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Abstract: A pre-column derivatization and ultra-high performance liquid chromatography quadrupole time-of-
flight mass spectrometry (UHPLC-QTOF-MS/MS) method was developed for qualitative and quantitative determi-
nation of medium- and short-chain fatty acids in mice feces, and was further applied to evaluate variations in the
feces of mice before and after antibiotic treatment. This animal experiment had been approved by Animal Experi-
mental Ethics Committee of Jiangsu Province Academy of Traditional Chinese Medicine. By optimizing the
derivatization conditions and UHPLC-QTOF-MS/MS parameters a new UHPLC-QTOF-MS/MS method with 3-
nitrophenylhydrazine as the derivatization reagent was developed for simultaneous determination of 16 medium-
and short-chain fatty acids. Validation studies showed that the linearity of the calibration curves was good (R*>
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0.99), the RSD of intra-day and inter-day precision was less than 10%, the repeatability RSD was less than 6%, the
recovery rate was between 80% - 120% at three spiked levels, and the stability RSD was less than 7% within 36 h.

The types and amounts of the detected medium- and short-chain fatty acids in feces significantly changed after the

mice were treated with antibiotics. The content of formic acid, acetic acid, propionic acid, butyric acid, isobutyric

acid, valeric acid, and lactic acid decreased, whereas that of heptanoic acid and succinic acid increased signifi-

cantly. All these results suggest that the newly established method is accurate and reliable, and can be used for

determination of medium- and short-chain fatty acids in feces.
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determination

FREEAR TR (medium-chain fatty acids, MCFAs) Al
¥H % 5 Wi B2 (short-chain fatty acids, SCFAs) 2 f& B Ji
THO 1~ 12 R ERM. {8 1 1) MCFAs A SCFAs
ST W T8 A ) R R AR PR, BB A AR A P
¥ KRN S5 5 A RS SR AE 45 W 52 FLIR B BB
bR S DR BT P R, R HR . O VNR T
R TR IR 7 IR %P, SCFAs B A ML L BE,
HEFE K HLAR T4, B AR S5 i N R BE pHAEL, D> E
B A K, B B B Th g, T S o R R I 4
IR 2 15 2% 5 EAE FIB4, MCFAs 7K A& 285 1 7995 25 7k
Jod 1) AR U AR ) A E S, AT BRI T pH A, 203
i T T AR AL, BRAIR A IR Rk, ORI W B B 1)
RED, 5 M s P RE 4 i A0 L [ AR U188 o DTt PR
YA B P o R I T T o M B R AGE TV T i A S L
PRI BE A K RN R B F B

H A, A B e D R A =0 vk 3 B S
% - 5 RS (GC-MS) . 1 240 A £ 3 — = = DU F) AT
RS (LC-TQ-MS)!'245 | H £ X SCFAs 1) 77 ¥4 F 5t
5 %, M [H] I i MCFAs A1 SCFAs [ 7 vk 8¢ /b, H.
LC-TQ-MS J7 i B ARG Il R B8 FE 35 vy, (R & 2 ik Jog v
H AR & DR R 25 8 5 982 T2 BkiR . i TR DR
PERNMERE R, (ERE S AT AL B FE h R B iR Ak, 2
5E 45 FITERf 14, SCFAs B 558, 7E VA i A -
ME R BR BRAR A S I R A1 23 85, B AR R AL iR
CEEAT AR DT VR AT R i TRAL B, AR vy o 1t 5 A
O3 B FEU, R v AR A € — o B DY AT AT B TR R
it (UHPLC-QTOF-MS/MS) B A5 PR | 4 B 34 fig, LA
Kooy HEEe R BB RUERA FE, Be Xt o A ) b AT HE A 25
SE, AT DL I A2 2% BE TR ot o AT 0 10 [RD B g M A e
AP BT, WO 3 B S5 A AR MCFAs AT SCFA ¥l
SE o R, AR ST AGE S R G AT A S, R
UHPLC-QTOF-MS/MS #% A, % 37 35 f# § MCFAs
SCFAs ] [F] I 5 14 5& & 0 4 053, I T A =
b B T S /N B 3EE ) MCFAs F1 SCFAs {1384k, 25 %24t
A 20 g T T R I T B S AR R s

