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Preparation, characterization, and dissolution characteristics of ursolic acid
nanoparticles prepared by emulsion solvent evaporation method

QIU Lin, ZHAO Xiu-hua, ZU Yuan-gang, ZHANG Yin, LIU Yan-jie, WU Wei-wei, LI Yuan-yuan
Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestetry University, Harbin 150040, China

Abstract: Objective To prepare and characterize ursolic acid nanoparticles (UANSs), and to investigate its improvement of
equilibrium solubility and dissolution rate. Methods UANSs were prepared by emulsion solvent evaporation method, and followed by
freeze-drying. The organic phase was trichloromethane containing 30% ethanol, the aqueous phase is ultrapure water, poloxamer 188
was as surfactant and cryoprotectant. The optimal conditions for preparing nanoparticles were screened out using single-factor
experiment. The particle size was used as the basis for optimization experiment. The following six main parameters had significant
influences on particle size were picked out, including the concentration of poloxamer 188, volume ratio of organic to water phase,
homogenate speed and homogenate time, as well as homogenization pressure and cycles. And then, dynamic light scattering equipment
was used to analyze the mean particle size, the morphology of UANs powder obtained was presented by scan electronic micro-scope
(SEM). The UANs weather and how changes in surface chemical character and physical structure was estimated by using X-ray
diffraction (XRD) and differential scanning calorimetry (DSC). The equilibrium solubility study and dissolution test were carried on
raw ursolic acid (UA) and UANs. Results The optimal conditions of preparation UANs: 0.05% of poloxamer 188, 1 : 4 of volume
ratio of organic to water phase, 7 000 r/min of homogenate speed for 2 min and a homogenization pressure of 50.0 MPa for 6 times.
Based on the optimal conditions, the mean particle size was (157.5 + 28.0) nm and Zeta potential of (20.33 + 1.67) mV. Particle
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distribution of UANS illustrated that UA had been nanoscale with uniform particle size distribution. SEM showed that UANs were

nearly spherical. By the XRD and DSC, we could acquaint UA in UANs had the same chemical structure as the raw UA but had been

amorphous state. The result of solubility test figured that the equilibrium solubility of UANs was 13.48 times in SGF, 11.79 times in SIF

and 23.99 times in deionized water than raw UA. The dissolution rate of UANSs prepared by ESE method has been up to 14.72 times in

SGF and 74.35 times in SIF. Conclusion This study indicates that the emulsion solvent evaporation method has an array of valued on

improving water solubility of UA, and it will have benefit on enhancing oral bioavailability.

Key words: ursolic acid; nanoparticles; emulsion solvent evaporation; single-factor experiment; equilibrium solubility; dissolution

rate; lyophilized powder
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2.1 FLAAFIZELEHIE UANs

