BEITERUATENERBEHS: 20250860037

B 1
AT TIEIRERR GIRIIKZETIEIFERR)
S TERUAENERB

Ha TEHURIT « ISR 8

L= 22260512

AR TIEVMERMREI 25 (5ilg) - E S

AT TRMER GRIAFEIREMER) &

20255F03A18H



1HER A

o AR AR SR BSOR BB 07 SRR LR
 ETIHRESNE, HERELE,

S RN BB AR, T 4TI T
IGUHL, A4UEL T TED.

= RPN LB BESEKE, R
EXAWEE TR, A LITEME

. FAT & SO NP e 520 5 A2 B S
» G T MUOA SR AR+ FRAR TREITHARR Ll S5 (4 4

P+ KS3H, 1147,



(—) EAER [H% (WL LREMER (LR TEMYR) TERRTVEMBIRAET
RIMPRFIEE S HHEIRY , 65T WA (SUR) TR PR AR SCIn e, 24538 ]

L ATV E RN R AR TN AR R E R F I (R T2007)

FERIZG TR, RANRFER T4 L2, a5 B Al K b T E R
OERSHEOR. BERAS (S EWi gy T2 ETFEARSR 2 ED) (L L)
AHEEHIMNE GT) ) SRS, el ER 7 T 2AE S ML ESRA FHEZL.
LRI I, R T B AT REORM R TN, g, maie
- HEMEEE R, DR T Z28 CGnE A, v, D W THRACRIERLE. A
, AEEIR T 2SRRI, mEEGE (TLO %), RIS ENE . WHTEsUE
Wb, RIS LS EMatlabgi e TR TE ST IR @R S k. @id S 5/ 5k
TZAHEE, #— B 7 isR CE e CERGlE. B, KR, kg, T
) MARGENK, CHZAETRLTZ0MF, R 7R84 m M i 12w AT RS
B, TR T L2 8RR GRYCGEEIL) » B 7 B 5 HOR R & TR 5 N H

%
He o

2. TRESEBRPZN (R>F200F)

T 20 A IR A F OIIB65 R A Eakscierh, L “TZREHAL” GheH TR
A “NEHRETZRER « AMRETRTZNMES, BFUTHE:
BRI T RGP RS W A TRER, BEwaR A 528 TE, BRI ESH
K e s

BAFIF R FAMatlabdi SRE?, PR “HAWA TR LZSHHERZRMVL 07, KIS
BREHE 5 T EmAL

S it 5 IRAEE BN G 25 UMAT BR 2 R REAT /N SRR B (10 Tl TRk, K26
HERE R IR SR R A B A R A

FARAIE: WX EEE A TE AR R e, RIS ES, WIRREAG
(Zimb 2 R EEHME) 25K,

SCEHYIA], SRR AR, SCR AL EPRE ROy “ILF5 7 o

3. FESLPr TAE P R A AT MIRRRE R TRERERHES CR2F10007)

PRI R S TR A B 2B S R 2 T e AR, A e AR T R 2 AT BR A Rl AT T
NI —FRE g, 257 “NEHARETZAATERAL” HH. EX—Fd, AR
TRV B, AR SCER P SR G IE P A AR, o 7 R TR R, RS T
A DU AR R i Bk g ik

— BHBE RSP

NEE BN E A AR EE e —, HAE P TR T3S i B . BRACAE ™ A
HAEEZ . M, RgEr TEFER A NI AR sR RS M, BRI 124
PRRCR ISR . R, AR RGeS NIRRT E AT AR T, DB R T
AT R AR E 1

FAETH BIAR— 51, B2 &AH T TR T2 R RAETT L TAE . XRS5 A E R IR
NERET I LR R BANRS i, 0T BRI P A AR, a5 e sebafiol, e HIsenl 171
AR5

T CREIEHI A AR DR ]

FETHRLZATERP RS, Rl 72k &%k, WEERAN VR T E LT

3




SR BARE i1, DMEHE B AR R A, KRB T REASCHEEM IR, 2]
T TRLZHHERFIR, IR TR K B Tk

HR, BEEHE THRLZMWEZESY. HTEETATRLZY RSN, WiRE. &
Jiv AR, RESHE R BRI TRECRA iR . 8 TR BIREN LTZSH,
PIEAT T RER SRR BT 28, 3L 7 A TR AR S HOSCR B e . Ak
Shk b, BRI HMatlabB S TRERS, IRIEZGMIRFEM TR ESR, R HRILN T ZS
HE .

