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Abstract: Coenzyme Q,, nanoemulsion (CoQ,,-NE) was improved and made utilizing Pinus koraiensis nuts oil as the oil
phase, soybean lecithin as the surfactant, and ethanol as the cosurfactant in this study. The effects of different factors on the
mean particle size and polydispersity index (PDI) of CoQ,,-NE were studied, and the quality was evaluated by DLS, TEM,
FT-IR, stability, in vitro release behavior and in vivo pharmacokinetic experiments in rats.The results showed that when the
mass ratio of CoQ,, to mixed surfactant was 3:40, the mass ratio of CoQ,, to Pinus koraiensis nuts oil was 1:4, the
homogenizing pressure was 800 bar, and the number of cycles was 6 times, the CoQ,,-NE of mean particle size of 150.30+
1.43 nm and PDI of 0.234+0.012 was obtained. The morphology and microstructure showed that the CoQ,,-NE was round
and non-adhesive at the size of 500 nm and 1 pm. FT-IR results showed that CoQ,, was completely encapsulated in
nanoemulsion. The stability experiment showed that there was no significant difference in the mean particle size and PDI
(P>0.05). CoQ,-NE had good stability. In vitro release experiments showed that the cumulative dissolution rate of CoQ, -
NE was 4.7-fold that of the CoQ),, suspension at 120 min. The dissolution rate was significantly improved. According to the
of CoQ,-NE was 2.80-fold that
of CoQ,, suspension, the drug concentration of CoQ,,-NE in rats was greatly enhanced. The area AUC(.., was 3.25-fold

results of pharmacokinetic investigations in rats, the maximum plasma concentration C,,

that of the CoQ,, suspension, demonstrating that CoQ,,-NE bioavailability and absorption were greatly increased. The
CoQ,,-NE developed in this study provides a theoretical foundation for investigating the creation of new CoQ,
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formulations and their potential application as a functional ingredient in food.

Key words: coenzyme Q,; Pinus koraiensis nuts oil; nanoemulsion; characterization; pharmacokinetics

i1 Q,,(Coenzyme Q,,, CoQ, ) &R IRERIS b
G, BAIZER, A E S-S  EA R E
ME— PR SR IEPLA LTI, CoQ, o HAT 1H s A
H R EER, BRI MAED, 325 5 e 159 VEH, [RIRTAE
T B AN BIR Y7 O A B AR iygg 7 46
J7 A RAFIIRER . CoQ, o TELIAERT G i
FHXTERAR, BEE IR PGS, S B Wi s 85
KAH, HAE 20 2 D, FHE EE 3 56 50
R ™, FH ik, SNEHEANFE CoQ, o XHERE AMRIE
T AR B A B . (H N CoQ, &5+ AT
A, B EA R GUKHMEEEEE], nE 1 s, B,
CoQ, o FEAERIEMEZE, AAVE AR E « AR
AR Ta) R, IS RN FHAZ R, LTSI IR T4
BN TEAEMILIHAN (Pinus koraiensis Sivb.ct Zucc) BYF
FLANKF, TEIRE R X A Wi EE, B
B RIFHTE RN E . LIRFFMXURIURE, & S XT
MNEA 23 AR IR, A B A SRR LT AAF I
e M2 AU FRRITR, HAA —ErbrEfbae 111,
[FIB, LTAAFFIMEA DR T, fege iR il
JRFLALAE Z R A BT, SR, T A B85
PR v BEANR RN, I 2 i Ae Ak, PTG FHAZ R -

K 1

CoQ T 745
Chemical structure of CoQ,,

Fig.1

WAKRFLIR— BRI RASTE FEITE 50~200 nm FY
FLE, 2 AR (KA S TR AH (sl iAE ) FhTE s
ZAHTHUA R, AT LA O/W BUFT W/O B3, J238) )
FRER R, Hlear P FREm AR, Tk,
WK FLUR B R % SRR MRS 1, i 12k CoQ,
PN KFLIR BA AR 2235 7T LUZE R4 A s, HoA 40
[ FIZE B AL TR, T3k, i REIY IR CoQ,, MIER
etk SRIAGEKFLTZER CoQ, o, — 7 TH AT LA
AP — AR E AR 2R XY b, ZE TR TR R
R, 73— T EIKRFURAR /N, aaE eI I RE ST, 1
TR R 25 2y B AR SCR FE, MG 2808 s AR )
FPHEENS SR, T4k, ZEl 48 CoQ, ) W KFLI L
b, XHAE YRR R R G SR, Ak
A% Hvh = sl A st Hh =g, X sevi e A 1Y
K CoQ,, B Ve H3RBURAZR T BEAAAE L a1
(AR, PR, e R AL Y | (R . 22 S SRR
SRR B AR AR S

