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Abstract

Background: Particle size strongly affects antibiotic efficacy by influencing drug permeability and tissue penetration.

Vancomycin (VCM) hydrochloride, due to its large hydrophilic nature, cannot effectively cross the intestinal barrier and is

usually given intravenously. Reducing particle size to nanoparticles is a strategy to improve absorption and transport across

biological membranes.

Objectives: The present study evaluated the intestinal permeability coefficient and the orally absorbable fraction of VCM

nanoparticles in comparison to their conventional form.

Methods: The single-pass intestinal perfusion (SPIP) technique was used to evaluate the effective permeability (Peff), fraction

absorbed (Fa), and total absorption of VCM in nanoparticle and solution forms at concentrations of 200, 300, and 400 µg/mL,

with a flow rate of 0.2 mL/min for 80 minutes.

Results: The data revealed that the Peff of VCM in nanoparticle form was 2.16, 1.43, and 2.66 times greater than that of

conventional VCM at concentrations of 200, 300, and 400 µg/mL, respectively. Stability testing further showed that VCM

nanoparticles remained intact with no signs of degradation after 0, 1, and 2 hours.

Conclusions: These results indicate that VCM nanoparticles have the potential to enhance intestinal permeability and may

represent a promising approach for oral delivery, pending confirmation in further in vivo and clinical investigations.

Keywords: Vancomycin, Eudragit RS-100, Permeability, Nanoparticles, Single-Pass Intestinal Perfusion, Effective

Permeability, Absorption Number

1. Background

Enhancing the permeability and absorption of drugs

is a critical challenge in pharmaceutical sciences.

Among the factors influencing permeability, particle

size plays a key role, particularly for antibiotics whose

therapeutic effectiveness depends on efficient tissue
penetration (1). Smaller particles tend to exhibit higher

surface area, increased solubility, and better mucosal

interaction, leading to improved absorption across the
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intestinal barrier (2, 3). In addition to physicochemical

factors, biological mechanisms such as efflux

transporters also limit drug absorption. One of the most
well-studied is P-glycoprotein (P-gp), a glycosylated

membrane transporter encoded by multidrug
resistance genes. This protein actively exports drugs

from the enterocytes back into the intestinal lumen,

reducing their net absorption and oral bioavailability.
Well-known drugs such as carbamazepine and

propranolol are affected by P-gp-mediated efflux (4).
Understanding and overcoming this barrier, for

example, through formulation strategies or selective

inhibitors, is essential to improve oral drug delivery (4).

The oral route of administration remains the most

preferred method for drug delivery due to patient

convenience and compliance. However, many drugs fail

to achieve adequate systemic exposure when given

orally, mainly because of poor permeability, low

solubility, or extensive first-pass metabolism (2, 5).

The small intestine is the main site of drug

absorption and includes two primary transport
pathways: Paracellular and transcellular. While

lipophilic compounds typically cross via transcellular

diffusion, hydrophilic molecules may depend on

paracellular pathways or specific transporters (4). An

example includes metformin, which is absorbed via
specific transporters or paracellular pathways in

nonlinear kinetics in the rat intestine (6).

The gastrointestinal mucosa poorly absorbs

vancomycin (VCM) hydrochloride due to its large

hydrophilic molecule. For this reason, VCM is poorly

absorbed in the large intestine to treat intense
Clostridium difficile when administered orally (7, 8). In

systemic infections, this antibiotic should be

administered intravenously due to its disability to pass

through the intestinal barrier (2). Beyond its absorption

limitations, the clinical landscape is further
complicated by the emergence of vancomycin-resistant

Enterococcus spp. (VRE). Recent epidemiological studies

in Zahedan have reported a high prevalence of VRE,

underscoring the urgent need for new and more

effective VCM delivery strategies (9).

Nanoparticle-based drug delivery systems offer a

promising approach to address poor oral absorption.

Nanoparticles can increase mucosal contact time,

bypass first-pass metabolism, and protect drugs from

degradation in the gastrointestinal tract (10, 11). By

facilitating transcytosis via M cells, nanoparticles can

also enhance lymphatic uptake and systemic exposure

without passing through the portal vein (10). These

mechanisms can lead to improved bioavailability and

more consistent plasma concentrations. Similar nano-

formulation strategies have successfully improved the

intestinal permeability and therapeutic effect of other

poorly absorbed compounds, such as rutin, in rat
models of ulcerative colitis (12). In parallel, recent

reviews have highlighted the potential of nanoparticle
platforms to overcome VCM’s oral bioavailability

challenges (13). These mechanisms illustrate why

improving intestinal permeability is a critical step in
developing effective oral formulations.

To assess intestinal permeability under

physiologically relevant conditions, various in vitro and

ex vivo models have been developed (14). Among these,

the single-pass intestinal perfusion (SPIP) technique is

one of the most widely used and reliable experimental

methods (15-17). The SPIP preserves intestinal membrane

integrity and mimics physiological conditions while

allowing measurement of the effective permeability

(Peff) of orally administered drugs (18). A non-

absorbable marker, such as phenol red, is often co-

perfused to correct for water flux (19). Because direct

measurement of human intestinal permeability is

complex and ethically challenging (20), rat SPIP models

have been validated as predictive tools for human

intestinal absorption (21-23).