BNk, T T E R SR . JETHE LB HIZGHUCE IR A B HEAT TN SRR E
A TR, ok VB A TR S EL JFREE TIRER TR .l A
SHCPITERRCR, Bt —PRAIE 1 IR T E 800 & B 2

FERE | TR L ZZ8)5, e Tt 7 HAR T 22 WAl Ja M R TAF. XaHER R A
V TEEATI . RS RN E . 8 XA AT, AR A Al A TR o
HIRZI, B DR T T 2 REE 9 A2 24 it o B A v

=, BREME

S —FR% ), WAL T B AR T ZS MR, JFIT K 7 AR T
SN o RAEATF IR T AR HIAM AL E RS RERT R R, DA Rl R TR 28 5 e

FE [T H B AT, BRZIA 2 2 7 E8 618 F P A R R AR ok 52205 TR ) RO A B 21
WS, BAMIUE T ER AR, s T U KR AL R R SE PR R RE T . A
s FAVRE] T B AP ERI QB RS e R o S o TR b B S . A AR bt 2 TR
VIFC & AHELSCHE, A RERs ol s R TR A, UG B 2R 1

B, RIS iR HE . AR & T H O E IR S, s
TR SE bR TAR P £ I8 T AR R R R o TAE DR, AR, FEARRABOLAEJE,
PR 2R B R AmIX Mo, DAL AR S SR BTk .




(=) BEKNEST RERME) [BREGH, FURZEHEMF (BERERIBI. BIRMEE. €5

W REUEH R ESLTOCHEE . AVIERS) giss, HFRESaHE—4]

1

AFFRERFME [RIRE. SRR, KSR, ST TR FERT.

R, Fhrig ]

D gl . X ., AN
— b, R (| PORMBL TSR
JRAR A TR RO | etk | BBUIR | SRR T A
fERL bR, THk #E | sEpfa)s | signg e | T
R e ] #
Development of a
QAMSAnalysis Method
for Industrial
B 2024409 i
Lanolin Alcohol Based [ B B 11 220 Separation 1/4
on the Concept of S
Analytical Quality
by Design
. o . HiE5: 20
— Pl A B ) 3l . \ 20244£03
e H 1| i
Kl KL R Ho5H 2410220253 2/5

2. HARERAE [ERFS EHREMATE . RERRNAEARE . SVEREERERTR.
ERR BRI BERAENL. BORIRG . BOHEIAR. BWRER ARG AT ARG Rt
K. MIBRRRE . TELR. SRFNEM . #E3mR R R ERER KBS A5

%1




(=) ERJARRE. TN LERIIZ R AARIOHRFIL

R GG O IR A D E T RS: 86 77

F b S BRI ZRI [6] e 2% N i
s — , FibmE: 1 F CERIFE L)
L (BT = ULk RS, 84 )

TAFZ I ER)
ANKE

MAFEH: N ERFUERBIARSLEY, WHER, BARE-TITME
, FRILFEHEA!

ST LSl c Y




L 1B05S 1Y

=, HERUSZTINRRBRMNEZATRER

A5 A B ST R 5 AR T T AR By
igﬁ% 2% Oaw Ok Ofek (S50

%ﬁ%@%@iﬁ&zﬁﬁ@ﬁ%@@§$<ﬁﬁ>fahz :

TR VP B AR E, AR R Ot A BT B CERrRRE .
sy | SENGHFRAR . SE000. REEFNR) | IHHFAERIEHE
s | EEBERATALFA TR, AFARERNT:

8 s OF@EE (BEER: )

TS EE AT ERET (A £ H H




WL K ¥ OB A A B
B - S G o st e

5. 22260512 e FFHRAT - FIAREH R & |%K%: TSk B AYEES il 2. 54
el ARSI 24. 0% 4 TIRTF: 26.0%:4 ANFEH: 2022-09 B H:
FALER S EIER S BT AL

&S] (8] WEAR | 0| S | RARMER 23] B[] TRIEAR [ gt | BARMER
2022-2023% FEHFELEY |EHALERS® 2.0 90 FAEIEIR  |2022-2023 4R H M | 45 G TARSE B 2.0] 94 b AR
2022-2023 % FKFEEH | TREAR GG 1.5 80 LAVFEAIR  |2022-2023 2 F H M | “PUsh” LR L0o| 84 AR
2022-2023% K FEXH (B A EiFaiteE ORRE LR 2.0 92 Bl AR |2022-2023 % F H B [IEHERAR Lo| @d | AR
2022-2023%F SRR M (BRI HIME R Seit A 3.0 73 FAAER  |2022-2023 ¢ FREXH |FTALRNEERS .0l 90 F ik ER
2022-2023 % FF A F W [P BAR R BT 1.5 94 B AR [2023-2024 % FEHFFEM | FFAERIEERRE L0 %z NFREEALIR
2022-2023 8GR E M | TR0 2.0 82 LAPEALR  |2023-2024 FFEEL (HIARUERE 2.0 %5 Ty F AR
2022-2023 % FEHFE Y] | ARPHEEMIE 1.0 92 Lol AR B RE 2.0 &g
20222023 FFE ¥ b TAR AR SE B 3.0 88 Bk ZAL TR
Y LPARAERER=FTE: B, WS Gad. Nl , HEH (k. By . F R G B

