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Determination of sex-enhancing drugs illegally added in health
care products by TLC-NIRS combined technology
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Abstract: To establish the detection model of sex-enhancing drugs illegally added by the thin layer chromatography ( TLC)
and near-infrared spectroscopy ( NIRS) combined technology, for the rapid qualitative and quantitative analysis of drugs ille-
gally added in health care products. With the content of chemical drugs in health care products determined by HPLC method
as a reference value. TLC was used in the study. Trichloromethane-methyl alcohol-ammonium hydroxide (10:1:0.1) was
used as developing solvent and the plate was detected under ultraviolet lamp. The NIR spectrum of chemical component spots
on TLC were collected by NIRS. The rapid qualitative and quantitative model of chemical drugs was established by using the
partial least squares regression analysis ( PLS) combined with cross validation method. And validated for model. Established
the HPLC analysis method with better separation degree and wide linear range. Established the TLC-NIRS analysis models of
sildenafil and noracetildenafil with wide linear range, and the better stable and predicted results. The correlation coefficient

(R*) ,the root mean square error of calibration validation (RMSECV) and the root mean square error of prediction ( RM-
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SEP) were 0.984,0.085 and 0.081;0.982,0.098 and 0. 087, respectively. Using the TLC-NIRS model,9 batches of in 10

batches of sex-enhancing products were detected to be added sildenafil and an unqualified rate of 90% , the average relative

deviation of the content of sildenafil and noracetildenafil of predicted were 1.86% ,1.96% ,respectively. The results showed that the

TLC-NIRS analysis models can be used for above chemical components rapid determination in sex-enhancing products. The method

with specific and simple. Which provided the ideas for rapid determination of added illegally drugs in health care products.

Key words: health care products;added illegally ; TLC-NIRS ; HPLC ; sex-enhancing product
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Fig. 1 Structures of sex-enhancing chemical drugs
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Fig. 2 The TLC of sex-enhancing products
1 IRLARAR ;2. PEHIARAR ;3 ~ 12. AE 5L A T . Note: 1. Noracetildenafil ;2. Sildenafil ;3-12. Sample solution.
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Table 1  Determination results of substances illegally added in 10 sex-enhancing products (n =3)

FE TR Ik o
Sample Manufacturer Sample weight Content( mg/time )
N [iF R RAEL Y| 1 x0.88 /% 50.78 £ 1.15
R L s A 2x0.38 g/ 118.89 = 1.86
R R AL [if: A 1 x0.50 g/ 36.02 + 1.01
88 ] S A MR E LAY 2 x1.60 g/ ki 77.27 + 1.26
it 2 WY 1 x0.98 g/ 77.48 + 1.31
Wy Sy TR Y 1 x1.68 g/ki 52.48 = 1.14
AR USA Habitat 2 x0.20 g/ 5.76 + 0.72
A B} s A A 2 x0.50 g/ 51.20 + 1.13
R PUZEFH25 ) 2 x0.50 g/ 123.23 + 2.02
v =L IPNiE ] % BH AR 2 x0.30 g/# Not detected
A mv
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0 T T T T T
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50 26
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— = 54
25— = = S3
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,S:l
0 = : : : : -
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3 10 FERigEmR HPLC BiEE
Fig. 3 HPLC of 10 sex-enhancing products
A REXT A B 28 A (S0) 5k (S1 ~S10) , Note: A. Mixed reference substances ; B. Blank (S0) and samples (S1-S10).
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Fig. 4 Original NIR spectra of chemical drugs
AL TEHARAE B, ARLLHIBE s C. 25 LS . Note: A. Sildenafil ; B. Noracetildenafil ; C. Blank silica gel.
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Table 2 Results of spectral pretreatment

