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Background: Selenium (Se) is an indispensable trace element required for animals and

human beings, whereas Se-deficiency can accelerate the development of acute gastric injury

induced by over-consumption of alcohol. Selenium nanoparticles (SeNPs), as a special Se-

supplement with favorable properties and unique bioactivities, are expected to play a passive

role in gastroprotection. To the best of our knowledge, the gastroprotective potential of

SeNPs is unknown and also, a rapid preparation of orally stable SeNPs available for

prospective commercial application in the clinic is needed. Thus, SeNPs-embedded chitosan

microspheres (SeNPs-CM) were developed to deliver SeNPs, and their gastroprotective

potential was evaluated.

Results: Herein, a rapid, eco-friendly and economic preparation process, composed of

synthesis of SeNPs decorated by chitosan (CS), purification of CS-SeNPs by ultra-filtration

(UF) and spray-drying of the purified CS-SeNPs, was introduced to prepare SeNPs-CM. The

uniformly distributed SeNPs with a nanosize range of 60 nm were loaded into CS-

microspheres, and they could be released from the microspheres in gastric conditions. In

addition, SeNPs-CM were safer than selenite in terms of Se dose, with a LD50 of around

8-fold of that of selenite, and it could efficiently enhance the Se retention in Se-deficient

Wistar rats. Furthermore, SeNPs-CM pre-treatment might significantly attenuate the ethanol-

induced gastric mucosal damage, based on histological evaluation. It might be partly

attributed to the systematic antioxidant activities of SeNPs-CM, reflected by the reduction

in lipid peroxidation, the augmentation in antioxidant enzymatic activity as well as decreas-

ing aggressive nitric oxides (NO).

Conclusion: SeNPs-CM could be taken into consideration as a prospective Se-supplement

for the oral delivery of SeNPs, with prominent gastroprotective effect against ethanol-

induced mucosal injury.
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Introduction
Gastric mucosal ulcer is a common gastrointestinal disorder all over the world.

Chronic gastric ulcer is closely associated with smoking, bacteria infection, irregular

eating habits, chronic bile reflux, autoimmune disorders and stress, whereas acute

gastric ulcer is usually caused by excessive consumption of alcohol or high dose of
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non-steroidal anti-inflammatory drugs (NSAIDs).1–6 High

concentration of alcohol (>40%, v/v) and overconsumption

of alcoholic beverages can lead to acute gastric ulcers

characterized by powerful oxidative stress.1–4,6–8

Selenium (Se) is an indispensable trace element

required for most of the living organisms including ani-

mals and human beings.9 Se-deficiency might condone the

development of acute gastric mucosal injury induced by

alcohol, especially for those living in Se-deficient

area.7,10–12 Low-Se diet affects both inflammatory cyto-

kine production and histological characteristics, especially

in the digestive system.11 As reported, selenium inhibits

the formation of ethanol-induced gastric mucosal lesions

in rats through prevention of lipid peroxidation and activa-

tion of enzymatic radical scavenging.7 As well, selenium

either alone or in combination with N-acetylcysteine and

vitamin E has a protective effect against ethanol-caused

gastric mucosal injury in rats, by increasing gastric glu-

tathione (GSH) and lowering gastric lipid peroxide (LPO)

levels.12 Besides, Se-supplement can be gastroprotective

against the gastric mucosal damage induced by water-

immersion restraint stress in rats.13 Apart from its gastro-

protective effects, Se can accelerate the healing of gastric

mucosal injury caused by chemicals. For instance, this

element has a curative effect on gastric ulcer induced by

indomethacin.14 As well, it can accelerate the healing of

acetic acid-induced gastric ulcer by facilitating mucosal

regeneration, reducing LPO, increasing antioxidant activ-

ity and altering mucus secretion response.15 Collectively,

the aforementioned studies indicate that Se-supplement

has protective and curative effects upon acute gastric

injury, involving the antioxidant activity of this element.

Selenium nanoparticles (SeNPs), a kind of elemental

Se particles at a nano-size scale with bright red color,

have attracted increasing attention in recent years.16,17

The nanoparticles, famous of their low toxicity,16,17 have

been considered as a prospective Se formulation for

nutritional supplement use, chemoprevention and chemi-

cal therapy against cancer, due to their unique properties

and excellent biological activities such as free radicals

scavenging, immunomodulation, growth promotion, anti-

tumor, antimicrobial and anti-inflammatory effects.16–21

Thus, the passive role of SeNPs-supplement in dealing

with the gastric injury caused by oxidative stress is

anticipated. However, the potential of SeNPs as

a gastroprotective agent has not been reported yet.

Also, and bare SeNPs are unavailable for commercial

applications in the clinic due to their awful stability.19–23

From this perspective, the development of feasible oral

SeNPs-supplement with gastroprotective potential is

needed.

In some previous reports,19–24 SeNPs were synthesized

in protein or polysaccharides, and then, dialysis was

applied to purify these nanoparticles, followed by

a lyophilization to obtain the final SeNPs product.

However, these methods are impracticable in industrial

production due to their small production scale, low effi-

ciency and high cost. In this study, a simple way compris-

ing of fast synthesis of SeNPs in the presence of chitosan

(CS) and rapid purification of CS-SeNPs by ultra-filtration

(UF) was introduced. Thereafter, the purified CS-SeNPs

was spray-dried to obtain selenium nanoparticles-

embedded chitosan microspheres (SeNPs-CM) designed

for the oral delivery of SeNPs. Furthermore, the biosafety,

Se retention capacity and gastroprotective effects of

SeNPs-CM against ethanol-induced gastric mucosal injury

were investigated.

Materials and Methods
Reagents and Animals
CS (>90% deacetylated, average molecular weight of 37

kDa) of food grade was purchased from Aoxin

Pharmaceutical Co. Ltd (Taizhou, People’s Republic of

China). The assay kits for measuring glutamic-oxaloacetic

transaminase (GOT), glutamic-pyruvic transaminase (GPT),

nitric oxide (NO), prostaglandin E2 (PGE2), thiobarbituric

acid-reactive substances (TBARS), lipid peroxide (LPO),

glutathione peroxidase (GSH-Px), superoxide dismutase

(SOD), catalase (CAT) and protein content were provided

by Jiancheng Bio-engineering Institute (Nanjing, People’s

Republic of China). Sucralfate suspensoid was obtained

from Kunming Jida Pharmaceutical Co. Ltd (Kunming,

People’s Republic of China). Ethanol, chloral hydrate, 40%

Formaldehyde, hematoxylin, eosin and other agents of AR

grade, were supplied by commercial suppliers.