H AR FH S SRAT WM LT AN AT A i AH i B8 4h Kk
FLBFSR D . ASSCRAE R TR Rl FE T 4T
PAKFIHBY CoQ, 44K FL (Coenzyme Q,, nanoemu-
Ision, CoQ,,-NE) . iXBEREMHILIANF AN RIS
i ] g B AN I 1T 5 1k e Ak 1) TR T, ] g, 5 i e
CoQ,, /KETEZE, A=A AR TRl #, — 25 i 231
Dy SR LURFFEPRIWE o A S ik B PR 2R S50 A
TEAZRALSZ S, W52 T 45 CoQ,,-NE myafE T2,
Xt CoQ,,-NE il i i J Hi 5% ( Transmission electron
microscope, TEM ) AESrHEATA S GRS (Fourier transform
infrared spectroscopy, FT-IR) . fl¥3  Fa @M. 4
SINETIRAT R K 54BN 12 AT SRAE AN SY . R T
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ERBIR , S HET LIS Q) HKFLIVH . FAEFZGS) 15 2227 -

ZIFAKTI CoQ,o-NE N FHHR LR HE FIER IS S 15
1 MR5E*®
1.1 MRS

3I¥y: SPF 2% SD KR, {5 #7(300~325 g), i
P, T RAZEYEHEA IR A, SF$UES 5 : SCXK
(i1)2020-0001. AT ¥ X shi i S a4 B v [ g
IRIEERR B B R F A T, JT&rh E R IRVTAA
SLE S PR B AL UE . CoQ, (4l i >98%) ,

CoQy(4liFE>98%) PHLEEHAEYWRHTARRA A K
SURIEENR(20200106) dJbETBEIEEAYHE ARGIRTT

BT LIANFF WA IRIEAR DA A BN A5 AT
(2l BE Sl 97.3%, 15 F>60%, Y30 RO.6, Ml {H A
141.65+0.02 g/100 g, iT45fIE N 2.62+0.04 mmol/kg,
2 Ak 1H Sl 185.73+0.45 mg KOH/g, ik {E N 0.34+
0.10 mg KOH/g) L&z Hifil; Hefba2h il
Srhralisk ekl

FSH-2 i SNl VA IETH IR RS
J7; AH100D & R EHL iR 2R A IR
5Tl FA114A 0880 FEFArHT R LGSR Es
Bl A BRI 7] ZetaPALS #OERIEIL  35[E Broo-
khaven 25 7]; JEM-2100 iE51 W idse  HASHL TRk
24t IRAffitiny-1 HE M ASFRLTINEREN HAS
HYAF]; 1260 BUSSRURAR AR SRR A
MICRO 220R = B#ARIE &AL fHE Hettich Bl2%
{28 ] ; TCQF-3800 AR T Jb Rt fEa]ML
BHEAFRAT
1.2 EWHE
1.2.1 CoQ, brufi iR K52 PRI 20 mg 4l
BER 99.0% 1Y CoQ, o, FHI/K ZEHAAEZS T 100 mL
FIZSE P, TIE B MR 0.2 mg/mL A9 CoQ,, L1
W, IR A B . DNBEW P 43 B R X 31125,
6.250. 9.375. 12.50. 15.625 mL {AF1 % 25 mL 25+
W, To/K B IR A 5T, A5 20 BERL 4351
4 0.025. 0.05, 0.075. 0.1, 0.125 mg/mL A5 AEH
Wo WIERAHERE HPLC M52 CoQ,, MYk & ik i
By 5 . HPLC SRR S T (A N
Symmetry C,4(250 mmx>4.6 mm, 5 um; 3€ [ Waters
N FEDFE; WA FEE © L BE(V/V, 10:90) ; iR
1 mL/min; K9 3% £ 275 nm; FE ¥R 25 °C; #EFE =
20 pLo LA CoQ, e EE MR AR (X)), W THI LU A AL
Pr(OY) 2 tilbrmERlZ . ZeMERLE RN : Y=25961X—
85.55, R°=0.9995, LMy FI2y 0.025~0.125 mg/mL.
1.2.2 CoQ,, #KFLAUHI# LA 30 mg CoQ,, T4I
PP R I 2 SE A AR, DL 0.35 g SRS
PEFI R G IRBEIE AN 0.05 g BhR MG I Je/K LT
ZEARK HPINER S SE RS AKA], ZKAEFIHAETIR & )5
T AT LA 8000 r/min &3 3 min, 152 W)FL
W, A5 2] FLUE LA BT R D7 800 bar, JEF IR %L
A6 WK, AT R, 15 3] CoQ, o AR FLI, K
30 mg CoQ,, i ALK, 53] CoQ,, TRAMK

