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Abstract

Background: Schisandra chinensis is a traditional Chinese medicine and is widely consumed as a health food due to its
immune-enhancing properties. However, limited research has been done on its nutrient composition.

Obijectives: In this study, liquid chromatography-tandem triple quadrupole mass spectrometry (LC-QTRAP-MS/MS) was
developed for quantitative analysis of nucleosides, nucleobases (NNs), and amino acids (AAs) in 16 batches of S. chinensis
samples collected from Liaoning, Jilin, and Heilongjiang provinces.

Materials and Methods: A Waters X-Bridge Amide column (2.1 x 100 mm, 3.5 pm) was used for analysis. The mobile
phase consisted of A (water with 0.2% formic acid) and B (acetonitrile with 0.2% formic acid) with a flow rate of 0.6 mL/min.
The column temperature was maintained at 30°C. The mass spectrometry was equipped with an electrospray ionization
source and operated in positive ion multiple reaction monitoring (MRM) modes.

Results: The method demonstrated acceptable linearity within the tested concentration range. The average recovery of
the 30 components ranged from 96.55% to 103.85%, with relative standard deviations (RSD) ranging from 1.02% to 2.88%.
The quantitative data indicated that differences in the contents of NNs and AAs in S. chinensis from different regions were
evident. The analysis of clustering heat maps revealed that the 16 batches of S. chinensis samples could be grouped into five
categories. Stacked bar chart analysis showed that the levels of arginine and uridine were higher in most regions. Correlation
analysis indicated strong correlations among the 14 AAs, with 42 groups showing significant relationships. Additionally, seven
robust correlations were observed among the 16 NNs.

Conclusion: This established method provides essential data for the quality assessment and utilization of S. chinensis
resources.
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Introduction Wang et al., 2023; Zhao et al., 2021), protecting the liver
(Feng et al., 2021; Wu & Wang, 2020; Zhao et al., 2022; Zhu,
Schisandra chinensis (Turcz.) Baill., a kind of traditional Li, et al., 2023), anti-tumor (Huang et al., 2023; Sun et al.,
Chinese medicine, is suitable for the treatment of symptoms
caused by deficiency of both the heart and kidney energies,
such as agrypnia, dreaminess, and dizziness (National 'School of Pharmacy, Taizhou Polytechnic College, Taizhou, Zhejiang, China
Pharmacopoeia Committee, 2020; Song etal., 2021; Suetal., 2National Key Laboratory on Technologies for Chinese Medicine
2022; Yan et al., 2016). Schisandra is also utilized in the pro- PhérmaFeutical Erocess Coatrol and.!ntellﬁgent Manlffacture, Nanjing
duction of health foods, including Schisandra drinks (Juan et z::::t);:zjih'n::ihrlf'c'ne’ Nanjing, Jiangsu, China
al,, 2023)’ Schisandra herb tea, and Schisandra wine. Lizhonin’Nang, Sgchool of ;’harmacy, Taizhou Polytechnic College, No. 8
Scientific studies have shown that S. chinensis has many  Tianxing Rd., Gaogang District, Taizhou, Jiangsu 225300, China.
activities such as enhancing immunity (Cheng et al., 2024;  E-mail: 122420915@qq.com
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2024; Wang et al., 2024; Yang et al., 2024), and regulating
blood sugar levels (Liu et al., 2024; Zhao et al., 2024; Zhu,
Zhao, et al., 2023).

Previous studies on active ingredients of S. chinensis pri-
marily concentrated on lignans and terpenes, such as
Schisandrol A (Wu et al., 2022) and Wuweizidilactone A
(Zhang et al., 2023). However, amino acids (AAs) and nucle-
osides have been infrequently reported. As nutrient constitu-
ents, nucleosides, and AAs play an important role in
promoting growth, maintaining normal metabolism, and
ensuring life activities. AAs serve as the primary constituents
of proteins and possess significant nutritional and medicinal
properties (Lian et al., 2019). For example, serine is recog-
nized for its effective hypoglycemic activity, while arginine
has demonstrated notable immunomodulatory effects
(Albaugh et al., 2017; Holm et al., 2019). Nucleosides are
fundamental components of biological cells, crucial for sus-
taining life processes, and act as bio-active agents that
enhance immune responses and exhibit anti-viral capabilities
(Ludek et al., 2018). These compounds are significant in
herbal medicines and have beneficial effects. They are often
utilized as quality control ingredients in products like don-
key-hide gelatin, Ganoderma [ucidum, and Cordyceps.
Understanding the composition and content of AAs and
nucleosides in S. chinensis is important for evaluating its
nutritional value and beneficial effect.

