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Abstract

Background: Optimization of intraperitoneal drug delivery
systems requires functional models. We proposed the
Inverted Bovine Urinary Bladder Model (IBUB), but IBUB
does not allow repeated measurements over time and
there is a significant biological variability between organs.
Methods: A further development of IBUB is presented,
based on the physical principle of communicating ves-
sels. Fresh bovine bladders were inverted so that the
peritoneum lines up the inner surface. The IBUB and a
second vessel were then interconnected under the same
CO, pressure and placed on two scales. The therapeutic
solution (Doxorubicin 2.7 mg and Cisplatin 13.5 mg) was
delivered via an aerosolizer. All experiments were in
triplicate and blinded to the origin of samples, measure-
ments in a GLP-certified laboratory.

Results: The enhanced IBUB (eIBUB) model allows meas-
urements of tissue drug concentration, depth of tissue
penetration and spatial distribution. The homogeneous
morphology of the peritoneum enables standardized,
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multiple tissue sampling. eIBUB minimizes biological
variability between different bladders and eliminates the
bias caused by the liquid collecting at the bottom of
the model. Concentration of doxorubicin in the eIBUB
(mean + STDV: 18.5 + 22.6 ng/mg) were comparable to
clinical peritoneal biopsies (19.2 + 38.6ng/mg), as was
depth of drug penetration (eIBUB: mean (min-max) 433
(381-486) pm, clinical ~ 500 pm).

Conclusions: The eIBUB model is a simple and powerful ex
vivo model for optimizing intraperitoneal drug delivery and
represents an attractive alternative to animal models. Results
obtained are similar to those obtained in the human patient.

Keywords: aerosol, alternative to animal models, cisplatin,
doxorubicin, intraperitoneal chemotherapy, pressure,
Pressurized Intraperitoneal Aerosol Chemotherapy (PIPAC)

Introduction

Peritoneal metastasis of gastrointestinal and gynecological
origin are frequent with an estimated worldwide incidence
0f 1,000,000 new cases/year [1,2].In spite of recent progress
in multimodal therapy including chemotherapy, surgery
and immunotherapy, prognosis is dismal and peritoneal
metastasis is still perceived as a terminal condition [3].
Intraperitoneal chemotherapy offers new hope since it has
been shown to improve prognosis in selected indications,
both in the adjuvant and palliative situation [4]. However,
intraperitoneal chemotherapy has several pharmacological
limitations, in particular poor tissue penetration and incom-
plete distribution of the drug within the peritoneal cavity [5].

To our knowledge, there is no drug currently on the
market that has been approved for intraperitoneal deliv-
ery by US FDA or European EMA. Drugs administered
into the peritoneal cavity are approved in the specific
indications for intravenous delivery. Thus, they can only
be administered “off-label”. Importantly, these drugs
have all been formulated for optimized intravenous deliv-
ery and are therefore hydrophilic [6]. This is indeed a
strong limitation for application into a cavity limited by
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peritoneal membrane, which is covered by the glycocalyx
mainly consisting of sphingolipids [7]. So far, there is no
drug available in clinical practice that has been formu-
lated specifically for the intraperitoneal administration.

Several drug delivery systems are available for admin-
istering drugs into the peritoneal cavity. Intraperitoneal
catheters are the traditional way to administer intraperito-
neal chemotherapy. Insertion of the catheter(s) require a
surgical intervention under general anesthesia. A large
volume of therapeutic solution (usually 1-3L) is infused
into the abdominal cavity with an exposition time of sev-
eral hours. Then, the solution is removed through the
same catheter(s). Catheter-based intraperitoneal chemo-
therapy is limited by a dose-dependent local and systemic
toxicity and catheter complications are not rare. Moreover,
the procedure is cumbersome for the patient and relatively
costly [8].

Over the last three decades, Paul Sugarbaker and
others have developed an approach combining cytore-
ductive surgery (CRS) with Hyperthermic Intraperitoneal
Chemotherapy (HIPEC) [9]. CRS and HIPEC have been
shown to be feasible and to prolong survival in selected
patients in good condition with limited peritoneal disease
and less aggressive tumor biology [10]. However, the
incremental gain of HIPEC over CRS alone might be fairly
limited [11, 12] probably because of the limited tissue
penetration of the drugs [13].