2. Objectives

Based on this knowledge, the primary objective of

this research was to enhance the intestinal permeability

and oral bioavailability of VCM by converting it into a

nanoparticle formulation suitable for oral

administration. Using the rat intestinal permeability

model, this study aimed to establish a more accurate

correlation for predicting human Peff, fraction

absorbed (Fa), and absorption number (An). The

research specifically focused on permeability and oral

bioavailability (Fa), since it is not feasible to reliably

predict a drug molecule’s ability to cross the intestinal

barrier solely from physicochemical parameters such as

pKa, molecular size, or partition coefficient (24).

3. Methods

Vancomycin was provided by Jabir ibn Hayyan

Company (Tehran, Iran), and the VCM nanoparticle was

synthesized based on our previous work (7).

Dichloromethane, KH2PO4, NaH2PO4, and

triethanolamine were received from Merck Company

(Germany). Acetonitrile [high performance liquid

chromatography (HPLC) grade], methanol (HPLC grade),

Na2HPO4, orthophosphoric acid, NaOH, NaCl, and

glacial acetic acid were all purchased from Merck

(Germany). Eudragit RS-100 was obtained from Rohm
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Company (Germany), phenol red was purchased from

Sigma Chemical Company (Germany), and double-

distilled water was used throughout the entire HPLC

procedure.

The SPIP approach maintains an intact blood supply,

a functional intestinal barrier, and circumstances that

are remarkably similar to those found in the normal

physiological state. The rat and human jejunal Peff

amounts are substantially associated with the passively

absorbed medication; therefore, rat Peff amounts can be

accurately utilized to estimate in vivo oral absorption in

humans. Nanoparticles of VCM indicate a promising

approach to tackle the common limits relating to the

oral formulation that cannot be prescribed for systemic

infection.

3.1. Single-Pass Perfusion of the Rat Jejunum

The SPIP investigations in rats were carried out

utilizing the methods established in the literature (25)

and approved by the ethics committee

(IR.AJUMS.ABHC.REC.1402.085). Briefly, 10 male Wistar

rats (220 – 280 g, 6 - 8 weeks old) were housed under a 12-

hour light/dark cycle and fasted for 10 - 16 hours prior to

the experiment, with free access to water. Anesthesia

was induced via intraperitoneal injection of ketamine

(70 mg/kg) and xylazine (4 mg/kg), and the animals

were placed on a heated pad to maintain normal body

temperature. A segment of the small intestine was

surgically exposed, and a 10 - 12 cm portion of the

jejunum was cannulated using plastic tubing. The

intestinal segment was flushed with warm saline (37°C)

and connected to a perfusion reservoir equipped with a
50 mL syringe driven by a syringe pump. To preserve an

intact blood supply and minimize surgical trauma, the
small intestine was carefully handled throughout the

procedure. A blank perfusion buffer was administered

for 10 minutes using a syringe pump, followed by
perfusion with VCM solutions at concentrations of 200,

300, and 400 µg/ml, delivered at a flow rate of 0.2
mL/min for 80 minutes. Vancomycin nanoparticles were

perfused at dosages of 200, 300, and 400 µg/mL at the
same flow rate as the VCM solution. The perfusate was

collected in microtubules every 10 minutes, and the

segment’s length was measured. Samples were
immediately frozen at -20°C until analysis. All animal

research adhered to the Canadian Council on Animal
Care’s "Guide to the care and use of experimental

animals" (22).

3.2. The Compound of the Perfusion Solution

The perfusion buffer compound was 1.44 g of

Na2HPO4, 0.24 g of KH2PO4, 0.2 g of KCl, and 8 g of NaCl

per liter of solution. The pH of the obtained buffer was

adjusted to 7.2. In each examination, 0.7 mM of phenol
red was added to the solution as a non-absorbable

indicator (23). In SPIP investigations, intake perfused
nanoparticle concentrations (Cin) were 200, 300, and

400 µg/mL. Preliminary testing revealed that there was

no appreciable adsorption of the medication on the

tubing and syringe.

3.3. Stability Tests

The stability of the nanoparticles was assessed by

incubating them in both the perfusion solution and the

intestinal perfusate for two hours at 37°C. Samples were

collected at 0-, 1-, and 2-hours post-perfusion and

analyzed using HPLC. The blank perfusate was prepared

by passing the blank perfusion buffer through an

isolated segment of the intestine in situ at a flow rate of

0.2 mL/min. No signs of drug degradation in the

nanoparticle formulation were observed during the

incubation period.

3.4. High Performance Liquid Chromatography Analytical
Method

All samples were analyzed using reverse-phase HPLC
on a Shimpak VP-ODS, C18 mm 250, 4.6 column. To make

200 mL of mobile phase, combine 1 mL of glacial acetic
acid with 139 mL of distilled water, then add 60 mL of

pure methanol to it. The pH of the solution is typically

around 3, which is raised to 5.5 by adding
triethanolamine. The mobile phase was filtered through

a sintered glass filter and degassed in a sonicator under

a vacuum before being pumped in an isocratic mode in

all cases (23). The retention period was 4.98 minutes at a

flow rate of 1 mL/min and an injection volume of 20 µL.

The wavelength of 254 nm was used to determine

medication concentration.

