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ABSTRACT

Bortezomib (BTZ), as a proteasome inhibitor, has been used for
treatment of patients with relapsed/refractory multiple mye-
loma and mantle cell lymphoma. BTZ is available for intrave-
nous injection or subcutaneous administration. In this study,
for evaluating the potential of BTZ oral delivery, intestinal per-
meability of BTZ was determined using in situ single-pass in-
testinal perfusion (SPIP) technique and the perfused solutions
were analyzed using a validated HPLC-UV method. The chro-
matographic separation was performed using a C18 column
via isocratic mode at a flow rate of 0.5 mL/min at 270 nm. The
mobile phase was a mixture of methanol/deionized water
(50:50 % v/v) with 0.1 % glacial acetic acid. The results indi-
cated that calibration curves were linear (r2>0.99) in a concen-
tration range of 1.65-5ug/mL for BTZ and 8.33-25 ug/mL for
phenol red. A limit of quantitation of 1.03 and 6.67 ug/mL was
obtained for BTZ and phenol red, respectively. The recovery
values were in the range of 96.5-105.4 % for BTZ, and 88-
99.2 % for phenol red. The relative standard deviations (RSD)
were <4.9% for BTZ and <7 % for phenol red. Stability studies
indicated that the working standard solution is stable over a
period of 48 h at room temperature. Finally, an effective perme-
ability (Peg) value of (3.36+0.5)x 10~5 cm/sec (mean + SEM)
was achieved for BTZ. Moreover, it was predicted that BTZ be-
longs to the biopharmaceutical class Ill.

Introduction

Proteasomes are intracellular protein complexes which play anim-
portant role in the cell division and apoptosis by degradation of
ubiquitinated reqgulatory proteins. Aberrant degradation of requ-
latory proteins through ubiquitin-proteasome pathway, can lead
to uncontrolled cell proliferation and cause tumor formation and
metastasis [1-3]. In vitro and in vivo studies showed that protea-
some inhibitors can induce apoptosis in cancer cells and inhibit
tumor growth [4-8]. Thus, proteasome inhibitors have been con-
sidered as anticancer drugs in cancer treatment.
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Bortezomib (BTZ; » Fig. 1) is the first proteasome inhibitor ap-
proved by the US food and drug administration (FDA) for treatment
of patients with relapsed/refractory multiple myeloma and mantle
cell lymphoma. BTZ is given twice weekly for 2 weeks followed by
1 week rest period (21-day cycles), and is available for intravenous
injection or subcutaneous administration [9-11].

In this study, for evaluating the potential of BTZ oral delivery,
the intestinal permeability of BTZ was measured. Oral chemother-
apy can improve the quality of life in cancer patients, reduce the
cost of treatment and provide an easy way to chemotherapy as
compared with i.v administration [12-15].
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> Fig. 1 Chemical structure of bortezomib (BTZ); the ([3-methyl-
1-(3-phenyl-2-pyrazin-2-ylcarbonylamino-propanoyl) amino-butyl]
boronic acid.

The aim of this study, was to evaluate the intestinal permeabil-
ity of BTZ. Intestinal permeability is an important factor that influ-
ence the bioavailability of orally delivered drugs [16-18]. There-
fore, the results of this study, can give us new aspects for oral de-
livery of BTZ. Moreover, biopharmaceutical class of BTZ can be
predicted.

The intestinal permeability of BTZ was measured by in situ sin-
gle-pass intestinal perfusion (SPIP) model in rat. In the SPIP tech-
nique, a solution of respected drug is perfused through an intesti-
nal segment in anesthetized animals [19, 20]. A non-absorbable
marker, phenol red, is added to the perfusion solution for deter-
mining the water secretion or absorption in intestinal wall [21, 22].

Asimple HPLC-UV method was validated according to the Inter-
national Conference on Harmonization (ICH) guidelines on bioan-
alytical method validation for simultaneous quantification of BTZ
and phenol red in the perfused samples [23].

