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Analysis of tissue distribution of 16 functional components of Gardenia jasminoides
Ellis based on LC - MS/MS in mice
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Abstract. Objective
mass spectrometry ( LC — MS/MS) method for quantifying 16 bioactive

To develop a liquid chromatography — tandem

constituents of Gardenia jasminoides FEills in various murine tissues.
Methods

mice were collected following intragastric administration of Gardenia

The ileum, colon, stomach, liver, kidney and brain tissues of

jasminoides Ellis.  Subsequently, the samples were processed by

precipitating protein. The analysis was performed using the Waters
CORTECS C4 column (4.6 mm x 150.0 mm,2.7 wm) with mobile
phase gradient elution consisting of a methanol — water solution, and
specnuezhenide was used as the internal standard ; the flow rate was set at

0.4 mLL + min

detection was performed in negative ion mode utilizing an electrospray ion

' while maintaining a column temperature of 40 °C;
source. Furthermore, the method was evaluated for its specificity,
standard curve and lower limit of quantification, precision and recovery,
Additionally, the

characteristics of the active components of Gardenia jasminoides Ellis in

stability and reproducibility. tissue distribution
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mice were investigated. Results This study established a method for the analysis of 16 bioactive constituents in
Gardenia jasminoides Ellis within complex matrices. The linear range spanned from 0. 98 to 6. 00 x 10*ng + mL ™", with
a limit of quantitation ranging from 0.92 to 11.72 ng + mL™', and the RSD values for intra — day and inter — day
precision as well as recovery were all below 15% . Amongst the examined tissues, ileum tissue exhibited the highest
levels of these active components, followed by gastric tissue. Iridoid components demonstrated extensive distribution
across various tissues. The diterpenoid constituent crocetin was predominantly found in the liver and brain, while crocin
Il showed higher distribution in the colon. Conclusion The method exhibits high specificity, excellent sensitivity,
reproducibility ,and stability. Moreover,the matrix effect can be controlled effectively, rendering it suitable for analyzing
Gardenia jasminoides Ellis in complex matrices. The intestine is the major tissue for the distribution of Gardenia
Jasminoides Ellis, which may be an important part for its efficacy. Furthermore,the extensive pharmacological effects of
Gardenia jasminoides Ellis may be related to the component tendency to different tissues.

Key words: Gardenia jasminoides Ellis; iridoids; diterpenoids; liquid chromatography — tandem mass spectrometry;

active component; tissue distributio
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Figure 1  Typical chromatograms of 16 components of Gardenia jasminoides Ellis and internal standard in ileal homogenate

I :Blank tissue homogenate; Il : Reference substance + blank tissue homogenate ; Il ; Sample.
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Table 1 Calibration curves of 16 components from Gardenia jasminoides Ellis in tissue homogenate of mice

LR &, IR AT A E 2K, 07 3k v Al 5
BRI 2,

et AN (=E 12 h) KRHI(-80 °C 30 d)

LR (- 80 CEIE ) Fae PEiE R, HE 145 hl
Jr i RSD (I /N T 15% , R WIAE b B A bl ¥ WA

Standard Range of linearity Limit of quantification
Analyte R
. curve (ng-mL™") (ng-mL™")

Geniposide y=1.10x +8. 22 117.19 -6. 00 x 10* 0.999 5 0.92
Geniposidic acid y=0.95x +4.39 3.91 -2 000. 00 0.9957 1.95
Genipin y=1.27x+7.75 0. 98 —500. 00 0.995 3 0.98
Genipin 1 — 3 — D - gentiobioside y=0.18x +6.28 117.19 -6.00 x 10* 0.996 6 0.92
Deacetylasperulosidic acid methyl ester y=7.19x +26.71 117.19 -6.00 x 10* 0.998 7 0.92
Scandioside methyl ester y =16.05x + 16. 04 23.44 -1.20 x 10* 0.991 3 1.46
Gardenoside y=8.47x +26. 84 23.44 -1.20 x 10* 0.990 9 1.46
Shanzhiside y=1.09x +1. 10 23.44 -1.20 x 10* 0.994 2 1. 46
Crocin [ y=0.51x+3.45 5.86 -3 000. 00 0.9910 2.93
Crocin 1l y=0.47x +14. 30 5.86 —3 000. 00 0.9919 1.47
Crocetin y=1.86x+6.38 5.86 -3 000. 00 0.990 4 2.93
Chlorogenic acid y=6.78x +8.30 5.86 -3 000. 00 0.995 6 1.47
3,5 - dicaffeoylquinic acid y=10.38x +8.95 11.72 -6 000. 00 0.990 7 11.72
3,4 - dicaffeoylquinic acid y=6.3%9% +7.59 11.72 -6 000. 00 0.991 6 5. 86
Caffeic acid y=4.14x +3.55 0. 98 —500. 00 0.995 3 0.98
Isoquercitrin y=5.22x +45. 68 0. 98 -500. 00 0.994 1 0.98