4. Results

4.1. Assessment of Effective Permeability of Drugs by the
Single-Pass Intestinal Perfusion Method

Any in situ intestinal perfusion method must

characterize the amount of solution volume changes in

the gut lumen during the investigation. For this

purpose, phenol red (0.7 mM) was added to the drug

solution in each experiment. Phenol red was employed

as a non-absorbable indicator to determine if the lumen

gained or lost water. This factor did not have an effect on

medication absorption in this research. The consistent
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water flux and permeability coefficient in each

perfusion for the drug carried passively and via a carrier-

mediated mechanism revealed that the intestinal

barrier function was maintained throughout the

procedure. Tables 1 and 2 show the determined Peff, Fa,

and An values for nanoparticles and drug solution at

various doses using the SPIP method.

Table 1. Summary of Intestinal Permeability Results in Studied Groups

Group Peff (cm/s) 10-5; Mean
± SD

Inlet Solution Concentration
(µg/mL)

P-
Value

Control

 a
2.92 ± 1.93 200

0.0516

Test  b 6.15 ± 2.77 200

Control

 a
4.66 ± 1.32 300

0.0369

Test  b 10.06 ± 4.81 300

Control

 a
1.96 ± 1.09 400

0.1504

Test  b 3.68 ± 2.82 400

Abbreviation: Peff, effective permeability.

a Receiving vancomycin solution.

b Receiving vancomycin nanoparticles.

Table 2. Summary of Oral Absorption Fraction Results in the Studied Groups

Groups 200 (µg/mL) 300 (µg/mL) 400 (µg/mL)

Control rats (n = 5)

0.297 0.431 0.300

0.605 0.500 0.426

0.202 0.652 0.146

0.359 0.535 0.328

0.315 0.504 0.206

Test rats (n = 5)

0.600 0.863 0.187

0.437 0.918 0.690

0.578 0.609 0.521

0.515 0.682 0.629

0.798 0.636 0.240

Results indicate that the mean Peff of VCM in

nanoparticle form with a 1 cm per sec rate of flow had

significant differences from VCM solution in inter

solution concentration of 300 µg/mL, while it did not

show significant differences in concentration of 400

µg/mL. Also, data on the mean Peff of VCM at a

concentration of 200 µg/mL represented that although

the P-value of this group was higher than 0.05 (0.0516),

while it is close to the P-value of 0.05, which means

approximately a significant Peff value between VCM in

nanoparticle form and VCM solution.

A strong correlation was observed between rat

permeability data and the fraction of the oral dose

absorbed in humans, following a Chapman-type

equation model (Equation 1):

The Fa is calculated from the equation. The Fa (prep)

is an orally absorbable fraction, and Peff is the effective

permeability of the rat intestine. The tres value is the

average speed of a drug through the small intestine,

which is considered to be 3 hours. The R is the radius of

the human small intestine, which is 1.75 cm, and f is the

correction factor that is equal to 2.8 (26). Statistical tests

represented an increase in Fa of VCM nanoparticles (P <

0.05). The relationship between the oral Fa, the drug

absorption rate constant (Ka), and the drug transfer rate

constant (reflecting residence time in the small

intestine) suggests that increases in Fa for nanoparticle

formulations result from enhanced absorption or

prolonged intestinal residence. For drugs like VCM —

and more broadly, those classified under

Biopharmaceutics Classification System (BCS) classes I

and III — Fa is influenced by both the absorption rate

constant and the rate at which the drug transits

through the small intestine (27).

The An is the exposure time of the drug to the

absorption time of the drug in the small intestine. The
An can be calculated using the Fa; An can be calculated

using the Equation 2 (28):

The amount of an is shown in Table 3. Statistical tests

demonstrated a significant difference between the test

and control groups (P < 0.05).

Table 3. Summary of Absorption Number Results in the Studied Groups

Groups 200 (µg/mL) 300 (µg/mL) 400 (µg/mL)

Five control rats

0.212 0.379 0.214

0.766 0.501 0.370

0.141 0.935 0.085

0.280 0.575 0.244

0.230 0.507 0.130

Five test rats

0.750 3.142 0.115

0.389 5.610 1.111

0.686 0.778 0.543

0.531 1.072 0.848

1.977 0.875 0.158

4.2. Data Analysis Method

The Peff was calculated based on the steady-state

concentrations of drug-containing nanoparticles in the

Fa(prep)= 1 − e −(2Peff tres/r × f)
(1)

Fa = 2An/2An + 1
yields

−−→ An = −Fa/(2Fa − 2) (2)

https://brieflands.com/journals/jrps/articles/162309
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collected perfusate. Steady state was considered to be

achieved when the concentration of phenol red

stabilized, which occurred approximately 40 minutes

after the start of perfusion. This was confirmed by

plotting the ratio of outlet to inlet concentrations over

time to monitor water transport. Correctional testing

showed a significant difference between the test and

control groups. The intestinal net water flux (NWF,

μL/h/cm) was calculated according to the Equation 3:

In which [Ph.red(in)] and [Ph.red(out)] are the inlet

and outlet concentrations of phenol red, that is, a non-

absorbable material. Also, l is the length of the intestine

segment. A negative net water flux represents the loss of

fluid from the lumen to the serosal side, and a positive

net water flux demonstrates the transudation of fluid

into the segment. The Q is the flow rate (0.2 mL/min)

(29). After measuring drug concentrations in the outlet

solution, the concentration was corrected in proportion

to the phenol red concentration changes by the

following formula (Equation 4):

CPRout and CPRin represent the concentrations of

phenol red solution at the outlet and inlet, respectively.