LL0.12 g £LAFEAviAR, DL 0.35 g R PE
FIKR G INEEAEFN 0.05 g BhERIANE PEFRITO/K L BE T2
AP RNGE SE AR KA, AKARFIATR &5 T
S ATIEALLL 8000 r/min )3 3 min, 15 FWIFLIK,
B 45 2 (4497 2L W LA 343 53 J 800 bar, IR IR EHN
6 WK, AT R, 15828 HYIKEL.

1.2.3 PAPRFRLE  FE CoQ,, SiRAFm G M5
JRIE LR 3:30, CoQ,, FILIAAKFIHAY B LR 1:4,
Y35 Sk 800 bar, TEHRIRECH 6 k. 75 R T2
ZAFF, LASEEPRIAR AN PDI 5 884868, 43 SlER T
CoQ,, SIRGFRMEIETER TR L 3:10. 3:20. 3:30.
3:40,3:505CoQ,, SLIAMFFMBTEELL 1:3.1:4, 115,
1:6. 1:7; ¥ & F7 400, 600, 800, 1000, 1200 bar;
PEERREL 3. 6.9, 12, 15 IR, FRIRSCEEE =K,
1.2.4 IERMAREAE T BRI IR L,
PEPE CoQ,, TG MR NETER] (R TIPS A1 TG
K L) B B HE . CoQ, SLIMKF AT EL . 3
o T FIE R B 4 (RIZR 3 /KO i IE 3858 v 1
X} CoQ,o KRFLAKARSE T 317004k, sk 1
7R o

F 1 IERREE 5K

Table 1 Orthogonal experiment factor and level

CoQ,, FIRARM  CoQ, TLANKFMMN  HIFUET TR KEL

K Sh N i B LB Clbar) D)
1 3:20 1:3 600 3
2 3:30 1:4 800 6
3 3:40 1:5 1000 9

1.2.5 RBARFIZ4rEREME  ARSLi R A3
PFOCHUST (Dynamic light scattering, DLS), i FHAY{YX
8RN ZetaPALS WOGKLEEAL, Wi EE R 25 <C, i
A 90°, A 5548k 90 s, e 45 5L LIS kA
£ 431 F £ (Polydispersity Index, PDI) A $E 45 .
FFAZLAA BRI TN E , FRRIAE & FH 2B oK
BE 200 i, TR GE WPIRES, Bk S E A =R
1.2.6 AEFRME B 1 mL CoQ,, 4 KFLHFE
10 1%, WM B 1 mL, IJ5E 2 min, A HEFL 10 min,
5000 r/min Z.0> 10 min, 152 CoQ,, ALK . i
W 0.22 pm PP UESS, B 20 pL $E1753HT, ARSI
AFIETAAR A S CoQ, o HE(W ) o

4 1 mL CoQ,, APKFUFRE 10 175, BEHEME 1 mL,
ETHDEENEE, 4 °C ZFTF 5000 r/min #5.0 20 min,
WA= PR S BEREZEZE 1 mL, 0.22 pum JE LT
VB, B 20 pL AT 5007, AR AR T A 0 T AR AR
CoQ ¢ 1 (W)U,

R A1), 115345 24 45 %2 (Encapsulation
efficiency, EE):