T Hé’ NP |_4
Reference substance

T4k 7%

Pretreatment method

FIHEL

Misjudgment number

PEHBIIRAE Sildenafil MSC +SD + VN + SP 3
MSC +FD + VN +SP 7

MSC +SD +SP 8

MSC +FD +SP 9

MSC + VN +SP 10

HRLLHu AR AR Noracetildenafil MSC + FD +SP 4
MSC + 8D + VN + SP 8

MSC + FD + VN + SP 8

MSC +SD +SP 9

MSC + VN + SP 11

(95% ~99.999 9% ) , &4 OPUS B AFff Ak Je 52 1.
RPN, L5 %5 I8 o LIS X B3R T7

V%, LA 100% SUNSS RO H S48 bR, I & AR UEFT A R
Th g vE— L PR ¢ uniquely identified” (JLFR 3)

R3 MERBLE

Table 3 Optimization model of data

E— 50 TEIX e

WHIE s

ﬂE =i ) N
R fXT T r}:: Uniquely Select band Calculation ~ Smoothing P lﬁlﬁiiﬂ?‘fffth d
elerence substance identified ( % ) (em™) method point retreatment metho
PaHBARAE 7482.6~6819.2;6132.7 ~5581.1;
Sildenafil 100% 55001 ~4 643.8 FC(14) 17 MSC +SD + VN
B L1 AR A 100% 7 621.5 ~6 803.8;6259.9 ~5 608.1; STD 5 VISC 4 FD

5527.1~4686.3

Noracetildenafil
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A0 B BE OGS B 10 s NIRS El3E . R H
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Fig. 5

Influence of different concentration of sildenafil and noracetildenafil on the TLC-NIRS

7 : A. Sildenafil ;a. 0. 525 pg/pL.b. 1.050 pg/pl.c.2.625 pg/plL.d.5.250 pg/pL e. 10.50 pg/pL f.26.25 pe/pL;B. Noracetildenafil ;
a.0.515 pg/pl b.1.030 ug/pl.c.2.575 pg/pL.d.5.150 pg/pl.e.25.75 pug/ulL.

2.5.3 NIRS 9 R&E 542

NIRS [y R £ [F] “2. 47 & PR R I T, >R H
OPUS #A4FX} L& NIRS #E4 7 Fl gb 2 Sk i Be X [1]
EPE S OLAL R Bk #F . 38 ad fi fe /> —3fe i
(partial least square , PLS) F138 X A6 56 v 43 il @t 57 4
AN IR E AL DLk E 2R %K (correlation coef-
ficient,R*) . B ilF #) 77 2% ( root mean square error of

cross-validation , RMSECV ) 14 X 43 #1i% 22 (RPD)
N BRI BB AT . — A R®
FEIT 1, RMSECV /) , A5 F oy 25 70 00 204 SR it
4,24 RPD >2.5, JlIA Ay fifr A A ] LAt 2 53 A 22
RO PR ARLLHARAR S A B K e
TR I (R 4) .

R4 TRBAEF ESHIEX R ER A R0

Table 4  Effects of different spectra pretreatments and spectral section on the models

X HE A B A R T5 1% T X N “
Reference Pretreatment Select band EHTH R? RMSECV RPD
1 Factor number
substance method (em™)
P AR R MMN 7 501.7 ~5350.63;4 701.0 ~4 404.0 10 0.984 0.085 2.633
Sildenafil
MMN 5453.8 ~4597.6 7 0.815 0.135 1.91
VN 7501.9 ~4597.6 6 0.782 0.136 1.85
z
ﬁlﬁlﬂﬁﬂlﬁﬁ COE 7 501.9 ~5450.6;4 601.0 ~4 414.0 7 0.982 0.098 2.820
Noracetildenafil
COE 5152.7 ~4 415.0 5 0.816 0.141 1.86
MMN 7 501.9 ~4 420.0 6 0.756 0.151 1.67
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2.5.4 ZEHAES
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PR A ST P PR 2 A 2 25 ) 0 = A AT R AL, Horp
PE AR A AR £ s AR Al B A9 R 4351k 0. 984
0.982, 4k F 0. 85; H RMSECV 4y % 0. 085,
0. 098 , 44 4% [ 452 74 it A% 5t A8 Ak 1) e /ML, HEDY I
TSRS A B TN RE 1 o R T K56 T A

