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Abstract: A quantitative analysis method for six principal active constituents (acubin, geniposidic acid,
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pharmacokinetic behaviors in adenine-induced renal fibrotic rats in vivo. UHPLC-QqQ-MS/MS technology was
employed. Scan was conducted in negative ion mode and quantitative determination was carried out by MRM
paired ion. The established method was fully validated by specificity, linearity, precision, accuracy, stability, recovery,
and matrix effect, and the results of methodological investigation met the requirements of biological sample
analysis. Then, a quick, sensitive, and accurate method was successfully established, which could simultaneously
measure the contents of six active constituents of crude and salt-processed EC extracts in rat plasma. After a single
administration to renal fibrotic rats of crude EC and its salt-processed product extracts, the plasma concentration of
each constituent at different time points was measured, the pharmacokinetic parameters were calculated and the
concentration time curves were structured. The experiment was approved by the experimental animal ethics
committee from Nanjing University of Chinese Medicine (No. 202103A008). The results showed that compared to the
crude Eucommiae Cortex group, the ¢ of aucubin, pinoresinol di-O-glucopyranoside, geniposide, and pinoresinol
4-O-glucopyranoside in the salt-processed Eucommiae Cortex group rat plasma were significantly lower than those
in the crude group (P < 0.05, P < 0.01); the C,, and AUC, , of chlorogenic acid, the C,, AUC_,, and AUC of
pinoresinol di-O-glucopyranoside, and the C_ _ of geniposide and pinoresinol 4-O-glucopyranoside were signifi-
cantly higher than those in the crude group (P < 0.05, P < 0.01). Our investigation found that compared to crude
Eucommiae Cortex, a variety of active ingredients could play a role of quick effect with higher peak blood concen-
tration and bioavailability after oral administration of salt-processed Eucommiae Cortex, which were consistent
with the traditional Chinese medicine theory of "salt-processing enhancing drug into kidney meridian", providing
an experimental basis for the selection of quality control indexes and the in-depth study of processing mechanisms
and metabolic rules in vivo of Eucommiae Cortex and its salt-processed product.
Key words: Eucommiae Cortex; salt-processing; renal fibrosis; pharmacokinetics; UHPLC-QqQ-MS/MS
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Table 1 List of selected multiple reaction monitoring (MRM)
parameters, declustering potential (DP), and collision energy (CE)

for six constituents and internal standard

Compound Parent ion paughter DP/V CE/V
m/z ion m/z

Acubin 345.2 183.0 -50.56  -11.10
Geniposidic acid 373.2 123.1 -65.22  -25.33
Chlorogenic acid 353.2 191.0 -32.55 -20.32
Pinoresinol di-O- 681.7 519.3 —-49.77 -34.80
glucopyranoside
Geniposide 387.2 225.1 -45.41 -11.93
Pinoresinol 4-O- 519.3 357.2 5427  -23.01
glucopyranoside
Osalmide (IS) 227.9 210.0 -60.84  -23.39
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Figure 1 Body weights and levels of blood urea nitrogen (BUN) and serum creatinine (CRE) in normal rats and rats with renal fibrosis

induced by adenine (n =6, x £ ). P < 0.01 vs control group
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Figure 2 Histological observation of kidney in normal rats and

rats with renal fibrosis induced by adenine (x200)
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Figure 3 Chemical structures and MS/MS scan spectra of acubin (A), geniposidic acid (B), chlorogenic acid (C), pinoresinol di-O-gluco-

pyranoside (D), geniposide (E), pinoresinol 4-O-glucopyranoside (F), and osalmide (G)

Table 2 Calibration curves, linear ranges, and lower limit of quantification (LLOQ) of six constituents

Compound Linear relation r Linear range/ng-mL" LLOQ/ng-mL"
Acubin ¥ =7.056 96¢”x + 2.940 00¢” 0.997 8 10.316 - 5 281.578 10.316
Geniposidic acid »=2.880 00e”x — 2.850 00¢™ 0.997 0 39.042 - 19 989.474 39.042
Chlorogenic acid »=28.700 00e”x + 3.551 00¢™ 0.998 2 0.879 - 450.000 0.879
Pinoresinol di-O-glucopyranoside y=5.787 19¢™*x — 3.279 98¢™ 0.999 2 1.819 - 931.579 1.819
Geniposide y=7.460 81e”x — 6.995 88¢” 0.997 5 3.300 - 1 689.474 3.300
Pinoresinol 4-O-glucopyranoside y=1.480 00e”x + 1.103 38¢™ 0.999 6 0.814 - 104.211 0.814
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Figure 4 Representative MRM chromatograms of acubin (1), geniposidic acid (2), chlorogenic acid (3), pinoresinol di-O-glucopyranoside

(4), geniposide (5), pinoresinol 4-O-glucopyranoside (6), and osalmide (7) in blank plasma (A), blank plasma spiked with IS and analytes at

lower limit of quantification (B), plasma sample obtained from renal fibrotic rats after oral administration of crude Eucommiae Cortex (EC)

extracts (C), and plasma sample obtained from renal fibrotic rats after oral administration of salt-processed EC extracts (D)
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Figure 5 Mean plasma concentration-time curves of six constituents in renal fibrotic rats after oral administration of crude and salt-pro-

cessed EC extracts (1 = 6, x + 5). SEC: Salt-processed Eucommiae Cortex

Table 3 Pharmacokinetic parameters of analytes in renal fibrotic rats after oral administration of crude EC and SEC extracts (n = 6, x % s).
'P<0.05,"P<0.01vs EC

Compound  Group C_/ngmL’ AUC,,, /ogh'mL’ AUC__/ng-h-mL” t . /h MRT, /h t,,/h
Acubin EC  2590.99+619.52 31247.45+6441.76  31401.84+6356.43 3.83+1.60 10.08+0.74  3.83+0.52
SEC  2664.12+438.90 1130244+ 1644.79" 12518.17+3263.22" 2.00+0.00° 649+1.74" 9.39+10.98
Geniposidic acid ~ EC ~ 10492.55£2 811.99 181 084.10+49 138.52 181 195.05+49 135.13 4.33+0.82  1220+0.67  4.24+0.54
SEC  9196.21 £ 1822.55 133 875.00 + 27 866.88 13427239 +27 803.63 3.00+2.45 12.57+0.75  4.88+1.74
Chlorogenic acid ~ EC 96.50 + 26.52 107.28 + 65.64 193.91 + 153.12 0.17 £ 0.00 326+£1.89  421+225
SEC 296.00 + 76.01" 210.69 + 88.67" 236.83 +97.42 0.17 £ 0.00 1.94+0.84  3.79+2.14
Pinoresinol di-O-  EC 42826 +70.14 2805.73 = 621.34 3053.36 + 543.95 0.88+0.14 8.89+£0.89  7.31+287
glucopyranoside ~ SEC 75228 £219.79" 3 924.88 +490.56” 4009.29 + 584.74" 0.50+£0.00" 857+0.80  570+2.92
Geniposide EC 449.68 +97.13 3949.78 + 1 906.99 4892.71+2894.85  0.96+0.10 8.79+1.98  10.29+7.21
SEC 663.84+£204.41°  4600.37 +980.32 4912.54+979.71 0.54+0.10" 884+0.69  8.28+2.59
Pinoresinol 4-O-  EC 21.42+9.01 124.43 +41.77 131.32 + 39.46 0.79+£0.10  13.87+1.99  12.02+4.97
glucopyranoside ~ SEC 63.14 + 14.88” 157.04 + 46.70 165.96 + 48.79 0.50£0.00"  9.96+£228 12.52+4.50
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