EE(%):(]—%)xloo A (D

1.2.7 % 54 H#, 5% ( Transmission electron microscope,
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TEM) ME  ARIESRACE 15211 CoQ, o 4KHL,
RS 50 A, T 0 204 X 2 1, FH BB AR HCEE A0
1, PR IR 4% 2 min, JEARIRIZE AR, H 2R
T, B ST BIMEL CoQ, , MAKFLAHMIESRI®,
1.2.8 fHsr 414G (Fourier transform infrared spe-
ctroscopy, FT-IR)IME  SRH] IRAffitiny-1 {87 A58k
LI AN GIE{Y (Fourier transform infrared spectroscopy,
FT-IR) A TLIA MG, SR KBr JEREX) CoQ,
JR 25 ¥R T B S A5 199K LT CoQ,o-NE TE
25 MPa JE S5 F Pl AT A, BEEST PR 4 cm ™,
FIHEIE R 500~4000 cm 1

1.2.9 FUEMSCY  ARSCLe EELE S LR USSR
B UE AR EPEN

T B0 25 I 15 mL KPR T35 0
Erh, TG 8000 r/min 43R5IES.Cr 5. 10, 15, 20 min,
SLEERE S A543 )2, LISk 42 Fl PDI AR S Febr ik
AT RE o

HOR IR E RS B 15 mL YUK FLIRAEITE
T, 43 517F 30, 60, 90 Al 120 d B RS, LIS
RARFN PDI AR FEPRHEA T E -

PRI R RS TG Sy SIS S Y 15 mL Mghik
FLALA 4 °C vkAE R4 B AL 20, 40, 60, 80 FiI
100 min, ISP-EPRAZRFN PDI AEFEPRHEL TI0E -

IRl TR AR L5 S K 6 £ 15 mL gk
FLIA A FHREE—20, —10, 0. 10, 20 F1 30 °C fY45
PERICE 3 h, LISFEPRIARF PDI AR PRI TI0E o
1.2.10 RSMRERECES  SRBHTASEAT 250044k
BERAT AT %L, DL 300 mL 0.5% | R ELAiL R
RS (pH=6.8) i A 0L, FEIRLEE 37 C /M4~ F
BeA PR, #5350 v/min. 45K R BGE
HY CoQ,, IREMEAN CoQ,-NEFH24T CoQ,, 10 mg)
BT B A HTAE (MWCO: 3500 g/mol) Hr,
FFARFLLF P, & TEs A B, 5350 F 10, 20, 30,
60. 90, 120, 180, 240 min W B H A B 5 mL, |7
Bt e b R MIAH RMAER A9 25 A 5T, 28 0.22 um 38
i g, WHIE R 20 pL, $% 1.2.1 (% A 0ERE, i1
. CoQ,, I BREUREHE"

1.2.11 KRN F240 5%
1.2.11.1 shPired R mAERSE SD HEPERER 12 H,

A 300~325 g, S HTRF AR BUE T 1Y 4w 8
Hr, EIR 2541 °C, AR EE 50%+5%, B IE G 2R
12 h, KEFEEMERE S FUK

SRS 12 h )5, B BB LS N 2H , F2H
ANH. PILHRRST I E 60 mg/kg CoQ,, A
(T 0.9% A RERIK ) F CoQ -NE. 424 )5
T 0.08, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, 12.0 1 24.0 h
3 3 HIR A 23 i B A 4 IR, 5 i v e 1 5
EHNIPUEEE T, SLRIFE 4 °C R LA 12000 r/min B
> 10 min, MIEEESHTE—20 °C FAEE EESMHT -
1.2.11.2 g CoQ,, FHLMMIE  REUMIK ST

7E 1.0 mL 2.0 RS 80 pL KBS . 300 uL H
FEF 20 pL PIFR CoQo(20 ng/mL) o KR & Wik ik
3 min, LA 10000 r/min &5.0> 10 min, W& i IFTE
H.25 termovap PR SRR #E T 5, K5% B W i aE
100 pL WA . B 20 pL iXFETE A HPLC RS0
153871, CoQ,q 5 CoQ, MIUETHAR ELIEA T CoQ,, 1Y
B, TR IR 1217 SER A RS ERE A E
1.2.11.3  KEIMIZSMTARAERRLR B M T4
HE CoQ, bRt #5 W ML il : A 25 FRHL CoQ, Hit
HES 5 mg, B 50 mL R, OGS O EEZE,
13U 100 pg/mL CoQ,, ifi ¥, B 4 °C vKFE TR
AE, I PR 28 T i v 3