TR B TIOR8 UE At R I A~ B o3 BEA T T
PO, 45 R s P (RS S 2 A R R et
KR AR 6, UilIn] Ll it TLC-NIRS A6 7%}
DR AN IS A5 P A~ 245 W R4 R S R
£ BT () T S R R* . RMSECV Kz RMSEP #5475
(W#%s5),

75 FIHARE 4T
300.004 .- ~ | AP TR
é Sildenafil = 300907 Noracetildenafil
2 1 =
= / 2 F
% 2 SRR — 2 IECalibration il ) 200.00 7 2 1ECalibration
=8 — PR Test 2 — K Test
o A N N /
5 Rcal=0.984 RMSECV=0.085 & o Rcal=0982 RMSECV=0.098
B R'Test=0.982 RMSEP=0.081 i R*Test=0.996 RMSEP=0.087
& 0.004 : : : = 0,004 T ——
0.00 100.00 200.00 300.00 0.00 100.00 200.00 300.00
S Actual value  (ug/ul) S {E Actual value  (ug/ul)
Bo6 RERPUFZWA TLC-NIRS E SR NRE
Fig. 6 TLC-NIRS quantitative model of chemical drugs in health products
x5 RERPUFHYWREM TLC-NIRS K IEE
Table 5 TLC-NIRS quantitative model of chemical drugs in health products
T 53 T 2 . .
Predicted ingredient Predicted range( pg/pl) R RMSECY (%) RMSEP(% )
ﬁf@}m:”: 5.25~262.5 0.984 0.085 0.081
Sildenafil
PR 51 E 1S
Noracetildenafil 5.15~257.5 0.982 0.098 0.087

2.5.5 RBRABIEL F A

FI IR R0 % 10 H A (EeRE 5L oF 10 it
A i AR L IR A A i 11E 4T R 3 . TLC-NIRS A7
M Z5 S5 HPLC 5 3t I 25 S AH — 2, P9 ke
SARLT M AR A A 50 1 0 S0 22 TR] 64 R 3 5

0.982.0.996 (VL& 6) s 23158 9 HL PR A A & T3]
AR 254 1. 86% , 10 4tk [ IR LT Hb AR IE
it FIUIAE -S4 A G i 2524 1. 96% |, 3 B 455 U 3
MEE R AR AT RE (LK 6) .

F6 10 HMERIERAY TLC-NIRS #EEFNE
Table 6 TLC-NIRS predicted values of 10 sex-enhancing products

o SENE T 2N 2= A 22 Y AE X 2
s uul Actual value Predicted value Absolute deviation Relative Mean relative
ampie ('mg/time) ('mg/time) (mg/time) deviation ( % ) deviation( % )
SR AN 50.78 52.36 1.58 1.53 1.86
L REGEA L 118.89 127 8.11 3.30
R R 36.02 33.06 2.96 4.28
6] 5 Ao 77.27 79.35 2.08 1.33
R 5 A 77.48 78.02 0.54 0.34
LYGAR L 52.48 54.01 1.53 1.44
A 5.76 6.06 0.30 2.51
A S 51.20 53.26 2.06 1.97
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2:5% 6 ( Continued Tab. 6)

i A i‘_ﬁiiﬂ!ﬂ{ﬁ 2@X~Wﬁﬁ§ _ ?FEXWE% %i’ﬁﬁxwﬁ_ﬁi
Sample Actual -value Predlcte(‘i value Absolute <_lev1auon fA{eAlatlve Mefaln‘relatlve
('mg/time) ('mg/time) ('mg/time) deviation( % ) deviation (% )
2 5 123.23 123.39 0.16 0.07
PR B R M A F A Hy (Not detected )
FOR R (A 25.75 23.35 2.40 4.89 1.96
HORE LR (EH) 25.75 27.86 2.11 3.94
HORFELERCR (AR 25.75 26.76 1.01 1.92
HORF LR (F D) 25.75 26.86 1.11 2.11
HORE LR (E ) 38.63 39.35 0.73 0.93
BORFELERCR (A D) 38.63 36.91 1.72 2.27 -
HOR LR (F D) 38.63 38.80 0.17 0.23
ERE O R (A H) 51.50 52.01 0.51 0.49
FoRG L R (E ) 51.50 50.36 1.14 1.12
HOR LR CH D) 51.50 53.33 1.83 1.75
3 g PRy it TSR 26 AL 25 HOR W U L A AR i H. 2 4R