Male Wistar rats of specific-pathogen-free (SPF) grade,

5–6 weeks old, 180–220 g body weight (bw), were supplied

by Laboratory Animal Center, Shenyang Pharmaceutical

University (Shenyang, People’s Republic of China) with

the license No. SCXK (Liaoning) 2015–0001. Kunming

(KM) mice of SPF grade, half male and half female, 6–8

weeks old, weighing 18–22 g, were provided by the same

supplier with the license No. SCXK (Liaoning) 2014–0004.

Animals were housed in a standardized sterile animal room
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with controlled temperature (25 ± 2°C) and humidity (50 ±

10%) and a 12 hr light/dark cycle.

Synthesis of SeNPs and Preparation of

SeNPs-CM
The synthesis of SeNPs and preparation of SeNPs-CM

were carried out as shown in Scheme 1. SeNPs were

prepared by reducing selenite as described in our previous

studies19,20 with some modification. Briefly, CS (200 g),

Vc (0.8 molar), acetic acid (300 mL) and deionized water

(5700 mL) were mixed well to attain CS/Vc solution.

After that, selenium dioxide or sodium selenite (0.2

molar) was dissolved in 500 mL of deionized water, and

the resultant mixture was dropwise added to the CS/Vc

solution and stirred (150 rpm).

Consequently, the CS-SeNPs colloid was rapidly pur-

ified through ultrafiltration (UF) by using a membrane

separation device (FlowMem-0015, Xiamen Starmem

Scitechnology Co. Ltd, People’s Republic of China)

equipped with a piece of polyethersulfone (PES) UF

membrane (UE008, GE, USA) with its molecular weight

cut-off (MWCO) of 8 kDa. In each round of UF, the

component intercepted by the previous round of UF was

mixed with aqueous acetic acid (0.5%, v/v) at the ratio of

1:3 (v/v), and the mixture was ultra-filtrated till the volume

of the intercepted section decreased to 1/4 of that of the

mixture. After few rounds of UF, the by-products with low

molecular weight, such as selenite, Vc and its oxidation

products, were almost removed, which was evidenced by

the fact the final permeatee did not fade 1 μmol/L of

potassium permanganate (KMnO4) solution (containing

18.4 mmol L−1 of sulphuric acid) within 20 min.

Finally, this red colloid was spay-dried by using

a centrifugal spray dryer (LPG-5; Shiyuan Biological

Equipment Engineering Co. Ltd., Shanghai, People’s

Republic of China) with a typical working condition:

inlet temperature 155°C, inlet temperature 105°C, rotation

rate of centrifugal atomization device 20,000 rpm, pump-

ing flow rate 4–5 L−1, and drying air flow discharge

860–1160 m3.h−1 The ratio of SeNPs/CS could be adjusted

-

-

-
- -

-
-

-
Reduction

Ascorbic

acid

Nucleation Functionalization

Spray drying

-

SeNPs-CM

Ultraflitration

CS - SeO3
2- SeNPsAtomic Se Se  nucleusByproducts

Gastric digestion

Scheme 1 The preparation of SeNPs-CM and the oral delivery of SeNPs in the stomach. In brief, aqueous selenite used as the Se precursor was reduced by ascorbic acid

(Vc) in the presence of chitosan (CS), generating atomic selenium (Se). Atomic Se nucleated to form Se nucleus, and these Se nuclei assembled into SeNPs. SeNPs was

surface-decorated by CS, benefiting to its purification performed by using ultra-filtration (UF). The purified CS-SeNPs colloid was spay-dried to obtain spherical SeNPs-CM

with acceptable storage stability, also allowing the expected release of SeNPs in the stomach.
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before spay-drying. The blank chitosan microspheres

(BCM) without any SeNP were prepared by replacing Se

(IV) with deionized water.

Characterization of SeNPs and

SeNPs-CM
The morphology of nanoparticles or microspheres was

observed by means of transmission electron microscopy

(TEM) and scanning electron microscopy (SEM). A TEM

device (JEM-2100; JEOL, Tokyo, Japan) and a SEM

machine (S-4800; Hitachi, Tokyo, Japan) both equipping an

energy-dispersive X-ray spectroscopy (EDS) apparatus were

used.19,20 The size distribution of SeNPs was measured

basing on their TEM image, and the zeta-potential of the

nanoparticles was determined by using a Zetasizer Nano ZS

particle analyzer (VEM3600;Malvern Instruments,Malvern,

UK) with a 173° scattering angle.20 The size of microspheres

was also investigated by a particulate size analyzer (LS-POP

(6); Zhuhai OMIC Instruments Co. Ltd., Zhuhai, P.R.

China).19,20 The Se content of SeNPs-CM was determined

by utilizing inductively coupled plasma mass spectrometry

(ICP-MS).25 A Nicolet Nexus 470 spectrometer (Thermo

Fisher Scientific, Waltham, MA, USA) was used to record

the infrared spectra acquired at 400–4000 cm−1 wavenum-

bers with a 4 cm−1 resolution.19,20 XPS measurement was

conducted by a photoelectron spectrograph (Escalab 250Xi;

Thermo Fisher Scientific) equipped with a monochromatic

Al KαX-ray source with an energy resolution of 0.05 eV.
19,20

A dual-beam charge neutralization system composed of

a low-energy electron flood gun (~1 eV) and an argon ion

gun (≤10 eV) was used.19,20

Release Study
The release of SeNPs from their vehicles was studied in

a HCl solution (pH 1.2) stimulating the pH environment of

the stomach. Briefly, SeNPs-CM was mixed with the HCl

solution (pH 1.2) and stirred at 37°C for 1–2 hrs. The

mixture was filtrated with a filter membrane (pore size of

0.22 μm), and the filtrate was dropped onto copper grids

and dried in clean air, followed by the TEM observation

and the EDS determination as previously described.19,20

Animal Experiment
Acute Lethal Test in vivo

The acute lethal properties of SeNPs-CM were determined

as previously described19,20 with little change. Briefly, 60

KM mice were randomly divided into 6 groups with 10

mice per group after adaption for 3 days. Each group was

given saline or SeNPs-CM (5.00, 3.75, 2.81, 2.10, 1.58 mg

kg−1 bw) by single intragastric administration, and cumu-

lative mortality within 14 days was recorded to calculate

median lethal dose (or LD50) by Bliss method.26

Ulcer Experiment

Seventy male Wistar rats, as presented in Table 1, were

randomly divided into 7 groups (each containing 10 ani-

mals): Control (saline), Model (ethanol), Sucralfate (etha-

nol + sucralfate), BCM (ethanol + BCM) and three Se

groups (ethanol + SeNPs-CM) comprised of L-Se, M-Se

and H-Se. Control and Model groups were given normal

saline by gavage (10 mL kg−1 bw), while Sucralfate group

acting as a positive group was intragastrically adminis-

tered sucralfate suspensoid (200 mg kg−1 bw). L-Se,

M-Se and H-Se groups were orally administrated with

0.6, 1.2 and 2.4 mg kg−1 bw of SeNPs-CM, respectively.

