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Abstract: Bovine serum albumin (BSA) is a familiar protein and often used as a

model drug to test the adsorption efficiency of material, while the cytotoxicity of
hybrid is overlooked. In the present study, we synthesized hierarchical mesoporous
flower-like Mg-Al layered double hydroxides (LDH) microspheres through anion
surfactant mediated hydrothermal method. The scanning electron microscopic images
demonstrated that 10S-LDH and 100S-LDH samples possessed a porous surface and
the porosity structure were affected by the concentration of anionic surfactant, i.e.
sodium dodecyl sulfonate (SDS). By being immersed in the BSA/phosphate buffer
solution (PBS) solution, the 100S-LDH had a loading capacity about 44.6 mg/g.
Compared to 1S-LDH and 10S-LDH, the SDS intercalated in 100S-LDH could form
the hydrogen bond with BSA molecules and promote the adsorption efficiency. In the
cytotoxicity test towards Raw264.7 cells, the hybrid of BSA and xS-LDH showed a
superior biocompatibility to the raw LDH materials. The SDS intercalated Mg-Al

LDH is expected to be used in the bioactive molecules delivery.

Keywords: LDH, SDS, BSA adsorption, cytotoxicity, bioactive material
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1. Introduction

Due to the great potential in diagnosing, preventing and treating diseases,
nanomaterial carriers have received enormous attention in the fields of drug delivery

4] An ideal nanomaterial carrier should be able to

and related applications
encapsulate high-dose drugs, and remain stable under all physiological conditions,
provide protection, prevent drug degradation during transportation in the body, and
provide drug release in cells. More importantly, these nanomaterials should be
biocompatible %, Layered double hydroxide (LDH), also known as hydrotalcite-like
material, has a general chemical formula of M2 LM ((OH )T [A™ ] * mH,O and
widely exists in nature, where M?*" and M*" are divalent and trivalent metal cations,

respectively, A™ is an interlayer anion to balance charge and H,O is the

co-intercalated water molecules ). Due to the anion exchange ability and the memory

[8-10] [11, 12]

effect, LDH has been widely used in purification , catalysis ' ', and

electrochemistry ["*). More importantly, LDHs have a high surface-to-volume ratio, so
that they can hold large molecules ',
By incorporating biocompatible metallic elements, such as Mg !*), A1 1161 Ca 7]

Zn [18], et al., LDH can be used as excellent biomaterial in biomedical science [19],

(201 and drug delivery 1. The LDHs combined with bioactive

cancer curing
molecules, such as DNA [22], shRNA [23], siRNA [24], protein [25.26] and peptide 27, 28],
have been used in biomedical field. Hasanur et al. ) synthesized Ca-Al LDH
nanoparticles and intercalated shRNA into the interlayer by mixing at different mass
ratios. This internalized LDH-shRNA hybrid had the potential to treat colon cancer.
The ultra-small LDH nanosheets can efficiently transport peptide nucleic acid (PNA)
into cancer cells *”). Furthermore, Mg-Al LDH coated by chitosan was used as the
oral delivery of protein antigens to protect it from acidic degradation **). The
potential of LDH in biomedical applications is tremendous.

Traditionally, surfactants are used in LDH material synthesis for its regulation in

morphology and size 30321 by forming micelles in aqueous solution and promoting

the 2D LDH flakes to self-assembly 3D structure with hierarchical pore and large

3
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surface area, which greatly promotes adsorption. Recently, it has been reported that

[32]

the surfactant inserted into the LDH layers through hydrothermal process *’** or anion

exchange **! could enhance the adsorption capacity of Mg-Al LDH to cationic dye.

1. B4 synthesized Zn-Al LDH by urea hydrolysis method, and mixed the

Aman et a
as-prepared material with 0.17 M sodium dodecyl sulfonate (SDS) aqueous solution,
by which SDS was inserted into the interlayer of Zn-Al LDH. However, SDS inserted
by anion exchange method could not regulate morphology and significantly change
the lamellar structure of LDH.

