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Formation and stability of hesperidin nanoemulsion
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Abstract: Objective To prepare a new hesperidin nanoemulsion (HDN-NE) with glycyrrhizic acid as emulsifier, by which could
develop a “new green nano-pharmaceutics” of hesperidin. Methods HDN-NE was prepared by high-speed shearing and
high-pressure homogenization. The prescription of HDN-NE was optimized with particle size, PDI, and appearance as indexes. The
physicochemical property and stability of HDN-NE prepared by the optimal prescription were studied. Results The optimal
prescription of HDN-NE was as follow: The content of hesperidin, glycyrrhizic acid, and oil phase were 0.1%, 0.3%, and 5%,
respectively. The shear rate was 13 000 r/min, the cutting time was 2 min, the homogeneous pressure and times were 100 MPa and 6,
severally. The result showed that the prepared HDN-NE had the mean size of (262.7 =+ 3.1) nm, PDI of 0.234 + 0.009, Zeta potential
of (—35.42 £ 0.72) mV, and solubility of (460.3 & 2.1) ug/mL. The physicochemical property study showed that the conductivity was
(116.4 + 1.7) us/cm, the pH was 6.820 + 0.008, and the turbidity was 451 cm™ (n = 3). It was identified as O/W emulsion by dyeing
method. The droplets were spherical and uniform by transmission electron microscopy. The stability study showed that HDN-NE had
good stability. Conclusion HDN-NE with glycyrrhizic acid as an emulsifier can significantly improve the solubility and stability of
hesperidin, which is a new potential nano-drug with safety.

Key words: nanoemulsion; hesperidin; glycyrrhizic acid; preparation process; stability; new green nano-pharmaceutics; high-speed
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P& 7 H (hesperidin, HDN) )44 FR 7 H . #5R
T WA, AEOEMRATAEY), FEAFETHAS
J& Cirtus L. H¥)H, =W 5 e 32 B0 5 2K Ak
EWz—UN, GEER AR, B A A R
JE. U B PUREE IR SR R )14
HER, TEThREME SR R 254 B A R AF R
AT LS, (ERE R Fr A AR AR 22, AROKBR I 7 I R 8L
M. HRErXTHEETFMEEHACEBREMD. A
TFLIIERIE

K FLBCF- B4R N 10~500 nm, — %5 Bl
BIHLIR RE 2 20 B B AK R i« 5L, 90
KL ISR A5 BT A e, R T 9 i8R
E T S T A - I A = 2 BRI 2 h B A
YR FLIRAE — B FEE L AT DU R e 15 14 2 W 5 A P
R, B SR TS PR N S BT IR b3
ANRRMIRAE, Gk eeRE. AMAaR
B, TEFRZG7 7R, 25410 A8 i8I AR S BN
METPE R AU ARAE R 257 “ A —
AR, MR T A SR AT G 2R R
TEVERRL,  BRA% 75 1Y B[R] I PR R Y B B
}EH[IS]O

PR B A R R 2 A R R AR 2 D
27, BRI AR 2 TR A AL A .
TR H B i =R 2R, 1 TR AR
1 o FHERRAR, BAPSEE, RS EKER
HH T2 RS AT T S 1 il o e BB AR U618, AR
SEIG DA H B R B AR A BT A R ) 5 R R A 4R AL
W, TRICH HERRAE N RIRAMFIRI AT ReNE, AN
T Rz 7 1R 77 B R B A
1 UESHR
1.1 YE5

Agilent 1260 7 & R0 (L% 4L, DAD il 2%,
F[H Agilent A7 ; AHI00D &ELIHEML, gk
ATS A%]; NICOMP 380ZLS ZY Bt il 2 4%,
2% [H PSS KiE X /AF]; DDS-11C HL 5% 1{Y, PHs-2F
pH it FHACHREAE AT A IR AR C25 L5
FOEFBINL,  EEEE ) PR R A
XMI9007-8 & e it i BEAY, PRI I SL i (X 28 IR
AT 80-1 BB PTIE RS, VLA IERAX BB BR A w5
KQS5200DE A%zl i e as, B Lo A AN A%
BIRAT; UV-6100 BN e EA, igEE
A ES A PR A T]; Tecnai G2 BYiF 5 H T W i 4%
(TEMD, [ Fei A#].