Cout denotes the drug concentration at the outlet, while

Ccor refers to the corrected drug concentration in the

outlet solution. Because phenol red is not absorbed in

the intestine, variations in its concentration indicate the

relative rate of water movement between the inlet and

outlet. The corrected concentration, Ccor, reflects the

drug concentration in the outlet solution after
adjusting for water transfer. The effective permeability

was determined using the parallel-tube model, as shown

in Equation 5 (21, 25):

In this model, Cin and Cout represent the inlet and

outlet concentrations of the drug or nanoparticles,

respectively, corrected using the phenol red

concentrations in the corresponding inlet and outlet

samples. The Q denotes the flow rate (0.2 mL/min), r is

the intestinal radius in rats (0.18 cm) (26), and l is the

length of the perfused intestinal segment. It has been

demonstrated that in humans, at an inlet flow rate (Qin)

of 2 mL/min, Peff is primarily membrane-controlled. In

the rat model, however, a Qin of 0.2 mL/min is used,

given that the intestinal radius in rats is approximately

ten times smaller than that in humans (26). In this

study, the rats were divided into six groups, five rats

each: Three test groups receiving VCM nanoparticles at

concentrations of 200, 300, and 400 µg/mL, and three

control groups receiving VCM conventional particles at

concentrations of 200, 300, and 400 µg/mL. The

relationship between Peff in the human and rat

intestines is as follows. Human Peff can be calculated

from Equation 6 (Figure 1) (23).

Figure 1. The results of the nanoparticle’s permeability in different concentrations
(error bars represent). Black and grey columns belong to the control and test groups,
respectively.

5. Discussion

According to Yuasa et al. (as cited by Saphier et al.),

anesthesia impairs intestinal absorption in rats. In fact,

both surgical procedures and anesthesia can reduce

blood circulation and intestinal motility, thereby

diminishing the efficiency of both passive and active

transport mechanisms. Anesthetic drugs may also

directly influence the cell membranes (30).

Furthermore, rat intestinal permeability varies with age.

Although age-related differences in intestinal

permeability may exist in very young or old rats, no

significant effect of age on jejunal permeability has

been reported in rats between 5 and 30 weeks of age (31).

The physicochemical properties of VCM

nanoparticles are key determinants of the improved

intestinal permeability. The VCM nanoparticles, which

were prepared from our previous work, had a mean

particle size of approximately 430 nm, zeta potential

+25.7 mV, loading efficiency around 89%, and smooth,

spherical morphology with uniform distribution and

minimal aggregation (7). Particles within the sub-

micron range possess a high specific surface area, which

NWF =

[1 −( )]Qin

ph.red ( out )

ph.red ( in )

l
(3)

∁cor = ∁out
CPRin

CPRout 
(4)

Peff =

−Qin ln( )
Cout

Cin

2πrl
(5)

Peff(human)= 3.6 × Peff(rat)+0.000003 (6)
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enhances drug dissolution at the epithelial interface

and promotes diffusion through the unstirred water

layer. Their positive surface charge facilitates

electrostatic interactions with the negatively charged

intestinal mucosa, improving adhesion and residence

time, which increases the likelihood of transcellular or

paracellular uptake. The smooth, non-aggregated

morphology further enhances mucus penetration

compared with rough or irregular particles, which are

more readily trapped in the mucin network. Previous

works showed that nanoparticles with such properties

could effectively pass through the intestine (32-34).

In the present study, the calculated Peff values for the

nanoparticles ranged from 3.68 × 10-5 to 10.06 × 10-5 cm/s

and showed a great correlation with human Peff data

for passively absorbed drugs, supporting the reliability

of our approach. This data is compatible with the

previous finding that there is a high correlation

between rat Peff values and humans by using the SPIP

method to precisely predict human intestinal

permeability (18, 23). The Peff assessment of the

nanoparticle form compared to the conventional VCM

form revealed greater permeability of nanoparticles

2.16, 1.43, and 2.66 times than the conventional form at

200, 300, and 400 µg/mL, respectively. This is a non-

linear relation in permeability among different VCM

concentrations. This data is compatible with previous

work that found the intestinal permeability of VCM is

not concentration-dependent (35). Additionally, as VCM

has hydrophobic properties, this could lead to the

aggregation of nanoparticles at higher doses and

influence their absorption (36).

According to the study of Salphati et al. in the ileum

(37) and Fagerholm et al. (26) in the jejunal segment, the

equation was calculated. They found that the slopes for

the same correlation between the two segments were

6.2 and 3.6, respectively. The differences in category and

effective absorptive area may indicate lower

permeability values in the rat model. Additionally,

variations in intestinal barrier activity during surgery

could be the primary reason for conflicting conclusions

regarding nanoparticle intestinal permeability in

written reports. The comparison of rat and human Peff

values for nanoparticles showed that in rats, it is 3.68 ×

10-5 cm/sec, whereas human Peff values are at least 1.29 ×

10-4 cm/sec. Furthermore, the anticipated and actual

human Fa% have a linear correlation with Peff. Based on

our findings, we propose that the in situ intestinal

perfusion method in rats can serve as a reliable model

for predicting the extent of human gastrointestinal

absorption following oral drug administration.

