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The metabolic profile of serum fatty acids in rats with Rhizoma
Dioscoreae Bulbiferae-induced liver injury
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Abstract: Rhizoma Dioscoreae Bulbiferae is a traditional Chinese medicine with hepatotoxicity, but the
metabolic profile of fatty acids has not been identified in the rats with liver injury. In this project, a gas
chromatography-mass spectrometry method was applied to simultaneous quantification of 16 non-esterified fatty
acids (NEFA) and esterified fatty acids (EFA) in the serum of control, ethanol extraction of Rhizoma Dioscoreae
Bulbiferae (ethanol extraction, ET) and diosbulbin B (DB)-treated rats. Meanwhile, the change of fatty acid
metabolic profile of liver injured rats was analyzed by principal component analysis (PCA) and partial least
squares-discriminant analysis (PLS-DA). The results of NEFA concentration indicated that the serum concen-
trations of palmitic acid (C16 : 0), stearic acid (C18 : 0), palmitoleic acid (C16 : 1n7), oleic acid (C18 : 1n9),
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vaccenic acid (C18 : 1n7), linoleic acid (C18 : 2n6), linolenic acid (C18 : 3n3), eicosatrienoic acid (C20 : 3n6),
arachidonic acid (C20 . 4n6) and docosahexaenoic acid (C22 : 6n3) in DB-treated rats decreased significantly,
while that of C18 : 2n6 and C20 : 3n6 obviously increased and that of C20 : 4n6 and C22 : 6n3 noticeably
dropped in ET-treated rats when compared with control. Furthermore, the results of EFA concentration illus-
trated that the serum concentrations of C16 . 0, C18 : 0, C20 : 4n6, C22 . 6n3 and eicosapentaenoic acid
(C20 : 5n3) in two toxic groups were remarkably decreased when compared with control. The fatty acid meta-
bolic profiles of the two toxic groups exhibited significant difference from the normal levels, and the degree of
deviation of ET group was higher than that of DB group. More importantly, the results of PLS-DA showed that
C20 : 4n6 and C22 : 6n3 were important indicators of the hepatotoxicity induced by ET and DB, and the serum
concentrations of the two fatty acids had good correlation with the levels of alanine aminotransferase, aspartate
aminotransferase and total bilirubin using Pearson’s correlation analysis and canonical correlation analysis
(CCA). Therefore, C20 : 4n6 and C22 : 6n3 were identified as potential biomarkers of ET and DB-induced

liver injury. The project can provide a foundation for furture investigation of molecular mechanism of hepato-

toxicity caused by Rhizoma Dioscoreae Bulbiferae
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Figure 1 Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) activities, and albumin (ALB), total
billrubin (TBIL) amount in ethanol extraction of Rhizoma
Dioscoreae Bulbiferae (ET)- and diosbulbin B (DB)-treated rats.

n=8, ¥+s. P<0.05 "P<0.01, "P<0.001 vs control group

2 ET 7 DB X fERiER & 2R

ET ZH /1 DB 4 K452 5 24 h 1135 $ i 5 AR
1% R A B B R 1 2 B N 3R 1 B o AR 5 IR
5387, ET 4080 DB 2H 1% 125 16 1 B /K P8 Akl 34 %
S, B NE B B K P AR A AR — 5. Vi B Mg
iz &AL DB 41 C16 : 0.C18 : 0.C16 : 1n7.C18 :
In9. CI8:2n6. C18: In7. CI8:3n3. C20 : 3n6.
C20 : 4n6 F1 C22 : 6n3 FE B EFMK (P<0.05); ET 4
C18 : 2n6 A1 C20 : 3n6 HEEFH Lt (P<0.05 8L P<
0.001), C20 : 4n6 F1 C22:6n3 SEEZETHE (P<
0.001) . lis A0 G D7 2 7 & 484k DB 4H A1 ET 44 C16 : 0.
C18: 0. C20 : 4n6. C20 : 5n3 A1 C22 : 6n3 & & &
HIEL (P<0.01). 45R4/R, ET 1 DB FUK BUH 5%
53 i i A 2 i 17 R e AR R AR A
3 ET 71 DB XJ ;5 BE AFER X 1§ 4 BRAY 521D
3.0 ERSSA USSR D R AN S AR R
BN X AR, B2 A4, ET 4/ DB 41t 24 MR



+ 756 ¢ #j %23} Acta Pharmaceutica Sinica 2017, 52 (5): 753 =759

Table 1 Serum concentrations (pg-mL ") of non-esterified fatty acids (NEFA) and esterified fatty acids (EFA) in rats dosed with ET

(5.28 g'kg™") and DB (180 mg kg "), respectively. n=8, ¥<+s.