So far, various analytical methods have been developed to
analyze AAs and nucleobases (NNs), such as high-perfor-
mance liquid chromatography (HPLC) and capillary electro-
phoresis (CE). Ultra-performance liquid chromatography-
tandem triple quadrupole mass spectrometry (UPLC-
QTRAP-MS/MS) could avoid the miss of target ions caused by
unresolved background interferences in complex matrices
(Bisht et al.,, 2021; Luo et al., 2022). In this study, an
LC-QTRAP-MS/MS method was developed for the simultane-
ous identification and quantification of 14 AAs and 16 NNs in
S. chinensis from 16 different regions, which was beneficial for
evaluating the quality and nutritional value of S. chinensis.

Materials and Methods

Materials and Reagents

Acetonitrile (HPLC grade) was obtained from Tedia
Company, Inc. (Fairfield, USA). Deionized water was pre-
pared by a Milli-Q water purification system (Millipore,
USA). Fourteen kinds of AAs mixed standard (No. B2007072)
were purchased from Tanmo Quality Inspection Technology
Co., Ltd. (Changzhou, China), including glycine (1), serine
(2), aspartic acid (3), valine (4), glutamic acid (5), isoleucine
(6), methionine (7), arginine (8), histidine (9), threonine (10),
leucine (11), cystine (12), phenylalanine (13), and lysine (14).
The NNs were purchased from Shanghai Yuanye Bio-
Technology Co., Ltd. (Shanghai, China), including guanine

(15), adenine (16), uracil (17), hypoxanthine (18), thymidine
(19), guanosine (20), inosine (21), uridine (22), adenosine
(23), cytidine (24), xanthine (25), thymine (26), 2'-deoxyuri-
dine (27), 2'-deoxyadenosine (28), 2'-deoxycytidine (29), and
allopurinol (30). The purities of all the standard components
were more than 98%.

Sample Preparation

Separately, 16 batches of samples were collected from Panjin
in Liaoning (Z1), Benxi in Liaoning (Z2), Suihua in
Heilongjiang (Z3), Chaoyang in Liaoning (Z4), Yanbian in
Jilin (Z5), Anshan in Liaoning (Z6), Tonghua in Jilin (Z7),
Dandong in Liaoning (Z8), Liaoyang in Liaoning (Z9),
Hegang in Heilongjiang (Z10), Qiqgihaer in Heilongjiang
(Z11), Yichun in Heilongjiang (Z12), Jilin in Jilin (Z13),
Baishan in Jilin (Z14), Mudanjiang in Heilongjiang (Z15),
and Fushun in Liaoning (Z16). They were validated to be S.
chinensis (Turcz.) Baill. by Professor Shengjin Liu from the
Department of Pharmacy, Nanjing University of Chinese
Medicine, Nanjing, China. They were freeze—dried by the
vacuum freeze—drying equipment (FD-1-50, Boyikang
Biotech, China) and stored in drying vessels. The voucher
specimen (No. 20211026zy) was deposited in the
Pharmaceutical College in a dark, dry environment.

The dried samples were ground up and sieved through a
40-mesh stainless-steel sieve before extraction. One gram of
each sample powder was accurately weighed and redissolved
in 20 mL of distilled water into a conical flask. All mixtures
were placed into an ultrasonic bath (40 kHz, KeDao, China)
for 60 min at room temperature. The same amount of solvent
was added to the flask to compensate for the weight lost dur-
ing extraction. After centrifugation at 12,000 rpm for 10 min,
each supernatant was filtered through a 0.22 um polytetrafluo-
roethylene filter membrane and stored in a glass vial at 4°C.

Standard Preparation

The standard stock solutions were diluted with water to
appropriate concentrations and stored at 4°C. Calibration
curves were established for all standards.