1.2 MR

P& R GHIE L, b5 MUST-18032502, Jfi &4
£ 98.76%, A2 Wik R VIR AR A A R
(fit5 XC20180616, Wi 95%) HHER (it
5 GB20181108, &4 98%), Ph &/ NaEtEy)Ft
HARTEAF; FEMRHEME (CT, €M%,
A 5 5 R S T I (TPML, H A 20 A ARG = T 6 (P,
HWZD, ILARRRL TR R A A5 iR (0C).
BRI (COD, Frtirall, s A R A .
2 HESER
2.1 HDN Z&NE
211 AREAMDT 3% Diamonsil-Cis £ (250
mmX4.6 mm, 5um); fEA 283 nm; FBIAH N
FEE-FERE-7K (35041 61); /AFE 1 mL/min;
KRR 35 °Cs HEFERE S pLs RS BEERS R HE
TR N AT 2 000,
2.1.2  IRIECHIUO A R RR EORS B 0 R 5.1
mg, BT 25 mL &, MG E R EEE, &85,
ERBZIE, #B5, MK ERE 2044 pg/mL
)6 B o MR VR I . R 2 DU 7 T 40 K L
(HDN-NE) | mL, #&T 10 mL &+, MAEE
FEE, #7730 min 5, §# & 10 min, HFHEHEE
10 mL, FHPALIEMEIERE, B mAE i i v
o Sy EC AR FL A AR i VA R 1) 7 21 2% B
X HE T TR
2.1.3 LEMEEL SR HOq R RER . SRS
TS B BRI, 1 s OB i SR, &5
LB 1, AR S VAR X HE 6T N A7 B AT (i
HDN f £ 8 5 18] 9 10.9 min, FAV:XTIE 56 T3,
FE S A B AR e, WY R AT

A |

t/min

1 HDN 3B & (A). HDN-NE X5 (B) FMz=Ba4XkK
% (C) #J HPLC
Fig. 1 HPLC of HDN reference substance (A), HDN-NE

sample (B), and blank nanoemulsion (C)
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2,14 BMERRFEH ok EWIE L E RS SRR T SRR R R 2, A, B

W 0.1, 1. 2. 3. 4. 5mL & 10 mL &3+,
HE S B EZE, 85, ZMALIERE G IR
mdf R, % 2.7 BUR B RES A, HERE S uL WE
UEETRIAN,  DARS R X B R (O NBEALAR,
WETHAR (4D PP AR AE 2k, 15 1L 1% =]
A FEN A=12.581 C+2.550 6, r=0.999 9, F
P8 J HFAE 2.044~102.2 pg/mL 2R 155 R KA.
2.1.5 REHRERIG 23 DA S WO R SR IR 0.1
3. SmL B 10 mL &, AREEHEEZIE, 7
5], HECHAK 2.044. 61.32. 102.2 pg/mL %, .
T 3 AN IR FE IR 7 6 R A, o B St
FE 6 Ik, BXHEFER 5 uL, 103 HPLC it g i
WAL, TH5EH RSD 205108 1.32%. 0.04%-.
0.04%, FUZITIFHRGE LRI
2.1.6 FoEtEREe  BUE=EE TR S
> 0.45 pum FUFLIEMEBE IS J5 25 NFF SO, 422117
TN Re &k, 29T 0. 2. 4. 6. 8. 10, 12,
24 h #EHE 5 L ME WA, THEH RSD 4 0.33%,
TIPS B 9K ALLE 24 h R EME R ITS
2.1.7 EEMHRE  HUER—HAKRIL 6 4, 1%
BRI VERCH, 2 T BOE SR T AL Y
VeI JE B NRER, 2 “2.1.17 TN ik & ERE
5 ul e AR, TH5E I RSD 4 0.45%, R
HEMRLT.
2.1.8  IIFEEISCERREG R R E O R A AU
gKF 1 mL, BT 10mL B, PATEAE 9 4,
53 ARG B IS B FE 6 AR 1. 2 2.5 mL, %%
3 4, INHEMRERZIE, BERS, HfESK.
RO R R B A T, LR
PEIL JE M BIRE SO, 75 283 nm K AR HEFE 5 uL
e WAL, AR, F. EAE R T
[ SR 73 531 94.4%. 97.8%- 99.1%, RSD KN
0.25%- 0.39%- 0.91% (n=3), FHJ7IEUERIE .
2.2 HDN-NE 89%I%&

K R B ) 45 & v R 28 5925 /1 % HDN-NE.

