2022 4 6 1 & 1% Vol.40 No.6
June 2022 Chinese Journal of Chromatography 556 ~564

5T L DOI: 10.3724/SP.J.1123.2021.11022

TEE WREST T — I T Ui0-66-NH, @ 214k K &2 6 eI 155 7 S50 1 AR 2E OG0T 75 122, 5 e s80B0HE G5 v 106
FHF A b PG IR AR AR, S 7 4k 3 EA TSR E RS (9 T BB AL , SR J5 5 W R D) RE Ak 14 £F 4 Kl 1 38T
12 UiO-66-NH, JERE A BERE . 502 A SR MEAF Ry 1R A A 02 568 700 0 B, 5 e 86 R T B2 40 i
B AR R VR R T B BFFE R4S BT A Ui0-66-NH, @ £F 4k 5 52 AR AT T X-S R R At
I EE ZIAMEREAN N, WIS RAE , 45 5 B 7R Ui0-66-NH, B s TS i fLiE o, g R BRI T
Ui0-66-NH, Z J5 HALIAS5 AR F H L R, OFefife T2 & B UiO-66-NH, 1Y £ 48 i % %%
RS2 e BB B 3 AT R T PR IR AR (14 & 4, O HL i i 0 3Rk 50% . WFSE D46 1 5 M v IR I i SRk
RIS, ARV TR pH  ZEI (] PEME RIS PRBiad i) LEB A TRRES FoR . SR L HE( Zorbax Eclipse
Plus C18 3 H: (150 mmx4. 6 mm, 5 pm) #4745, LLE 0. 1 mol/L = Z B iR b /K % i (pH = 6. 50) - £ I
(30:70, v/v) AHSHIAHPEATURME , M Ry 292 nm, FERAERIAEBZEAE T (pH 2~ 9. 0, K BUR ] 4 60 min, 55
TR G B BEBAR R R 3%2 mL, BEMEA )4 40 min) |, %438 7 iR A P B A 10~2 000 ng/mL (#156 R % R
=0.9949) KB FR(LOD, S/N=3)} 2. 85 ng/mL, &4 K 74 59. 17, Ky v HF 0 ekt it v 75 b A A 19 A L
TS R 74. 93% ~89. 12% , FEXTARIEMR 22 K 2. 8% ~ 5. 3% , FEH] T J5 12 114 IR ig ke 85 8 R4, A T 3207
HLA N TR b v IR AE B F R A 7

KRR . AR O ; BEAH AR £ TR A DURESE ; 47 2 32 BRI ; P Hb IR 5 DRtk b

hESEKES.0658 XREFRIAES A X E S 1000-8713(2022) 06-0556-09

Abstract . Sildenafil is a prescription drug used to treat pulmonary hypertension and erectile