Although the stability of VCM nanoparticles was

evaluated for a duration of 2 hours, which corresponds

to the typical contact period of the perfusate with the

intestinal segment during SPIP experiments (23), this

perfusion duration time does not fully represent the

longer gastrointestinal transit time that happens for

orally administered drugs. Therefore, assessing the VCM

nanoparticles with gastrointestinal transit time around

4 - 6 hours for the small intestine with varying pH

conditions, bile salts, digestive enzymes, and mucus

interactions over these longer durations could provide a

more comprehensive understanding of nanoparticle

behaviour during oral transit and absorption of this

formulation (38, 39). Also, to enhance the reliability of

our findings, it is necessary to include a broader range

of drugs from all four BCS classes, encompassing a

variety of solubility and permeability profiles (40),

particularly drugs with low permeability, which should

be studied. The recommended dose is 300 µg/mL, as

greater doses may promote carrier transport saturation

and decreased permeability.

5.1. Conclusions

Considering the results, using the SPIP method in

rats to measure intestinal permeability had a high

correlation with human data. Also, using VCM in its

nanoparticle form showed better intestinal

permeability and oral absorbable fraction than the

routine form of it. While these findings provide valuable

insights into the mechanisms underlying improved

absorption, they should be interpreted within the

limitations of an animal model. The present data

suggest that such nanoparticles hold promise as a

potential oral delivery system for VCM; however, further

pharmacokinetic studies, long-term stability

evaluations, and clinical trials are required to confirm

their efficacy and safety in humans.

Footnotes

Authors' Contribution: N. S. and A. Z. hypothesized

and planned the study. M. J. and A. N. contributed to

performing laboratory studies. G. S. analyzed the data.

N. S. wrote the manuscript. A. Z. supervised the study. L.

M. revised the manuscript. All authors read and

approved the final manuscript.

Conflict of Interests Statement: The authors declare

no conflict of interests.

Data Availability: All data and materials are available

in the manuscript.

https://brieflands.com/journals/jrps/articles/162309


Shakiba Maram G et al. Brieflands

J Rep Pharm Sci. 2025; 13(1): e162309 7

Ethical Approval: The present study was approved by

the Ethics Committee of Ahvaz Jundishapur University

of Medical Sciences (IR.AJUMS.ABHC.REC.1402.085 ).

Funding/Support: The authors acknowledge the

financial support from Ahvaz Jundishapur University of

Medical Sciences, provided under the approved research

project code CMRC-0238.

References

1. Kesisoglou F. The Role of Physiologically Based Oral Absorption

Modelling in Formulation Development Under a Quality by Design

Paradigm. J Pharm Sci. 2017;106(4):944-9. [PubMed ID: 27964940].

https://doi.org/10.1016/j.xphs.2016.11.022.

2. De Jong WH, Borm PJ. Drug delivery and nanoparticles:applications

and hazards. Int J Nanomed. 2008;3(2):133-49. [PubMed ID: 18686775].

[PubMed Central ID: PMC2527668]. https://doi.org/10.2147/ijn.s596.

3. Delf Loveymi B, Jelvehgari M, Zakeri-Milani P, Valizadeh H. Statistical

Optimization of Oral Vancomycin-Eudragit RS Nanoparticles Using

Response Surface Methodology. Iran J Pharm Res. 2012;11(4):1001-12.

[PubMed ID: 24250531]. [PubMed Central ID: PMC3813177].

4. Friend DR. Drug delivery to the small intestine. Curr Gastroenterol

Rep. 2004;6(5):371-6. [PubMed ID: 15341712].

https://doi.org/10.1007/s11894-004-0052-z.

5. Li ZL, Zhou SF. A SILAC-Based Approach Elicits the Proteomic

Responses to Vancomycin-Associated Nephrotoxicity in Human

Proximal Tubule Epithelial HK-2 Cells. Molecules. 2016;21(2):148.

[PubMed ID: 26840285]. [PubMed Central ID: PMC6273696].

https://doi.org/10.3390/molecules21020148.

6. Shirasaka Y, Seki M, Hatakeyama M, Kurokawa Y, Uchiyama H,

Takemura M, et al. Multiple Transport Mechanisms Involved in the

Intestinal Absorption of Metformin: Impact on the Nonlinear

Absorption Kinetics. J Pharm Sci. 2022;111(5):1531-41. [PubMed ID:

35090865]. https://doi.org/10.1016/j.xphs.2022.01.008.

7. Maram NS, Jelvehgari M, Vaccaro L, Lanari D, Mafakher L, Ahmady AZ.

Preparation of vancomycin hydrochloride nanoparticles and survey

of the factors influence their properties. Orient J Chem. 2017;33(2):575-

83.

8. McDonald LC, Killgore GE, Thompson A, Owens RJ, Kazakova SV,

Sambol SP, et al. An epidemic, toxin gene-variant strain of

Clostridium difficile. N Engl J Med. 2005;353(23):2433-41. [PubMed ID:

16322603]. https://doi.org/10.1056/NEJMoa051590.

9. Bameri Z, Jahantigh M, Fasihi Nasab A, Vahid A, Elmi M. Prevalence of

Vancomycin-Resistant Enterococcus spp. Isolates in Southeast Iran,

Zahedan. J Kermanshah Univ Med Sci. 2024;28(4).

https://doi.org/10.5812/jkums-148366.