RS SOREEMRBUE T = H SRR, A
FETK, BAEEETERS, EAKM. KK
AR, AT EEETY), SIS, KPR
TRAE— € & J1264F Nt AT =i 3 0, BP 75 HDN-NE .
23 HESBIEBRNTE

W45 1) HDN-NE 3¢ T3, =iRghE,
SERTLE Y 2. Bk DURSIMER, ez
| 73 N W = IV 0 = =

SR8 %50=1—H/Ho
Hy Ho4¥ 51 1. O B 2SR I 7 1
2.4 HDN-NE 4L 75 7%k
2.4.1 HAHFR R HEIFE  REERREET ER
R ERZ, RN 5%k (CO. CT. OC.
PI. IPMD, KHETR “2.27 TR J7 i 45AS 5]y AH )
HDN-NE, Z=iRFFE, WEIALBIM. WE HRAE,
PAESC 2 h JEIFLIR A S AR B E o fe e MR AE . 45
SRS [ A e 41 4 ) HDN-NE MW L0357,
KA 9N (280.5+0.7). (211.6+4.6). (173.8+
1.9), (169.0+1.3). (155.7+2.1) nm (n=3); 5000
t/min B5.0 2 h JGE I JEHRE 0N 6.7%. 16.7%-
8.3%- 25.0%- 30.0%. ZEE9KILRIRIAR R HARE
P, EFK CO 1 OC FATELAR, R ELgl i ik
SERINFE 1 . B CO Ml OC DA AERD L i) 4
HDN-NE, i 1%/ 5] 3 AH F 500 90K 2L AR AR J
AP, S5 RN 2 Fis.

R 1 HBRLEAKILREN (X+s5,n=3)

Table 1 Effects of oil ratio on nanoemulsion (x £ 5, n =3)

MAHACEE  RifR/nm PDI 12 h JERIAZR K /%
ocC 173.8+1.9 0.136+0.058 253

6:1  2149+27 0.136+0.015 17.2

5:2  235.0+63 0.1331+0.016 9.3

131 247.5£3.3 0.19640.021 6.4

215 270709 0.23140.024 0

1:6  273.9429 0.25940.017 0

Cco 280.5+0.7 0.262+0.014 0

Fz2 HERAEXKRILENTE (Xts,n=3)

Table 2 Effects of oil dosage on nanoemulsion (x £ s, n =3)

HMAHAE/%  RifE/mnm PDI SR | AR E/% kAR /nm PDI A
1 286.1+3.3 0.230+0.011 FALHE 2714439 0.23510.024 /DEHER, AW
3 280.5+8.3 0.273£0.015 FALHE 262.8+6.4 0.2051+0.013 KEMEHET, SMTER
5 281.3+0.2 0.2441+0.019 FAHE 11 2555459 0.1924£0.013 KEMEET, SMTER
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242 HAMFHERSE FEERRIAL T B R
JERLZE, N 5%MAH (OC 5 CO Eefilly 2 @ 5);
FRECA R ERHEE (0. 0.06%- 0.12%-. 0.18%-

0.24%- 0.30%. 0.36%. 0.42%), IMA—EEEH
FIK, WKETIR “2.27 TR ik HIEAS R AL &
#] HDN-NE, %5584015% 3 Fios.