K2 HBARETE - BgiBe G E He 5~ H s 78/ BT S T HEM H A0HS s 2 A0 [ i

Table 2 Precision and recovery of components from Gardenia jasminoides Ellis in tissue homogenate of mice by liquid chromatography —

tandem mass spectrometry

Intra —day(n=6)

Inter —day(n=6)

Extraction
Concentration
Analyte Measured RSD RE Measured RSD RE recovery
(ng-mL™")
(ng - mL™" x%s) (%) (%) (ng - mL™' x%s) (%) (%) (%)
Geniposide 234. 40 223.61 £20.95 9.37 -4.60 252.72 +29.74 11.77 7.83 86. 19
1 875.00 2032.50 +172.75 8.50 8.40 2 056.45 +142.23 6.92 9. 68 90. 94
3.00 x10*  3.23 x10* +2 134.57  6.60 7.80 2.91x10* £2945.38 10.11  -2.90 93.50
Geniposidic acid 7.80 8.64 £0.65 7.54 10.57 8.81 0. 82 9.27 12.75 90. 22
62.50 66.37 +4.95 7.46 6.18 64.95 +3.08 4.74 3.92 91.19
1 000. 00 1 067.21 +74.00 6.93 6.72 908. 37 +127.45 14.03  -9.16 88.79
Genipin 2. 00 2.05 =0. 16 7.84 5.15 2.12+0.15 6.90 8.43 89. 48
15. 60 16.89 +1.55 9.20 8.12 1518 1.72 11.34  -2.85 92.37
250. 00 260. 68 +11.96 4.59 4.27 237.73 +12.42 5.22  -4.91 88.58
Genipin 234. 40 218.37 £17.95 8.22 -6.83 256. 46 +30. 10 11.74 9.42 81.70
1 — B = D — gentiobioside 1 875.00 2 029. 84 +190. 92 9.41 8.25  2056.98 +223.69 10. 87 9.71 93. 89
3.00 x10*  3.09 x10* +2 649.80  8.57 3.02  3.17 x10* +1 581.01 4.99 5.70 100. 18
Deacetylasperulosidic acid 234.40 260. 68 +34.90 13.39 11.22 225.13 +£32.73 14.54  -3.95 97. 44
methyl ester 1 875.00 2 049. 78 +155. 69 7. 60 9.32  1966.21 +125.21 6.37 4.86 84. 65
3.00 x10*  3.17 x10* +2 684.29  8.46 5.81 2.80x10*+3161.34 11.28 -6.60 90. 53
Scandioside methyl ester 46.90 51.85 +5.23 10. 07 10. 62 49.42 £4.79 9.70 5.43 88.92
375.00 355.30 +33. 30 9.37 -5.25 405.72 +44.25 10.91 8.19 90.91
6 000. 00 5 636. 60 +163. 44 2.90 -6.06  6328.89 +518.41 4.19 5.48 94. 44
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£53% 2 ( continued table 2)

Intra —day(n=6) Inter —day(n=6)

Extraction
Concentration
Analyte ~ Measured RSD RE Measured RSD RE recovery
(ng - mL™)

(ng-mL™" xxs) (%) (%) (ng-mL™" xxs) (%) (%) (%)
Gardenoside 46.90 44.74 £3.02 6.75 -4.56 50.51 +£5.98 11.85 7.75 86. 25
375. 00 406. 63 +34.43 8.47 8.43 411.35 +28.75 6.99 9. 69 90. 92
6 000. 00 6 468.59 +423.83 6.55 7.81 5 823.86 +533.48 16 -2.94 93.50
Shanzhiside 46. 90 51.03 £3.98 7.80 8. 86 52.18 £3.26 .24 11.32 84.74
375.00 409.27 +19. 41 4.74 9.14 395.80 +14. 65 3.70 5.55 83.87
6 000. 00 6 312.75 +512.57 8.12 5.21 5703.99 +707. 14 12.40 -4.93 86. 45
Crocin [ 11.70 11.57 £1.28 11.08 -1.29 11.07 £1.47 13.24 -5.56 90. 58
93. 80 101. 63 +£8. 66 8.52 8.40 102.81 £7.04 6.85 9. 66 101. 33
1 500. 00 1 617.31 +106. 43 6.58 7.82 1 456. 03 +142.31 9.77 -2.93 89. 69
Crocin [l 11.70 12.61 £1.29 10. 24 7.61 12.34 +£1.03 8.38 5.26 87.44
93. 80 100. 04 5. 62 5.62 6.70 100. 51 +4. 62 4.60 7.21 81.92
1 500. 00 1 581. 56 +60. 99 3.86 5.44 1 587.48 +110. 49 6.96 5.83 82.27
Crocetin 11.70 12.27 £1. 04 8.48 4.70 12.52 +0.95 7.55 6.83 90. 38
93. 80 101. 15 +4.30 4.25 7.89 99. 84 +9.45 9.47 6.47 86. 81
1 500. 00 1 453.88 +85. 16 5.86 -3.07 1 413.70 +104. 50 7.39 -5.75 91.37
Chlorogenic acid 11.70 10.76 £1.01 9.37 -8.23 12.49 +£1.49 8.95 10. 59 80. 55
93. 80 98.21 £6.46 6.58 4.76 100. 53 +7.39 7.35 7.23 91.41
1 500. 00 1 617.59 +104. 42 6.46 7.84 1 531.96 +85. 89 5.61 2.13 100. 07
3,5 - dicaffeoylquinic acid 23.40 25.59 £1.93 7.55 9.19 26.65 £1.97 7.39 13.69 96. 81
187.50 196. 04 +12. 38 6.31 4.55 207.12 £13.24 6.39 10. 47 91.40
3 000. 00 3099. 14 +231. 12 7.46 3.30 3 144.07 +154. 89 4.93 5.80 99.51
3,4 - dicaffeoylquinic acid 23.40 25.71 £2. 19 8.52 9.70 25.39£1.33 5.25 8.32 85.40
187. 50 201. 32 +16. 41 8.15 7.37 196.21 £13. 13 6. 69 4.65 83.57
3 000. 00 3 083. 69 +248. 25 8.25 2.79 3220.30 +198. 61 6.17 7.34 89.57
Caffeic acid 2.00 2.13 £0. 15 7.15 8.94 2.03 +£0.13 6.53 3.78 87.74
15. 60 16.63 £0.75 4.49 6.44 16.98 £1.44 8.48 8.69 89.32
250. 00 261.13 £15.06 5.77 4.45 265.18 £9.73 3.67 6.07 85.51
Isoquercitrin 2.00 2.14 £0. 26 12.24 9.57 2.16 £0.22 10. 32 10. 37 90. 51
15. 60 16. 58 £0. 86 5.22 6.11 16.08 £0. 72 4.48 2.93 100. 11
250. 00 260. 89 +10. 03 3.85 4.36 256.35 £17.26 6.73 2.54 94. 64