PRI TECH: A FREL CoQgq Frfidh 1 mg,
B 50 mL O, OISR O LS, 1520k E
20 pg/mL CoQ, i+, B 4 °C VKA P A~-AT, IR AT
iR 28 T i TR

B SCTC ) AS [W] e 5 174 1 2 A= R o, RS 4 A2 B
KEES HIM 80 pL, S HIINIARINHE CoQ, o X’
ARVATR 20 pL, 19— RGN EERLEE, 20, 10, 5. 0.6250.,
0.3125 Fi1 0.0391 pg/mL AY LA A= WkE S, SR )5 1L
AR AT T RS €1.2.11 27 A TACE, (AiieE Sk
241217 7530, ICSR R AR T E R Co

[N BG Bt 5 3 CoQ,, HeEE 1K (0.0391
pg/mL) . #1(0.6250 ng/mL) LA K55 (10 pg/mL) H I
SRR . 12,1127 BEATALER, $ <1.2. 17 R
ST, iE5%E CoQ, Fl CoQqy PRIV IIFR FEAR

A 25 S8 /E SD KBRS 1M 3E 80 pL Hhoim
A 20 pL [ CoQ, o Xt RS U, WA IETR 2T, 45 BIK
(0.0391 pg/mL) . *H(0.6250 ng/mL) . 7= (10 pg/mL)
He B A4 ML AR PRE S, 2 41.2.11.27 A7 AL, —20°C
B . BAHREE 6 Uy, S = RAeFR[FRFE“1.2.17
ISR HT, iIE %R CoQ, Fl CoQq N FR IS [T FR Y
HeAE.
1.3 #IEAIE

I IEAZ BB I V3.1 B T 1IE 3 505
BT R S B8R AL B, (8 DAS 2.0 #RE2EF 7 251X
ISR R LR ER R 3 AT, S8
I B LA ST 28 bR 1R 25 5k £ R, SR Origin
2019b HA TE I FTENR AL BRI FA= & A o
2 HBRESH
2.1 BERIW

aniEl 2a s, BiE CoQ,, SiR-A&FR MG TEFI i
B LIS A, PRI 52 S0 NS B I EE A, o
LR 3:30 BPEPRIAR A B/ IME 298.1 nm, Z25780FR
B0h 0.153 . X A] R B R ETEPER AT DALY
BEAR /7K AT 9K T, T 8 5 i I i Ar ol 4 >k LY T
%o TAEAIKRZLIBIE Al R H A GE & i B 2 1 i
PEFR, AT LAREALG T 1o A fth sz g, o R T BRRAS R 1%
P, DNTTE SR FLIVIE B, (9K FLABORAE /IS,
TR, Kaci 5% W5 & R, U N2 i P51
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TR L £ ﬁjf ﬁﬂ%zﬁﬂ%m%ﬁg, %@*ﬁ@@ﬁ@hi @%
w0l ! b %7 020 SN AL 5, RHES I, S AR TR
6l N ? c ¢ be b = J&, FEMPIEKFLAY Y —1: . Kommuru 252 58 AN H]
= 3004 d H0.15 % LFL BRI AT R S X KL 0, 2430 i T b 43
2 200 oo & KK 40% I, RFLT-EPRAE RIS CRESL b, 9K
B ® R PR R RS . RN, 58 P-4 A%
100 1 1005 1 PDI ({4 A5 Ak, S5 CoQ, o FILLIAKE I
0 310 320 330 3:40 350 O JRELLET 134 e i
CoQ i & K HFIN it I 2 B/ AR IR M. ST
DAL i 1025 XY LRI R A W . PR A
el X Lo AT 7 (A S N N 2, AR R
= b g . @ 2 1™ 7120 800 bar I, *-FpKifs 2y 182.5 nm, 53 HR KL
S sop |0 b d 7 015 5  0.155, 225 E J7 B THE] 1000 bar 1 1200 bar
g ol % c ? |00 fg B, S HAREAR 1 A F] 203.7 nm F1 248.2 nm, iX Al
2 TR R Ay 525 1 J 3 (R, 1A R LI T, oKL
50 10.05 W TORE % B4R R AR B SRR, PDI L A2
. 000 DAL MCERE 4R J3 2 800 bar JyfR (i
B3 L4 LS 161 Hi ] 2d BT, BB G ER B BN, PR
. CoQuRETHAFITR L S S/ T T S/ 98 0 B U
‘3‘22 [ ONE @ SHNEE 030 6 RISV 50045 A 22 43 1l 22 5043 5 4 200.4 nm,
ool F12 b o p 1025 PDI 24 0.165. fEFKEN 9, 12, 15 KIF, - Epk7
g »s0l 7 _I_?’ L ¢ %7 0.20 ﬁ Ay hnE| 212.4 ., 243.8, 218.5 nm. i ZHIFEER
< 500) ¢ o5 & VK S B R 5L T, K FLITORE 4 % A SR A,
T 1s0f I SAAPRAR AR K, PDI A — A8 R, BB AN
* 0ol o1 BB, PILSERRIREREY 6 IO LE( .
50 109 22 EXMIRIBER
0 400 600 800 1000 1200 0.00 2 14 A, B. C. D WHHERZFE = /K5 1 IEZE
. HJFE ) (bar) s W itgm's, IEAEFATT T 9 dlilEs, i 1 E 3R 45 R
[ S5 R e ‘ WFF 2 PR, FEIEZSIAGS T b & B, 9 4HIERE
2508 p pobe ] BB PDI {14458 W] 4 k3L B (P
E 200f +7j7 7 ticjf +é7 —I_j; . - j‘tjiﬁ;;ﬁig %*Ii {ﬁﬁ’fiﬁ; g;ﬁié‘?
| %7 . AR H SRR SRR M 2
5 1010 R A LIS Y, CoQ, A FLARIAZIE EIAE 151.4 nm 3]
s 10T ® 228.8 nm. X IEACHPEE R RS BRI TS HT. 8
s0f 1% A 2E R B 2 1 WU % B=D>A>C, B P
0 A A AL 0.0 A PRI EL IR 9 SE DTS 53318 CoQ, o SLTMKFFIMIY