Meanwhile, BCM at a comparable dose (1.2 mg kg−1 bw)

acting as a vehicle control was utilized to evaluate the

contribution of chitosan vehicle to the bioactivity of

SeNPs-CM. The daily administration and body weighting

were performed for 30 days. All rats were allowed free

access to a low-Se diet (<0.1 mg Se kg−1 diet) and water

during the experiments.

After the last administration, all the rats were deprived

of food. Twenty-four hours later, the fasting animals were

administrated with absolute ethanol (1 ml per rat) by

gavage except for the Control group. At 60 min after the

ethanol treatment, the anaesthesia of rats was carried out

through intraperitoneal injection of aqueous chloral

hydrate (0.5 mg kg−1 bw). The blood in aorta abdominalis

was collected into a heparin-free tube, and the animals

were euthanized by cervical dislocation. Quickly, serum

Table 1 The Administration During the Gastroprotective

Experiment (Wistar Rats, n=10)

Group Pre-Treatment (Once

Daily, Day 1–30)

Treatment (Once,

Day 31)

Control Normal saline Normal saline

Model Normal saline Ethanol (1mL each)

Sucralfate Sucralfate Suspensoid (200 mg

kg−1 bw)

Ethanol (1mL each)

BCM BCM (1.2 mg kg−1 bw) Ethanol (1mL each)

L-Se SeNPs-CM (0.6 mg kg−1 bw) Ethanol (1mL each)

M-Se SeNPs-CM (1.2 mg kg−1 bw) Ethanol (1mL each)

H-Se SeNPs-CM (2.4 mg kg−1 bw) Ethanol (1mL each)

Abbreviation: bw, body weight.
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was obtained after immediate centrifugation (1000×g, 4°C,

10 min) and stored at −80°C until analysis, while some

important organs such as stomach and liver were collected

for further investigation. The viscera index, defined as the

ration of organ weight to body weight,27 was also

measured.

Macroscopic Evaluation
The freshly excised stomach was opened along the

greater curvature and rinsed in ice-cold normal saline

to remove the gastric contents and blood clots. The

samples were photographed to explore the gross gastric

mucosal lesions. The injury incidence was calculated

following Equation (1). Gross mucosal lesions were

recognized as hemorrhage spot or damage strip (ero-

sions) on the mucosal surface.6 The areas of stomach

tissue and gross lesions were approximately measured

by using Image J (v1.48) software (developed by

National Institutes of Health, USA).28 The results were

expressed as the gross ulcer index-1 (GUI-1) calculated

by using Equation (2). Macroscopic scoring of gastric

mucosal lesions was also performed by an independent

viewer blinded to the treatment as described by Kan

et al6 with limited modification. In brief, scoring gastric

injury was carried out basing on the severity of hyper-

emia and hemorrhagic erosions, and the gross ulcer

index-2 (GUI-2) was defined as the weighted sum of

individual scores according to Kan.6,30

Injury incidence %ð Þ¼ ðThe number of rats withmucosal

injury in a group=Total number

of rats in the same groupÞ � 100%

Equation (1)

GUI� 1 ¼ Total ulcerated area=Total mucosa areað Þ�100%

Equation (2)

Histological Examination
Samples from the comparable region of the stomach or

liver were excised and fixed in a 10% of buffered formalin

solution, routinely followed by paraffin embedding.

Sections (5 μm thick) were stained with hematoxylin &

eosin (HE) dual-dye and examined under a light

microscope.1,12,19 The sections were observed and photos

were captured to explore the histological change.

Based on the severity of histological disorder, the his-

tological damage in gastric mucosa was graded by using

two methods. In the first method, each field was scored

histologically on a scale from 0 to 4 in accordance with

previously described criteria29 with limited modification:

0 – normal; 1 – epithelial cell damage; 2 – glandular

disruption, vasocongestion or edema in the upper mucosa;

3 – mucosal disruption, vasocongestion or edema in the

mild lower mucosa; 4 – extensive mucosal disruption

throughout the mucosa. The overall mean value of the

scores for each of the fields was taken as the histological

ulcer index-1 (HUI-1) for the section. In the second

method, grading the gastric injury was achieved on a 1–5

scale according to Kan et al6 based on the percentage of

the damage area. The damage score called the histological

ulcer index-2 (HUI-2), was defined as the weighted sum of

individual scores.6 All determinations were performed in

a randomized manner and histological sections were coded

to eliminate an observer bias.

Se Retention Determination
Se concentration in blood or organ was determined by

ICP-MS assay as described in previous studies.19,20,25

Briefly, serum or organ sample was mixed with hydrogen

nitrate/hydrogen peroxide (HNO3/H2O2) solution. The

mixture was then digested by means of microwave heat-

ing. The Se concentration of each digested sample was

determined by using an ICP-MS device (7700X,

Agilent, USA).

Biochemical Analysis
The fresh samples of the liver or stomach were rinsed with

cold normal saline, and the homogenization in ice-cold

saline was conducted. After immediate centrifugation

(10,000×g, 4°C, 10 min), the supernatant was collected.

After that, the serum and the supernatant were used to

measure the levels of GOT, GPT, GSH, TBARS (malon-

dialdehyde equivalent), GSH-Px, CAT, SOD, PGE2, NO

and LPO, following the instructions of commercial kits

listed previously.

Statistical Analysis
In all the experiments, data were presented as mean ± SD.

The difference between the two groups was analyzed by

Student’s t-test, while the difference between three or more

groups was analyzed by one-way analysis of variance

(one-way ANOVA) test followed by multiple compari-

sons. SPSS software program (version 17.0 for

Windows) was utilized, and a P value of <0.05 was con-

sidered statistically significant.
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Results and Discussion
Design of SeNPs-CM
CS is the only positively charged natural polysaccharide

with excellent biodegradable and biocompatible character-

istics, having been extensively examined in the pharmaceu-

tical fields for its potential in developing medicine delivery

systems.30 SeNPs (Se(0)) can be synthesized in the presence

of CS.19–22 However, it was a process of laboratory level,

with its small scale far from practical production. Even

worse, the purification of SeNPs by means of dialysis19,22

was impracticable in industrial production because of the

low efficiency and high cost. Besides, bare SeNPs and CS-

SeNPs were unavailable for commercial applications in oral

administration systems due to their awful stability.19,20

Therefore, SeNPs-CM aiming at both the stability and oral

delivery of SeNPs was developed, and a rapid preparation

process designed for the industrial production of SeNPs-

CM was also introduced (Scheme 1). The physicochemical

characters and bioactivities of SeNPs might be retained if

the design worked.

