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Abstract: Objective To explore the correlation between furostanolglycoside 26-O-B-glucosidase (F26G) activity-furostanol
saponins-spirotanol saponins in the stems, leaves and fruits of Tribulus terrestris, and clarify the distribution of four saponins, and

compare the hepatic-renal toxicity of the stems, leaves and fruits. Methods F26G activity in the stems, leaves and fruits of 7. ferrestris
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from July to November was determined by 4-nitrophenyl-B-D-glucopyranoside (pNPG) method. The contents of 26-O-B-D-
glucopyranosyl-(25R)-5a-furostan-12-one-33,22a,26-triol-3-O-3-D-galactopyranosyl-(1—2)-[ -D-xylopyranosyl-(1—3)]-B-D-glucopyranosyl-
(1—4)-B-D-galactopyranoside (FOT), terrestrosin D, tribuluside A and 25R-tribulosin were determined by UHPLC-MS/MS. The
correlation between F26G activity and the contents of four saponins was analyzed. Long-term toxicity tests of mice were carried out
to observe the pathological damage of liver and kidney tissues. Principal component analysis was used to compare the hepatic-renal
toxicity of stems, leaves and fruits. Results The activity of F26G in stems, leaves and fruits all showed a tendency of increasing and
then decreasing with the collection time, and the order was leaves > fruits > stems. The results of content determination showed that
FOT content was stems > leaves > fruits. The content of terrestrosin D was the highest in leaves, which was close to that in stems and
fruits. The contents of tribuluside A and 25R-tribulosin was leaves > fruits > stems. The correlation results showed that changes in
spirotanol saponins contents in stems, leaves and fruits correlated strongly with changes in both the activity of F26G and the contents
of furostanol saponins, suggesting that F26G was involved in the production of furostanol saponins. The correlation between changes
in the contents of the four saponins in stems and fruits was stronger than that between changes in the contents of the components in
leaves and fruits. Long-term toxicity tests in mice showed that compared with blank group, the liver and kidney function indexes of 7.
terrestris stems and leaves group were significantly elevated, liver tissue was damaged with different degrees of inflammatory cell
infiltration, and glomerulomegaly was seen in renal tissue, while the liver and kidney tissues were less damaged in the 7. ferrestris
fruits group. The clustering results indicated greater hepatotoxicity for leaves and greater nephrotoxicity for stems. Conclusion The
content of spirotanol saponins in the stem and leaves of T terrestris is high, and it has high liver and kidney toxicity; The content of
saponins in the fruit of T terrestris is low, and its liver and kidney toxicity is small. In traditional Chinese medicine clinical practice,
T. terrestris fruit is often used as a medicine due to its low liver and kidney toxicity.
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renal toxicity
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Table 1 MS parameters of four saponins

WEY BETF (mlz) R E/V TET (m/2) MR R/ V g+
FOT 12115 175 1049.5 20 [M+H—H>0]*
PEHED 1071.5 255 939.6 80 [M-+Na]*
tribuluside A 1313.6 320 887.4 30 [M+H—H>0]*
25R-tribulosin 1173.6 310 1027.6 85 [M+Nal*

A B
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2 2
I\
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t/min t/min

A-STRRBE: B-HHAMIATR: 1-FOT; 2-28% 8 D; 3-tribuluside A; 4-25R-tribulosin.

A-reference solution; B-test solution; 1-FOT; 2-terrestrosin D; 3-tribuluside A; 4-25R-tribulosin.
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Fig. 2 Extract ion chromatograms of four saponins
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Table 2 Investigation of linear relationship of four saponins
WEW mH A FE r ZEVEVE R/ (ng-mL™) LOD/(ng'mL™")  LOQ/(ng-mL™)
FOT Y=0.058 5 X—4.965 8 0.999 9 530.36~58 477.84 178.49 309.38
PEHRAD Y=0.624 9 X+4.3157 0.999 9 4 143.59~27 449.72 5.58 17.15
tribuluside A Y=0.167 1 X+8.0382 0.999 7 309.62~18 748.82 3.55 12.07
25R-tribulosin Y=0.3453 X—1.2569 0.999 8 98.04~1 197.51 10.92 27.38
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Fig. 4 Changes of contents of each component in stems, leaves and fruits of 7. terrestris at different collection times
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Fig. 5 Correlation analysis heat map of F26G activity and contents of each component
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Fig. 6 Changes in body weight of mice in each group (X +s,n=238)
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Fig. 8 PCA diagram of liver (A) and kidney (B) function indexes in mice
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Red arrows indicate hepatic steatosis; Green arrows indicate inflammatory cell infiltration; Blue arrows indicate naked core.
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Fig. 9 HE staining pathological section of liver of mice in each group (x 400)

P F Sk TR R B /INER I K

4 g

AT B E 25 SR W B A TS M ) R
HEFERAEN RS, Zhike, Reymd; /D
RACHIRE RS IR s R ZE . R BB, R
B RN, B, FEIEKRZ DERERANGS
HAFE SR K. NIRRT e, 2.
M, RBRER—ETE (10 H 5 H), 8 (hgER
B TR (BEERMEVIBEREMNZEM) HE
KUY, PR E RN B IS EEUN, AR
HE—2BERTT, I B U b g T 22 YR K & BRI
GRS NG R

K B A2 i e R AR KR B U AT,
RIPER LW EY =TT 8 H 25 HiERIR K, R4E
YiEfE 8 H 10 HELESURIg N, JF7E 8 H 25 Hik
FIRR S, PRI SHEEZEE 9 H 1 HEREN
B, BEEEEMNS H 1 HE9 H 1 HAKH K,
T 9 A 1 HIXB SRR, AR 2 22 B
PS5 HAK BB B AHG . R RE B
PERLRTF D BB RN ] 2T G Rk, 9
H 1 HisWg 528 %A%, 10 A 11 HZ JGiaTFase;
25R-tribulosin 7 & 57 KAEN (R 2m BN, 7~11 A
Bt AaE, 46 CITARRIL 10 A i R
SUEE AR R, WoERER 10 A fERECN
e, SRR RN, (H N I B R, 11 Ak
AN, IR, Fh8E, 520m 258000 5 .

PEHE

SR SRR R RN o

Orange arrows indicate glomerular enlargement; Green arrows indicate inflammatory cell infiltration.
10 =4/ B EAE HE £ EB/FEYE (X400)

Fig. 10 HE staining pathological section of kidney of mice in each group (x 400)
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