TEFR UKL (0
K2 R Sss
Fig.2 Results of single factor experiments

T PR 22 R 35 (P<0.05)

SRR NN FLIE, FLAL AR RS, A
SCHFFEEE AR, P, B5E CoQ, o FINR & #2 i i
PRI O 3230,

HE] 2b T, B CoQ, o FILTAKEI ) ik LE
(I, ST HAPREA2 B A 5L SRR I A 2, E Tt L
Sy 117 B, PR Sy 138.8 nm. 1 2240 R KR
JEU /N IR AR A R 3, ZE T Lk 1:4 1 PDI
S 0.098., 3T AEIE A Sy, 5625 A LL G ke i, 2%
WA A R AR AR R 25 , SRR AR PP B 5

JiiE LY, PGB, CoQ,, SIR-G R MG MER i i
Lo, ¥R Ty . BB A R AT A, e AEH SN
AB,C,D,, 5332 CoQ,, FINE A2 HITE P71 ) JoT
It 3:40, CoQ,, FILLANKFMAYBTHE LLoh 1:4, H T
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2.3 BRI R B FEANE

38 ok BRI R AN A A IS, 152 1 S5
H: CoQ, IR AR NG MEFRI BT & L 3:40, CoQ,,
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UK 6 Ko N T BEs A 554 T il & 00~ 24ks
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Table 2 Results of orthogonal experiments

CoQ,FIRERIM CoQ, SLLMNF WBIE B Rif

e tas

MR LA AT EB J1C(bar) $ID(K) (nm)
1 3:20 1:3 600 3 2288
2 3:20 1:4 800 6 151.4
3 3:20 1:5 1000 9 165.7
4 3:30 1:3 800 9 178.3
5 3:30 1:4 1000 3 166.8
6 3:30 1:5 600 6 155.4
7 3:40 1:3 1000 6 178.7
8 3:40 1:4 600 9 1543
9 3:40 1:5 800 301661
S, 545.90 585.80 538.50  561.70
S, 500.50 472.50 495.80  485.50
S; 499.10 487.20 511.20  498.30
K, 181.97 195.27 179.50  187.23
K, 166.83 157.50 165.27 161.83
K, 166.37 162.40 170.40  166.10
R 15.60 37.77 14.23 25.40