FERURIE A, MR UA e B WA %
R, KSR OEE (70 3) AR SR
TERENAR, FF HAfiE =K E N 6 mg/mL, 4L
IKAIZKAR, VISV 188 SRR THIE M7 A T R4
Ao MEC—E RN UA 58, A —2 A &1
TR BRI G R, VAR REIRE N 6
mg/mL. BT B & — € & 5 BN
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WA 57K AR 10 5. 21323 8 000 r/min. %)
IS TE] 4 min. 35 77 50.0 MPa. $1IKE8) 1)
TR, ZEAEIP I 188 i &0 504 51N 0.05%-
0.10%. 0.20%- 0.30%. 0.40%- 0.50%. 0.60%} %}
UA GUORILAPEIRAZ IR, £33 P35k 42 5 5
N(121.7+£7.0).(116.1+9.8).(97.3+4.2).(95.9+
0.9). (83.9+3.9), (85.9+0.1). (81.4%7.5) nm.
TEIVE VL U 188 [0 2 0.05%38 I % 0.60%
e, UA BFERARERETI N, (2 Tk
BAALTERIM (121.7£7.0) nm FEKF] (81.4+
7.5) nm, ZALFHFABHE, RFit, AREREEER S
BRI, Wisvbi 188 (15 B0 Euk 0.05%.
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222 AHAHSKAHEBERE  HAR T 25 0R %
A2 (Y ERE 6 mg/mL. JHIKIVEE 188 &
I3 %70.05% 51323 E 8 000 r/min. 2J 3 8] 4 min.
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J£7750.0 MPa. $3JIIREL 8) B, HEEKIHEN
5000+ 6000, 7000 8000, 9000, 10000, 11 000
r/min Bf, % UA 9UKRILFI PRI, F153]
EYRIE BN (191.8427.0). (115.7+1.9).
(98.7+0.9). (105.1+4.4), (111.5+5.3), (114.9+
9.9). (122.949.7) nm. HEJIKHEEM 5 000 r/min
BN 7 000 r/min B, UA FIFERIZEMN (191.8+
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gk ALK B R AR R, 15 8 45 R R
(130.0+3.7).(123.0+28.2).(99.0+4.2). (109.3 +
370, (1122417.8). (112.3£3.1), (122.4+10.4)
nm. ZJHEEFEIM 0.5 min 3003 2 min I FEH,
UA KIPFERIEM (130.0+3.7) nm Jil/hF] (99.0+
42) nm, HEIFHEEZERF] 10 min B, “FEIRE
BT K, SJHEATTE] 2 min AR .
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ROEA/N, HRIEAETRE . s RIS AT LUE UA
YURAARRY —FE. T&, HM T 24
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0.05%- ANUAHFKAPAEFL 114, SJREE
7000 r/min. 2J3¢IFIE] 2 min. ¥ 8 8), FEL
Jii [ 734 20.04 30.04 40.0. 50.0~ 60.0. 70.0~ 80.0
MPa i UA UK I TR AR AR L, 153
SEHRLAZE S BN (106.2+£5.9). (107.1+ 25.1).
(98.3+52). (702£9.2). (74.7£0.1). (165.2+
4.5). (170.3+10.0) nm. HFJFE /I 20.0 MPa
H9Im#) 50.0 MPa B}, UA P3R4 7E(106.2+5.9)
nm F| (70.249.2) nm Z [8¥F5h. 4¥5E IS
50.0 MPa B}, “PEIRETFIEAE K. Fril, SRR
& /174 50.0 MPa.
2.2.6 HIFIREL HA T B AR (R
HIRE 6 mg/mL. AW 188 Jli =741 0.05%-
A HUHARTKA AR FA L 12 4233 7 000 r/min.
SJIEITIE] 2 min, 3K 7T 50.0 MPa) HITESL T,
EEBRIRBCN 24 4 6. 8. 100 12 14 I, XF
UA GeRFLFEIRAZ R, 133 PR K IR
N (199.4+269). (182.6+8.6). (662+6.6).
(837+148). (111.4%135). (1158+03) .
(120.8421.8) nm. FEE BN 2 03] 6 I},
UA KPR (199.4426.9) nm Jil/hg] (66.2+
6.6) nm. MIFIFUREGEL 6 B, IR
JR VBRI I G n, Rk, %5 6 A% UANS
MBI TR A DL RN S PR 3R AT 3 I
HS .
2.3 sMLIEIE

AR B PR 2R S U0 A5 3 1) B A AR A3k AT 3 IRBRIE
St . R B EE SR A & UA 9K ILEI P kiR N
(69.7£15.6) nm, Z7#Z% (PDD 4 0.005, &
IR 78 R IERR 5 UA 9K IE LA, 33
UA 9K EF AR ERE A (100.24£12.1) nm,
PDI 4 0.005; WEZEJG iR K, AT RE2 K NTERR 25
HARRIL AR, UA gekkir kAR, AT
BRJE13 21 UANs T PR (157.5+
28.0) nm, PDI 2} 0.005, HLf7A (20.33+1.67) mV.,
Ja SR FUH ) UANs R TR 3 3% UL B i 15 .
2.4 UANs HZT#MFERIE
2.4.1 RIARATI  AHFFAE Zeta PALS BOBKLEE
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BHAEMA 3 mL LB F/KF, HAE 30 s GFRIAL
LA, K bl I TR AT R,
ANKESEENE 3 . UANs T8 b I 25 5
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UL 1, HoPkiEA (157.5428.0) nm, PDIA
0.005, RifRsrAitys). Waldil, Bl A IbiEFIZ
RAEHI AR T 91Kk UA.