Chromatographic and Mass Conditions

The analysis was conducted using a Shimadzu Nexera
LC-30AD UPLC system (Shimadzu, Kyoto, Japan) compris-
ing an online degasser, a double solvent delivery pump, an
auto-sampler, and a column temperature controller. A Waters
X-Bridge Amide column (2.1 x 100 mm, 3.5 um) was used for
analysis, and the column temperature was maintained at 30°C.
The mobile phase consisted of A (water with 0.2% formic
acid) and B (acetonitrile with 0.2% formic acid) with a flow
rate of 0.6 mL/min. The gradient elution was as follows: 0-2.5
min, 15% A; 2.5-5 min, 15%-50% A; 5-7 min, 50% A; 7-8
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min, 50%—15% A, and 811 min, 15% A. The injection vol-
ume was [ pL.

The mass spectrometry was equipped with an electrospray
ionization source and operated in positive ion multiple reac-
tion monitoring (MRM) modes. The parameters were opti-
mized with an ion spray voltage 0f 4,500 V, source temperature
of 150°C, desolvation temperature of 550°C, collision gas
pressure of 9 psi, curtain-gas pressure of 40 psi, ion source
gas-1 pressure of 50 psi, ion source gas-2 pressure of 50 psi,
entrance potential (EP) of 10 V, and collision cell exit poten-
tial (CXP) of 10 V.

Multivariate Statistical Analysis

To find out the similarities and differences of the analytes in
S. chinensis samples, various chemometric analysis methods,

such as principal component analysis (PCA), were performed
using the OECloud tools at https://cloud.oebiotech.com.

Results

Areliable LC-MS/MS method was developed after an assess-
ment of the linearity, limits of detection (LOD), limits of
quantitation (LOQ), precision, repeatability, stability, and
recovery.

Method Validation
Calibration Curves, Liner Range, LOD, and LOQ

LC-MS was used to analyze different concentrations under
specified chromatographic and mass conditions. The peak

Table I. Linearity, Limits of Detection (LOD), and Limits of Quantitation (LOQ) Data of Amino Acids (AAs) and Nucleobases (NNs).

Analytes Regression Equation R? Liner Range (ng/mL) LOD (ng/mL) LOQ (ng/mL)
I Y =2.594e'X - 5.47%¢! 0.9997 0.74-741.00 0.37 0.74
2 Y = 4.906e*X + 7.426€° 0.9986 2.09-2,088.00 0.21 2.09
3 Y = 1.731e3X + 1.124€5 0.9984 6.60-2,637.00 2.64 6.60
4 Y = 6.204e°X + 1.577¢% 0.9997 2.33-581.00 0.23 233
5 Y = 9.566e*X — 6.639%¢* 0.9997 2.87-717.00 0.29 2.87
6 Y = 1.000e¢X + 2.000e” 0.9985 6.50-653.00 2.6l 6.50
7 Y = 1.533e°X — 4.657¢° 0.9981 1.49-149.00 0.30 1.49
8 Y = 5.027e*X + 2.000e® 0.9991 8.60-3,455.00 345 8.60
9 Y = 1.88le°X + 7.000e® 0.9984 7.70-3,086.00 3.09 7.70
10 Y =2.433e5X + 2.000e® 0.9997 5.90-1,182.00 236 5.90
Il Y =7.155e°X + 2.000e” 0.9988 6.50-1,299.00 2.60 6.50
12 Y =5.013e*X — 4.838¢° 0.9999 0.48-2,376.00 0.24 0.48
13 Y =4.046e'X + 1.351€3 0.9989 8.20-3,278.00 3.28 8.20
14 Y =7.828e*X + I.118e* 0.9995 2.90-1,450.00 0.29 2.90
I5 Y =7.609e3X + 5.635¢3 0.9983 1.00-500.00 0.50 1.00
16 Y = 1.448e°X + 5.605e° 0.9995 1.00-500.00 0.50 1.00
17 Y =2.442e3X + 7.590e* 0.9997 1.00-2,500.00 0.50 1.00
18 Y = [.145e*X + 5.851 €3 0.9997 1.00-500.00 0.50 1.00
19 Y =2.633e3X — 3.824¢* 0.9992 1.00-2,500.00 0.50 1.00
20 Y = 4.629¢*X - 6.193e* 0.9991 1.00-1,000.00 0.50 1.00
21 Y = 6.020e*X + 2.926¢3 0.9999 1.00-500.00 0.50 1.00
22 Y =2.598e2X + 6.932¢3 0.9985 50.00-10,000.00 25.00 50.00
23 Y = 1.422e5X + 2.057¢* 0.9999 1.00-500.00 0.50 1.00
24 Y = 8.324e*X + 2.653e® 0.9998 1.00-2,500.00 0.50 1.00
25 Y =2111e*X - 6.327¢° 0.9984 1.00-2,500.00 0.50 1.00
26 Y =4.477e"'X - 3.089%¢! 0.9995 250.00-5,000.00 100.00 250.00
27 Y = 9.827e2X + 6.013¢3 0.9987 1.00-250.00 0.50 1.00
28 Y = 1.063e3X + 5.484¢3 0.9986 1.00-250.00 0.50 1.00
29 Y = 8.019¢*X — 1.000e® 0.9981 1.00-1,000.00 0.50 1.00
30 Y =3.355e*X - 9.561¢3 0.9993 1.00-500.00 0.50 1.00
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areas were plotted against the concentrations to create cali-
bration curves and linear ranges. The LOD and LOQ for each
analyte were determined at signal-to-noise ratios (S/N) of 3
and 10, respectively. As shown in Table 1, each standard
exhibited good linearity across a wide concentration range
(R?>0.998). The LOD and LOQ values ranged from 0.21 to
100.00 ng/mL and 0.48 to 250.00 ng/mL, respectively.