Physicochemical Properties of SeNPs and

SeNPs-CM
Morphology and Formation of SeNPs

The synthesis of SeNPs was performed on a much bigger

scale (>1000-fold) and at a significantly lower stirring

speed (150 rpm) as compared with previous studies.19–22

As a result, monodisperse spherical CS-SeNPs in high

uniform was obtained, with red appearance and the mean

size of around 60 nm (Figure 1A). The typical Se peaks

(1.37, 11.22 and 12.49 keV), identified as Se Lα, Se Kα and

Se Kβ, respectively, were found in the EDS spectra of CS-

SeNPs, strongly confirming the elemental nature of these

nanoparticles (Figure 1B). It indicated small CS-SeNPs

can be fabricated even in such a condition stimulating

industrial production.

Influence of UF Upon CS-SeNPs

Ultrafiltration (UF) was used instead of dialysis to purify

CS-SeNPs. The PES membrane (MWCO of 8 kDa) used

could retain CS and SeNPs, but it allowed free access of

soluble compounds with low molecular-weight (such as Vc

and its oxidates), of which might fade aqueous acidic

KMnO4 solution.31 The content of the byproduct in the

retentate, in theory, could be reduced by geometric progres-

sion in accordance with the frequency of the UF process.

After six or seven round of UF treatment, aqueous KMnO4

(1 μmol L−1) was unable to fade within 20 min when mixed

with the corresponding filtration, indicating little byproduct

could be transported to the filtrate (Figure 1C). It implied

UF can remove the unwanted inclusion efficiently. More

importantly, limited modification of the shape or size of

SeNPs was observed during rounds of the UF process

(shown in Figure 1D), also suggesting the feasibility of

UF used in the purification of SeNPs. Significantly, CS

might guarantee the stability of SeNPs during the UF pro-

cess. It could be partly explained by the viscosity of CS.30

The surface decoration by CS on SeNPs, resulting in the

elevation of zeta-potential of these nanoparticles,19,22 also

contributed to the stability (Figure 1E). The limited change

of zeta-potential during UF processing made UF suitable for

the rapid purification of CS-SeNPs.

Characterization of SeNPs-M

The purified CS-SeNPs colloid was finally mixed with

another CS solution, and the mixture was spray-dried to

remove moisture and acetic acid, generating solid SeNPs-

CM with their average size of around 6 μm (Figure 1F).

The SeNPs-CM seemed to be a simple collection of SeNPs

and CS, without any new functional group found in the

FTIR spectra (Figure 1G). Furthermore, XPS patterns of

SeNPs-CM were recorded to explore the status of Se. As

presented in Figure 1H, the peaks at 55.3 eV and 59.5 eV

were identified as the typical Se 3d signals of Se (0) and

Se (IV), respectively, confirming the Se within SeNPs-CM

was in elementary status.19,20 However, the Se 3d signals

on the surface of SeNPs-CM were significantly weaker

than that inside SeNPs-CM, which was found by using

argon ion etching to expose the elements inside. It implied

most of the SeNPs are enclosed inside SeNPs-CM.

Apparently, the physical stabilization of SeNPs was car-

ried out, and the content of SeNPs within SeNPs-CM

could be easily adjusted by modifying material ratio.

Release of SeNPs from SeNPs-CM
The release of nanoparticles from their vehicle was very

important to their absorption and their bioactivities.17,20 In

the study, SeNPs-CM was mixed with HCl solution (pH 1.2)

and stirred at 37°C, simulating the gastric digestion of this

Se-supplement. Intact SeNPs could be observed in the mix-

ture after the incubation (shown in Figure 2A and B), sug-

gesting SeNPs can be released from SeNPs-CM in the

mammalian stomach. Interestingly, many small beads of

few nanometres were found around much bigger single

ones in the TEM image (Figure 2B). EDS performed on
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Figure 1 The physicochemical properties of CS-SeNPs. (A) Transmission electron microscopy (TEM) image of CS-SeNPs and their appearance (inset). (B) Typical energy-
dispersive X-ray spectroscopy (EDS) spectra of CS-SeNPs (found at Area I, Panel (A) and their elemental composition (inset). (C) The absorbance (525 nm) of potassium

permanganate (KMnO4) solution when coming across with UF filtrate and their appearance (inset). (D) The size distribution of CS-SeNPs measured basing on TEM results,

and the influence of UF on the size of these nanoparticles (inset). (E) Zeta-potentials of bare SeNPs and CS-SeNPs (before or after 6 rounds of UF). (F) SEM image of

SeNPs-CM and their size distribution (inset). (G) FTIR spectra of bare SeNPs, BCM and SeNPs-M. (H) Se 3d XPS patterns of Se (IV) (selenite or selenium dioxide), Se (0)

(bare SeNPs or crystal Se) and SeNPs-CM, obtained with or without argon etching.
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the area containing the small or big beads (shown in

Figure 2C) indicated the bigger ones were SeNPs while the

smaller ones might be CS. Perhaps CS in SeNPs-CM might

collapse into small colloid drop when mixing with HCl

solution. It was also possible the aqueous CS might turn to

solid CS beads when sampling for TEM investigation.

Although how the SeNPs escaped from SeNPs-CM was

unknown, it was certain SeNPs can be released from their

vehicles in the digestive tract. In other words, the embedding

by CS did not change the size and morphology of SeNPs,

two important properties of which could profoundly affect

the bio-activities of the nanoparticles.32,33 It also proved

SeNPs were stable in the vehicle during storage.

Safety of SeNPs-CM
Acute Toxicity of SeNPs-CM in KM Mice

The safety of SeNPs-CM was considered before its potential

in the clinic. As reported in some previous work,19,20,34

Figure 2 Release of SeNPs from SeNPs-CM in HCl solution. SeNPs-CM was mixed with HCl solution (pH 1.2). After 1–2 hrs, the mixture was filtrated by using a filter

membrane (with the aperture size of 0.45 μm), and the filtrate was sampled for TEM observation and EDS investigation. (A) TEM image of SeNPs and (B) the details. (C)

Typical EDS spectra obtained in Figure 2B (Area III versus Area IV).
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SeNPs were safer than selenite or selenomethionine, mainly

responsible for the whole toxicity of SeNPs/vehicle com-

plexes. In this study, SeNPs-CM was much safer than

selenite19 in turns of Se dose, with a LD50 of around

8-fold of that of selenite in KM mice (Table 2). The finding

was in accordance with some reports,19,20,34 though the

model animals (KM mice or ICR mice) or the vehicle

(chitosan, or chitosan/citrate, or BSA) might be different.