Materials

Bortezomib and phenol red was obtained from Sigma-Aldrich (St.
Louis, MO, USA). Sodium pentobarbital was provided from Kela
(Hoogstraten, Belgium). Methanol was HPLC grade and purchased
from Ameretat Shimi (Mamounyeh Ind., Iran). Na,HPO, (anhy-
drous), NaH,P0,4.2H,0, NaCl, NaOH and glacial acetic acid were
obtained from Merck (Darmstadt, Germany). Double distilled water
was used during the study.

Methods

Animals

3 Male Wistar rats, 180-250 g, were used in perfusion studies. All
animals were fasted 24 h with free access to water before experi-
ments. In all animal studies “Guide to the care and use of experi-
mental animals” by Canadian Council on Animal Care, was followed
[24].

Instrumentation

A liquid chromatographic system (Knauer-Smartline, Germany)
comprising of; manager 5000, pump 100 and UV detector 2500,
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with a C18 (Varian-Polaris 5 100 x 2.1 mm) column was used for
chromatographic separations. System EZChrom Elite software was
used for data acquisition, reporting and analysis.

Chromatographic conditions

The mobile phase was a mixture of methanol/deionized water
(50:50 % v/v) with 0.1 % glacial acetic acid and degassed for 10 min
with an ultrasonic bath. A 50 pL sample was injected into the col-
umn and analyzed in anisocratic mode at a flow rate of 0.5 mL/min
at ambient temperature. The HPLC chromatograms monitored at
270 nm.

Preparation of stock, perfusion and working stand-
ard solutions

Prior to preparation of perfusion and working standard solutions,
a stock solution of BTZ (methanol, 4000 ug/mL) and phenol red
(PBS, 500 pg/mL) was prepared and kept at 4 °C. A perfusion solu-
tion that consisted of BTZ (10 ug/mL) and phenol red (50 ug/mL)
was prepared using a suitable volume of the stock solution which
was reached to a proper volume in a volumetric flask with PBS
(37 °C). BTZ concentration in perfusion solution was selected on
the basis of BTZ human dose (1.3 mg/m?2). Dose is equally related
to the body weight although it is not the alone factor which influ-
ences the scaling for dose calculation. The correction factor (K, is
estimated by dividing the average body weight (kg) of species to
its body surface area (m?2) which are available in the literature. The
following equation was used for equivalent dose calculation:

Human dose (mg/kg) =
Rat dose (mg/kg) x (Rat K.,/Human K;,) (1)

where human dose is 0.035 mg/kg for BTZ, rat K,, is 6 and
human K, is 37. Therefore, assuming the 4 mL volume of fasted rat
GIT content, the Dose 10.7 ug/mL is achieved for BTZ administra-
tion in rats. We have used 10 py/mL in perfusion solution. The per-
fusion buffer consisted of Na,HPO,4 (anhydrous, 5.77 g/L),
NaH,P0,4.2H,0 (4.08 g/L) and NaCl (7 g/L), adjusted to pH 7.2 with
sodium hydroxide solution. The perfusion solution was diluted with
PBS to make working standard solutions with concentrations of
1.65, 2.5, 3.3, 4, and 5 ug/mL for BTZ and 8.3, 12.5, 16.6, 20, and
25 pg/mL for phenol red.

Method validation

The HPLC method was validated for linearity, limit of detection and
quantitation, precision, accuracy and stability according to the ICH
guidelines on bioanalytical method validation [23].

Linearity

Linearity of the method was evaluated by plotting the peak area vs.
concentration for calibration curves, over 3 consecutive days in tripli-
cate. The least-square method was used for linear regression analysis.

Limit of detection (LOD) and quantitation (LOQ)
The LOD and LOQ for BTZ and phenol red were calculated using

Eq. (2):

LODor LOQ=A (SDy-intercept/S) (2)
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where A, the signal to noise ratio, is 3 for LOD and 10 for LOQ,
SD,-intercept is the standard deviation of y-intercept, and S is the
mean value of slope for calibration curves [25, 26].