AHEFE B AN TLC-NIRS B H AR, J& A
TLC N Z ML G n bk , A SR
PESRAEGEAL . TLC SRS AL IR A 1 23 K, X
AIBETA N B AE Al 2 25 ) n] e A [ $ O 7], AR
Y19 JRE G AN ) T 57 i DR AN TR X NIRS 1) 52
Wi s TLC ATEE A4 LS 22, I SR A iR SR BEIE 55
JEEJT SRV T e AN ) B P 3701 , LA AN [ o 26 1 2 Bl
GBI o (R, 3 AT ISR A [R] 1) T 2 4
AR RTF, LA B (69 43 B AR, AT LAAR G
2 NIRS SREAY 25915 B HERI R . NIRS 2
AT LEAR SRR PR T AL 2 , AT A T8 2B
P S PR L RSO A T A A
MERANE T TLC-NIRS B I A, I % b 77 12 ik
17 RGOk 58, AL T IRMER h i inid sk ik
A2V HUIRAE AR AR PR 5 1 R o i
LU TSR AT R R I S PR, S PR R T LA
BUF PN DA At 2 5 A5 N o i AR 2 25, 4
W IE 38 100% 5 5 455 R0 AT DURSHE R /Y T30 3 75
TP AR FARLL AR B 5 i, 5 R S 5
A3k 5.25 ~262.5 .5.15 ~257.5 pg/pl, 7E 10
ity 0000 235 2R T S8 20 X i 22 0 0 O 1. 86%
1.96% , FLTIN 44 2438 BB UF A8, | REAE T 2 52
BROkr i 22, #E SEBR TAF rf i F TLC-NIRS 1% H
ORBEAR Z A Ik 0 e s 2500 24 P IR AR k£
fidtdh

ABIETE 2 HARAE AL 251 A A SE X &, INAE

5 RRET FE BB X4 edh, ek
TR-EAb 25 22 1k 31 190300 k21, A %% 5] 4 R 50 ~ 100
mgy/ YK, H 318 0 2 AR 4 ™ B A A 0
AP S KU . SR A TLC-NIRS 4575 i)
PEAR (a5 PR IR IR AR 25 B — E i Al ATk
R ME

ASCH ] HRTSEEF- & BB BT HAR KA
TRUEATAL AR, B 2 92 b 24 6 rf B ARG i 2
o FFE M TLC-NIRS B FH 45 A, 76 4 4 1 i A
FEAL RSN TE AERR E L HR R RS
AR o R A DR A T LA AR A B FH R B
LI FH AR 7 BRE 5 52 B9 0 IF & TLC-NIRS
PR A AR T RL AR

S 30k

1 Conroy DM, Gan C, Errmann A et al. Fortifying wellbeing:
How Chinese consumers and doctors navigate the role of

functional foods[ J]. Appetite,2021,12:105296.

2 Chen HZ, Gong JH. Innovating the concept of drug supervi-

sion and sampling inspection to crack down on illegal activi-
ties of illegally adding chemical substances in traditional
Chinese medicine preparations[ J]. Qilu Pharm Affairs( 554
24§5) ,2009,28:324-326.

3 Li K,Guo CC,Shi F,et al. Research progress in determina-

tion technologies for adulterated phosphodiesterase-5 ( PDE-
5) inhibitors and their analogue in invigorant herbal medi-

cines and dietary supplements[ J]. Chin J Pharm Anal (254



Vol. 33

K37 7545 : TLC-NIRS 5 IS AR P A PR A i oh AR i A0 P A2 A2 25 AT 5

1581

10

ArprZei) ,2018,38:566-574.