®3 TEFATIAENARILBHEE (X+s5,n=3)

Table 3 Effects of concentration of emulsifier on nanoemulsion (x £ s, n =3)

FUALTI R /% Kif%mm PDI PO
0 372.6+5.4 0.406+0.004 R BYI5E, AR R
0.06 305.3+1.1 0.341%0.013 EDEETYISE, A VR T
0.12 287.2+1.1 0.280+0.005 (SRERSEEIR
0.18 277.4+2.7 0.246+0.015 (SRERSEaEIR
0.24 275.94+0.9 0.227+0.014 FLA B
0.30 272.1+2.0 0.21940.030 FLA B
0.36 270.1+2.2 0.229+0.016 FLA B
0.42 270.8+2.5 0.1970.004 LA — AW

2.4.3 ¥R ST B FIREA L 43 R B RREL
Wb R R A R EN, N 5%3iAH (OC 5 CO Ltk
B2 5 HEL03%HER, IMA—ER®EET
/K, £ 13 000 t/min SRE EIY) 3 min J5, FEARE T
(20, 40. 60. 80. 100. 120 MPa) 2&f- ~4)i 8 IX,
KAz BN (327.24£9.8). (303.7+1.6). (286.1+
23). (275.6£3.6). (249.2+3.4), (239.7+4.6)
nm (n=3). fKHTAIE, 7E%K77 100 MPa 2644 F
HERFIBIFRIREL (24 4. 6. 8. 104 12 %) XL
RIIEEM, 45505 (272.8+4.5). (260.7+1.9).
(255.9+1.7). (244342.0). (236.9+2.6). (228.0+
43) nm (n=3). HER|F & IS HITFE,
DA K i F T 5 FHE S K LI s, TR L a4
BRI AR T, S5 SEbRtE i, E =
JE¥I R EE 18 100 MPa, SR IXECA 6 k12,
2.5 IGFSELE

AT LS, R A 77 Fi 4 T
2%k, % 3 #it HDN-NE, Wl %€ Ki4% . PDI Al Zeta
AL, SRR 4, fERA T Z%M0 Ml gk
FURAREUN B A —, SZIER AT, L2
HEMHERIT,

F4 WIERWHER (Xxts5,n=3)

Table 4 Results of verification test (x £ s, n=3)

HE TR /Mmm PDI Zeta HA/mV
1 262.7+3.1 0.234+0.001  —35.4140.70
2 258.8+1.7 0.2744+0.011  —32.78+1.48
3 263.0+3.8 0.2214+0.005  —34.75+1.53

2.6 BUMRER

2.6.1 HDN-NE BRI (Qetair)  FIHME
PEGLRLIR T T (200 FKIEPE LR L EE (G
) FEGUKFL U PSR Wr g K FL R 2R 7,
FHAAT BURT I A W/O BIGKIL; 2 R
O/W BIGKF., ZRFEW, WHEE/E HDN-NE
WO T AR T, R GKR I8 O/W AL,
2.6.2 HDN-NE &SNS KA TEM MEEHK
FLEAS, BUE SR HDN-NE Fikk 235 43Rk, T4
MR TH, 5~6 min J& F 4RI 25 2 RBEAR, TN 1%
PSRV (pH 7.0 Hefhy, JEARER L Z RIIE,
it T i F LA N B TEM R WE2 -4, 45 51 L 2,
HDN-NE FLi 2 BB, KA —, AL,
2.6.3 VEMEERIIE  SRA HPLC %M E 9Kk 3L
P& VAR N (460.3+2.1) pg/mL, 5N
AT B B AT RE M oK LIV R FE (40.9£0.8) pg/mL
AL, BINT 1025 %5 (n=3).

2 HDN-NE HiESIBRIEHSE
Fig. 2 Transmission electron microscopy chromatogram of
HDN-NE
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2,64 HSRPNE FREELTTFATH S 3 #H
HDN-NE, =i R H 5300 HDN-NE [ H
SE, HiEN (1164+1.7) ps/em (n=3).,
2.6.5 pH EHMME IZHRELTFATHI&E 3 it
HDN-NE, =i %M pH 112 5 H pH i, 45
N 6.8204+0.008 (n=3).,
2.6.6 HUERIMERY R & AF KL 25
TKFRE 1000 £, HEAMHOGRETE, £ 680 nm
TWEFENER, BE 3K, RPIWIME, WA
B E N 451 em™ (n=3),

