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Abstract: To obtain a kind of convenient oral dosage form of protein, which can be fully absorbed and is

efficient and safe, the thymosin-loaded PLA( polylactic acid) microspheres are prepared by the emulsification-

solvent evaporation method and the orthogonal design is used to optimize the technology of preparation. The

form of the medicament microspheres of thymosin are proved by differential thermal analysis (DTA). The drug

content is determined by the Lowry method, and the package ratio of medicament microspheres of thymosin and

drug release in vitro are calculated. The results show that the average diameter and encapsulation efficiency of

the product prepared according to the optimized formulation are 13. 8 wm and 80. 7%, respectively. The in vitro

release behavior within 12 h can be described by the Higuchi equation with 7T, =295 min. There are no

significant changes in size distribution and residual drug contents after being stored at 25 “C and 40 C for 90 d,

respectively. Due to the fact that its thymosin content and package ratio meet the requirement, and its releasing

half life is long, the thymosin-loaded PLA microsphere has a favorable application future.
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Thymosin, originally purified from the thymus of
the calf or pig, is regarded as a main sequestering pep-
tide which stimulates lymphocyte growth. Thymosin is
found to be involved in multiple biological processes as
an immune-potentiating agent. Clinical study provides
a rationale for the use of thymosin in reconstituting im-
munocompetence with primary or secondary immuno-
deficiency diseases, pre-existing immune deficits, the
development of autoimmune diseases, resistance to
tumor induction by malignant cells or oncogenic viru-
ses are also addressed'''. At present, the dosage forms
of thymosin products used in clinics refer to injection
or orally administrated capsules or tablets'”’. With the
aim to improve the bioavailability of thymosin through
oral administration, thymosin-loaded microspheres with
good dispersal are used as drug carriers for controlled
delivery to enhance the absorption of polypeptides via
the gastrointestinal tract” . And, the degradation of thy-
mosin-loaded microspheres by gastrointestinal tract en-
zymes may be slowed down'". In order to obtain con-
venient oral dosage forms of protein, which can be
fully absorbed and are efficient and safe, thymosin-
loaded PLA microspheres are prepared by the emulsifi-
cation solvent evaporation method in the present study.
The effects of process parameters are investigated and
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the behavior of drug release is evaluated in vitro.
1 Instruments and Reagents

Instruments: Hitachi X-650 scanning electron mi-
croscopy, 722 grating spectrometer ( Third Analytical
Instrument Factory in Shanghai) .

Reagents: thymosin ( Modern Medical Center,
Southeast University, Lot # 030530), PLA (molecular
weight is 60 000, Shanghai Institute of Organic Chem-
istry), bovine serum albumin (National Institute for the
Control of Pharmaceutical and Biological Products,
15. 6 mg/sticks), gelatin ( Shanghai Yan’ an manufac-
turers) , Folin reagents.

2 Experiment and Results

2.1 Preparation of PLA microspheres

PLA was dissolved in dichloromethane, and then
the mixed emulsifier (tween 80 and span 80,5 :1) was
added into the solution. By adding 1% gelatin solution
(containing 1% thymosin), the mixture was stirred to
obtain an emulsion. The resultant W/O emulsion was
sonicated for 10 min at 10 “C and then added to the 5%
mixed emulsifier gelatin solution by stirring at 950
r/min. The resultant W/O/W emulsion was sonicated
for 5 min and stirred slowly at 45 °C in a water bath
for 5 h. The PLA microspheres were separated, washed
by isopropanol and dried at 60 C for 24 h.
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2.2 Optimization of process parameters
2.2.1 Orthogonal design

Orthogonal experiments were designed to investi-
gate the effects of five process parameters: PLA con-
centration (A), water-oil volume ratio (B), stirring
speed ( C), the concentration of the mixed emulsifier
(D) and the concentration of gelatin in the external
water phase (E). The test was taken at four levels (see
Tab. 1), according to L, (4°).

Tab.1 Experimental factors and levels

Factor

Level

A/ % B C/(r-min~') D/% E/%
1 2 1:3 300 0.5 0.1
2 5 1:6 600 0.8 0.3
3 8 1:10 800 1.0 0.5
4 10 1:12 1 000 1.5 1.0

2.2.2 Evaluation parameters

Directly observed by optical microscopy, the aver-
age particle size of microspheres s,, the uniformity of
size distribution s, and the degree of adhesion between
the microspheres s, was evaluated and the score of S (S
=s, +5, —5;) were calculated. The higher the score of
S is, the better the qualities of the microspheres are.
2.2.3 Process optimization

Poor analysis shows that the effects of five
process parameters on the size of the microspheres and
the degree of adhesion between the microspheres is A
>C >D > B > E. So, process optimization for
A,B,C,D,E, results in: a PLA concentration of 5%, a
solution volume ratio of 1% gelatin and PLA solutions
of 1 : 10, a stirring speed of 1 000 r/min, a mixed
emulsifier concentration of 0. 8%, and a concentration
of gelatin in the external water phase at 0. 5% .
2.3 Characterization of thymosin-loaded PLA mi-

crospheres
2.3.1 Thermal analysis

Differential thermal analysis was used to demon-
strate the formation of PLA microspheres. Data were
normally collected between 40 C and 400 C at a scan-
ning nominal rate of 10 C/min. Fig. 1 shows the DTA

curve of the thymosin-loaded PLA microspheres.
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Fig.1 DTA curve

The DTA curve of the thymosin showed an endo-
thermic peak at 140.1 and 229.9 C. Another endo-
thermic peak at 362. 2 C belonged to the PLA, and on-
ly an endothermic peak at 336. 5 C belonged to thymo-
sin-loaded PLA microspheres. The result demonstrates
that thymosin-loaded microspheres have been formed.
2.3.2 Structure and morphology of PLA micro-

spheres

The morphologies of the thymosin-loaded PLA
microspheres were observed by scanning electron mi-
croscopes (SEM). SEM images show that the micro-
spheres with size distributions of 4 to 24 wm and an av-
erage diameter of 13. 8 um are round and uniform (see
Fig.2).