Precision and accuracy

Precision demonstrates a scattering degree between acquired data
from a multiple evaluation of the same sample and is expressed as
the relative standard deviation (RSD). Accuracy represents the
closeness between the found and reference values and is expressed
as the recovery. The precision and accuracy of the method were
determined by analyzing 3 standard working solutions with con-
centrations of 2.5, 3.3, and 4 ug/mL for BTZ and 12.5, 16.6, and
20 ug/mL for phenol red, over 3 consecutive days.

Short-term stability study

Short-term stability study was performed to ensure that drug con-
centration declining in the perfusion solution is due to the intesti-
nal permeability not to the stability problems. The stability study
was conducted by analyzing the working standard solution at con-
centration of 3.3 ug/mL for BTZ and 16.6 ug/mL for phenol red over
a period of 48 h. The samples were kept at room temperature and
analyzed at beginning, 24h and 48 h.

System suitability tests

System suitability tests are conducted to ensure the adequacy of
the HPLC system for the sample analysis. Capacity factor (k'), selec-
tivity factor (o), resolution (R), tailing factor (T), number of theo-
retical plates per column (N), and dead volume are parameters that
calculated in system suitability evaluation using USP guidelines.

In situ single-pass intestinal perfusion (SPIP) studies
Animal investigations were approved locally by the Ethics Commit-
tee of the Tabriz University of Medical Sciences (Tabriz, Iran) with
an identification code number of TBZMED.REC.1394.255. The in-
testinal permeability of BTZ was evaluated using SPIP model as re-
ported previously [27-29]. Briefly, rats were anaesthetized using
an intraperitoneal injection of sodium pentobarbital (60 mg/kg)
and placed on a heated pad under a surgical lamp. The abdomen
was opened by making a midline incision and a jejunal segment
(approximately 25 cm away from pylorus and a length of 10 cm)
was cannulated with plastic tubes (3 mm o.d.). The inlet tube was
connected to a syringe (60 mL) which was placed in an infusion
pump (Palmer, UK). The entire surgical area was covered with a
wetted-sterile gauze and parafilm to reduce moisture loss. The so-
lution was perfused at a flow rate of 1 mL/min for 10 min, to remove
intestinal debris and to reach a steady-state concentration for BTZ
across the intestinal wall. Then, the flow rate was set at 0.2 mL/min
and outlet solution was collected at 10 min intervals and kept at
4 °C. At the end of the experiments, the location and length of the
intestinal segment was determined. The effective permeability
(Pef) of BTZ was calculated according to the “parallel-tube” model
that expressed by Eq. (3):

Perr=[~Q In (Cout(cor)/ Cin)] [ 2L )

where Q is the rate of infusion (0.2 mL/min), ris the radius of the
intestinal segment (0.18 cm), L is the length of the intestinal seg-
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ment (cm), G, is the inlet concentration (ug/mL) of BTZ, Coy¢(cor) is
the outlet concentration (ug/mL) of BTZ which was corrected for
water flux according to the Eq. (4):

Cout(corr) = (Cphenol red (in) / Cphenol red (out)) Cout (4)

where C,is the outlet concentration (ug/mL) of BTZ, Cppenol red in)
and Cphenol red (out) are the inlet and outlet concentrations (ug/mL) of
phenolred, respectively. The P.gvalue was expressed as mean + stand-
ard error of mean (SEM) for 3 experiments.

HPLC analysis of the perfused solutions
The collected samples were filtered through a syringe filter (CA
0.2 um) and analyzed by the proposed HPLC method after dilution
with methanol/PBS (50:50 % v/v) at a ratio of 1:2.