Perhaps, SeNPs loaded by protein or polysaccharide might

present comparable toxicity, when (1) they shared similar

basic physicochemical properties35,36 such as shape, size,

chemical composition and surface properties and (2) they

could escape from their vehicles in the stomach.19

Influence of SeNPs-CM on the Growth, Viscera and

Aminotransferases of Wistar Rats

In the ulcer experiment, another SeNPs-CM sample contain-

ing 20 mg g−1 of Se (measured by ICP-MS25) was admini-

strated at the doses of 0.6, 1.2, 2.4 mg/kg bw (shown in

Table 1) based on the daily recommendation dose of Se.37,38

During the experiment, BCM (1.2 mg kg−1 bw), SeNPs-CM

and sucralfate (200 mg kg−1 bw) did not exhibit any visible

negative effects on rats’ behavior and body weight (See

Table S1, Supplementary materials). Besides, the viscera

indexes of heart, liver, spleen and kidney were normal in

each group (See Table S2, Supplementary materials).

Moreover, little visible modification could be found in the

structure of the liver (See Figure S1, Supplementary

materials).

The levels of GOT and GPT in serum can help

people diagnose body tissues are injured or not, espe-

cially the heart and the liver.39 Serum GPT is sensitive

to acute hepatic injury since it can be released from

hepatic cells when acute destruction of cytomembrane

happens.40 The jump of serum GOT is closely asso-

ciated with the damage to endochylema and the

dysfunction of the mitochondrial membrane, implying

severe injury of an organelle.40 In this study, GOT in

each group was normal (Table 3), indicating 30-day

administrations of SeNPs, BCM and sucralfate at their

setting doses were safe. Besides, the ethanol-caused

elevation of the GPT level might be retarded by all the

pretreatments, suggesting the liver protection conducted

by the three compounds.

Selenium Retention in vivo
The Se level in the body was monitored to study the Se-

supplying ability of SeNPs-CM in rats. As presented in

Figure 3, serum Se concentrations in M-Se group and

hepatic Se levels in the Se-supplement groups were sig-

nificantly higher than that of no Se-supplement groups

(P < 0.05), indicating SeNPs-CM at the doses could ben-

efit to the Se stock in animals. Markedly, SeNPs-CM was

actually the main Se supplement, in consideration of the

extremely low Se content of the feed (<0.1 μg Se g−1 diet)

and the estimable daily intake of adult Wistar rats (about

20–30 g diet day−1 each).41–43 Additionally, visible differ-

ence in Se levels was found between M-Se and BCM

(P < 0.05). It was the SeNPs within SeNPs-CM contrib-

uted to the improvement of Se retention.

The deposition preference of SeNPs was studied.

Interestingly, hepatic Se seemed to be more sensitive to

the supplement of SeNPs-CM than serum Se (Figure 3).

The Se-boost in serum was latter than that in the liver, in

line with a previous study20 reporting a faster increase of

hepatic Se than that of plasma Se in mice. It suggested the

Se from SeNPs-CM is apt to be stored in the liver.

Additionally, Se accumulation in the liver was found in

mice or fish when BSA-SeNPs34,44,45 or selenite34 or

selenate46 were given. Possibly, inorganic Se was inclined

to be collected in hepatic tissue.

Table 2 Acute Lethal Results by Single Oral Administration in

KM Mice (n=10)

Sample Se Content

(mg g−1)

LD50
#

(mg kg−1 bw)

LD50 (Se) *

(mg Se kg−1 bw)

Sodium

selenitea
456.7 19.2

(16.2–22.7)$
8.8

(7.4–10.4)^

BCMa – > 15 × 103 –

SeNPs-CM 30 2.44 × 103

(1.81×103 - 3.03×103)$
73.2

(54.3–90.9)^

Notes: #LD50 = median lethal dose; *LD50 (Se) = LD50 × Se content. $The LD50 of

95% confidence interval. ^The LD50(Se) of 95% confidence interval. aThe results of

sodium selenite and BCM were reported in previous work Reference.19

Abbreviation: bw, body weight.

Table 3 The Serum Aminotransferases in Wistar Rats at the End

of Ulcer Experiment (n=10)

Group GOT (U L−1) GPT (U L−1) Ratio of

GOT/GPT

Control 127.07 ± 55.76 24.27 ± 17.78a,b 5.24

Model 119.27 ± 47.42 59.77 ± 16.43c 2.00

Sucralfate 137.86 ± 69.10 25.17 ± 16.23a,b 5.48

BCM 103.49 ± 44.37 29.15 ± 11.31a,b 3.55

L-Se 141.31 ± 52.21 17.37 ± 13.92a 8.14

M-Se 151.37 ± 37.11 41.70 ± 11.03b 3.63

H-Se 157.85 ± 131.21 37.48 ± 18.60a,b 4.21

Notes: a–cMeans within a column with different letters differ significantly (P < 0.05).
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The dose of SeNPs needed more attention. Comparable

hepatic Se levels were achieved in all the Se groups,

suggesting a possible “plateau” (Figure 3B). A similar

plateau was reported by Barnes47 and Raines,48 who

pointed out haptic Se level was very sensitive to Se con-

tent in food. Se-supplementation resulted in a sigmoidal

response in the liver Se concentration of rats: hepatic Se

quickly increased to a plateau at 0.08 μg Se g−1 diet,

remained at this level until 0.24 μg Se g−1 diet, and then

increased gradually to 1.80-fold of Se adequate levels

(0.08–0.24 μg Se g−1 diet) in rats fed 0.8 μg Se g−1

diet;47 hepatic Se increased fast if the Se content in diet

was too high (>0.8 μg Se g−1 diet).48 Herein, the daily Se

intakes in the Se groups reached the plateau, indicating the

daily doses of SeNPs were able to meet the requirement of

adequate or super-nutritional Se. That was, the doses of

SeNPs-CM were acceptable, far from the toxic status

according to Barnes47 and Raines.48

Macroscopic Gastric Damage
Ethanol resulted in gastric edema, which was evidenced

by the significantly higher stomach index (P < 0.05,

Model versus Control) as shown in Figure 4A

and B. Apart from the edema, high injury incidence

(≥90%) was observed in the groups given ethanol

(Table 4), suggesting the ethanol-induced lesions are

very common in animals. The damage was highlighted

in the congestion and hemorrhagic lesions in the gastric

mucosa (Figure 4C). Sucralfate, an efficient anti-ulcer

medicine widely used to treat gastric ulcer,49 strongly

resisted the gastric disorder induced by ethanol (Figure

4D). BCM also retarded the formation of lesions (Figure

4E), while strong gastroprotection was found in all the

groups pretreated by SeNPs-CM (Figure 4F–H).