Several growth factors, including bone morphogenetic proteins (BMPs), tumor
necrosis factor-alpha (TNF-a) and vascular endothelial growth factor (VEGF-1), are a
group of special proteins and have great function in bone regeneration B3] For its low
cost, small molecular weight and stable structure, researchers replaced growth factor
with bovine serum albumin (BSA) to investigate the influence of carrier on protein
structure in development of drug carriers ** ***!]. BSA is the main soluble protein

2] "and often used as

with multiple physiological functions in the circulatory system
an additional nutrient in cell culture. However, the work about LDH adsorbing BSA is
still focused on the adsorption behavior and influences of experimental conditions on
the adsorption efficiency, such as pH value, initial protein concentration and the
buffer solution. For example, Nogueira et al. *” have synthesized Mg-Al LDH and
Zn-Al LDH and evaluated the BSA loading efficiency under different pH value. Rojas

(261 optimized the BSA adsorption and enhanced the colloidal stability by

et al.
adjusting the LDH interfacial properties with intercalated surfactant, SDS. The effect
of LDH-protein hybrids on protein activity and cell activity is crucial to its application
in bioactive drug delivery, however, to the best of our knowledge, only a few studies
on this topic can be found in the literature so far.

In this work, we synthesized hierarchical mesoporous Mg-Al LDH microspheres
through anionic surfactant (SDS) mediated hydrothermal method. The influence of
SDS on the morphology, particle size and specific surface area of Mg-Al LDH was
investigated. The BSA adsorption efficiency of as-synthesized LDH at different SDS

concentration was tested. The characterization of Mg-Al LDH before and after
4
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loading BSA were studied by means of field emission scanning electron microscope
(Fe-SEM), transmission electron microscope (TEM), X-ray diffraction (XRD),
Fourier transform infrared spectrometer (FTIR) and N, adsorption-desorption
measurement. Mouse macrophage cells (Raw264.7) were selected as the model to
determine the effects of LDH-BSA hybrid on the cell cytotoxicity in vitro and the

loaded protein activity.

2. Materials and methods

2.1. Materials

All the reagents were used directly as received. AI(NO;);-9H,O and urea
(H,NCONH;) were acquired from Shanghai Experimental Reagent CO., Ltd.
Mg(NO3),-6H,0 was the magnesium resource and provided by Xilong Science CO.,
Ltd. Sodium dodecyl sulfate (SDS, C,,H»5S04Na) and bovine serum albumin (BSA)
were supplied by Biofroxx. Phosphate buffer solution (PBS) was acquired from
Biosharp. Distilled water was used as solvent and anhydrous ethanol acted as template

rcmover.

2.2. Synthesis of Mg-Al LDH particles

The Mg-Al LDHs involving an ionic surfactant were prepared by hydrothermal
method. 2.058 g Mg(NOs),, 1.529 g AI(NOs); and 1.6833 g urea were added into 100
mL distilled water, and stirred vigorously to be fully dissolved, marked as Solution A.
Solution B was SDS aqueous solution with different concentrations of 1, 10 or 100
mM. After that, 30 mL of each solution A and B were mixed and magnetic stirred for
30 min, forming a clear mixture. Then, the mixed solution was introduced to a 100
mL Teflon-lined stainless-steel autoclave and put in oven at 150°C for 24 h. After
complete reaction, the reacted products were cooled to the room temperature naturally
and collected by centrifugation and washed by anhydrous ethanol and distilled water
thoroughly. The washed products were put in a vacuum drying oven to remove the

extra water, ground into powder in an agate mortar, and named as xS-LDH (x=1, 10,

5
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100) according to the involved concentration of SDS.

2.3. Batch adsorption experiments of BSA

The experiment of BSA adsorbing onto Mg-Al LDH was conducted by adding
50 mg as-synthesized sample into 20 mL BSA-PBS solution (1 mg/mL) in centrifuge
tube. At certain time intervals (1 h, 6 h, 12 h and 24 h), the tubes were centrifuged at
10000 rpm, and 200 pL supernatant of each tube was collected and kept at 4°C for
determining the concentration of BSA through BCA Protein Assay Kit. The loading
efficiency ¢g. (mg/g) was calculated by below equation:

Co—Cp)V
ge = ()

m

where Cy (mg/mL) and C; (mg/mL) are the BSA concentrations at the beginning and
the specific time (1 h, 6 h, 12 h, 24 h), respectively. V (mL) stands for the solution
volume and m (mg) means the mass of the adsorbent. After immersion for 12 h, the
supernatant was removed by centrifugation, and the precipitate was dried in the
vacuum drying oven overnight, then collected for subsequent tests. The powders with

BSA were named as BSA-xS-LDH (x=1, 10, 100).