S

'P<0.05, "P<0.01, “"P<0.001 vs control group

Fatty acid Control ET-treated DB-treated
NEFA CI2:0 1033 +1.33 1132+ 1.62 10.27 +2.30
Cl4:0 25.28 + 1.45 24.61 +3.40 25.55 4 3.85
Cl6:0 568.74 + 63.36 534.92 +93.33 398.20 £21.55™"
C16 : 1n7 10.96 + 2.08 8.56 +3.42 6.75+1.57"
C17:0 10.35+0.76 10.04 + 1.45 10.44 + 1.58
C18:0 43230 £61.26 379.64 +36.13 336.83 +12.31"
CI18: 1n9 48.99 +5.27 55.93 + 13.41 3433 £587"
C18 : 1n7 8.54 +1.19 9.65 + 1.82 6.74+0.61"
C18 : 2n6 122.57 £20.93 156.12 £31.79" 99.47 + 14.08"
C18 : 3n3 5.55+0.59 6.26 + 1.54 434+0.63""
C20:0 10.84 + 0.90 10.47 + 1.58 1128 + 1.71
C20 : 3n6 2.67+0.51 3.77+0.50"" 244 +0.46
C20 : 4n6 196.12 +20.14 142.76 £22.90"" 140.29 + 14.55™
€20 : 5n3 579 +1.21 4.82+0.85 476 +0.85
€22 : 6n3 131.32 £15.76 99.40 +22.07""" 92.41 + 12.04™"
C24:0 235+0.16 2.05+0.18 2.13£0.15
EFA CI12:0 14.10 £ 0.23 14.26 + 0.09 1428 +0.11
Cl4:0 11.83 £0.33 12.54 + 0.69 11.97 +0.38
Cl6:0 304.40 + 38.92 246.24 +26.59" 238.77 +£34.31"
C16 : 1n7 18.52 + 8.13 17.18 £ 4.18 14.08 + 0.94
C17:0 11.14 + 0.53 11.16 £ 0.91 10.71 £ 0.74
C18:0 222.64 +26.64 149.51 +£31.24"™" 159.46 +23.74"™"
CI18: 1n9 113.47 £19.41 132.75 +33.24 90.68 + 15.00
C18 : 1n7 28.84 + 3.60 30.34 +5.00 24.58 +2.12
C18 : 2n6 456.50 + 78.25 532.19 £ 96.15 380.06 + 47.59
C18 : 3m3 13.60 = 1.79 15.29 +3.07 12.61 £ 0.74
C20:0 7.79 £0.23 8.27 +0.44 7.99 +0.26
€20 : 3n6 18.79 + 2.45 19.15 +3.18 17.54 +2.25
C20 : 4n6 22232 +12.18 133.68 +£25.10"" 152.70 +21.20""
€20 : 5n3 37.47 +5.52 25.90 + 6.40" 28.58 +5.47"
€22 : 6n3 264.35 +32.18 152.18 +23.50""" 181.57 +21.60"""
C24:0 - - -
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Figure 2 The 2D score plot (A) and 3D score plot (B) from
principle component analysis (PCA) based on the metabolic
profiles of NEFA and EFA from control, ET and DB groups.
t[1], t[2] and t[3] are the first three eigenvectors of original data.
The score plot indicated a clear separation between the control,
ET and DB groups
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Figure 3 The results of permutation test (n=200) of partial
least squares-discriminate analysis (PLS-DA) model from control
and ET groups (A), and PLS-DA model from control and DB
groups (B). All blue Q*-values were lower than the original
points to the right, and the blue regression line of the Q*-points
intersected the vertical axis below zero (A, —0.29; B, —0.211).
It indicated that the two original PLS-DA models were valid
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Figure 4 Analysis of potential biomarkers of liver injury induced
by ET using PLS-DA. The PLS-DA model (R’X=86.3%, R’Y =
82.6%, Q> =69.2%) was generated based on NEFA metabolic
profile from control and ET groups. A: The PLS loading plot
exhibited the correlation between ET-induced liver injury and
individual fatty acid. ET-induced hepatic injury was strongly
correlated with C20 . 4n6, C22 : 6n3 and CI18 : 2n6, marked
with ‘’; B: Variable importance in the projection (VIP) plot
confirmed the significance of these species in classification
(VIP>1.0)
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Table 2 The results of Pearson correlation analysis between the serum levels of fatty acids and biochemical indicators in control, ET

and DB-treated rats. Correlation significance was defined as P< 0.05, “p< 0.01, **P<0.001. r: Pearson correlation coefficient

ET

DB

Fatty acid
r (ALT) r (AST)

7 (TBIL)  (ALT) r (AST) 7 (TBIL)

NEFA  C20: 4n6 ~0.499 ~0.487
C22 : 6n3 -0.246 -0.232
EFA  C20: 4n6 -0.735"" -0.770""
€22 : 6n3 -0.711" -0.715™"

—0.647" -0.732"" —-0.665"" -0.780"""
-0.457 -0.647"" -0.703" -0.853""
-0.825" -0.664"" -0.624" -0.675"
-0.829""" -0.577" -0.651" -0.793""
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Figure 5 Loading scatter plot (A) and VIP plot (B) in the
PLS-DA model (R*X=82.4%, R*Y =91.1%, Q*=79.4%) based
on NEFA metabolic profile from control and DB groups
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