10. Cook TJ, Shenoy SS. Intestinal permeability of chlorpyrifos using the

single-pass intestinal perfusion method in the rat. Toxicology.

2003;184(2-3):125-33. [PubMed ID: 12499115].

https://doi.org/10.1016/s0300-483x(02)00555-3.

11. Vara-Gama N, Valladares-Mendez A, Navarrete-Vazquez G, Estrada-

Soto S, Orozco-Castellanos LM, Rivera-Leyva JC. Biopharmaceutical

Characterization and Bioavailability Study of a Tetrazole Analog of

Clofibric Acid in Rat. Molecules. 2017;22(2). [PubMed ID: 28216581].

[PubMed Central ID: PMC6155746].

https://doi.org/10.3390/molecules22020282.

12. Gravandi MM, Alidoust H, Tahvilian M, Moradi E, Hashemnia M,

Behbood L, et al. Evaluating the Protective Effect of Rutin

Nanoformulation in a Rat Model of Acetic Acid-Induced Ulcerative

Colitis. Jundishapur Jf Nat Pharm Prod. 2025;20(1).

https://doi.org/10.5812/jjnpp-154573.

13. Tabarzad M, Torshabi M, Heidari M, Haeri A, Mortazavi SM.

Vancomycin Insights: An Update on Mechanism, Activity, Toxicity,

Resistance, and Novel Drug Delivery Systems. Iran J Pharm Res.

2025;24(1). e160885. [PubMed ID: 41104237]. [PubMed Central ID:

PMC12523688]. https://doi.org/10.5812/ijpr-160885.

14. Ghiselli F, Rossi B, Piva A, Grilli E. Assessing Intestinal Health. In Vitro

and Ex vivo Gut Barrier Models of Farm Animals: Benefits and

Limitations. Front Vet Sci. 2021;8:723387. [PubMed ID: 34888373].

[PubMed Central ID: PMC8649998].

https://doi.org/10.3389/fvets.2021.723387.

15. Ozcan S, Caglar ES, Kaynak MS, Okur NU. A newly developed and fully

validated HPLC method for simultenous determination of in-situ

single pass intestinal permeability of domperidone, metoprolol

tartarate and phenol red. J Res Pharm. 2023;27(3)(27(3)):967-79.

https://doi.org/10.29228/jrp.392.

16. Song NN, Li QS, Liu CX. Intestinal permeability of metformin using

single-pass intestinal perfusion in rats. World J Gastroenterol.

2006;12(25):4064-70. [PubMed ID: 16810761]. [PubMed Central ID:

PMC4087723]. https://doi.org/10.3748/wjg.v12.i25.4064.

17. Lozoya-Agullo I, Zur M, Wolk O, Beig A, Gonzalez-Alvarez I, Gonzalez-

Alvarez M, et al. In-situ intestinal rat perfusions for human Fabs

prediction and BCS permeability class determination: Investigation

of the single-pass vs. the Doluisio experimental approaches. Int J

Pharm. 2015;480(1-2):1-7. [PubMed ID: 25595387].

https://doi.org/10.1016/j.ijpharm.2015.01.014.

18. Dezani TM, Dezani AB, Junior JB, Serra CH. Single-Pass Intestinal

Perfusion (SPIP) and prediction of fraction absorbed and

permeability in humans: A study with antiretroviral drugs. Eur J

Pharm Biopharm. 2016;104:131-9. [PubMed ID: 27130787].

https://doi.org/10.1016/j.ejpb.2016.04.020.

19. Tugcu-Demiroz F, Gonzalez-Alvarez I, Gonzalez-Alvarez M, Bermejo M.

Validation of phenol red versus gravimetric method for water

reabsorption correction and study of gender differences in

Doluisio's absorption technique. Eur J Pharm Sci. 2014;62:105-10.

[PubMed ID: 24887261]. https://doi.org/10.1016/j.ejps.2014.05.016.

20. Dahlgren D, Lennernas H. Intestinal Permeability and Drug

Absorption: Predictive Experimental, Computational and In Vivo

Approaches. Pharmaceutics. 2019;11(8). [PubMed ID: 31412551].

[PubMed Central ID: PMC6723276].

https://doi.org/10.3390/pharmaceutics11080411.

21. Ahmady AZ, Maram NS, Jelvehgari M, Mohtasham N, Yadollahpour A.

Physicochemical Properties and Methods to Determine the

Permeability of Nanoparticles. Int J Pharm Res Allied Sci. 2016;5(2):270-

9.

22. Olfert ED, Cross BM, McWilliam AA. Guide to the care and use of

experimental animals. 1. Ottawa, Canada: Canadian Council on Animal

Care Ottawa; 1993.

23. Zakeri-Milani P, Valizadeh H, Tajerzadeh H, Azarmi Y, Islambolchilar

Z, Barzegar S, et al. Predicting human intestinal permeability using

single-pass intestinal perfusion in rat. J Pharm Pharm Sci.

2007;10(3):368-79. [PubMed ID: 17727800].

24. Jambhekar SS, Breen PJ. Drug dissolution: significance of

physicochemical properties and physiological conditions. Drug

Discov Today. 2013;18(23-24):1173-84. [PubMed ID: 24042023].

https://doi.org/10.1016/j.drudis.2013.08.013.