MRS RH%

B AT201 + /54y 2 — W1 K1 (B 1 Mettler
N T)); Waters ACQUITY UPLC™ i AH {211 4% . Waters
SYNAPT G2-S Q-TOF 4% (35 [H Waters 22 #); Milli-
Q M ali /K 28 (3£ [# Millipore 2 #]); Sorvall™ Legend ™
Micro 21R fil & & 0o Hl (35 [H Thermo Fisher A #]); KQ-
500D L K45 8 P RIS e A (Bl i S A g A IR
Ao

RFE5HER FEE (1 E Merck A 7); FIR (£
ROE Scientific INC 24 w]); # 417K (32 [ Millipore 2 F]);
XA R OB VNI T IR e TR VIRR e IR
=R ORR . 2- R 4- B TR PEig L 2-
RO IR AR PR R T R (LR
T AR AR A BR A |, 26 3>98%); 3-HiF 1 2R
LR £t (3-nitrophenylhydrazine hydrochloride, 3-NPH -
HCY) [# 47 % (i) A0k Tl kA PR 2\ ] ME0E |
1- £ F-(3- W R G 5 D 22 Bl I — B ¥ #h 1R 26 [N-(3-
dimethylaminopropyl) -N'-ethylcarbodiimide hydrochlo-
ride, EDC-HCI] (_F-ifg B 25 4 B4k 22 R A TR A D), 73
HER VLRS- T B R (REERGE
WHARA R AT,

SCIGENH  CSTBL/6/NER, SPF 4R, HEE, 18~20 g,
T H 7 M K 2 AL B 2 vh s [ RS IE S 5 SCXK (F5)
2017-00077, =46 BA 18] 17 75 PR 55 B A (22 + 2) °C, %
FER (57 £2) %, 12 h G2 B O, B Bike. L
HE SRR TR 1 o BhH S 3RS VL9548 h R 25T ¢
W 3l 4 S e A BE 2 G S O AL vE [ & 2R 5 AEWC-
20180725-41].

NRBEAEMERLESE

WA PUERBERMBECH 5% R (500 mg-LY).
e 1 -7 w4t T 4K (500 mg L) MR (1 g L)
TKVEWR, FAE KT, FER 1R ECH]— X1,

KSR KN A, B2 8
IR H A R4 TIEWUOK, SLIR AR R TG PLA
RUCHK, B BRH, Seio A 4R E3 i . SRae 45 RN



AR A6 Py o B T 10 R AT T 47 2E AL UHPLC-QTOF-MS/MS 43 1 5 v 70 - 133 -

TR /)N B HT B S, A I (5 ) SCFAs 1 MCFAs (1) &
B2

UHPLC-QTOF-MS/MS 43 #7 & 1t

il 2 0% K Waters ACQUITY HSS T3
(2.1 mmx100 mm, 1.8 pum) &% 4 ; iR : 35 °C; i3l
AH:0.01% H R VE T (A)-0.01% H 1R 2 i (B); Ui i
0.35 mL-min™; B ¥ /ii: 0~2 min, 15% B; 2~10 min,
15%~30% B; 2~18 min, 30%~40% B; 18~23 min,
40%~55% B; 23~24 min, 55%~100% B; 24~27 min,
100% B; 27~28 min, 100%~15% B; 28~30 min, 15%
B; #EFF &5 uL.

JRRE A RS B R, AR TR, B
LR 2.5 KV HEFL HLR 40 VBV AR E 400 °C;
IR 110 °C; HEFLAAIE 50 L-hl B 7SR
900 L-h'; filf 1 B N 30~60 V; Ji & 1 3 70 m/z
50~600 Da; 3K 52 2 BRIk HEJIK (leucine-enkephaLin,
ESI™: m/z 554.261 5) BN IE TR

RAXNBMEBROES WSRO A
BT TRV IR = ECR . O 4-
L TR BRI 2- R OV FL IR I IR  FR 26 T —
BT R4 i FH 60% ZHEELHIA 1 mol L, £5 - #i ke
%10 mmol- L, % HUiZ i B2 X B A 7 9 %% 50 nL iR &,
60% 25454 10 mL, 1550 pmol- L 755 S VAV«