F IR FB>D>A>C
K A, B, C, D,
el 3:40 1:4 800 6

IDEESE7/BL R e =3 GO Wi RO R e R PS | o & 1 S NS
SR A IEES ORI AL B, CoQ,(-NE ML=
h 87.48%+0.59%, FRHIKFBS; CoQ,, CH NI ELEE
FIGPKREEMERAR T . X SR IS RN
RIS F] 1 4h AR,
2.4 TEM HINE
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Fig.3 TEM morphology of CoQ,, nanoemulsion

2.5 FT-IRUZE

K FT-IR 81 CoQ, o A KFLIE H53F Tl AH E.
YEFMIE=C. aniEl 4 o, M EET 5351108 CoQ,-NE .
2 AR FLAECRLZE CoQ,, IMLTANELE . CoQ,, TE
2960 cm ! JEZIEFEAIPR B, 2850 cm ! b HI4E
PRBhE, 1260 cm ™' SEMEEEAT R HHZEIRSIE. N CoQ, -
NE H s i RAFR SIAH R AR IE N, (B A T ImFL, Ui

B CoQ,, HIE e 4R, I A TE RIS &
HAbZEE AR b, CoQ,o-NE H13f¥ A (I CoQ,,
TERIFEP B [P RFIENE, H 525 9K ZLIR LA b
T A — 2, XU CoQ, o B8 A LA E LK FL
WARF b, X SRl S ZE e R K FLA
AT L AR
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2.6 FREMSIE

E sa iz, SRR GUOKRZLBAR EL, S Eprs
e B CoRstal ) AR AT A &k AR w25 A8 1k (P>0.05),
AR F SRR 1, B0 e VA KA B 1 4y 2 R
42, FREAGPR LR EAA R A mfase .

WiE sb s, FEER R, & B EEREIER,
DK FLIR - ki 4% B A WA 77, B 150.4 nm
F] 161.9 nm, {HEAEAG K4 B E2E 0 (P>0.05), 3
BH K LR i v s 1] AR s R A AR Tk -

T SRR BRI E T, KA B B
IrrkeoE M, AR FLIROICE AR 4 °C N ERAFE, X
HAPHpRiARFT PDI #4700 E . UNEl 5¢ FoR, 50146
AR FLIAH b, Bl 25 58 R BN AR b, P-4k A2
PDI 34 &4 B E 2 (P>0.05), BEHAY K IR A E
PERAS

B AR T AR LI R M M A IR
I IE IR A 598 AR R IR L.
& 5d FizR, #EEM-20 C F] 30 C 281k, SFHkife v
A EH(P>0.05) . JTLHAEYCKFLR G, TEEIR
NECERKE B FE R BIRAS S, PRI SR PDI ¥3%
KA FEAE(P>0.05) . I, TEAFRBIRE T,
UK AL EAT RAFERE M. SRS 25 1 5 5T
AT 34, RN ZLI n] e KR %] P91,
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Fig.5 Results of stability experiments
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1., CoQ,-NE £ i 1l 25 ¥ FEE 4 5 T CoQ,, TR Bk
ZH . CoQ,(-NE Hl CoQ,, 1AW ZH 1M ML 3K e B 53 31)
TE 0~2.0 h Fil 0~4.0 h Z A& T4, J& T oA
R . CoQq TR AR 1Y i B die K ifin 24 vk J32 1) B[]
Thax 72 CoQ,-NE B 2 %, AT A1 CoQ,(-NE 7E 4 N
PRI S A . CoQ, ) TR AL WYk E M 4.0~
24.0 h #4T R, i CoQ,-NE ZHAYHKIEM 2.0~24.0 h
T RRE, JE TARSHEIE R . CoQ, TRAEMKLH 4.0 h
A IfiLAE R CoQ, o e A 0.850+£0.024 pg/mL, CoQ,,-
NE 21 2.0 h iif 24 2.450+0.040 pg/mL. CoQ,,-NE 1
BB KM U C, . &= CoQ,, 1R E W Y 2.80 1i%,
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Fig.8 Comparison of in vivo absorption profiles of CoQ,,-NE
and CoQ, suspension