A recent development of intraperitoneal chemother-
apy is Pressurized Intraperitoneal Aerosol Chemotherapy
(PIPAC). During a staging laparoscopy, the chemotherapy
solution is aerosolized under pressure into the peritoneal
cavity. The procedure has superior pharmacological prop-
erties [14]. PIPAC has been shown to be feasible and safe.
Objective response rates and potential positive impact on
quality of life were encouraging. Therefore, PIPAC can be
considered a treatment for refractory, isolated peritoneal
metastasis of various origins. Further indications need to
be validated by ongoing prospective studies [15]. Further
developments of PIPAC, such as electrostatic loading and
precipitation of the therapeutic aerosol, have been pro-
posed that could further improve the pharmacological
performance of the procedure [16, 17].

In order to investigate and develop the full potential
of these new systems for intraperitoneal drug delivery,
there is a need for adequate functional models. For exam-
ple, spatial distribution of the therapeutic aerosol needs
further optimization [18]. Other needs are optimizing con-
tact time between the therapeutic substance and the
target tissue and determining the earliest time point for
termination of the procedure without loss of efficacy.
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Two years ago, we have proposed a new ex vivo
model for optimizing distribution of therapeutic aerosols:
the (inverted) bovine urinary bladder (IBUB) [19]. The
IBUB model is easy to use, reproducible and cost-effec-
tive. It has a volume similar to the human abdominal
cavity, and an oval shape. The inner surface is lined with
peritoneum. The IBUB model allows pharmacological and
biological analysis, including histology. However, the
IBUB model does not allow repeated measurements over
time, so that a large number of bladders have to be
exposed to the therapeutic agent at various time points.
This induces indeed a biological variability between the
different organs, and this biological variability can impair
analysis of smaller differences in tissue uptake or depth
of tissue penetration.

In this work, we present a novel ex-vivo model allow-
ing optimization of intraperitoneal drug delivery with
repeated measurements over time without the need for
sacrifice of additional animals.

Materials and methods

Design

This is an experimental, ex-vivo study in the IBUB model.

Ethical and regulatory background

The research conducted did not employ live animals or human-
derived specimens. No animal was sacrificed for this study.
According to German law, no authorization of the Institutional
Review Board or of the Animal Protection Committee was required
for performing this research.

Inverted bovine urinary bladder model

The IBUB model has been described elsewhere [20] and is estab-
lished in our research laboratory. The IBUB model is well suitable
for optimizing drug delivery systems targeting the peritoneum. The
inflated bovine bladder has a volume (3-5 1) similar to the human
abdominal cavity. The bovine urinary bladder is situated intraper-
itoneally and thus almost completely lined up by peritoneum. When
the urinary bladder is inverted (outside-in), the inside lumen is
covered by a homogeneous peritoneal layer. Fresh bovine urinary
bladders were obtained from the slaughterhouse and transported to
our laboratory at a temperature of 4-8°C. The organs were thor-
oughly rinsed with water. Then, the organs were prepared as fol-
lows: a 2cm incision was made in the bladder neck and the organ
was carefully inverted through said incision. Then, a 12mm balloon
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trocar (Kii®, Applied Medical, Diisseldorf, Germany) was inserted in
the open bladder neck, fixed tightly with a Mersilene® pursuing
suture and secured by inflating the trocar’s balloon.

Real-time measurement of weight

In order to simplify data capture, we developed an automatized
electronic system for continuous measurement of IBUB weight and
precipitated aerosol. Data generated by two electronic scales (Kern
and Sohn GmbH, Blaingen, Germany) were transferred via DB-9
standard cable to the VGA interface of a personal computer
equipped with dedicated software (Balance Connection Version
4.2.4, SCD-4.0-Pro, Kern and Sohn GmbH, Blaingen, Germany). The
system allows real time weight recording (every 5s) from both scales
and electronic data processing, including graph generation.