=v/I" In(lo/ly=v/IIn(1/T)
TR, TNCRRK, v IRREREEL, Lo JtiE S i
BEJG BN B RS e 8% BRI, 1 ORI M IR RE S5 B
SR U EISRE, T OB R
27 BLRBREMER

Iy 4% 2 41 HDN-NE, A 209D 4 T
SHIE KA, B 4N INFLAL 7 H SRR 4
KA, 2 HFEF A BIEL 6 mL T 55045 7E 3 000
r/min FOFEE T B0 60 min, M L4 K FLIR I AH LI
A, LSO AT BB (4D fE A2 4L R 4E HDN-NE
By O FRE PR,
271 AN BEaOE5 BN HDN-NE B REFFLA

272 BEOREEERUE  BOFES T E O
AT E ALK A 18, B0 ENE BRI 4 18, AT
Mg 3 e WL ARHEEOLRERH K,
K=41/40), X Ao JIFESE ORI A 18, 410 ke
O e RIS A . KK, RoREORE
VEBRATF . BORREMEAIR IR 5 PR, A HEOR
JE W HUZIL T B 41, R Y] HDN-NE 7£ iR B0 2%
fETREE WRARRRRE, IMAHERA LA 5
K LIRS E
2.8 fEEFREMER

I3 2 HAK LI, A O AR AR T2
#IAKILB, B AU A E FUALTHH SRR 40K 7L
W BRI & 3 e, 20T 4. 25, 60 C
A TNIRE 20 d) FHITEE 04 5. 104 15, 20 K
MEDPKRIBIIIGE, FHEPKIBEAIRLAR
FE B SRR =R g8,
* 6~8,

FLBZ A BH & AR R = (S R —E S &)/
Wt & &

#z5 BUREMER (Xxts,n=3)
Table S Results of centrifugal stability (x £ s,n=3)

2H 5 Ao Al K/%
IR, KKK MO SABAINER, ¥ A 0.652£0.002 0.51040.001 78.2
i HDN-NE LR € . B 0.32740.001 0.17640.001 53.8
# 6 A‘ZH HDN-NE fEFR2EMER (Xts,n=3)
Table 6 Results of storage stability of HDN-NE (A) (x £ s,n=3)
i Fif%/mm WhE fom™! TR Y
4°C 25°C 60 °C 4°C 25°C 60 °C 4°C 25°C 60 C
0 2602+20 263.7+42 2714+37 462.0+0.0 530.0+22 590.0+ 1.4 0 0 0
5 263.9%24 2665109 257.8+7.0 4888+2.0 486.7+0.8 350.6+11.5 53+0.1 3.6+0.1 163+28
10 264.8+0.7 255519 262.0+42 4262433 4948408 3552+ 0.0 10.6+05 6.6+0.1 31.5+3.7
15 256.5+63 25631220 2654140 413.0%2.1 4045+14 5621+ 0.0 13.1+£0.7 104+02 33.8+4.1
20 2622+14 2619429 2674+1.0 400618 407.0+25 6193+ 05 141+1.1 151+13 372+38
#&7 B HDN-NE f#FREMER (X+s5,n=3)
Table 7 Results of storage stability of HDN-NE (B) (x £ s,n=3)
4% /nm M /em™! EEAE Y%
v 4°C 25°C 60 C 4°C 25°C 60 C 4°C 25°C 60 C
0 320.1%7.4 3154+1.8 3207+4.1 1335+£1.6 1385+0.6 133.6%+52 0 0 0
5 2955415 2952427 299.7+2.0 1354+0.5 1423£05 159.0%1.6 05200 1.7£0.1 33.0+42
10 2889+12 291.6+52 289.0£18 167.3£0.5 163.7+45 1755+09 22.7+2.8 19.6+24 48.9+2.1
15 2803+6.0 287.3+3.0 289.7+£3.1 166.5£0.5 91.0%1.0 111.3£0.5 347+3.9 38.6%3.6 50.6%18
20 313.0+£3.9 319.8+64 388.7+£88 101.6=14 106105  848+34 557+32 526429 550%26
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# 8 HDN-NE 7 EiEHPEMEFMENTHER
Table 8 Results of delamination index variation of HDN-NE