Xu S, Jin PF,Xu QL, et al. Advances in the chemical sub-
stances illegally adulterated in traditional Chinese medicines
and health foods[J]. Chin J New Drugs ( 1 E 244 &) ,
2015,24 .1843-1850.

Magdalene HY , Tang Sammy PL, Chen Sau W, et al. Case se-
ries on a diversity of illicit weight-reducing agents: from the
well known to the unexpected [ J]. British J Clin Pharm,
2011,71:250-253.

Kojima A,Sato Y,Chiba T,et al. Notable adverse events as-
sociated with concomitant use of health foods and drugs de-
rived from the analysis of HFNet data on the safety and effec-
tiveness ofhealth foods[ J]. J Food Hyg Soc Jpn,2018,59
(2) :80-88.

Zhang YF,Zhou J,Ren Z et al,Test of thirteen red pigments
in Carthami Flos and Stigma Croci by TLC and HPLC-DAD
[J]. Chin J Pharm Anal (Z5#)53#rZ%i&) ,2020,40 . 1624-
1631.

He CL,Bai YQ, Lei L], et al. Determination of four compo-
nents in Mongolian Medicine Sanzisan by quantitative analy-
sis of multi-components via single marker method [ J]. Nat
Prod Res Dev( KX F=#5t 57 %) ,2017,29 :805-809.
Ding BY, Tu JH, Xue LB, et al. Rapid determination of 34
chemicals illegally added into Chinese patent medicines and
health foods with blood pressure lowering function by UPLC-
MS/MS[ J]. Chin Tradit Herb Drugs ( 135 24) ,2015,46.;
688-696.

Li T,Zhu XH, Lin F. GC-MS determination of chemical drugs
added illegally in Chinese patent medicine and health food
[J]. Chin J Pharm Anal ( 5% Z4&) ,2010,30.2212-
2215.

11

12

13

14

15

16

17

18

Wu GP,Zhou YH, Cao CX, et al. Detection of pioglitazone
and rosigitazone illegally added in health carefoodstuffs by
nano-gold surface-enhanced[ J|. Phys Test Chem Anal ( Part
B:Chem Anal) ( #E 1k 45 45-1k 2% 3 1) , 2019, 55 1211-
1223.

Wang Y,Zhu RH, Chen H. Thin layer chromatography and its
development[ J]. Univ Chem( K2£46%%) ,2006,10(3) ;34-
40.

Kang TG. TLC Identification of Chinese Patent Medicines ( #
RG22 0 3% % 50) [ M]. Beijing:; People’s Medical Pub-
lishing House, 1995 :56-60.

Liu JX. Modern Near Infrared Spectroscopy Analysis Tech-
nology ( BRI £1 48 635 43 12 A ) [ M]. Beijing: Science
Press (FF2# i) ,2008 :102-106.

Bai G,Ding GY,Hou YY,et al. Rapid identification and e-
valuation of Chinese materia medica quality by near infrared
spectroscopy[ J ]. China J Chin Mater Med ( " [& H 24 2%
%) ,2016,41.:3501-3505.

Vesela AK,Barros AS,Synytsya A, et al. Infrared spectrosco-
py and outer product analysis for quantification of fat, nitro-
gen, and moisture of cocoa powder [ J]. Anal Chim Acta,
2007,601(1) :77-86.

Agussabti A, Rahmaddiansyah A, Satriyo P, et al. Data analy-
sis on near infrared spectroscopy as a part of technology a-
doption for cocoa farmer in Aceh Province, Indonesia[ ] ].
Data Brief,2020,29.105251.

Li YY,Xu SM, Zhou WZ, et al. Bioequivalence of two kinds
of sildenafil tablets inhealthy volunteers [ J ]. Chin J New
Drugs Clin Rem ( " [# 245 5 Ifi IR 2% i) , 2020,39 (2) ;
102-107.

B AT SER LS ERTNFERE IR R T BRI EG