Preanalytical sample preparation

Before analysis, lyophilized pellets were rehydrated and homogenized
using an automatic homogenizer (TissueLyser LT, QIAGEN, Hilden,
Germany). The TissueLyser LT® (ref) provides rapid and standar-
dized, simultaneous disruption of up to 12 various tissue biopsies
without risk of external contamination. Tissue disruption and homog-
enization is obtained through combined beating and grinding effects
of beads on the sample material. Samples were placed into 2mL
ceramic tubes (Ceramic Bead Tubes Kit 2.8 mm diameter, Artnr.
13114-50, QIAGEN, Hilden, Germany) with the ceramic beads inside
and rehydrated with 1.5mL of sterile distilled water (Ampuwa,
Fresenius KABI, Homburg, Germany). Then the ceramic tubes were
placed into the TissueLyser LT and shaked a high frequency (50 Hz,
3000 oscillations/min) in a vertical position for 1h at RT. In addition,
the ceramic tubes can be placed in a ultrasound device (ELMA, S30H
Elmasonic, Singen, Germany) and allowed to keep in the activated
ultrasound device for 10min at RT. Then the ceramic tubes were
vortexed for 30s and centrifuged for 10 min (Eppendorf, centrifuge
5417R, 9000 rpm; Hamburg, Germany) at RT.

Depth of tissue penetration

Deep-frozen biopsies were embedded in TissueTek (Tissue-Tek,
Sacura REF 4583) and cut into 10 pum slices in a cryotome (Leica
cryocut CM30508S, Leica, Nussloch, Germany). Depth of tissue pen-
etration was determined by measuring spontaneous fluorescence of
using a Name microscope (Leica DMRBE, Wetzlar, Germany). Depth
of tissue penetration was assessed by spontaneous fluorescence of
doxorubicin with a fluorescence microscope (Leica Quantimed Q
600 with filter: doxorubicin ex 490 nm abs 560, 590 nm) (magnitude
10x). Results were documented with Leica Qwin 2002 software.
Measurements were performed in triplicate by an independent path-
ologist (W.S.) blinded to the identity of the samples.

Drug tissue concentration

Measurements were performed in triplicate. Biopsies were sent to an
independent, GLP-certified laboratory (Labor Eberhard, Dortmund,
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Germany). The laboratory was blinded to the sample identity.
Doxorubicin concentration was measured by high performance
liquid chromatography (HPLC; Waters Fluorescence Detector 2475,
Waters Inc., Milford, MA), with a serum LLoQ of 5ng/mL. Pre-
analytical validation proved a linear range of measurements in 5%
glucose matrix between 0.1 and 10,000 pg/mL doxorubicin and
established no influence of organic matrices. Cisplatin was quanti-
fied by atomic absorption spectroscopy (AAS; ZEEnit P 650, Analytic
Jena AG, Jena, Germany). The lower level of quantification (LLoQ)
for platinum was 50 ng/mL (cisplatin 80 ng/mL; calculation factor
1.54). Pre-analytical validation proved a linear range of measure-
ments in 5% glucose matrix between 0.1 and 100 pg/mL platinum,
and established no influence of organic matrices.

Occupational health safety

This research involved chemotherapeutic, toxic substances with a
potential health risk for the personal involved. The research labo-
ratories of NCPP have been audited successfully in fall 2016 for
compliance with German law and safety guidelines. The personal
has been trained and access to the facilities is restricted. All experi-
ments with toxic substances are performed within a Class 3 safety
hood (Maxisafe 2000, ThermoFisher Scientific, Dreieich, Germany)
certified for handling of cytotoxic substances. Air analysis for poten-
tial platin contamination were performed under working conditions
in November 2016 by an external certification company (DEKRA
industrials, Stuttgart, Germany) and revealed no traces of platin.
Surface contamination is monitored at regular intervals. The per-
sonal involved is regularly monitored by a physician specialized in
occupational medicine.

Data management and statistics

Experimental data were documented according to Good Scientific
Practice and uploaded using LabGuru software (BioData Inc.,
Cambridge, MA, USA). Statistical calculations were performed with
SPSS statistics software, version 25 (IBM Inc, Armonk, NY, USA).
Comparison of means was performed using non-parametric tests
(Mann-Whitney U-test).

Results

In prior work, we have described an innovative model for
optimizing homogeneity of drug delivery using therapeu-
tic pressurized aerosols, the IBUB model [20]. Fresh
bovine urinary bladder ex vivo can be used for evaluating
the target effect of therapeutic aerosol both onto the
mucosa or, by inverting the organ, onto the serosa.
IBUB is a novel ex-vivo model in which physicochemical
characteristics of a therapeutic aerosol can be optimized
easily.

However, we found that IBUB had limitations, for
example for determining tissue drug uptake over time.
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Dynamic experiments required a large number of blad-
ders to perform repeated biopsies. Moreover, when com-
paring these different bladders, we faced some biological
variability between organs, depending for example on
weight, wall thickness and hydration state of the tissue.