2.8.3 RN 1S EGHT ARSZEGE T DAS 2.0
AR B2 sh J1 250017 B =R AL, ks
2503l SR 3 s IRIBRIGE R X
% U {5 B & 7 W] ( Akaike's Information Criterion,
ALC) PEATALAYSA| W, 4005 BEBERUT 1. ALC /)N, 52
RUFLE ARG o AR5 AT v 60, TR L g oK ZLLH Y
K250 F12E34 08 T SR, AU R B0 R
1A 1eeo g2 T A (AUC) 2 Wr 25 1) 1
RE W EZEIIRZ —. CoQ,,-NE 1245} £ T i
FAUC, 52 CoQ, IR &M £H 1y 3.25 1%, CoQ,,-NE

%3 HEHLAZY CoQ,-NE Fl CoQ,, IREWG CoQ,, HIZHIR
B 1224 (n=6)
Table 3 Pharmacokinetic parameters of CoQ),, after intragastric
administration of CoQ,,-NE and CoQ),, suspension (n=6)

FraE B8 CoQ, lRE CoQ,;NE
Crpa(mg/h) 0.850£0.024 2.45040.040™
Tonax(h) 4.0000.065 2.0000.038™*
AUC, (mg/L-h) 5.59120.602 17.059+0.471°"
AUC,_,(mg/L-h) 5.602+0.981 18.17940.702"*
t1/2a(h) 1.197+0.363 2.284+0.006"
t1/25(h) 1.435+5.129 69.315+0.417"
V1/F(L/kg) 2.220+4.398 17.796+0.530™"
CL/F(L/h/kg) 10.710+1.603 3.52240.148""
MRT(0-t) (h) 6.393+1.298 6.465+0.229™"
MRT(0-0) (h) 7.627+4.400 8.716+0.655™"
t1/2Ka(h) 0.588+0.033 1.426+0.004™
Ka(1/h) 1.179+0.173 0.486+0.063""

F: " P<0.00 1R HA M2 5 BRI 2GR BEC,,,, 0 IR B M 249k
BERIBF [T, 250 - (B 26 T I FRMRTg-005 0~24 hZ4 43k -15f 8]
MR T IAAUC,; 4310 F 221 20; THERF2Et1/28; h e 3 AR
V1/F; A 235 [0 SR 25 1 (937 5 R CL/F; 0-24 h25W7e A b i 2473 8 ik
[EJMRT (0-t) 5 24 75 74 P9 1) F- 53 B3 B I MR T (0-00 ) 5 WS 22 1)
t1/2Ka; WG B % $iKa.,

H2G5AF e T A AUC B KR, 3X 3R CoQ,,-NE 2
YR EE U e, WO Gy . X T E AR AR U,
V1 Fl V2 Sr @R h e s IS NE a5 2581, CL 3R
IR YL A2 IS R RE, F AR RIS . A
Z5PE AR PN 4T 2403 B S TRIMRT,, . A1V B3 CL/F 1
LLE H, CoQ,(-NE FJ MRT,..J& CoQ,, 1 1.14 f7,
CoQ,, 1R E 4 CL/F & CoQ,,-NE Y 3.04 fi5. i
B CoQ,(-NE Lt CoQ,, TEA Py #iff BF B 18] B 1<, i 4
BRI, 25 FITIAR, IXEEAIE AT GBS T 258N
KELIARUS, GKFLRARE /)N, LERIIBVER, Hp
RS LS R Ar, 452505, 5Raica e, 295
I BERE Ak T AV R, TR AR RAR I, B4 )
BAUAL, A= 2 e et . Ge a1
o, LA ES I RBA ST # 25 5 . Belhaj 5507 il
PR E st SEATIBEIE . CoQ,, ALraik
FLE, ARG AT CoQ, o LRI TETR & 0 AH HL s,
YERFLIR RS & T 2 4%, X A SIS
AR A5 o
3 it

AL CoQ, M sk, SR H iy H 4 B AR il
I LK CoQ, MG EL, 7E AR L5011
gty |, I IEAZ AR E CoQ,-NE HUBRAET. 22,
X AE T 2500 R ifil#5 1528119 CoQ,(-NE 433 #E1 T
TEM. BRI | FT-IR., FaE s | AL
T NEERAE . [FEE, X CoQ,-NE FEK FUARPAYZHT
B RHE S T OE . SRR 1F CoQ,, HIR G
G P B B R L 3140, CoQ,, ST kI R
Hrbboh 1:4, #5712 800 bar, JEIFRKECH 6 KIY
AR T2 &M T, A58 E kA2 150.30+1.43 nm,
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