The methods of grading gastric injury were various.6,28

Herein, grading was performed basing on scar area28 or

scar severity,6 and the results were expressed as GUI-1 or

GUI-2 (Table 4). As expected, SeNPs-CM was able to

inhibit the forming of gastric mucosal injury in a dose-

dependent manner. Amazingly, the inhibition of both GUIs

(about 70% - 85%) by SeNPs-CM (1.2 or 2.4 mg kg−1 bw)

was comparable with that by sucralfate (200 mg kg−1 bw),

suggesting the potent gastric protection by the Se-

supplement. Furthermore, more inhibition of GUIs was

found in M-Se group as compared with BCM group

(P < 0.05), though BCM itself also had a passive influence

on gastric protection.50 It implied SeNPs contribute greatly

to the gastroprotection of SeNPs-CM against ethanol.

Histological Findings
The histological property of gastric mucosa was investi-

gated for more details. Normal structures were found in

Figure 3 The serum Se concentration (A) and hepatic Se level (B) in Wistar rats. The daily administration of each group was performed as shown in Table 1. After the last

administration, rats were deprived of food, allowed free access to water. Twenty-four hours later, rats were given ethanol or saline, and they were sacrificed in 1 hr to obtain

serum, liver and other organs. The samples were digested in hydrogen nitrate/hydrogen peroxide (HNO3/H2O2) solution, and then, the Se content in the digestion was

determined by using ICP-MS assay. a–bMeans within a panel with different letters differ significantly (P < 0.05).
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Control (Figure 5A). However, extensive damage in the

gastric mucosa was found in Model group, characterized

by epithelial degeneration, cell desquamation, hemor-

rhage, and inflammatory cell infiltration (shown in

Figure 5B), in line with previous reports.6,29

Pretreatment with sucralfate or SeNPs-CM revealed the

protective effects highlighted in the reduction in hyper-

aemia, haemorrhage, disrupted surface epithelium and

leucocytes infiltration (Figure 5C,5E–5G), while BCM

also showed some weak protection (Figure 5D). Other

typical responses to ethanol, such as submucosal edema,

deeply penetrated necrotic lesions into the mucosa and

weak mucous secretion, were also weakened in all the

pretreatment groups. Particularly, nearly normal structure

was found throughout the full thickness of gastric section

in M-Se group (presented in Figure 5H), implying

SeNPs-CM can protect the whole gastric tissue from

ethanol-caused damage.

HUI-1 and HUI-2 were measured to grade the micro-

scopic lesions in gastric mucosa, depending on scar area

and scar severity.6,29 As shown in Table 5, Model ranked

the highest HUI-1 and HUI-2. However, the pretreatment

groups exhibited lower HUIs when comparing with Model

(P < 0.05). Among the pretreatments, SeNPs-CM at the

Figure 4 The viscera index of the stomach and the gross appearance of gastric mucosa in Wistar rats. Wistar rats were pre-treated as described in Table 1. After the pre-

treatment, gastric mucosal injury was induced by the oral administration of ethanol. One hour after the ethanol challenge, the rats were sacrificed. The stomach was opened

along the greater curvature and washed in ice-cold normal saline, followed by macroscopic observation. The stomach was weighted to measure (A) viscera index, while

typical appearances of gastric mucosa in different groups: (B) Control, (C) Model, (D) Sucralfate, (E) BCM, (F) L-Se, (G) M-Se and (H) H-Se, were recorded. Severe

hemorrhages (arrow) were found in Model group. # P < 0.05, versus Control.

Table 4 The Gross Ulcer Indexes (GUIs) of Gastric Mucosa in Wistar Rats (n=10)

Group Injury Incidence (%) GUI-1 *

(% of Area)

Inhibition of GUI-1^ (%) GUI-2$

(Point)

Inhibition of GUI-2^ (%)

Control 0 0 ± 0a - 1.5 ± 0.8a -

Model 100% 14.36 ± 8.92d 0 67.4 ± 12.7d 0

Sucralfate 90% 1.54 ± 1.46a,b 89.3 14.7 ± 11.2a,b 78.3

BCM 90% 7.73 ± 4.10c 46.2 37.7 ± 25.7c 44.2

L-Se 100% 5.72 ± 2.04b,c 60.2 34.3 ± 18.9b,c 49.2

M-Se 100% 2.50 ± 1.75a,b 82.6 14.1 ± 8.4a,b 79.1

H-Se 100% 2.03 ± 1.72a,b 85.8 20.4 ± 14.0a,b,c 69.8

Notes: a–dMeans within a column with different letters differ significantly (P < 0.05). *The score was grading in accordance with Reference.28 $The score was grading based

on the criteria listed in Reference.6 ^The percentage of ulcer inhibition was calculated as the formula: (GUIModel - GUIexperimental group)/GUIModel × 100%.
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dose of 1.2 mg kg−1 bw presented potent inhibition against

the ethanol-caused lesions, while the inhibition by BCM

was weaker (P < 0.05, M-Se versus BCM). This was

consistent with the results shown in Table 4. It also con-

firmed the contribution of SeNPs to the gastroprotection of

SeNPs-CM.

Figure 5 Histological details of the gastric mucosa in Wistar rats. The microscopic examination was performed on the gastric mucosa obtained from different groups: (A)

Control, (B) Model, (C) Sucralfate, (D) BCM, (E) L-Se, (F, H) M-Se and (G) H-Se. Briefly, Wistar rats were treated as presented in Table 1, and they were sacrificed after

the ethanol challenge. The stomach was immediately obtained, part of which was quickly fixed in formaldehyde solution, routinely embedded by paraffin, sectioned (5 μm
thick) and finally stained by hematoxylin and eosin (H&E) duel-dye. The Sections were examined under a light microscope. Typical gastric mucosal damage including epithelial

exfoliation (arrow), mucosal hemorrhage (square) and inflammatory cell infiltration (star) was found in Model group. (A–G) magnification, × 200; (H) magnification, × 40.