In order to determine reasons for results variability
between various IBUB experiments, the organs were exam-
ined by histopathology. As exemplified in Supplemental
Material, Figure 1, the fresh, cooled organs were typically
well preserved and no sign of tissue necrosis was observed.

In the meantime, based on our experience, we routinely
sample a biopsy from the bladder neck before experiments
in order to verify tissue integrity by HE staining.

Then, we compared tissue drug uptake between
various organs. Results can be seen from Supplemental
Material, Figure 2. Whereas this variability did not reach
statistical difference for doxorubicin (ANOVA, p=0.52), it
was significant for cisplatin tissue concentration (ANOVA,
p<0.05).
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The variability observed in the results between different
organs convinced us to use a single organ for repeated
measure, which required further development of the IBUB
model. The principle of the enhanced IBUB (eIBUB) model
is displayed in Figure 1. This model relies on the principle of
communicating vessels. Two vessels (the IBUB itself and a
separated, closed plastic contained) are interconnected
tightly with a silicone tubing sewed at the bottom of the
IBUB, creating a closed system. Each vessel is placed on an
individual balance (Balance 1 or Balance 2). Additionally,
both vessels are filled with CO, at the same pressure (e. g.
12mmHg but this pressure can be modified).

This design allows real-time weight measurement of
the IBUB and the second vessel. The weight gain (6W
bladder) of the IBUB and of the vessel (8W vessel) reflect
in real-time the liquid uptake into the tissue, and the
precipitating aerosol, respectively.

We compared the reproducibility of tissue drug con-
centration of cisplatin and doxorubicin between the IBUB
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CO2 Insufflator Sealed box

12 mm Hg

=>

Inverted
bovine
bladder

Balance 1

Figure 1: Principle of the enhanced Inverted Bovine
Urinary Bladder (elBUB) model. The inverted
urinary bladder is interconnected with a second
container and the weight of both vessels are

] measured in real time.

Figure 2: Dynamic measurements over time. Left
panel: Changes in weight of the IBUB. Right
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and the eIBUB model. As Table 1 is showing, differences
in drug concentration were larger when multiple biopsies
(n=12-42) from different bladders vs. biopsies from the
same bladder (n=23) were compared.

In Figure 2 we compare the weight of the IBUB with
the aerosol precipitating over time in form of a liquid at
the bottom of the bladder. The weight gain of the bladder
increases by 60-70% within 5-10 min. As we can see, a
significant fluid volume is taken up rapidly into the
tissue, showing evidence that PIPAC is a high volume
drug delivery system. Since large-molecular weight mol-
ecules are essentially taken up by convection (and not by
diffusion), PIPAC is expected to be effective in delivering
large drug quantities into the subperitoneal tissue. We
observe from the right panel that about half of the aerosol
precipitates within a comparable time frame. The liquid
collected in real time at the bottom of the urinary bladder
reflects the combined effect of impaction and sedimenta-
tion forces onto the therapeutic aerosol. This volume of
liquid also provides information on the adhesive proper-
ties of the aerosol onto the whole surface of the perito-
neum exposed to the aerosol, since the therapeutic
substance in contact with the target tissue will not drip
down the lateral walls of the IBUB.

The enhanced IBUB model allows measurement of
drug penetration into the tissue. For example, the (sponta-
neous) fluorescence of doxorubicin can be observed by
fluorescence microscopy in Figure 3. Alternatively, it is
also possible to use fluorescent labeling with DAPI,
Cyanin 5, curcumin or other staining substances. For this
purpose, after completion of the experiment, the bladder is
opened and serial punch biopsies (standard diameter
8mm) are taken in triplicate at the top, in the middle
and at the bottom of the organ. This allows, for example,
comparison of tissue uptake at different positions of the
IBUB and optimization of aerosolizing devices in combi-
nation with various substances and formulations.

The IBUB model allows measurements of drug tissue
concentration. When implementing the eIBUB model in
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Direction of drug penetration
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Figure 3: Measurement of depth of tissue penetration using fluo-
rescence microscopy. In this example (biopsy at the bottom of the
enhanced IBUB model after PIPAC), we observe a transparietal drug
penetration of Doxorubicin up to a depth of 3807 + 1290 pm.
(mean + STDV).

our laboratory, we hypothesized that drug concentration
might differ between the original IBUB model and the
eIBUB model. Therefore, we compared the results obtained
under the same experimental conditions in both models.
As shown in Figure 4, a statistical significant vertical
cisplatin concentration gradient was observed both in the
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p=0.001 MeiBUB
" .
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Figure 4: Comparison of tissue concentration of Cisplatin in the
IBUB (blue) vs. enhanced IBUB model (red). Experimental conditions
are the same (Aerosolization of 13.5mg cisplatin in 150 mL NaCl
0.9% at RT and a capnoperitoneum of 12 mmHg). IBUB: Inverted
Bovine Urinary Bladder. elBUB: enhanced Inverted Bovine Urinary
Bladder.