Bk BRAR) o BRI : KB
2. & “x” RREBIRE, FTENAH: 2025-03-20




I_J,II separations

Article

Development of a QAMS Analysis Method for Industrial
Lanolin Alcohol Based on the Concept of Analytical Quality

by Design

Kaidierya Abudureheman "2-3%, Qinglin Wang ', Hao Zhang % and Xingchu Gong 1-5*

check for
updates

Citation: Abudureheman, K.; Wang,
Q.; Zhang, H.; Gong, X. Development
of a QAMS Analysis Method for
Industrial Lanolin Alcohol Based on
the Concept of Analytical Quality by
Design. Separations 2024, 11, 276.
https://doi.org/10.3390/
separations11090276

Academic Editor: Makoto Tsunoda

Received: 10 August 2024
Revised: 19 September 2024
Accepted: 20 September 2024
Published: 22 September 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Pharmaceutical Informatics Institute, College of Pharmaceutical Sciences, Zhejiang University,
Hangzhou 310058, China; 22260512@zju.edu.cn (K.A.); 12419009@zju.edu.cn (Q.W.)

Polytechnic Institute, Zhejiang University, Hangzhou 310015, China

State Key Laboratory of Chinese Medicine Modernization, Innovation Center of Yangtze River Delta,
Zhejiang University, Jiaxing 314102, China

Nowi Biotechnology Co., Ltd., Ji’an 343000, China; hao_zhang@nowibiotech.com

Jinhua Institute of Zhejiang University, Jinhua 321016, China

Correspondence: gongxingchu@zju.edu.cn; Tel.: +86-571-88208426

These authors contributed equally to this work.

[N w

*

Abstract: The Analytical Quality by Design (AQbD) concept was adopted to establish a quantitative
analysis of multi-components with a single marker (QAMS) method for industrial lanolin alcohol, tar-
geting cholesterol, lanosterol, and 24,25-dihydrolanosterol. The potential critical method parameters
(CMPs) were identified as column temperature, flow rate, and gradient. Definitive screening design
and statistical modeling were employed to optimize the gradient conditions of the mobile phase,
column temperature, and flow rate. The Method Operable Design Region (MODR) was determined
using a risk-based quantification approach. The robustness was assessed using a Plackett-Burman
experimental design, followed by methodological validation. Optimal analytical conditions were
as follows: acetonitrile (B)—water (A) mobile phase system; flow rate of 1.58 mL/min; detection
wavelength of 205 nm; injection volume of 10 pL; and column temperature of 37 °C. A gradient
elution program was implemented as follows: 0-19.0 min, 90.5% B; 19.0-25.0 min, 90.5-100% B;
and 25.0-55.0 min, 100% B. Cholesterol served as an internal standard for quantifying lanosterol
and 24,25-dihydrolanosterol, with relative correction factors of 0.4227 and 0.8228, respectively. This
analytical method utilized only the cholesterol reference substance as an internal standard to quantify
the content of cholesterol, lanosterol, and 24,25-dihydrolanosterol in industrial lanolin alcohol. It
reduced the testing costs and enhanced efficiency, making it potentially suitable for widespread
adoption in lanolin alcohol processing industries.

Keywords: AQbD; HPLC; definitive screening design; Plackett—-Burman design; MODR; cholesterol;
lanosterol; 24,25-dihydrolanosterol

1. Introduction

Industrial lanolin alcohol, also known as industrial wool wax alcohol, is derived
from lanolin through saponification and various separation processes [1]. Key chemical
components of industrial lanolin alcohol include cholesterol (molecular formula Cy7Hy60),
lanosterol (molecular formula C3yHs00), and 24,25-dihydrolanosterol (molecular formula
C30Hs5,0) [2], as depicted in Figure 1. All three feature a tetracyclic structure. Cholesterol
is a steroid compound [3], while lanosterol and 24,25-dihydrolanosterol are tetracyclic
triterpenoid compounds differing by only one double bond in their side chains [4].
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