FTE X FIAECHICY 200 mmol-L!' 3-NPH-HCI:
FREX 37.92 mg 3-NPH-HCI [} 1 mL 60% . JI§ ¥ fi#, 1
FBLEL . 600 mmol- L' EDC-HCI A1 7.5% ik I 725 ik i
HIRA, IRAJE W EZ 51524 120 mmol-L' EDC-HCI il
6% MEIE -

TTENEHEMMLE RREERAFE KL
(30%-+ 40%- 50%- 60% £ 70%). A~ [7] 3-NPH ] & (5.
10.20.40 180 pL) A7 EDC W (20.70.120.170 F
220 mmol-L) A~ [A] ik BE ¥R 5 (4% 5% 6% 7% F
8%) AN A [ M3 (204304050 F1 60 °C) Iz J Jvi i
18] (10.20.30.40 F1 50 min) X A7 4= A6 2R B 5200

RFRARAEH] " 1 mmol L Fy 2- B 3t
% B 200 pL 5 200 mmol-L' 3-NPH-HCI 100 pL Al
120 mmol-L' EDC-HCI-6% Mt & ¥4 ¥ 100 pL & &,
30 °C/K ¥ 30 min, 372 RIA ) 1 min, &5 H 10% 20 &
HZE10mL, {15,

HEHERTELBX RO & RIEEME O
#) 20 mg, A 60% Z.Ji5 200 uL, ¥ i€ 3 min, B35 i
TR BT, 14 000 xg.4 °C 5.0 10 min, B L1, BI 15 3¢
fERE SV . EU S AR i I 40 uL 5 200 mmol-L-!
3-NPH-HCI ¥ ¥ 20 uL V& &, B J5 A b 3R ¥ nA
120 mmol-L"' EDC-HCI-6% FHt IE ¥4 W 20 uL 18 & 18

K, 30 °C/K % 30 min, 37 B ¥4 #1 1 min, 10% & & %
2 mL, 14 000 xg 550> 10 min, #2H 15, BI 15 265 Af
mn AT ARG W . HERE AT ET, AR S0 uL 5 AT A
950 uL A, BIF AL

EEAPEERFENEEAZE @R
i A B WD IR 23 2R R o = L A R R B S ]
i 2 AR T LA R AR 1 A R Z0HE XT MCFAs Al
SCFAs fiTAE =i AT Fr N 45 58

EERNFIEHERHERNEE S TG EFRIE

e R PR e =R S % X 50 pmol L VR
B0 BRIV S B, PR N 25.12.5.6.25.3.13 All
1.56 pmol-L' L & 781.25.390.63.195.31.97.66.48.83
24.41.12.21 f16.10 nmol-L {5 B8 S W T4 s AT
AR A RO A JRONE, A B WL P AR TR A S ) R
4% 5 uL, VE N UPLC-QTOF-MS/MS, 4= 45 4 # 3{
far i, vH TR . DA MR TR N AR IR B 2 HE A
AR (X)), VETHI AR 2 LA AAABR (Y), 22 il b 1 Hh 28, 73
WBIH R, LA{E L (signal-to-noise ratio, S/N) 311 &
101 BV N A R FE At 5 AU R (limit of detection,
LOD) fl5E &R (limit of quantification, LOQ).

FE R A B S ) & FE 0 K VA TR
LR HERE 6 Uk, DI E VT AR, 15 H PR35 B, DURE G A
M 22 RSD Ko o B bl (3 i VA W% 21 3 KBk,
BEOR 2 %F, DB VT AR, 19 B 1A0AG %5 B, DLUAE X A5
ZERSD #E R

FaE e 5 A IR 2% ) A 38 5 it o VA R
I3 AT 0.2.8.10. 1824 F136 h il 5, I 5 W T AR, DA
AR B Al 22 RSD 871 o