Table 5 The Histological Ulcer Indexes (HUIs) of Gastric Mucosa in Wistar Rats (n=10)

Group HUI-1*

(Point)

Inhibition of HUI-1^

(%)

HUI-2$

(Point)

Inhibition of HUI-2^

(%)

Control 0.00 ± 0.00a - 0.00 ± 0.00a -

Model 3.40 ± 0.70d 0 14.30 ± 3.47d 0

Sucralfate 1.70 ± 1.06b,c 50.0 8.50 ± 3.41b,c 40.6

BCM 1.80 ± 1.11c 47.1 10.30 ± 4.62c,d 28.0

L-Se 2.00 ± 0.82c 41.2 9.80 ± 2.44b,c,d 31.5

M-Se 0.65 ± 0.63a,b 80.9 4.80 ± 2.97a,b 66.4

H-Se 2.10 ± 1.52c 38.2 9.40 ± 6.15b,c,d 34.3

Notes: *The score was grading in accordance with Reference.32 $The score was grading based on the criteria reported in Reference.6 ^The percentage of ulcer inhibition

was calculated as the formula: (HUIModel - HUIexperimental group)/HUIModel × 100%. a–d Means within a column with different letters differ significantly (P < 0.05).
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Relieving Effect of SeNPs-CM Against

Ethanol-Induced Biochemical in Stomach
Antioxidant Ability of SeNPs-CM in Stomach

Exogenous ethanol acting as a potent aggressive agent not

only causes serious lesions in gastric mucosal by its direct

toxic effect,51 but also lead to excessive lipid peroxidation

in gastric mucosa by intriguing radical oxygen species

(ROS) reaction.52 As shown in Table 6, both LPO (typical

intermediate product in lipid peroxidation)53,54 and

TBARS (typical end-product in lipid peroxidation)53,54

were increased by ethanol, indicating oxidative damage

in cytomembrane. However, the lipid peroxidation could

be retarded by the pretreatment with BCM, SeNPs-CM

and Sucralfate, as evidenced by the decrease of LPO or

TBARS (Table 6). Interestingly, SeNPs-CM might be

superior to sucralfate (200 mg kg−1 bw) in attenuating

lipid peroxidation, since the former could decrease both

LPO and TBARS, whereas the latter might not reduce

LPO. Probably, SeNPs-CM inhibited some oxidation

steps throughout the lipid peroxidation.

GSH-Px is a family of enzymes reducing lipid hydroper-

oxides to their corresponding alcohols and also reducing free

hydrogen peroxide to water, whose catalytic site contains

Selenocysteine (Se-Cys).16–20,34 Dramatic decrease of gas-

tric GSH-Px was induced by ethanol, suggesting the dys-

function of the antioxidant enzyme system (Table 6).

Pretreatment with sucralfate or BCM could not stop the

loss of GSH-Px. In contrast, oral administration of SeNPs-

CM (1.2 mg kg−1 bw) was able to suppress the reduction of

GSH-Px caused by ethanol (P < 0.05, versus Model). The

boost of GSH-Px might benefit to the stability of some

bioactive gastric mucosal defensive factors such as endo-

genous nitric oxides (NO) by lowering ROS (i.e., hydrogen

peroxide),55 and it could also retard the oxidative damage to

cells,16–20,34 resulting in the reduction of TBARS and LPO.

Furthermore, SeNPs might contribute mainly to the retention

of GSH-Px by SeNPs-CM (P < 0.05, M-Se versus BCM), in

consideration of the negative influence of BCM on GSH-Px

level. Perhaps SeNPs-CM could offer Se to the synthesis of

GSH-Px, consistent with its contribution to Se retention

in vivo (Figure 3). Undoubtedly, the improvement of GSH-

Px by SeNPs took an important part in the gastroprotection

mechanism of SeNPs-CM.

Influence of SeNPs-CM on Inflammatory Mediators

PGE2 and NO are proved to be important mediators of the

inflammatory process in gastric ulcer or acute gastric

injury.56 As an important member of prostaglandins (PGs),

PGE2 can protect the gastric mucosa by activating its

different EP receptors, which can enhance the secretion

of mucus and bicarbonate, increase blood flow, and

decrease acid secretion.56,57 Moreover, PGE2 in ulcer tis-

sue specimens has been reported to play a passive role in

ulcer repairing.56,57 However, little change of PGE2 could

be found among the groups except Sucralfate group in the

present study (shown in Table 6), implying the gastropro-

tection of SeNPs-CM might be independent of endogenous

PGE2. It was quite different from that of sucralfate.

The physiological role of NO in gastric tissue is very

complicated. Not only is NO a free radical acting as

a precursor of different reactive nitrogen species (RNS),58

but it is a critical signaling molecule in the inflammatory

process.56,58 In mammals, synthesis of NO is catalyzed by

a set of enzymes called nitric oxide synthases (NOS), and

three distinct isoforms of NOS have been identified – neuro-

nal, macrophage and endothelial types.56,58 A high level of

NO is released by the inducible isoform (iNOS, macrophage

type) as compared to the amount generated by the constitu-

tive isoforms (neuronal or endothelial types), when wound

healing, burn injury, endotoxin exposure, arthritis and

Table 6 The Levels of LPO, TBARS, GSH-Px, PGE2 and NO in Stomach (Wistar Rats, n=10)

Group LPO

(μmol g−1 Prot)

TBARS

(μmol g−1 Prot)

GSH-Px

(U mg−1 Prot)

PGE2

(ng mg−1 Prot)

NO

(μmol g−1 Prot)

Control 2.32 ± 1.43a,b 0.94 ± 0.52a 836 ± 206c 1.67 ± 0.84a 0.45 ± 0.26a

Model 4.31 ± 1.88b,c 1.93 ± 0.81b 427 ± 45a,b 1.59 ± 0.51a 1.32 ± 0.43b

Sucralfate 5.16 ± 1.52c 0.91 ± 0.37a 385 ± 120a,b 4.81 ± 0.62b 1.07 ± 0.35a,b

BCM 2.03 ± 1.39a,b 1.35 ± 0.81a,b 181 ± 86a 1.04 ± 0.54a 1.05 ± 0.54a,b

L-Se 3.52 ± 2.25a,b,c 1.08 ± 0.67a,b 616 ± 203b,c 1.26 ± 0.48a 0.76 ± 0.38a,b

M-Se 2.29 ± 1.71a,b 1.19 ± 0.60a,b 731 ± 302c 1.03 ± 0.49a 0.67 ± 0.48a

H-Se 1.11 ± 0.79a 1.17 ± 0.39a,b 444 ±182b 1.06 ± 0.54a 0.50 ± 0.16a

Notes: a–cMeans within a column with different letters differ significantly (P < 0.05).