25. Liu Z, An T, Yuan R, Tian M, Yuan L, Zhang T, et al. Comparision of the

phenol red, gravimetric, and synthesized mPEG-PR methods for

correcting water flux using the single-pass intestinal perfusion

method. Eur J Pharm Sci. 2022;176:106255. [PubMed ID: 35798231].

https://doi.org/10.1016/j.ejps.2022.106255.

https://brieflands.com/journals/jrps/articles/162309
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=442749
http://www.ncbi.nlm.nih.gov/pubmed/27964940
https://doi.org/10.1016/j.xphs.2016.11.022
http://www.ncbi.nlm.nih.gov/pubmed/18686775
https://www.ncbi.nlm.nih.gov/pmc/PMC2527668
https://doi.org/10.2147/ijn.s596
http://www.ncbi.nlm.nih.gov/pubmed/24250531
https://www.ncbi.nlm.nih.gov/pmc/PMC3813177
http://www.ncbi.nlm.nih.gov/pubmed/15341712
https://doi.org/10.1007/s11894-004-0052-z
http://www.ncbi.nlm.nih.gov/pubmed/26840285
https://www.ncbi.nlm.nih.gov/pmc/PMC6273696
https://doi.org/10.3390/molecules21020148
http://www.ncbi.nlm.nih.gov/pubmed/35090865
https://doi.org/10.1016/j.xphs.2022.01.008
http://www.ncbi.nlm.nih.gov/pubmed/16322603
https://doi.org/10.1056/NEJMoa051590
https://doi.org/10.5812/jkums-148366
http://www.ncbi.nlm.nih.gov/pubmed/12499115
https://doi.org/10.1016/s0300-483x(02)00555-3
http://www.ncbi.nlm.nih.gov/pubmed/28216581
https://www.ncbi.nlm.nih.gov/pmc/PMC6155746
https://doi.org/10.3390/molecules22020282
https://doi.org/10.5812/jjnpp-154573
https://doi.org/10.5812/jjnpp-154573
http://www.ncbi.nlm.nih.gov/pubmed/41104237
https://www.ncbi.nlm.nih.gov/pmc/PMC12523688
https://doi.org/10.5812/ijpr-160885
http://www.ncbi.nlm.nih.gov/pubmed/34888373
https://www.ncbi.nlm.nih.gov/pmc/PMC8649998
https://doi.org/10.3389/fvets.2021.723387
https://doi.org/10.29228/jrp.392
http://www.ncbi.nlm.nih.gov/pubmed/16810761
https://www.ncbi.nlm.nih.gov/pmc/PMC4087723
https://doi.org/10.3748/wjg.v12.i25.4064
http://www.ncbi.nlm.nih.gov/pubmed/25595387
https://doi.org/10.1016/j.ijpharm.2015.01.014
http://www.ncbi.nlm.nih.gov/pubmed/27130787
https://doi.org/10.1016/j.ejpb.2016.04.020
http://www.ncbi.nlm.nih.gov/pubmed/24887261
https://doi.org/10.1016/j.ejps.2014.05.016
http://www.ncbi.nlm.nih.gov/pubmed/31412551
https://www.ncbi.nlm.nih.gov/pmc/PMC6723276
https://doi.org/10.3390/pharmaceutics11080411
http://www.ncbi.nlm.nih.gov/pubmed/17727800
http://www.ncbi.nlm.nih.gov/pubmed/24042023
https://doi.org/10.1016/j.drudis.2013.08.013
http://www.ncbi.nlm.nih.gov/pubmed/35798231
https://doi.org/10.1016/j.ejps.2022.106255


Shakiba Maram G et al. Brieflands

8 J Rep Pharm Sci. 2025; 13(1): e162309

26. Fagerholm U, Johansson M, Lennernas H. Comparison between

permeability coefficients in rat and human jejunum. Pharm Res.

1996;13(9):1336-42. [PubMed ID: 8893271].

https://doi.org/10.1023/a:1016065715308.

27. Gupta E, Barends DM, Yamashita E, Lentz KA, Harmsze AM, Shah VP, et

al. Review of global regulations concerning biowaivers for

immediate release solid oral dosage forms. Eur J Pharm Sci. 2006;29(3-

4):315-24. [PubMed ID: 16806858].

https://doi.org/10.1016/j.ejps.2006.05.001.

28. Itzykson C, Zuber JB. The planar approximation. II. J Math Phys.

1980;21(3):411-21. https://doi.org/10.1063/1.524438.

29. Huang W, Chen S, Sun L, Wwang H, Qiao H. Study on the intestinal

permeability of lamivudine using Caco-2 cells monolayer and Single-

pass intestinal perfusion. Saudi J Biol Sci. 2022;29(4):2247-52. [PubMed

ID: 35531213]. [PubMed Central ID: PMC9073044].

https://doi.org/10.1016/j.sjbs.2021.11.052.

30. Saphier S, Yacov G, Wenger A, Klausner Z, Rosner A, Goldvaser M, et al.

The Effect of Anesthetic Regimens on Intestinal Absorption of

Passively Absorbed Drugs in Rats. Pharm Res. 2020;37(5):87. [PubMed

ID: 32356106]. https://doi.org/10.1007/s11095-020-02809-9.

31. Merchant HA, Rabbie SC, Varum FJ, Afonso-Pereira F, Basit AW.

Influence of ageing on the gastrointestinal environment of the rat

and its implications for drug delivery. Eur J Pharm Sci. 2014;62:76-85.