Precision, Repeatability, and Stability

The precision of the assay was evaluated by determining the
peak area of each component in the standard solution over

one and three consecutive days. The experiments were
repeated six times, and the peak area’s relative standard devi-
ations (RSD) were calculated. In addition, the repeatability of
the assay was assessed by analyzing sample Z1 in six repli-
cates using the same method. The variations were presented
as RSD. To test stability, the Z1 solution was injected into the
LC-MS system at 0, 2, 4, 8, 12, and 24 h, respectively. The
data in Table 2 showed that the RSD values for both intra-day
and inter-day precision of the 30 analytes were less than
3.87%. Similarly, the RSD values for the repeatability and
stability of these compounds were less than 3.59% and 3.78%,
respectively. These results suggested that the established
method provided good accuracy and precision.

Table 2. Precision, Stability and Recovery Results of Amino Acids (AAs) and Nucleobases (NNs).

Precision (n = 6)

Recovery (%)

Intra-day Inter-day Repeatability Stability

Analytes Peak Area RSD (%) Peak Area RSD (%) (RSD%,n=6) (RSD%,n =6) Mean RSD
| 371.27 1.22 371.31 2.65 1.24 1.77 98.24 1.02
2 104.35 3.27 101.06 3.75 1.13 1.52 98.49 2.73
3 131.92 1.05 132.16 1.73 1.34 1.44 97.14 241

4 116.31 2.07 115.44 3.87 2.80 2.39 96.55 2.88
5 143.24 1.37 143.47 1.73 1.52 2.03 99.64 1.37
6 131.34 2.24 131.35 2.86 2.25 2.78 99.03 2.11

7 149.19 1.0l 149.42 1.96 1.04 2.15 101.92 2.46
8 173.05 0.96 173.09 1.75 1.86 1.49 98.63 1.79
9 154.24 1.88 155.39 2.78 3.51 3.28 100.99 1.52
10 118.04 2.76 118.10 2.99 2.55 0.93 99.38 2.05
I 130.28 1.93 130.48 3.31 341 3.29 103.85 1.99
12 237.19 1.63 238.07 2.46 3.00 3.44 98.57 2.37
13 164.19 227 164.29 3.13 1.01 271 98.31 1.82
14 144.81 2.34 145.01 2.80 2.66 1.92 97.26 241

15 99.34 0.99 100.73 1.89 2.06 223 99.08 1.68
16 100.61 1.61 97.14 3.06 2.84 2.99 97.04 2.29
17 249.99 1.01 250.06 2.41 2.59 3.26 98.96 1.74
18 100.33 1.30 98.49 2.97 3.17 3.19 98.72 1.98
19 100.68 1.16 101.06 2.43 1.92 2.67 101.54 2.42
20 502.45 2.62 499.84 3.17 2.88 3.09 96.96 2.84
21 99.82 1.05 101.39 2.15 2.07 2.20 102.58 1.37
22 250.11 1.99 250.13 1.92 1.70 1.0l 100.10 1.18
23 501.77 3.19 499.81 3.77 1.6l I.14 98.43 2.64
24 1,003.64 1.92 1,011.73 2.94 3.24 2.95 102.18 1.56
25 1,004.67 2.98 1,010.51 3.29 3.59 2.92 100.82 2.66
26 248.96 1.55 249.66 2.04 3.50 3.78 98.79 2.15
27 100.26 1.46 101.96 2.50 2.05 I.11 99.93 243
28 500.36 1.82 500.43 1.16 2.46 2.06 101.23 2.19
29 500.49 1.24 499.60 2.39 1.93 1.71 101.05 1.41