Biopharmaceutical class of BTZ

According to previously published study by Zakeri-Milani et al. [30],
biopharmaceutical class of BTZ was predicted based on the P.gand
dose number (D,). D, is a criterion for solubility and is calculated
using Eq. (5):

Do=(M/V,) [ Cs (5)

where M is the maximum dose strength (3.5 mg for BTZ), V, is
the volume of water taken with the dose (generally set to be
250 mL) and Cs is the solubility of drug, which was considered
3.3mg/mL for BTZ [31].

Results and Discussion

In this study, for evaluating the potential of BTZ oral delivery, the
intestinal permeability of BTZ was determined using the SPIP tech-
nique. Phenol red, as a non-absorbable marker, was added to the
perfusion solution to correct the effect of water flux on the concen-
tration of perfused-drug. Simultaneous quantification of BTZ and
phenol red can be time saving for sample analysis. For this, a sim-
ple HPLC-UV was conducted. The chromatograms of the drug con-
taining and drug-free perfusion solutions represent no interfering
peak (> Fig. 2). A short retention time of 1.45 and 2.96 min was
observed for phenol red and BTZ. The method was more validated
for the linearity, accuracy, precision and also short-term stability
study was performed.

Linearity

Linearity of the method was assessed by constructing 5-point cali-
bration curves on 3 consecutive days in replicate (n=3). Regression
parameters (slope, y-intercept and determination coefficient) were
determined using least-square method. The regression data were
listed in > Table 1, and indicate a linearity with a determination co-
efficient greater than 0.99.

Limit of detection (LOD) and quantitation (LOQ)

The LOD value of 0.18 and 3.45 pg/mL was obtained for BTZ and
phenol red, respectively. Moreover, the LOQ value of 1.03 and
6.67 ug/mL was achieved for BTZ and phenol red, respectively.

Mahmoudian M et al. Bortezomib Intestinal Permeability ... Drug Res 2019; 69: 130-135

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



a b
70 4 100
Phenol red
go { Phenolred 90
80 4
50 4 70
§ 40 4 § 60 1
S 30 8 %07
i 2 9
< 20 < 30
10 4 20 4
10 _M BTZ
0+ o4
-10 r v v r v v v T v d -10 T T T T T v T r T d
o1 2 3 4 5 6 7 8 9 10 o1 2 3 4 5 6 7 8 9 10

Time (min)

Time (min)

> Fig. 2 Atypical chromatogram of; a drug-free perfusion medium, and b perfused solution (consisted of 10 ug/mL BTZ and 50 ug/mL phenol red).

> Table 1 Regression analysis of calibration curves for bortezomib and
phenol red.

Parameter Bortezomib Phenol red
Range (ug/mL) 1.65-5.00 8.33-25.00
Slope 69117 73539.7
Intercept 16918.3 -99642
Determination Coefficient (r2) 0.994 0.991

Precision and accuracy

Accuracy and precision of the method were determined by analyz-
ing 3 quality control samples. The concentrations were selected
based on the obtained LOD and LOQ values for BTZ and phenol red.
Intraday and interday precision and accuracy data were summa-
rized in » Table 2. The intraday precision values were <4.9% for
BTZ, and <7 % for phenol red while the interday precision values
were <1.8% for BTZ, and <1.9% for phenol red. The values ob-
tained for intraday accuracy were within 96.5-105.4 % for BTZ, and
92-99.2 % for phenol red. However, interday accuracy values were
in the range of 100-101.2 % for BTZ, and 88-98.6 % for phenol red.
According to the ICH guidelines, recovery and RSD criteria on bio-
analytical method validation should be within +15%. Thus, the pre-
cision and accuracy values of the method are within the recom-
mended limit.