2.4.2 SEM AHFAEH S4800 BT H X UA
JR AR A1 UANS &R T4 IS AT G i o T8
(R i XU 5 FRURCRG BIRE 2 b, FH S DR
JENLI S, RGPk &Y E, Binla
AL AR S RE IS KN e UA JEA AT UANSs %
TH# i SEM B LK 2. K 2-a o UA J5ky 23
KA AR, FIARTE 20~100 pm. 11
2-b &7~ UANs T4 2 RN —1Ek0E, H B4
I3y
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Fig.1 Particle distribution of UANs
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Fig. 2 SEM images of raw UA (a) and UANs (b)
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R SRR &) (LLT ERRERE &)
AU 188 £ 10 mg, 1 H X ATHHCH I i 3
SERGHEAT AT . RIS A AT YL 5°~60°,
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B 3 Fronf) XRD ERERF5T UA J58 . UANs T
s VIERE AU 188 B ALE R . HIE
3-a f13-d WLLEE], UA ERAEEL 188 AF
B AT, R EANI B AR E R4 mE. B 3-c
YR AV XRD 2k, HEEH& UA FfTH
W S AT VISV O 188 BT IR . B 3-b SR, UANS
URTH3 AT IEEA S yRi& VO 188 AT ST I —EL,
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Fig.3 XRD patterns of raw UA (a), UANs (b), MIX-UA (¢),
and Poloxamer 188 (d)
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2.4.4 DSC AWFFfEHZERARNIIE UA JRE
K. UANs Tk YENESYANEE IO 188 1
PaE k. FREUEES % 5 mg, JEON & Hat iy 3E4T
W, KWK NTHETERE 50~300 C, FHEER
10 "C/min. DSC 43 #7 U2 FH K38 UE XRD frAIN 25
Ho4 Pk AR DSC ik W 4. AR4E & 4-a F1 4-d,
UA JERM AR 188 20 HITE 286.73 CAl
54.51 CHF 20 H BB 0006 fllg, XL h o i 4
I R AR AE . WK 4-c Fis, DEIRSWAE
284.20 ‘CH152.26 “CAb¥s B fvg, 1X 2 /MG A
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a |
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Fig. 4 DSC thermograms patterns of raw UA (a), UANs (b),
MIX-UA (c), and Poloxamer 188 (d)
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U 55 UA JER FAS VDU 188 [N sT sl — 8. 78
K 4-b ] UANSs % T3 ) DSC #hk e, 78 UA &8
H IS RV ) A B BRI, TTAE 52.36 “CHY
H I B SR I A AIE B 2 TRV VD A 188 IR il . X
KW UANs HTH 1 UA B8N RARE,
M SO 188 18R 2 UM ACRAS, L4
WIS XRD 45

2.5 IHFRERENE

ASZIGHT T UA JE¥y. UANs TR A BER
EWMENT B (SGF). AN (SIF) Al
TR FIVA RIS . SGF IIBCHIVEI T : BLS
mL 37%HIIKEEHR, SE %) 800 mL 12 7K, #2
A1)5, IsKFBER 1000 mL. SIF FIHECHI 7136
6.8 g It] KH,PO4 [} 500 mL 2= & T /K ¥ i, SR H
0.1 mol/L ) NaOH 7KV 7K pH %2 6.8, FH /K
ERZE 1 000 mL. 56, K UA A (15 mg).
UANs T8 (15 mg) AHEEY (15 mg) 4
S AR I B2 4 3 mL SGF. SIF fil 25 51 /K 1)
AN, K9 NN KW 4R R 48 h, iR R
4100 t/min, #REBN (37.0£0.5) C. 48h J5,
WA AECE 1T mL AES, BL 10 000X g
250 10 min JFEUHE B3, B 500 pL _EiERINNEE
B AR, WE 30 s I A 5 min fEH 754>
BA, FBELL 10 000X g Bt 10 min J5, B
10 pL _EyEEN S RBGRAR GRS ORI UA WE. %
LI EE 3 K.

ARG 25 kA~ Diamonsil Cig (150
mmX4.6 mm, 5 pL), 2% CEkI7iE RIS
B, HELLZIE-K (9317, & 05%IKZ1R) Nk
M, AEFRE 1 mL/min, #AEEN 10 uL, AR
30 C, KA 216 nm.

UA J 45 UANS T4 FHAER R & 40 B L A
R WK 5. 1F SGF w1, UA JE¥y. ¥ERA YA
UANSs T4 (I ANE AR B2 73 50 (1.89£0.16)
(2.80£0.51). (25.484+2.36) mg/L; fE SIF ', =
H R RTB AR 73 59 8 (4.2440.06)(8.42+0.36)
(50.024+1.94) mg/L; TEXEETFKH, SZ5R5HHK
(1.95£0.13). (6.524+0.45). (46.79+2.78) mg/L.
VIER GBS EAE SGF i UA 5 1)
1.48 fi%, 7E SIF "Fj& UA JR# 1 1.99 fi5, fEEET
KHZ UA JFR IR 3.44 % T UANSs R IR0
AR AR SGF H2 UA JER 1 13.48 f%; 7E SIF
72 UA M) 11.79 %, fEXEE K UA B

60
w2 UA 55
EWmRES
SSYUANS % T8

N\

£
)

MRS ((mg L")
[y)
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.