dysfunction. However, the illegal addition of sildenafil to health supplements may be hazardous
to human health. Therefore, it is imperative to develop a method for the detection of sildenafil
in health products. Solid-phase extraction ( SPE) is typically used for the separation, purifica-
tion, and enrichment of samples, with the aim of reducing the matrix interference of the
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samples and improving the detection sensitivity. SPE is widely employed in the detection of
trace compounds in complex samples. Metal-organic frameworks ( MOFs) are hybrid crystalline
materials composed of metal ions and organic ligands. MOFs offer the advantages of a large
specific surface area, permanent nanopores, good stability, and pore controllability. Owing to
their advantages, researchers have attempted to use MOFs for SPE; however, it is difficult to
collect MOF's in the powder form when they are directly used in SPE, necessitating the use of a
substrate material to fix the MOFs. Hence, this study proposes a novel SPE method with high
sensitivity that employs a UiO-66-NH, @ cellulose hybrid aerogel, for the detection of sildenafil
in health products. First, UiO-66-NH, was synthesized by a hydrothermal method. Cellulose
nanocrystal (CNC) was modified with an aldehyde group to obtain CNC-CHO, and carboxym-
ethyl cellulose (CMC) was modified with a hydrazide group to obtain CMC-NHNH,. Subse-
quently, UiO-66-NH, was added to the CNC-CHO solution, mixed with the CMC-NHNH, solu-
tion, and then crosslinked to load UiO-66-NH, and form a hybrid aerogel as a bulk adsorbent.
This bulk hybrid aerogel could be collected easily without extra force for use in SPE. The syn-
thesized hybrid aerogel was characterized by X-ray powder diffraction, scanning electron
microscopy, Fourier transform-infrared ( FT-IR) spectroscopy, and nitrogen gas adsorption/
desorption. The results showed that UiO-66-NH, was successfully loaded on the pore surface of
the hybrid aerogel, which made the pore of aerogel become more regular and a larger surface
area. Investigation of the loading amount of UiO-66-NH, in the hybrid aerogel revealed that a
higher amount of UiO-66-NH, could yield better extraction efficiency. The highest amount of
UiO-66-NH, that could be loaded in the hybrid aerogel was 50%. The experimental conditions
affecting the enrichment of sildenafil were optimized, and determined to be the following: pH
of the sample, 9. 0; extraction time, 60 min; eluent, acetonitrile; elution time, 40 min; elution
volume, 3x2 mL; salt ion concentration, 0. Separation was performed on an Agilent Zorbax
Eclipse Plus C18 column (150 mmx4.6 mm, 5 pm) with a phosphate solution containing 0. 1
mol/L triethylamine (pH=6.50)-acetonitrile (30:70, v/v) as the mobile phase. The detection
wavelength was set at 292 nm. Under the optimal conditions, the UiO-66-NH, @ cellulose hybrid
aerogel was used as an adsorbent to extract sildenafil in different concentrations. The peak area
was proportional to the sildenafil concentration in the range of 10-2 000 ng/mL, with limit of
detection (LOD, S/N=3) of 2. 85 ng/mL and enrichment factor of 59. 17. The correlation coef-
ficient (R*) was 0.995 0. Compared to previous preconcentration methods for sildenafil, this
method offered a wider linear range. Five batches of hybrid aerogels were simultaneously pre-
pared under the same conditions and used to extract sildenafil; the relative standard deviation
(RSD, n=3) was 1.71%, indicating that the prepared hybrid aerogels offered good reproduc-
ibility. The used composite aerogels were freeze-dried again and reused to extract sildenafil ; the
recovery was still maintained at 85. 23% after five extraction cycles, indicating that the UiO-66-
NH, @ cellulose hybrid aerogel had good regeneration ability. The feasibility of the developed

method was verified by analyzing five health products. The results demonstrated the presence of
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3.01 pg/g sildenafil in one of the products and no sildenafil in the others. The recoveries of this
SPE method ranged from 74.93% to 89. 12%, with RSDs in the range of 2. 8% —5. 3%, proving

the feasibility of this analytical method.

Key words: high performance liquid chromatography ( HPLC) ; solid-phase extraction (SPE) ;

metal-organic frameworks (MOFs) ; cellulose aerogel; sildenafil; health products
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Fig. 6 Effects of (a) pH of solution, (b) extraction time, (c) type of eluents, (d) elution time, (e) volume
of eluents, and (f) ion strengths on the peak areas of the sildenafil (200 ng/mL) (n=3)
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Table 1 Comparison of the proposed method with other reported methods

Linear
Pre-concentration Material Detector  range/ LoD/ Applications Ref.
method (ng/mL)
(ng/mL)

Magnetic solid-phase extraction Fe;0,@ molecular imprinted polymer DAD 5-250 9.49  herbal medicine [10]
Magnetic solid-phase extraction Citric acid@ Fe;0, QTOF 0.5-25 0.14  urine and plasma [11]
Magnetic solid-phase extraction Fe;0,@ nano diamond@ graphene oxide DAD 5-250 2.2 herbal products [25]
Liquid-liquid extraction Ethyl acetate/hexane Uv 10-1500 5.0 rat plasma [26]
Solid-phase extraction Phenyl sorbent uv 0.2-20.0 0.066 urine [27]
Solid- phase extraction UiO-66-NH, @ cellulose aerogel DAD 10-2000 2.85  health products  this work
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Fig. 7 Chromatograms of the sildenafil (200 ng/mL)
standard solutions (a) before and (b) after ex-
traction, and (c) the positive health product

*2 RESKPAMABIENNELR
Table 2 Analytical results of sildenafil in health products

Added/ Found/  Recovery/ RSD
Sample
(ng/’g) (pg/g) % (n=3)/%

Health product 1 0 - - _
5 3.99 79.86 5.30
50 42.46 84.92 1.80

Health product 2 0 - - _
5 3.76 75.13 4.66
50 42.59 85.18 3.79

Health product 3 0 - - -
5 3.81 76.2 3.29
50 43.60 87.20 2.84
Health product 4 3.01 - 3.18
5 7.06 80.6 5.16
50 47.56 89.12 3.00

Health product 5 0 - - -
5 3.75 74.93 4.96
50 43.67 87.34 2.98

—. not detected.
3 it
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