Stability

Short-term stability of working standard solution, at a nominal con-
centration of 3.33 (ug/mL) for BTZ and 16.66 (ug/mL) for phenol
red, was determined over a period of 48 h at room temperature. The
mean measured concentrations were summarized in > Table 3.
Variation in the concentration was <1% for BTZ, and <4.5% for
phenol red over a period of 48 h. The stability of solution is accept-
able when variation in the concentration will be £ 15 %. Therefore,
the working standard solution is stable over a period of 48 h at room
temperature.
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System suitability tests

System suitability tests were performed according to the USP
guidelines. Capacity factor was measured as 1.41 and 3.93 for phe-
nol red and BTZ, respectively. Selectivity factor was obtained 2.78,
and resolution value achieved 1.95 for separation of phenol red and
BTZ (R should be>1.5). For evaluating the asymmetry of the peaks,
tailing factors were determined 1.83 for phenol red, and 1.71 for
BTZ (recommended limit for Tis <2). Number of theoretical plates
per column was calculated as 53 for phenol red and 250 for BTZ.
Meanwhile, a dead volume of 0.3 mL was determined from the
chromatogram. The system suitability data indicated a compliance
for the HPLC system.

Intestinal permeability and biopharmaceutical class
of BTZ

In this study, biopharmaceutical class of BTZ was predicted based
on the obtained rat P.g and D, according to previously published
study by Zakeri-Milani et al. [30]. » Table 4, represents the border-
lines of Pegand D, for different drug classes. A Pog value (mean + SEM)
of (3.36£0.5) x 107> cm/sec was achieved for BTZ, and D, was cal-
culated as 0.004. Therefore, by considering these data it seems that
BTZ belongs to the third biopharmaceutical class (High solubility,
low permeability). On the other hand, the human intestinal perme-
ability of BTZ was predicted based on the correlation found be-
tween human and rat intestinal permeability values which was pub-
lished by the same authors (Peff (human) = 11.04 Peff (ra)=0.0003;
R2=0.93, P<0.0001) [32]. Using this equation, BTZ human P is
predicted to be 9.3x 107> cm/s, confirming its low intestinal per-
meability and consequently low oral absorption in human. That
means for its adequate and reproducible absorption following oral
administration of BTZ, various formulation strategies have to be
adopted. For example, a variety of lipid-based formulations (self-
emulsifying systems, mixed micelles, liposomes, solid lipid nano-
particles, and etc.) could be used to enhance BTZ intestinal perme-
ability and subsequent oral bioavailability.
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> Table 2 Intraday and inerday accuracy and precision analysis of the HPLC method for bortezomib and phenol red.

Intraday Measured Concentration Interday Measured Concentration
Nominal Mean RSD Recovery Mean RSD Recovery
Concentration (ug/mL) (ug/mL) (%) (%) (ug/mL) (%) (%)
2.50 2.56 4.9 102.7 2.53 1.3 101.2
Bortezomib 3.33 3.48 2.1 105.4 3.40 0.3 100.0
4.00 3.86 3.0 96.5 4.00 1.8 100.1
12.50 11.98 7.0 95.8 11.01 1.9 88.0
Phenol red 16.66 16.48 0.8 99.2 15.84 0.4 95.4
20.00 18.41 3.8 92.0 19.72 1.4 98.6
> Table 3 Stability of working standard solution containing bortezomib and phenol red over a period of 48 h at room temperature.
Bortezomib Phenol red
Oh 24h 48h Oh 24h 48h
Mean Measured Concentration (ug/mL) 3.48 3.49 3.45 17.07 16.31 16.98
RSD (%) 2.1 6.5 1.7 0.7 6.1 1.5
Percent of Initial Concentration (%) - 100.4 99.3 - 95.5 99.4

> Table 4 The borderlines of effective intestinal permeability (P.g) value in
rat and dose number (D,), for different drug classes.

Class Peg (x1073 cm|s) D,
| >5.09 <0.5
Il >5.09 <1
1} <4.2 <0.5
v <4.2 <1
3Data was collected from Ref. [30].

Conclusion

In this study, the intestinal permeability of BTZ was evaluated
using SPIP technique. A P.g value (mean + SEM) of (3.36+0.5) x
107> cm/s was obtained for BTZ. Moreover, it was predicted that
BTZ belongs to the third biopharmaceutical class (High solubility,
low permeability).
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