2.4. Characterization

A field emission scanning electron microscope (FE-SEM, Helios Nanolab G3
UC, FEI) equipped with an energy-dispersive X-ray spectrometry (EDS) analyzer was
used to analyze the morphology and elemental composition of the Mg-Al LDH
samples before and after adsorption. A transmission electron microscope (TEM,
Tecnai G2 20S-Twin, FEI) was employed to further observe the changes in
microscopic morphology.

The characteristic patterns of composition phase were examined by X-ray
diffractometer (XRD, Advance D8, Bruker), using Cu K, radiation source at 2° min’!
in 20 range of 10°-80°. The chemical bonds of Mg-Al LDH before and after loading
BSA were measured by a Fourier transform infrared spectrometer (FTIR, AVANCEIII

500M, Bruker Biospin) between 500 and 4000 cm™. The pore structure and surface

6
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area were tested by N, adsorption-desorption  measurement and
Brunauer-Emmett-Teller (BET) method, by using an automatic specific surface

analyzer (Monosorb, Quantachrome).

2.5. Cell culture

Mouse macrophage cells, Raw264.7, were supplied by China Infrastructure of
Cell Line Sources and cultured in high glucose Dulbecco’s modified Eagle’s medium
(HG-DMEM, HyClone, USA) with 9% fetal bovine serum (FBS, Gibco, USA) and 1%
penicillin/streptomycin (PS, Gibco, USA) in an incubator with 5% CO; at 37°C. The
culture medium was replaced every 2 days. Once the cells filled the culture dish at
approximately 80%, they were seeded in 48 well-plates for further test at a density of
20000 cells per well.

2.6. CCK-8 test

To determine the cytotoxicity of as-synthesized materials, a cell counting kit-8
(CCK-8) test was carried out. The 1S-LDH, 10S-LDH and 100S-LDH powders were
disinfected by ultraviolet lamp for 3 days before dispersed in the completed culture
medium, namely the conditional medium. After the cells were seeded in 48
well-plates for 1 day, the conditional medium was added at three concentrations of 5,
10 and 50 pg/mL. At incubation with sample-contained conditional medium for 1, 2
and 3 days, the culture medium containing 10% of CCK-8 (Dojindo, Japan) solution
was added into each well, followed by incubating at 37°C for 30 min. The solutions
were introduced into 96 well-plates and illuminated by an elisa reader (Perkin-Elmer,
USA) at 450 nm. To discuss how the adsorbed BSA influences the cytotoxicity of
materials, the test was repeated under exactly same condition and through the same

procedure, except substituting xS-LDH with BSA-xS-LDH.

2.7. Statistical analysis
In this work, data processing was resolved by one-way analysis of variance

(ANOVA) and comparisons with least significant difference (LSD). A value of p<0.05
7
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was considered to be statistically significant.

3. Results and discussion

3.1. Characterization of xS-LDH powders

Fig. 1 presents SEM images of xS-LDH and the corresponding EDS spectra.
When the concentration of SDS was at 1 mM, the 1S-LDH sample exhibited a loose
intersected structure with hexagonal nanoplates, and the average size was about 4 pm.
When the concentration was up to 10 mM, the morphology of 10S-LDH transformed
to flower-like mesoporous microspheres, and the size of the open-pore structure was
about 30-50 nm. With the concentration further increased to 100 mM, there was no
significant change in the morphology of 100S-LDH sample, while the size of
open-pore decreased to 15-20 nm. This indicated that the morphology has a close
relationship with the concentration of SDS and its micelles number in aqueous
solution. It is well known that the critical micelle concentration (CMC) of SDS is
about 8 mM **) and CMC is the lowest concentration for surfactant to form micelles.
When the concentration (1 mM) is far below the CMC, SDS exists as single
molecules in water and forms little micelle, which lead to the loosely intersected
structure. When the concentration (10 mM) is close to the CMC, spherical micelles
are formed by SDS molecules, serving as a template to promote the formation of
flower-like mesoporous microspheres. However, if the addition of SDS is higher than
the CMC, the micelles exist massively in the solution with the hydrophobic head
groups electrostatically linking with each other, and hydrophilic tails pointing to the

solution and interaction with LDH nanospheres [* *°!

. Thus, LDH nanospheres
crystallized and grew along the micelle interface.