=\
EBTK
5 UA R¥ UANs FHTHAMEESMEATRR.
ALBRMEBFRPINMARE
Fig. 5 Equilibrium solubility of raw UA, UANs, and
MIX-UA in SGF, SIF, and deionized water

(1) 23.99 5. 25K, KM 188 £ —EFESE
AR TSR, BGOSR AR
TR N . 332 RN R H AR 7 K
B T UA kiR, JFBAE UANs TR A
TETARAS, Frbliem 7 HAE 3 P/ i i v A
fRPE . DRI DAIE B, 4R ekiie B B T 25
VLT A P

2.6 HRINBEFUAHEFNE

ASERS R FHIENT HOEH AL UA R Al UANs
R T80 3 2R . IR KA B IR R
(37.0£0.5) C, ##i%A 100 t/min. SGF F1 SIF
PER 2 P A it K& A AR UA 216 UA R
(SGF #13.2 mg, SIF # 6.3 mg)Fl UANs % T-#} (SGF
o1 16.7 mg, SIF 41 33.3 mg) 73 HIBN 4 DNiEHTas
i, BN S mL A UGS, HERRRA
SR A B (250 mL) 1. BURER ] A3
15, 30, 60. 90. 120. 180. 240. 360. 480. 720.
1 440 min. HUFERS MV BT EGH 1 mL #£4,
B IR J5 3L BN 78 S AR AR I HE AL, DABR DRV
H A TR R REASAR o B 500 pl £ 5 I A R 44
R AR RE, A€ 30 s FE HLEBA 5 min 75
BA, FBIERLL 10 000X g B0 10 min J&5, B 10
ul BN S AR G ORI UA YR EE, WRAH &
PEIR “2.57 Tl ULSEEPRES 3 K.

UA 58 F1 UANs & T-#3 £ SGF Fil SIF 1 3%
s R ILE 6. HIE 6 AT%1, £ 2 P )i, UANs
YRR 1 RS B g . K 6-¢ I
6-d KIL, &it 24 hjE, UA FERTE 2 BB
WHETIAL 1%, KXY UA [k BA BKE,
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Fig. 6 Dissolution rate of UANs in SIF (a), UANs in SGF
(b), raw UA in SIF (c), and raw UA in SGF (d)

HHILFEARBET K, EAEERS Jin 2050945
FAEFF. M 6-b mIEN, FEHMIM) S h 1, UANs
URTHE SGF iUl i, S K E 5, %
Ok BT AR, FHAE 6~36h, BHEEEARNL
5%. TMFER 6-a 1, £ 1~1.5 h, UANs T4
SIF 3 R N, 78 12 h B, ¥ i
CIAEIZ) 80%. HILEK, UA JEAF UANs T
MRV R 2 %, UANSs 5 THE 2 Bl
) R A B B S T UA R, T ELAE SIF o
(135 U R L) JEAE SGF Hif) 5 1%, 78 Pi 25y s
oH, UA 9K R il R g — e FEE e
B, (EERRIETR IR T 1.8 15, fE PBS R HE
BT 3.3 £ AR S IRE ik FL Ak e 287k £ (1) UANs
[ 2R 2, F SGF F LR & 1 14.72 15,
7t SIF H LR # s 1 74.35 i o
3 Wig

YKLk R AE L5 25 7 TAA B K 77
YK 20 5 A AL, PR /N EL R AR
R LR ZE, WIRE S R B, KA
A N AME 1 25 1) £ oK 2, AU B T4
151 25 A MR ARAE K R R AR, T LT BAYRR
R E A FEIE Y. B 90K 24 A AN
B, Kb SEARMAEANW T, CFENUT L.
R BREROL I T AR B AR P R S s R i
?2%[22-23]0

FEASZIG Y, SR FUAL IR 28 R I & 9k 24,
RS T FHRiR N (157.5428.0) nm [f) UANs %
THr. MIERIZES A EA SEM FRER %1, UANs
WAL ERTE, BRI 4 — . ilid XRD F1 DSC
K, W] LR 2 UANSs TR Ak S 85 M R A

B, HECEHAANTELE. NtE T UA
RIKIEPE, P 1 H R, 5 254 mT LAl
T H R
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