for (A) FaSSGF 1.2—FaSSIF pH 6.5 and (B) % drug release by in vitro micro dissolution.

reduction in aqueous solubility that occurs at elevated pH levels.
The inclusion of amphiphiles within the GI tract significantly
amplifies the solubility of numerous compounds that exhibit
poor water solubility. However, it is crucial to take into account
the impact of distinct amphiphiles on solubility, as well as the
partitioning of the drug into amphiphilic micelles, as these factors
can influence the absorption rate and degree [8,15,24].

Additionally, the ratio of the dissolution AUC profiles
(AUC of pH 6.5 to pH 6.8/AUC of pH 1.2 to pH 6.5) was
used to evaluate the risk of in vitro pH impact. In a human
clinical study with and without an acid lowering agent, LDM’s
predicted clinical pH impact ratio was reported as 0.784 and
0.743 for C__and AUC, , respectively. The in vitro pH-effect
risk obtained from the micro-dissolution experiment has values
0f'3.787 and 0.8010, respectively, which indicate the use of USP
buffer and bio-relevant media. The clinical effects of pH and in
vitro pH are all directly related to one another. In reality, the
pH influence is more substantial the greater the ratio. When the
pH ratio is 1, there are no clinical consequences of pH. There
haven’t been many solubility investigations where the solubility
in human subjects has been directly compared to the solubility
in biorelevant media mimicking human digestive fluids.
Through enhanced wetting and solubilization by additives like
surfactants and/or lipids, intestinal simulated bio-relevant fluids
frequently have a significant impact on the apparent solubility
of compounds with solvation-limited solubility, i.e., molecules
with poor interaction with water [25].

The solubility and consequent absorption of a drug
from the GI tract are largely influenced by the composition and
volume of the GI fluids, as well as the micellar concentration.
The administration of cancer therapies through oral means has
prompted the need to closely examine the factors that contribute
to fluctuations in drug exposure, which ultimately impact
the delicate balance between therapeutic effectiveness and
harmful side effects. Conducting an extensive physiochemical
analysis utilizing bio-relevant media is deemed as the most
dependable approach to attain uniform systemic exposure while
administering targeted drug therapy through oral route for a
prolonged period.

CONCLUSION

The current study outlined the use of biorelevant
FaSSGF and FaSSIF in an in vitro pH shift micro-dissolution
model to predict the solubility change of LDM in the GI
system. The use of FaSSIF-based buffers led to more precise
predictions of the supersaturation and dissolution rate of the
pure weakly basic model compound LDM when compared
to normal buffers. Our prediction for the pH shift effect has
successfully integrated the dynamic changes in GI fluid
properties and their implications on the in vivo dissolution
of LDM. A better understanding of the impact of food and
acid-reducing substances on the exposure of poorly water-
soluble drugs may be made possible by the conduct of such
an assessment.
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