The EDS spectra of 1S-LDH and 10S-LDH (Fig. 1d and Fig. 1e) showed that the
atomic ratio of Mg: Al was nearly 2 : 1, while the result of 100S-LDH (Fig. 1f)
showed the ratio was almost 1:1. Considering SDS is an anionic template and

produces a hydrophilic end with negative charge in water, it combines with Al’* more

easily when the concentration of SDS is higher than its CMC, which resulted in the

8



increase of AI’" ratio in 100S-LDH. TEM patterns (Fig. 2) demonstrated the way how

the LDH flakes combined together. With the increase of SDS concentration, the

morphology changes from stacking horizontally to intersecting vertically.

_
S3
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Fig. 1. (a, b, and ¢) SEM images of 1S-LDH, 10S-LDH and 100S-LDH, and (d, e, and f) the corresponding EDS

spectra.

Fig. 2. TEM patterns of (a, d) 1S-LDH, (b, ¢) 10S-LDH and (c, f) 100S-LDH.
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XRD patterns of the xS-LDH (x=1, 10, 100) are shown in Fig. 3. The 1S-LDH
and 10S-LDH samples showed the same peaks at 11.91°, 23.74°, 34.36°, 39.74°,
47.25°,61.04°, 62.38°, which corresponded to the (003),(006),(101),(015),(01
8), (1 1 0), (1 1 3) crystal planes, exhibiting all the characteristic diffractions of
layered double hydroxides (JCPDS card No. 35-0964) %, which indicated that these
two samples are of hydrotalcite-like structure. The XRD pattern of 100S-LDH
showed a near-amorphous structure with broad peaks at (0 0 3), (1 0 1) and (1 1 0),
and the broad diffraction peak at 26=20.5° belongs to SDS (JCPDS card No. 39-1996,
marked as “*”) (321, According to the XRD results, the dy o3 and d; | ¢ values of
1S-LDH were 7.42 A and 1.51 A, while the value of 100S-LDH increased to 7.50 A
and 1.52 A, respectively, and the d spacing of 100S-LDH at 20=6.87° (marked as
“#”) was 12.8 A. The difference between 100S-LDH and other samples can be
attributed to the fact that the SDS part is inserted into the LDH intermediate layer as

an interlayer negative ion to balance the charge.

#0 %

100S-LDH

(006) (101

(113)

N ¥

)
NI 015 (018 (L10)
10S-LDH

Intensity (u.a.)

JL u k 1S-LDH

10 20 30 40 50 60 70 80
26 (°)

Fig. 3. XRD patterns of 1S-LDH, 10S-LDH and 100S-LDH.

N, adsorption-desorption tests were carried out, and the structural characteristics
10
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are shown in Table 1. With the increase of SDS concentration from 1 mM to 10 mM,
the specific surface area and mesoporous volume increased correspondingly. As the
concentration further increased, the specific surface area and mesoporous volume
decreased sharply, while the average pore size kept decreasing. When the
concentration of SDS in the solution increased, LDH nanosheets were affected by the
micelles in the solution and self-assemble into 3D flower-like microspheres, which
greatly increased the BET surface area and mesoporous volume. When the
concentration of SDS was further increased, the excessive number of micelles in the
solution resulted in excessive aggregation of LDH nanosheets, so that the BET
surface area and pore volume decreased. This reduction matches with the change in
average mesoporous size, i.e. the mesoporous size decreased with the increasing

density of LDH lamellae.

Table. 1. The textural properties of xS-LDH

BET surface area Pore volume BJH average pore size
Sample ) 3
(m7/g) (mm’/g) (nm)
1S-LDH 11.30 35.0 4.36
10S-LDH 24.21 118.2 342
100S-LDH 7.71 66.1 3.07

Fig. 4 shows the FTIR spectra of xS-LDH powders. For all samples without BSA
adsorption, the peaks at 3450~3475 cm™, 1637 cm™, and 1078 cm™ correspond to
stretching vibration of O-H bonds, physically adsorbed water, symmetric stretching
vibration of NO3’, respectively. The peaks at 686/553 cm™ resulted from the lattice
vibrations of metal-oxygen. It should be pointed out that the peaks at 2919 cm™ and
2850 cm™ correlate to the asymmetric yas(C-H) and symmetric ys(C-H) stretching
modes of SDS, and the bending vibration 6(C-H) of SDS leads to the bands at 1467
cm™ and 1384 cm™. The asymmetric yas(S=0) stretching at 1228 cm™ is another
typical band of SDS. Besides, the presence of SDS caused a red shift on 100S-LDH
sample around adsorption peaks at 1353 cm™, 944 cm™ and 782 cm™. Results of FTIR
spectra are in accordance with the XRD patterns, indicating SDS intercalating into the

LDH interlayer under the high surfactant concentration.