30 100.34 1.20 102.51 2.64 3.16 3.49 100.41 1.95

Note: RSD: Relative standard deviations.
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Recovery

A recovery assay was carried out to assess the method’s accu-
racy. Thirty known standard compositions were added to Z1,
and the spiked samples were then extracted and analyzed as
previously described. The test was replicated three times. The
results, summarized in Table 2, showed that the recovery
ranged from 96.55% to 103.85%, and the RSD ranged from
1.02% to 2.88%. These results further indicated that the
established method was sufficiently accurate for determining
the 30 compounds.

Sample Analysis

The developed LC-MS/MS method was applied to analyze
the 30 compositions (consisting of 14 AAs and 16 NNs) in 16
samples collected from different regions in China. All the
contents are displayed in Table 3. The results showed that the
contents of AAs and NNs in S. chinensis from various regions
were different. The total AAs were most abundant in S. chi-
nensis from the Z8 region with a value of 506.01 ng/g. The S.
chinensis from the Z9 region had the largest amount of total
NN, reaching as much as 555.60 pg/g.

Table 3. Contents of 14 Amino Acids (AAs) and 16 Nucleobases (NNs) in Schisandra chinensis from 16 Different Regions (ug/g).

II;::s- V4 Z2 z3 Z4 z5 Z6 z7 V4] z9 Zio ZIl Zi12 ZI3 Zi4 ZI5 Zlé6
I 448 098 727 063 739 1.56 330 5.06 - - 513  4.09 1.66 278 328 -

2 1375 1394 706 1136 1268 1386 937 2406 1708 9.17 186 1469 534 750 768 1203
3 8292 5537 18.03 - - - 49.25 - - 14.16 39.15 1528 2045 7056 40.84 -

4 208 432 1.90 .76 405 455 283 877 443 456 229 899 1.29 .70 0.8l 3.66
5 19.87 2227 863 1866 1470 2353 1869 30.06 2241 1410 649 1850 11.24 1371 1412 2342
6 2556 23.05 858 2075 1652 2998 1871 40.82 2879 2135 854 4498 1056 1325 1327 2484
7 043 038 03I 033 035 037 037 056 038 033 03I 033 03I 032 032 039
8 109.18 19593 86.39 160.54 128.00 254.21 182.46 236.90 183.95 17230 56.81 15873 142.44 159.15 161.24 243.66
9 1409 1585 1723 1512 2144 2966 1136 1813 1540 2248 9.12 2048 1706 1692 1575 21.03
10 1324 1357 309 1257 844 1226 1035 2064 1584 Il.14 504 2395 570 736 649 11.60
I 3093 2827 999 2465 19.65 3592 2260 4874 3426 2598 989 5473 1223 1581 1544 29.97
12 .17 .10 0.99 1.06 1.04 1.18 I.15 1.56 1.18 1.01 1.00 1.05 1.00 1.04 1.05 1.25
13 1700 1843 521 1350 845 21.57 1029 3292 2980 |I511 566 3845 573 1021 729 1243
14 20.08 21.82 842 1839 1489 23.18 1892 2942 2178 1374 655 1842 1076 13.59 1441 23.00
15 570 1830 594 788 878 1428 1602 837 855 646 380 738 10.00 1068 11.34 9.48
16 1029 1256 834 1238 941 1095 11.64 1095 1250 1172 805 967 975 1044 1039 175
17 6.08  4.05 152 259 322 080 323 29 388 250 1.54 3.0l 3.16 344 257 293
18 469  6.96 1.56 278 995 399 383 224 236 1.52 1.55 207 419 554 654 333
19 20.00 20.08 26.41 17.66 20.09 21.61 2155 1509 1322 2472 69.65 16.17 2975 2432 1543 1933
20 332 571 1.83 7.1 3.10 269 3.3 830 1033 20l 0.88 1.50 130 3.10 255 4.04
21 403 291 1.54 397 209 212 220 1.88  3.28 1.95 1.61 1.22 .83 230 239 1.88
22 124.62 12527 130.89 140.71 100.91 167.19 173.35 102.18 144.52 106.33 141.86 115.65 106.18 110.34 199.21 189.70
23 334 1084 478 1279 793 802 859 675 1058 666 582 395 68l 9.12 945  6.67
24 203.31 5839 5373 90.55 2946 6994 7451 4620 6821 6021 2698 3949 5038 43.09 53.56 69.37
25 776 11.57 542 1246 1060 647 747 1564 17.72 6.1l 456 515 480 786 680 9.07
26 4472 6435 4259 126.15 12441 68.06 3359 5271 260.87 14691 57.94 120.53 308.67 8273 8213 6323
27 3.18 188 277 348 1.81 1.91 326 218 353 .50 2,02 300 378 367 452 271
28 095 086 1.05 .12 0.6l 1.66 062 053 113 1.37 1.36 277 123 097 I.51 1.00
29 1.25 - 1.25 - 1.25 1.25 1.25 1.25 1.25 - 1.25 1.25 1.25 1.25 1.25 -
30 502 644 155 265 972 415 347 211 224 234 149 247 426 527 605 28I