[PubMed ID: 24834990]. https://doi.org/10.1016/j.ejps.2014.05.004.

32. Mostafa MM, Amin MM, Zakaria MY, Hussein MA, Shamaa MM, Abd El-

Halim SM. Chitosan Surface-Modified PLGA Nanoparticles Loaded

with Cranberry Powder Extract as a Potential Oral Delivery Platform

for Targeting Colon Cancer Cells. Pharmaceutics. 2023;15(2).

https://doi.org/10.3390/pharmaceutics15020606.

33. Xiao Y, Wei Q, Du L, Guo Z, Li Y. In vitro evaluation and in situ

intestinal absorption characterisation of paeoniflorin nanoparticles

in a rat model. RSC Adv. 2024;14(31):22113-22.

https://doi.org/10.1039/d4ra03419h.

34. Zakeri-Milani P, Loveymi BD, Jelvehgari M, Valizadeh H. The

characteristics and improved intestinal permeability of vancomycin

PLGA-nanoparticles as colloidal drug delivery system. Colloids Surf B

Biointerfaces. 2013;103:174-81. [PubMed ID: 23201735].

https://doi.org/10.1016/j.colsurfb.2012.10.021.

35. Loveymi BD, Jelvehgari M, Zakeri-Milani P, Valizadeh H. Design of

vancomycin RS-100 nanoparticles in order to increase the intestinal

permeability. Adv Pharm Bull. 2012;2(1):43-56. [PubMed ID: 24312770].

[PubMed Central ID: PMC3846008].

https://doi.org/10.5681/apb.2012.007.

36. Lavagna E, Barnoud J, Rossi G, Monticelli L. Size-dependent

aggregation of hydrophobic nanoparticles in lipid membranes.

Nanoscale. 2020;12(17):9452-61. [PubMed ID: 32328605].

https://doi.org/10.1039/d0nr00868k.

37. Salphati L, Childers K, Pan L, Tsutsui K, Takahashi L. Evaluation of a

single-pass intestinal-perfusion method in rat for the prediction of

absorption in man. J Pharm Pharmacol. 2001;53(7):1007-13. [PubMed

ID: 11480535]. https://doi.org/10.1211/0022357011776252.

38. Date AA, Hanes J, Ensign LM. Nanoparticles for oral delivery: Design,

evaluation and state-of-the-art. J Control Release. 2016;240:504-26.

[PubMed ID: 27292178]. [PubMed Central ID: PMC5064878].

https://doi.org/10.1016/j.jconrel.2016.06.016.

39. Lee YY, Erdogan A, Rao SS. How to assess regional and whole gut

transit time with wireless motility capsule. J Neurogastroenterol Motil.

2014;20(2):265-70. [PubMed ID: 24840380]. [PubMed Central ID:

PMC4015195]. https://doi.org/10.5056/jnm.2014.20.2.265.

40. Benet LZ. The role of BCS (biopharmaceutics classification system)

and BDDCS (biopharmaceutics drug disposition classification

system) in drug development. J Pharm Sci. 2013;102(1):34-42. [PubMed

ID: 23147500]. [PubMed Central ID: PMC3684558].

https://doi.org/10.1002/jps.23359.

https://brieflands.com/journals/jrps/articles/162309
http://www.ncbi.nlm.nih.gov/pubmed/8893271
https://doi.org/10.1023/a:1016065715308
http://www.ncbi.nlm.nih.gov/pubmed/16806858
https://doi.org/10.1016/j.ejps.2006.05.001
https://doi.org/10.1063/1.524438
http://www.ncbi.nlm.nih.gov/pubmed/35531213
https://www.ncbi.nlm.nih.gov/pmc/PMC9073044
https://doi.org/10.1016/j.sjbs.2021.11.052
http://www.ncbi.nlm.nih.gov/pubmed/32356106
https://doi.org/10.1007/s11095-020-02809-9
http://www.ncbi.nlm.nih.gov/pubmed/24834990
https://doi.org/10.1016/j.ejps.2014.05.004
https://doi.org/10.3390/pharmaceutics15020606
https://doi.org/10.1039/d4ra03419h
http://www.ncbi.nlm.nih.gov/pubmed/23201735
https://doi.org/10.1016/j.colsurfb.2012.10.021
http://www.ncbi.nlm.nih.gov/pubmed/24312770
https://www.ncbi.nlm.nih.gov/pmc/PMC3846008
https://doi.org/10.5681/apb.2012.007
http://www.ncbi.nlm.nih.gov/pubmed/32328605
https://doi.org/10.1039/d0nr00868k
http://www.ncbi.nlm.nih.gov/pubmed/11480535
https://doi.org/10.1211/0022357011776252
http://www.ncbi.nlm.nih.gov/pubmed/27292178
https://www.ncbi.nlm.nih.gov/pmc/PMC5064878
https://doi.org/10.1016/j.jconrel.2016.06.016
http://www.ncbi.nlm.nih.gov/pubmed/24840380
https://www.ncbi.nlm.nih.gov/pmc/PMC4015195
https://doi.org/10.5056/jnm.2014.20.2.265
http://www.ncbi.nlm.nih.gov/pubmed/23147500
https://www.ncbi.nlm.nih.gov/pmc/PMC3684558
https://doi.org/10.1002/jps.23359