11
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Fig. 4. FTIR spectra of xS-LDH (x=1, 10, 100).

3.2. Adsorption of BSA

The adsorption of BSA onto as-synthesized material was evaluated in a batch
adsorption system to assess the influence of anionic template concentration. As shown
in Fig. 5, the mass of adsorbed BSA in xS-LDH increased sharply over time for 12 h.
For 24 h, the adsorbed content of 1S-LDH turned slowly, and the adsorbed contents of
10S-LDH and 100S-LDH decreased almost a half. Thus, the peak adsorption
efficiency appeared around 12 h, and the maximum loadings for 1S-LDH, 10S-LDH
and 100S-LDH were 35.6 mg/g, 37.8 mg/g and 44.6 mg/g, respectively. The

adsorption efficiency of xS-LDH is better than those obtained in previous works [**

47

12
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Fig. 5. Adsorption isotherms of BSA on xS-LDH (x=1, 10, 100).

Fig. 6 shows the FTIR spectra of BSA and BSA-xS-LDH powders. The FTIR
spectrum of BSA showed the band at 3423 cm™, attributed to the 8(N-H) bending
vibration, and the band at 1654 and 1540 cm™, arising from y(C=0) stretching (amide
I), and the O6(N-H) bending and y(C-H) stretching (amide II). Comparing with
xS-LDH samples, the red shift of BSA-xS-LDH sample occurred in the region from
1637 cm™ to 1645 cm™. This revealed that the protein molecules were adsorbed and

the hydrogen bonds between amide I of BSA and xS-LDH were formed.

13
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Fig. 6. FTIR spectra of BSA and BSA-xS-LDH (x=1, 10, 100).
Generally, there are three modes for nanoparticle to adsorb BSA, which are 1)
the formation of chemical bond (chemisorption) between the surface of protein and

[48-51

adsorbents groups 1 2) the electrostatic interactions between the surface of

23] and 3) the hydrophobic attraction

adsorbents and protein (physisportion) |
between the adsorbents and protein °®). Combining the above FTIR results, the BSA
molecules were connected with xS-Mg-Al LDH through hydrogen bond. The decline
of adsorption efficiency results from the replacement of intercalated SDS by anions in
the solution, which makes the protein adsorbed on the material fall off. The 1S-LDH
sample has little SDS, and the physisorption is dominant to its BSA adsorption
partially, leading to a slow growth in adsorption efficiency rather than decline.

Fig. 7 shows that the mesoporous structure on the surface of 100S-LDH sample
collapsed over time. When 100S-LDH powder was immersed in the BSA solution for
1 h, the structure maintained its original morphology well but the mesopore began to

collapse after 6 h. Immersed for 12 h, about half the mesoporous structure remained

while the other half was blocked by nanoflakes. When 100S-LDH powder was
14
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immersed in the BSA solution for 24 h, nanohybrids BSA-100S-LDH presented an
aggregated compact morphology, resulting from the increase of adhesion among the

particles owing to the protein molecules. This evolution helps BSA molecules become

Fig. 7. SEM images of (a) 1h-100S-LDH, (b) 6h-BSA-100S-LDH, (c) 12h-BSA-100S-LDH and (d)

24h-BSA-100S-LDH.

The Schemes of formation mechanism for LDH synthesized without and with
SDS, and the scheme of BSA adsorption mechanism are shown in Fig. 8. The typical
LDH sheets have a thickness of 4.8 A 7, and the length of SDS chains is 15.3 A,
based on Van der Waals radius °*. According to the XRD result of 100S-LDH, the d
spacing at 20=6.87° is 12.8 A. Therefore, it can be calculated that the height of
interlayer is about 8 A, which is not suitable for SDS to intercalate vertically. Hence,
we infer that SDS exists in the interlayer with a tilt angle, and reveal the interaction
between anionic surfactant and LDH: SDS can spontaneously form micelles in

aqueous solution with the hydrophobic chains gathering together to shape the core and

15
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the hydrophilic groups with negative charge pointing out to the solution. Once the
LDH nanoflakes are formed, they are combined with the hydrophilic groups through
charge attraction, and grow along the hydrophobic chains. In order to minimize the
surface energy in the reaction, the LDH flakes aggregate and self-assemble into 3D
hierarchical microspheres with an interlaced structure.