Source: https://cloud.oebiotech.com
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Figure |. Cluster Heatmap Analysis of Amino Acids (AAs) and Nucleobases (NNs) in Schisandra chinensis from |6 Regions.

Source: https://cloud.oebiotech.com

Cluster Heatmap Analysis

Clustering heat maps, to visually analyze experimental data
distribution, are achieved by assigning different colors to dif-
ferent clusters in order to facilitate the interpretation and
understanding of patterns. The analysis results indicated that
the 16 batches of S. chinensis samples were classified into
five categories (Figure 1). Samples Z1, Z2, and Z5 belong to

the same class, which is characterized by relatively high lev-
els of serine, uracil, hypoxanthine, and allopurinol content.
Samples Z7, Z13, Z14, and Z15 fell into another category
with relatively high levels of 2'-deoxycytidine, aspartic acid,
and 2'-deoxyuridine content. Additionally, samples Z10 and
712 belonged to a distinct category with relatively high levels
of histidine and aspartic acid content. Samples Z8, Z4, 79,
76, and Z16 were grouped due to their relatively high
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Figure 2. Stacked Bar Chart Analysis of Amino Acids (AAs) and Nucleobases (NNs) in Schisandra chinensis from 16 Regions.

Source: https://cloud.oebiotech.com

contents of threonine, leucine, isoleucine, serine, glutamic
acid, and lysine but low aspartic acid content. Lastly, samples
Z3 and Z11 were in a category of their own due to their rela-
tively low levels of major analytes, with the exceptions of
glycine, 2'-deoxycytidine, aspartic acid, and uridine.

Stacked Bar Chart Analysis

The stacked bar chart can be used to visualize the distribu-
tion of various AAs and NNs in S. chinensis across different
regions. According to the stacking diagram (Figure 2),
Schisandra from the Liaoning region (Z1, Z2, Z4, 76, 78,
79, and Z16) contained higher levels of AAs and NNs. The
contents of arginine and uridine were high in S. chinensis
from most regions. S. chinensis from the Z9 and Z13 regions
had a higher content of thymine, which was consistent with
the findings of the cluster heat map analysis. The disparities
in the composition of AAs and nucleosides among these
samples might be attributed to natural factors such as tem-
perature and light conditions at the respective collection
sites. Such variations pose challenges for subsequent studies
aimed at evaluating the quality of S. chinensis based on a
single index component. Therefore, a comprehensive analy-
sis should consider either the total concentration of AAs or
the proportion of each specific component. Samples Z3 and
Z11, originating from Suihua and Qigqihaer, exhibited simi-
larities in their AA and nucleoside compositions, which

might be linked to the comparable latitudes and landforms
of these two locations.