A B RIEEY% B 453 =48 50%
v 4°C 25°C 60C 4°C 25°C 60°C
0 0 0 0 0 0 0
5 0 0 0 1.7 33 33
10 08 0.8 0.8 33 8.3 8.3
15 08 1.3 1.3 5.0 8.3 11.7
20 17 2.0 25 83 133 16.7

WRIEE 6. 7 Won, ERREXMT, AT
B[]S, A ZH0 & DHRAR A RIFE AR T B
o SRR RS, N H EEE T LA Ry
1 HDN-NE 2R3 K, A HAESEEZMT 20d
WERFEELE 260 nm £ 47, 10 B HAESRERMET
B I TR 3G, R ER AN R R R 3 Kk 34
B AR T, RN KRR Wi, JtH
1560 CEAF T A7 20 d FiARIG K RIAH] T 21.2%.
KRR RNPR BRI FA TR E R R, WERE
Fhim, S TFIEsidEm, AT IR, 5
TR R, M H R N AT Rt e il T =
TR T R ET R .

B A N e BT LUE H, 75 4. 25 C%
E R R G K 7L ek B i ity A7 N TR (38 K R
i, 1M 60 “C LN FLIH B R H Sk /N e 3
KA, HEMIL 5 R AT B8 F T H B ER AR A KA
WA T AR, SEERRAMG T H RS RIE R
FERK, TR AR RN 2 AR T e 2,
PEm T A YUK TR RGO, R B
WK, PREERRR, MR mRIRAM R, B
o v Al R 2 SRR SE K K, SRR ) B,
RORL SRS I, LR R AR VRS, WUEERE N, T
B A EN e R, ANERE A KA AR
1B B KGNS, BT AR RAMEAE
FUALF), PRCTEREAYIN, R SRR, FLRE
VRN, ARERE, FLMOTMR o EDIRE, BhE O
GREA%, 60 Co&MF T iEATE 20 d J5 FLHE &,
AP AEE —

M 57 5 AR Ak 2 1 R 3R i HDN-NE
(i A7 AR e M, 2 B AR A R U R s A e M T
HEE 6 ATLAEH, 60 CZ&AMH4 T 4K AMAEAT 20 d,
BRTSERIERET 4 CM25 C. RT4RE
IR, RINH BRI GR FLIEAS R B 2614 T fig 47 20

d, SERUEEER T 50%U L.

R 8 MG FL Sy J2 45 B A Y £ LR FRAE
HIRSETERISE R, - Hr R b Bl vT LUE K FL
i 7 20 d Ja o EZIREO/MF N 60 C>25 'C>
4 °C, 5HMIAENL 3, Hrh 60 TR T
1720 d 53 240 ECN 2.5%. B A5y EHREEE LR,
ARITHEFERAEOLT, 17 20 d 73 E4RERL R
JfFF R 60 C>25 C>4 C, HIAMWIMAEL—
B, Hrb 60 CHRAFTHAF 20 d EEE0ER] T
16.7%-.

3 itig
K FLIB 45 05 1A e REFLAGIE AR RE FL AL

22, ARSEIGSR AL i BT DD 45 A v R A U R

el L, BIA UM & 52 0L i R R Ak 7

EBNGOR RS, 1% T34 BRI ARL T RLAR 73 A 1Y)

&), REVERGE, SGES TARREFLIIE PR KR

RAME PEFH A 2 2 FR R
IUTRRETESRIG SR, WET S, 7 TiEshE

AR, T 731 I FL IR IS 3 21 H 5 IR R Y

HARATR, HEAERIE N TR e, T

R N R A A GEARER A, 3 EFLAR &R

WO SRR, TR MR, NIRRT, H R

RN 2 5w 1 K FLBRIAS E Ik, X il 2

P B T A e A — E R 2 .

ARSI I R T H SR AR DR B AR PR
WFHIRATBedE, REh & 1A BCH R R Gt gl ok
R, AR R AR AT R . R AU =
TR R RIS, PR T LR, £ &R
JE_E AR B 25 R0 e dE AR o UREAH )5
KRN T H BERRAE HDN-NE 44 2 r (¥ 189 5 i
S HCFEMARL, e B 7R A AT 9T B A
&30k
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