Table 1: Variability of measured Cisplatin and Doxorubicin concentrations between urinary bladders (IBUB model) and within a single

urinary bladder (elBUB model).

Between urinary bladders

Same urinary bladder

Position Cisplatin Sign. Doxorubicin Sign. Cisplatin Sign. Doxorubicin Sign.
Top 17.5 (13.6-21.4) 0.001* 0.7 (0.4-1.0) 0.10 15.0 (9.7-20.3) 0.77 0.8 (0.3-1.2) 0.25
Middle 7.3 (4.5-10.0) 0.002* 0.3 (0.0-0.6) 0.04* 12.8 (7.5-18.1) 0.94 0.4 (0.2-0.7) 0.93
Bottom 7.0 (3.5-10.6) 0.06 0.3 (0.1-0.4) 0.03* 12.8 (8.2-17.5) 0.87 0.4 (0.2-0.7) 0.63

Mean; Cl 5-95%. ANOVA; *significant difference (p <0.05). Values (in ng/mg) are normalized to allow comparison.
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IBUB and the eIBUB models (p = 0.001). However, whereas
the tissue concentration of cisplatin was comparable at the
top and the middle of the urinary bladder, it was reduced at
the bottom of the eIBUB as compared to the previous IBUB
model. This difference in the tissue concentration of cispla-
tin is likely explained by the absence of liquid collection at
the bottom of the experimental model in the eIBUB.

For validating the eIBUB model we compared pharma-
cological measurements obtained for doxorubicin deliv-
ered as PIPAC in the human patient and in the eIBUB.
Results are summarized in Table 2. Since clinical biopsies
are taken from the antero-lateral abdominal wall, we com-
pared the human data with the data obtained from the
superior biopsies in the eIBUB.

Table 2: Doxorubicin tissue concentration and depth of tissue pen-
etration in the enhanced Inverted Bovine Urinary Bladder (eIBUB)
model vs. in the human patient.

Tissue concentration
(mean =+ stand. dev.)

Depth of penetration
(mean, min-max)

elBUB model
elBUB, n=36 18.5 + 22.6ng/mg 433 (381-486) ym
biopsies in 12
bladders

Human patient
N/A
19.2 + 38.6ng/mg

Solass etal. [14]
Tempfer etal. [19]
(n=32 patients)

~500pm
N/A

Discussion

Animals are used in most preclinical studies on IP drug
delivery [17, 21-26]. These animal models have been
applied for improving depth of tissue penetration, homo-
geneity of distribution and also to optimize contact time
between the therapeutic aerosol and the target tissue.
However, animal models have several limitations. First,
they require performance of experiments in living crea-
tures, which implies some degree of suffering and sacri-
fice of animals. Second, there is a biological variability
between different animals that prevent detection of small
differences in experimental measures. Moreover, animal
experiments are cumbersome, long and expensive. Taken
together, whereas animal experiments are mandatory for
preclinical pharmacological and toxicological studies,
they are not well suited for optimizing therapeutic aero-
sols for intraperitoneal drug delivery.
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Instruments for examining nature and content of
aerosols have been developed as early as 1860. These
instruments, generally called “impactors”, rely on a
simple principle — a jet of particle-laden air impinging
on a plate. In the early 1950s, Andersen proposed an
impactor consisting of a cascade of microperforated
plates. Dependent on their aerodynamic diameter, larger
particles will impact on an early stage. Smaller particles
will remain floating in the gas stream and pass to the
next stage where the process starts again [27]. Along
with extensive theoretical analysis of jet impaction,
this impactor allowed significant progress in pulmonary
aerosol medicine. However, no impactor dedicated to
intraperitoneal drug delivery as pressurized aerosols is
available so far.