Considering that the BSA molecules (40 Ax40 Ax140 A) have a relatively
larger size than the interlayer space *, it can be concluded that it is linked to the
LDH microspheres by forming hydrogen bond with intercalated SDS, rather than

inserting into the interlayer space.
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Fig. 8. Schematic illustration of formation mechanism for (a) Mg-Al LDH without SDS and (b) Mg-Al LDH with

SDS and BSA adsorption mechanism.

3.3. Cell Viability
The in vitro cytotoxicity of Raw264.7 cells cultured with samples was measured

by CCK-8 test. As shown in Fig. 9, the cell proliferation had no significant difference

16
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in each group for the first day, while both BSA-1S-LDH group and BSA-10S-LDH
group promoted the cell proliferation compared to control group for the second day.
The two groups also promoted the cell viability, in comparison with the 1S-LDH
group and 10S-LDH group, respectively. On the third day, no significant difference
was found between xS-LDH groups and the blank group. However, the cell
proliferations of BSA-xS-LDH groups were greatly promoted, compared to the blank
and xS-LDH group. The group co-incubated with 1 mg/mL BSA showed significant
difference from blank group in day 2 and 3.

B coN
- BSA ## sk
I is-LDH &y
I 10s-LDH

B 100S-LDH
Il BSA-1S-LDH
B BSA-10S-LDH
I BSA-100S-LDH

Proliferation at 50 ug/ml

1 2 3

Time (day)

Fig. 9. Cytotoxicity of xS-LDH and BSA-xS-LDH (x=1, 10, 100) samples under concentrations of 50 pg/mL at
day 1, 2 and 3. #p < 0.05 and ##p < 0.01, compared with blank control. &p < 0.05, compared with
1S-LDH. *p < 0.05 and **p < 0.01, compared with 10S-LDH. ++p < 0.01, compared with 100S-LDH

The xS-LDH samples have almost no in vitro cytotoxicity. This is because the
cell viability is dependent on the released ion concentration. Liang et al. °* reported
that, with the increase of Mg”" concentration, the cell proliferation was greatly

promoted first but then deduced after certain point. It indicates the 50 pg/mL samples

17
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are biocompatible. The significant difference between BSA group and blank group
(p<0.01) showed that the presence of BSA in the culture medium can greatly promote
the cell proliferation. The addition of BSA improved the biocompatibility of LDH,
where the biocompatibility of BSA-LDH hybrids is much better than raw LDH
materials (p<0.05). Bioactive molecules are utilized to improve the biocompatibility
of material, as they remain bioactive during loading process. The improvement of cell
proliferation in BSA-xS-LDH group indicates the combination of BSA with LDH has
no damage to the protein activity, which is consistent with previous studies. Rebekah

[60]

et al. introduced chitosan into Fe-graphene oxide (GO) and promoted the

biocompatibility of Fe-GO-CS. The HI1 peptide significantly improved the

biocompatibility of nanofibrous scaffolds 1!,

4. Conclusion

The hierarchical mesoporous Mg-Al LDH microspheres were synthesized by
surfactant-assisted hydrothermal method. The anionic surfactant, SDS, was
successfully intercalated into the interlayer of Mg-Al LDH when it was up to 100 mM
in the solution, promoting the loading of BSA onto samples. The adsorption efficiency
of 100S-LDH reached the highest value of 44.6 mg/g at 12 h, subsequently the
adsorption of BSA into Mg-Al LDH were hindered due to the collapse of the
mesopores. The mechanism of adsorption is considered to be the combination of
hydrogen bonds between BSA and Mg-Al LDH. The in vitro biocompatibility test
results showed that the as-synthesized Mg-Al LDH barely had any cytotoxicity
towards Raw264.7 cells, and the BSA adsorbed into Mg-Al LDH greatly increased the
cell proliferation. The hybrid BSA-LDH has a potential application as bioactive drug

carrier, especially for protein and peptide.
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