Correlation Analysis

To investigate the correlation in ingredient accumulation, a
correlation analysis of AAs was conducted, in which darker
shades of blue indicated stronger positive correlations, while
darker shades of red indicated stronger negative correlations.
The absolute values of the correlation coefficients (») ranged
from 0.8 to 1.0, indicating very strong correlations, and from
0.6 to 0.8, indicating strong correlations. As depicted in Figure
3, 42 groups of strong correlations were found among the 14
AAs studied. For instance, serine, glutamic acid, and lysine
displayed highly significant positive associations with correla-
tion coefficients exceeding 0.9. Similarly, among the 16 NNs
depicted in Figure 4, a total of seven robust correlations were
observed. Notably, a strong positive correlation (r > 0.95) was
identified between hypoxanthine and allopurinol.

Discussion

According to the data in Table 3, arginine was the highest
component among the 30 analytes in S. chinensis from Z6
(254.21 pg/g), which was much more than glycine (1.56



Chen et al.

1615

. 3, &
5\6 6‘5 .&&
@ & & . ¥ ,{é& @ @ &
S & N SO S & ¢ F & »© &
SR AR F P F 1
Glycine 00711 01359 | 0.0526 @ -0.1654 01782 02017 01688 = -0.0433  -0.1719 M
. PN
Aspartic.acid 0.1359 02541 | 03134 0302 | 02381 | 02854 02334
. ‘ 0.69
Valine 0.0526 . . 0 ‘ 03894 0 ‘ o
o 0.53
Glutamic.acid @ 02541 0.3297
Isoleucine -0.1654 ’ 40.3134 ‘ ‘ 03908 ' . ‘ L 037
methionine  0.0814 . 0.1065 @ ‘ ' 0.0793 . ) '
F 022
X ®-@
Histidine 01782 = 0.3326 03297 | 03908 02371 03908 | 04335 | 02939 | 03205 r 0.06
Threonine  -0.2017 . K ‘ O ‘ ‘
F -0.1
LeUCine - . . ’ ‘ ' ’
) - 025
Cystine  -0.0433 @
P |
Phenylalanine  -0.1719 04845 0.2939 e | 2041
L ‘ .
- |
. A, |
bysine o . ‘ . et ‘ .
e |
|
-0.57

Figure 3. Correlation Analysis of 14 Amino Acids (AAs) in Schisandra chinensis from |6 Regions.

Source: https://cloud.oebiotech.com

ng/g). Noteworthily, arginine plays a critical role in relieving
angina pectoris (Egashira et al., 1996; Sha et al., 2024) and
regulating the host immune response (Agidigbi et al., 2023;
Li et al., 2023; Menezes-Garcia et al., 2020; Xie et al.,2021).
Arginine is metabolized in the body to produce nitric oxide
(NO), which promotes the relaxation of vascular smooth
muscle and subsequently reduces vascular resistance.
Additionally, arginine may inhibit the oxidation of low-den-
sity lipoprotein (LDL) and diminish the formation of lipid
deposits within the inner layer of blood vessels. This dual
action contributes to a lower workload and diminished heart-
required effort during blood circulation. Moreover, the NO
generated from arginine enhances the phagocytic activity of
macrophages and regulates T lymphocyte proliferation and
the antibody-mediated immune response. Thymine was the
most abundant nucleoside in S. chinensis from the Z13 region.
Besides, uridine was consistently present in high levels across
all batches of S. chinensis samples and is considered a poten-
tial treatment option for anemia (Russo et al., 2020).

Conclusion

In this study, an LC-QTRAP-MS/MS method was developed
to simultaneously measure 14 AAs and 16 NNs in S. chinensis
from 16 different regions. This method ensured accurate results
quickly by avoiding interference from complex matrices, tak-
ing only 9 min. The method’s precision was confirmed with
intra-day and inter-day precision values of less than 3.27% and
3.87%, respectively. The recovery rate was between 96.55%
and 103.85%, with an RSD of 1.02% to 2.88%.

The comprehensive evaluation included cluster heat map
analysis, stacked bar chart analysis, and correlation analy-
sis. The quantitative data revealed significant differences in
the contents of AAs and NNs in S. chinensis from various
regions, which posed challenges for future studies assessing
S. chinensis quality using a single index component.
Therefore, it might be more effective to assess quality by
considering the total content or the ratio of each component.
This established method provided essential data for the
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Figure 4. Correlation Analysis of 16 Nucleobases (NNs) in Schisandra chinensis from |6 Regions.

Source: https://cloud.oebiotech.com

further quality assessment and utilization of S. chinensis
resources.
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