Abbreviation: prot, protein.
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inflammatory bowel diseases happen.56,58 In acute gastric

injury caused by ethanol, great up-regulation of iNOS takes

place at both gene and protein levels,56,59,60 whereas the

levels of other NOS are strongly down-regulated.1,59 As

a result, a dramatic jump of NO can be found hand in

hand with the up-regulation of iNOS in the gastric tissue

damaged by ethanol, resulting in inflammation56,58,61 and

immunostimulation.58,61,62 Herein, nitrate and nitrite (NO3

/NO2), a marker of NO production, was determined to eval-

uate the perturbation in NO level of the stomach. When an

excessive amount of absolute ethanol was given, an acute rise

of NO generation was observed in the gastric tissue (P <

0.05, Model versus Control, shown in Table 6), accompanied

by the inflammatory cell infiltration (Figure 5B). Sucralfate

and BCM were unable to control the increase of NO con-

centration, but SeNPs-CM, as presented in Table 6, might

retard the generation of NO (P < 0.05, versus Model). It

suggested the reduction of NO is probably involved in the

gastroprotective action of SeNPs-CM.

Systematic Antioxidant Activity of

SeNPs-CM
Excessive consumption of high concentration of ethanol

might lead to oxidative damage in other tissues63 when

inducing gastric mucosal lesions. Ethanol triggered marked

oxidative stress in the serum and liver of rats, as character-

ized by the increase of TBARS and the decrease of GSH

(Tables 7 and 8), resulting in the release of GPT (Table 3).

It meant the ethanol-caused oxidative stress extend quickly

throughout the body of rats. However, the oxidative effects

were significantly attenuated by SeNPs-CM, which might

be attributed to the capacity of SeNPs-CM in up-regulating

the levels of SOD, GSH-Px and CAT (Tables 7 and 8).

More precisely, SeNPs was the main reason for the

improvement of these antioxidant enzymatic activities,

which might be deduced from the significant difference

between M-Se and BCM (Tables 7 and 8). Apparently,

SeNPs-pretreatment established a defense system against

ethanol in other tissues in addition to the stomach.

The antioxidant ability of SeNPs, highlighted in the

improvement of both Se retention and antioxidant enzy-

matic activities, had been found in many organs of

animals.16,19,20,33,34,44 The results shown in Tables 6–8

implied the antioxidant activity of SeNPs is systematic

but not local, superior to that of Sucralfate. The antiox-

idant effect in the stomach, contributing to gastric protec-

tion, was merely a part of the total antioxidant activity of

SeNPs. The gastroprotective function of SeNPs-CM might

be supported by its systematic antioxidant activities.

Besides, oxidative stress is one of the major contributors

to the development of stomach diseases,52 and it is very

common in acute gastric mucosal injury caused by

ethanol,28,59 emotional stress,13,28 bacteria infection64 or

NSAIDs.14,28 Possibly, the antioxidant activities of SeNPs

might be used to treat or prevent other gastric diseases or

damages. It deserved more investigation.

Conclusion
In this study, a simple preparation process composed of

synthesis of CS-SeNPs, ultra-filtration of CS-SeNPs and

spray-drying of purified CS-SeNPs was introduced to pre-

pare SeNPs-CM. The SeNPs of around 60 nm were

embedded in SeNPs-CM, allowing their stabilization in

storage and their release in the gastric environment. SeNPs-

CM at their recommended daily intake doses (0.6–2.4 mg

kg−1 bw) were safe to Wistar rats, and they might benefit the

Se retention in rats. SeNPs-CM were able to protect rats

from the ethanol-induced gastric mucosal injury, due to their

potent capacities of improving antioxidant enzymatic

Table 7 The Levels of TBARS, GSH and GSH-Px in the Serum of

Wistar Rats (n=10)

Group TBARS

(μmol L−1)

GSH

(μmol L−1)

GSH-Px

(U mL−1)

Control 3.95 ± 0.53a 31.6 ± 18.1a,b 39.2 ± 4.4a

Model 5.06 ± 0.71b 11.2 ± 9.4a 38.4 ± 6.0a

Sucralfate 3.80 ± 0.44a 25.6 ± 12.4a,b 41.8 ± 5.3a

BCM 4.44 ± 0.74a,b 18.5 ± 10.7a,b 36.3 ± 5.0a

L-Se 3.92 ± 0.54a 20.8 ± 9.7a,b -

M-Se 4.32 ± 0.39a,b 26.7 ± 15.1a,b 81.1 ± 8.4b

H-Se 4.23 ± 0.56a 34.3 ± 17.4b 76.4 ± 6.9b

Notes: a–bMeans within a column with different letters differ significantly (P < 0.05).

Table 8 The Levels of TBARS, SOD, CAT and GSH-Px in the

Liver of Wistar Rats (n=10)

Group TBARS

(μmol g−1

Prot)

SOD

(U mg−1

Prot)

CAT

(U mg−1

Prot)

GSH-Px

(U mg−1

Prot)

Control 1.28 ± 0.31a 141 ± 51a 74 ± 39a 180 ± 42a,b

Model 1.78 ± 0.46a 154 ± 31a 79 ± 29a 150 ± 29a

Sucralfate 1.18 ± 0.40a 202 ± 30a 63 ± 25a 232 ± 60a,b,c

BCM 1.72 ± 0.46a 211 ± 21a 78 ± 37a 150 ± 42a

L-Se 1.77 ± 0.91a 414 ± 138b 76 ± 45a 340 ± 145c,d

M-Se 1.58 ± 0.84a 410 ± 75b 123 ± 64a 289 ± 38b,c,d

H-Se 1.79 ± 0.48a 370 ± 70b 88 ± 27a 361 ± 60d

Notes: a–dMeans within a column with different letters differ significantly (P < 0.05).

Abbreviation: prot, protein.

Bai et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
International Journal of Nanomedicine 2020:151200

http://www.dovepress.com
http://www.dovepress.com


activity, inhibiting lipid peroxidation and attenuating inflam-

matory NO generation. SeNPs made the main contribution

to the gastric protection of SeNPs-CM. SeNPs-CM posses-

sing the potential in nutrient supplement and gastroprotec-

tion, deserved further development.
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nium; SEM, scanning electron microscopy; SeNPs,

selenium nanoparticles; SeNPs-CM, selenium nanoparti-

cles-embedded chitosan microspheres; SOD, superoxide

dismutase; SPF, specific-pathogen-free; TBARS, thiobarbi-

turic acid-reactive substances; TEM, transmission electron

microscopy; UF, ultra-filtration; Vc, ascorbic acid; XPS,

X-ray photoelectron spectroscopy.
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