(a) (b)

Fig.2 Microspheres by scanning electron microscope. (a)
5000 x ; (b) 700 x

2.4 Drug loading and embedding rate

The content of thymosin in microspheres was de-
termined according to China Biological Products (2000
version) assay (Lowry Folin phenol reagent).
2.4.1 Standard curve

12. 8 mg bovine serum albumin was dissolved in
0. 03 mol/L phosphate-buffered saline (PBS, pH 7. 8)
to form a 0.3 mg/mL standard protein solution. Add
two solutions to six tubes, as shown in Tab. 2. The
blending solutions were heated at 55 ‘C in a water bath
for 5 min, and a cooling bath for 10 min, then the ab-
sorbance at 650 nm (A) was measured. By linear re-
gression of A to the standard protein concentration
(C), a standard curve equation A =0.941C + 0. 024,
with 7 =0.999 6 and linear range of 30 to 270 pg/mL
was obtained.

Tab.2 Standard curve solution mL

Bovine serum albumin Phosphate-buffered

Number solution saline solution
0 0 1
1 0.1 0.9
2 0.3 0.7
3 0.5 0.5
4 0.7 0.3
5 0.9 0.1
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2.4.2 Drug loading and embedding rate

Abrasive microspheres ( equivalent to 125 mg)
prepared by optimizing the process were dissolved in
15 mL PBS with centrifuging (2 000 r/min) for 5 min.
The concentration of protein samples was calculated

from the standard curve equation"

. Drug loading and
encapsulation efficiency of microspheres were deter-
mined according to Chinese Pharmacopoeia'® . The re-
sults reveal that the average drug loading of micro-
spheres is 0. 2 mg/mg while the average encapsulation
rate is 80. 7% .
2.5 In vitro release studies

According to Chinese Pharmacopoeia'® , the thy-
mosin-loaded microspheres were placed in a release
medium with a pH 6. 8 PBS solution. The test was per-
formed at (37 +0.5)C, 3 000 r/min. 150 mg ( appro-
priately 30 mg thymosin) microspheres and thymosin
powder 30 mg were placed in dialysis membranes. Reg-
ular samples were taken after having been placed in the
dissolution cup for 0.25,0.5,1,2,4,6,8,12,24,48 h
and 2,4,6,8,10, 12, 15,20 min, respectively. The con-
tent of thymosin was determined by the Lowry meth-
od, and the cumulative release rate was calculated from
the standard curve equation Q (see Fig. 3).
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Fig.3 Profile of microcapsule’ s release in vitro at 37 C
(n=06)

The results demonstrate that 7, of the thymosin
powder and microspheres were about 7 and 295 min, re-
spectively. The in vitro release behavior of the thymo-
sin-loaded PLA microspheres (former 12 h) acted in
accord with the Higuchi equation Q =20.35 T, +2. 47
(r=0.996 0). The release curve obviously shows that
the microsphere control release and burst release phe-
nomenon is more serious initially. For example, the
cumulative release in the first 2 h is nearly 30% .

2.6 Stability'”

An appropriate amount of thymosin-loaded PLA
microspheres was kept at 25 C and 40 C for 90 d.
Changes in appearance and color were observed and
the content of thymosin was determined. The results in-
dicate that thymosin-loaded PLA microspheres placed

at 25 °C for 90 d showed fewer changes in morphology
and size distributions while slight adhesions were ob-
served under 40 C. The microspheres showed good
stability due to the fact that the remaining doses were
100. 0% and 98. 1%, respectively.

3 Conclusion

Hydrophilic and lipophilic balance values and the
amount of emulsion can be adjusted with the use of
mixed emulsifiers in the preparation of primary emul-
sions. A more lasting film is formed to prevent poly-
merization of emulsion droplets effectively, and the sta-
bility of the emulsion is improved. Improper stirring
during the preparation of resultant emulsions leads to a
combination of internal and external water phases. Suf-
ficient emulsification time facilitates the formation of
microspheres with small particle sizes and smooth sur-
faces.

The average particle diameter of thymosin-loaded
PLA microspheres prepared by the emulsification-sol-
vent evaporation method is tiny, and its thymosin con-
tent and package ratio meet the requirements'™ . And its
releasing half-life is long, which is forty-three times
that of the thymosin. The biology consistent character-
istics and haemal consistent characteristics of thymosin-
loaded PLA microspheres are favorable and thymosin-
loaded PLA microspheres have a favorable application
future. The study of the quality and analysis of thymo-
sin-loaded PLA microspheres will be developed in our
future work.
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