RE : Relative error.

M T REE R YT
B ST ALT 81.4% ~97.7% , §/R

RO 5 2% IR A S 2 IR B ASCAE [0 g o 0 45
oA B AL P A & EART R, (52 RO

ZIT IR ORI, AR R PR T T
2 FEFNA

/NEFEB S THE T )5, #4181 16 Rk 1 iy
FEMESIRIAE 3. 45REW AT P 2 o1 9]
MR A B i, e ate - -1 - - D e

&3 DRITIRIET 5 16 Ff EZR A M (2 £5,n=5)

O3 RN T AR S AR L A A
W B R U FH e FHIR e AL
Bt 4 i R TR Y L RS DR e U IR A R Y
Aii s PHLZLAE IR = 2800 A0 T IF v s P 2048 I 32 22
oA T A .

Table 3 Distribution characteristics of 16 major components after oral administration of Gardenia jasminoides Ellisin mice (x +s,n=5)

Organization(ng + mg~")

Ingredient

The stomach Ileum Colon Liver Renal Brain
Geniposide 67.82 £92.48 3068.86+2078.85 2.68+1.53 24.55+13.01 22.06+13.50 2.68+1.53
Geniposidic acid 3.45 £6. 19 96. 66 +83.21 0.28 £0.44  39.21 +21.90 18.00 +9.12 0.39 +£0.29
Genipin 5.83 +5.40 10.99 +4.29 0.75 +0. 21 1.16 £0. 63 1.01 £1.15 0.84 +0. 18
Genipin 1 — 3 — D — gentiobioside 97.95 £71.56 3 556.12 +1 082. 58 - - - -
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43R 3 ( continued table 3)

Organization(ng + mg~")

Ingredient
The stomach Ileum Colon Liver Renal Brain
Deacetylasperulosidic acid methyl ester 7.69 £6. 06 1902.84 +1 807.98 0.91 +0.59 4.79 £2.01 2.41 £0. 67 0.48 +£0.67
Scandioside methyl ester 0.61 +0. 35 389.95 +346. 54 0.73 0. 66 1.44 £1.19 0.59 +£0. 07 0.30 £0.22
Gardenoside 0.08 0. 11 469. 88 +466. 89 0.07 +0. 11 0.27 £0.28 0.18 £0.07 0.15 +0. 11
Shanzhiside 6.24 +6.86 593.44 +527.79 0.08 +0. 11 - - -
Crocin [ 15.03 +24.54 93.81 +£98.49 2.01 £0.50 - - -
Crocin I 14. 18 £23. 15 101. 18 +95. 86 2.81+0.55 - - -
Crocetin 16.16 +8.98 152.73 £89.59 - 3.63+1.53 0.15 +0. 08 1.24 £1.21
Chlorogenic acid 1.01 +0. 64 71. 86 +88. 80 0.20 +0. 09 0.09 +0. 13 0. 18 +0. 06 0.26 +0. 18
3,5 - dicaffeoylquinic acid - 6.89 £3.45 - - - -
3,4 - dicaffeoylquinic acid - 15.19 £5. 06 - - - -
Caffeic acid 0.45 +0.71 5.56 +7.89 0.12 +0.02 - - -
Isoquercitrin 0.98 £0. 87 6.18 £7.33 0.17 £0. 03 0.10 £0. 14 - -
— :Not detected.
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