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Abstract: Deer antler, a valued traditional Chinese medicine, faces persistent challenges in quality control due
to the complex species origins, prevalent adulteration practices, and the absence of specific quantitative standards.
To address this challenge, a proteomics strategy was employed to screen signature peptides from deer antlers and
reindeer antlers in our pevious study. Combining the reported antler peptides from Cervidae, a comprehensive

specificity revalidation was conducted. Finally, six deer antler signature peptides were identified as quality control
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(QC) markers for quantitative analysis, while reindeer, cow, sheep, and pig-specific peptides were determined as
markers for adulteration inspection. Based on these QC markers, an ultrasonic-assisted enzymatic digestion method
that completed sample preparation within 6 hours was developed in this study, significantly enhancing analytical
efficiency. A UHPLC-MS/MS was utilized for establishment of absolute quantification and adulteration inspection
method for deer antlers. The results indictated the validated methods showed high sensitivity and specificity,
meeting all requirements for methodological requirements. The proposed method was subsequently applied to 56
commercially available samples (including 28 batches of deer antler slices and 28 batches of deer antler powder).
The results revealed that 17.9% for slices and 10.7% for powder were deemed authentic and unadulterated. The
total detection rate for the ingredients of reindeer was 73.2% and some samples were found to contain cattle-
derived ingredient, indicating the rampant chaos in the deer antler market. This study provided a comprehensive
and reliable technical approach to address the aforementioned challenges and achieve quality control for deer antler
and its related preparations. The summarized strategy for screening species-spcific peptides and developing quality
control methods would provide significant references on the study of quality standards for animal-derived traditional
Chinese medicines.
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Table 1 The MS parameters. "Quantitative ions; CE: Collision

energy; RT: Retention time

mlz RT Atime
Compound - - CE/eV . .
Precursor ion Product ion /min /min
Lpepl 729.9 1 060.5" 26 12.0 4
745.4 30 12.0 4
Lpep2 732.8 962.5" 26 4.6 4
875.4 26 4.6 4
R16 604.3 275.1° 34 10.5 4
849.4 18 10.5 4
R26 775.9 541.3° 30 4.8 4
965.4 26 4.8 4
R31 702.9 865.5° 30 7.1 4
1107.6 34 7.1 4
R37 699.9 598.3" 30 17.4 4
501.2 42 17.4 4
XLpepl 408.2 556.3" 18 2.3 4
499.3 14 2.3 4
XLpep2 704.9 849.4" 30 17.5 4
1045.6 18 17.5 4
XLpep3 737.9 1076.5" 27 9.2 4
745.4 31 9.2 4
Npep 641.3 783.3" 29 1.9 4
726.2 29 1.9 4
Ypep 751.9 903.5" 29 6.2 4
608.4 29 6.2 4
Zpep 774.5 977.8" 21 7.5 4
1034.6 15 7.5 4
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Figure 1 Scheme for screening of signature peptides based on proteomics and bioinformatics from animal-derived Chinese medicines.

DDA: Data-dependent acquisition; DIA: Data-independent acquisition; ER-MS: Energy-resolved mass spectrometry; MRM: Multiple

reaction monitoring; QC: Quality control

Table 2 The peptide sequences and specificity results. The amino acid of p in peptide Lpep2 refers to hydroxyproline; V: Detected

Deer  Reindeer Elk Cow Sheep Pig

Name Sequence Protein attribution horn horn horn bone bone bone
Lpepl VGGNAPAFGAEALER HBA N
Lpep2 SGETGASGPpGFAGEK Collagen alpha-2 (I) N N N
R16 HHGGEFTPVLQADFQK Globin domain-containing protein N
R26 GPpGESGAAGPAGPIGSR Collagen alpha-2 (I) N N
R31 TPVGGQPSVPGGPVR Alpha-2-HS-glycoprotein N N
R37 DLSFLPQPPQEK Collagen alpha-1 (I) N
XLpepl GAMGPAGVR Collagen alpha-2 (I) v
XLpep2 DFTPVLQADFQK Adult beta-globin N
XLpep3 VGGNAPAYGAEALER Hemoglobin subunit alpha N
Npep GEAGPSGPAGPTGAR Collagen alpha-1 (I) N
Ypep TGEpGAAGpPGFVGEK Collagen type I alpha 2 J
Zpep GETGPAGPAGPVGPVGAR  Collagen alpha-1 (1) N
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Figure 2 High-resolution MS/MS spectra of 12 target peptides: Lpepl (A), Lpep2 (B), R16 (C), R26 (D), R31 (E), R37 (F), XLpepl (G),

XLpep2 (H), XLpep3 (I), Npep (J), Ypep (K), and Zpep (L)
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Figure 3 Specificity test results for deer horn (A), elk horn (B), cattle bone (C), sheep bone (D), pig bone (E), reindeer horn (F)
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Table 3 Linear regression, limit of detection (LOD), limit of quantification (LOQ), precision, repeatability, stability, and recovery results

for all analytes

Linear

Precision Repeatability Stability

Recovery/%, n =13

. . LOD LOQ - -
Name Linear equation range r Moo fug-o” /%, /%, /%, Low Medium High
/ng-mL" fe s gtes n==6 n==6 n=6 Mean RSD/% Mean RSD/% Mean RSD/%
Lpepl  y=6461.30x - 69 389.53 10-800 0.999 0.625 1.25 4.2 8.8 5.9 85.6 438 88.8 5.8 945 4.8
Lpep2  y=1058.45x — 4 476.09 10-800 0.999 0.625 1.25 32 9.0 6.0 884 59 826 1.1 879 3.7
R16 y="T775.45x +4 619.25 20-400 0.995 1.25 2.50 2.1 8.8 7.1 106.8 57 113.1 0.7 1076 1.4
R26 y=9574x -951.24 50-800 0.999 3.12 6.25 6.1 9.0 7.7 1040 3.1 921 5.1 879 2.7
R31 y=5700.73x - 116 664.33  20-800 0.999 1.25 2.50 33 8.2 5.5 859 2.0 89.4 0.7 873 2.5
R37 y=2853839x - 160 721.12  50-600 0.999 3.12 6.25 1.5 7.4 5.4 823 42 828 0.5 89.0 24
XLpepl y=33251.14x-964390.90 50-800 0.999 3.12 6.25 1.9 1.6 9.6 85.6 4.5 955 42 98.0 4.1
XLpep2 y=7539.44x — 68 449.36 10-400 0.999 0.625 1.25 3.1 22 4.0 93.1 87 97.7 1.9 1080 238
XLpep3 y=3396.94x — 83 781.44 50-400 0.999 3.12 6.25 5.0 3.8 4.2 944 63 102.1 23 1051 43
Npep y=1803.57x + 22 296.05 10-400 0.999 0.625 1.25 2.5 4.7 5.5 110.7 81 108.0 6.1 1084 4.1
Ypep y=5701.52x - 95 520.51 10-800 0.999 0.625 1.25 35 3.9 4.6 964 33 89.0 3.2 83.0 2.5
Zpep y=148.28x - 957.02 50-800 0.999 3.12 6.25 2.1 4.0 7.8 90.7 2.0 994 02 94.1 55
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Figure 4 Violin plot of 6 signature peptides contents (divided
into two groups A and B according to the content level) in 20

batches of deer antler
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