Our aim was to develop an enhanced functional
model allowing to investigate and develop the full poten-
tial of new systems for intraperitoneal drug delivery with-
out sacrifice of animals. The urinary bladders used in this
study were procured by the slaughterhouse and were
obtained in cows bred for the alimentary chain. No single
additional animal was sacrificed for this study.

As expected, we found that the eIBUB model allows
measurement of depth of tissue penetration, drug tissue
concentration and homogeneity of spatial drug distribu-
tion. Importantly, quantitative measures obtained for
doxorubicin in the e[BUB model were close to measure-
ments reported in the human patient, both for depth of
drug penetration into the tissue and for tissue drug con-
centration. Beside these expected advantages, we found
also unexpected valuable properties of the eIBUB model
over available animal models. First, the (parietal) perito-
neum covering the inner surface of the IBUB is homoge-
neous. This is in contrast with animal models, where
differences in drug uptake of up to one order of magni-
tude have been observed between parietal (30% of the
peritoneal surface mostly located anteriorly) and visceral
peritoneum (70% of the animal surface, mostly located
posteriorly) [28]. The eIBUB model eliminates residual
liquid at the bottom of the organ and the vertical drug
concentration gradient between the top and the bottom of
the urinary bladder is less pronounced in the eIBUB than
in the IBUB model: this is indeed important when the
aim is to optimize the spatial distribution of the aerosol
(as such): the collection of liquid chemotherapy solution
induces a bias that needs to be eliminated. In some
animal studies, liquid collections after PIPAC have been
misinterpreted as a poor aerosol distribution [23].

Secondly, the geometry of the enhance IBUB is a
simple ellipsoid, and aerosol repartition is not hampered
by anatomical structures or adhesions [29]. This simple
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geometry is indeed helpful when the task is to measure
homogeneity of spatial distribution of a therapeutic aero-
sol in a given volume. Third, the eIBUB model allows
real-time measurement of tissue liquid uptake and aero-
sol precipitation, which has not been described in an
animal model yet. Finally, the eIBUB model can be used
for optimizing the contact time between the therapeutic
aerosol and the peritoneum, since real-time monitoring of
the liquid dripping down the serosa is possible.

The present work fits well into the research map in the
field. There is a rapidly increasing number of preclinical
publications evaluating PIPAC [30] for distributing various
kind of therapeutic substances, including conventional
chemotherapy [26], siRNA [31], siDNA [32], nanomolecules
[33], antiadhesive substances [34] and even cellular thera-
pies [35]. For each substance, there specific formulations
need to be developed to optimize the contact time between
the therapeutic aerosol and the peritoneum. In parallel,
the potential of hyperthermia [36] and of electrostatic
precipitation [17] for further optimization is currently
explored. PIPAC is a generic drug delivery system and its
further development is a complex process in multiple
domains. In the absence of the (enhanced) IBUB model,
this process would require numerous animal experiments.
By providing a simple and reproducible experimental sys-
tem, the eIBUB model might facilitate the task of research-
ers and regulatory authorities in evaluating quantitatively
differences in drug concentration and/or drug tissue
penetration induced by novel formulations or modified
medical devices. Assuming such differences to be small
demonstration of equivalence, the model could replace
numerous animal experiments and/or selected clinical
studies.

The eIBUB model does not allow pharmacokinetics
and pharmacodynamics studies. Assessment of the bio-
logical effect of a given drug on the target tissue is not
possible with this model. Even though the establishment
of the eIBUB model in peritoneal drug delivery research
is in our experience extremely helpful and valuable,
this model will indeed not completely replace the use
of living animals for developing drugs for intraperito-
neal delivery. In addition, regulatory authorities usually
require toxicity studies in at least two animal models
preceding first in-human use [37]. Moreover, functional
animal models reproducing human peritoneal disease
are largely lacking, and new developments are most
welcome [38].

In summary, we have presented a new functional
model, the eIBUB for real-time monitoring of tissue
uptake of therapeutic aerosols used in peritoneal med-
icine. The eIBUB model allows measurement of depth
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of tissue drug penetration, drug concentration, homo-
geneity of spatial drug distribution, liquid uptake and
aerosol precipitation over time. Indirectly, it allows
measurement of the contact time between a formulated
therapeutic aerosol and the peritoneum. By using differ-
ent therapeutic substances and physicochemical condi-
tions, the eIBUB appears to be a powerful and generic
model for further optimization of intraperitoneal drug
delivery. Last but not least, eIBUB model has already
saved many animal lives and is expected to save much
more in the future.
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