HEM IR R B P R AT 6
By, W5 W THI AR, DAAH X AR vE i 22 RSD R o

IFEEIR BUFEAFE A 20 uL, 43 AN AR B &
50%- 100% 150% [ 0] B &, 4% B 1 s 2 4% ) 2% 3%
AR 3 VAV, T W T, TH SRR [0S 2, DAAE XS

bR 25 RSD TR o
MEmomAaE WA S pL 2 FE, 183
P K S AT AR TR, K AT AE 0 5 P A A U T AR L

AN BN T TR b R BE AR TR I &5 &

BUEALIE R N A GraphPad Prism 6 #X44 i2E4T
Giit b SR LA B AR dE 22 (v £ 5) RoR, B
IR AR H eha e

$R
1 HF® MCFAs f1SCFAs I E M SR

MCFAs 1 SCFAs H ¥ 5& fi1 3-NPH ) & 3 7
EDC AL uE AL & A I s s, A2 ok i 2807



134

2% %R Acta Pharmaceutica Sinica 2020, 55(1): 131 -138

(2 1) XTI AIRE S TRE LA 1. %K E
JU7 B AT A2 W AE A7 S5 A AR T 4 F B [M-HT

R

Q, H . H
C=0 + HNp-N —EDC . een-N + Hy0
R Pyridine  HO
NO, NO,
Scheme 1 Chemical reaction for the derivatization of 3-nitro-

phenylhydrazine (3-NPH) with medium-chain fatty acids (MCFAs)
and short-chain fatty acids (SCFAs)
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Figure 1

BPI chromatograms and extraction ion chromatograms of blank (A), reference (B) and sample (C). 1: Lactate; 2: Formate; 3:

Acetate; 4: Propionate; 5: Isobutyrate; 6: Butyrate; 7: Succinate; 8: Pivalate; 9: Isovalerate; 10: Methylmalonate; 11: Valerate; 12: 4-Methyl-

valerate; 13: Hexanoate; 14: 2-Methylhexanoate; 15: Heptanoate; 16: Pyruvate; Internal standard (IS): 2-Methylvalerate
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Figure 2 Product ion mass spectra of 3-NPH derivative of lactate
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Table 1 Qualitative characterization of MCFAs and SCFAs by UHPLC-QTOF-MS/MS
. 3-Nitrophenylhydrazine derivative
No. t/min Analyte - - - -
Formula Type of ion  Experiment (m/z) Theoretical (m/z) Error (ppm) Product ion (m/z)
1 3.67 Lactate C.H, N,0, [M-H] 224.068 1 224.067 1 -4.46 206.038 9 [M-H-H,0]
180.042 6 [M-C,H.0]
137.036 7 [M-C,HNO,]
2 3.68 Formate C.H,N,0, [M-H] 180.042 1 180.040 9 -6.67 137.036 8 [M-CH,NO]
3 4.02 Acetate CH,N,0, [M-H] 194.057 4 194.056 6 -4.12 137.036 8 [M-C,H,NO]
180.042 3 [M-CH,]
4 6.05 Propionate C,H, N,0, [M-H] 208.073 0 208.072 2 -3.84 190.063 1 [M-H-H,0]"
137.036 5 [M-C,H,NO]"
5 8.36 Isobutyrate C,,H;;N,0, [M-H] 222.088 9 222.087 9 -4.50 137.036 5 [M-C,HNO]"
6 8.69 Butyrate C,,H,;N;0, [M-H] 222.088 7 222.087 9 -3.60 204.074 9 [M-H-H,0]
137.036 1 [M-C,HNO]
7 10.74 Succinate C,H,N,O, [M-H] 387.106 0 387.1053 -1.81 409.086 9 [M+Na-2H]"
8 11.13 Pivalate C,,H;;N,0, [M-H] 236.104 8 236.103 5 -5.51 137.036 4 [M-C,H,,NO]
9 11.35 Isovalerate C,,H;;N,0, [M-H] 236.104 7 236.103 5 -5.08 218.096 1 [M-H-H,0]
137.036 3 [M-C,H,,NO]
10 11.69 Methylmalonate C,H (N,O¢ [M-H] 387.106 6 387.1053 -3.36 409.086 8 [M+Na-2H]"
11 11.90 Valerate C,,HsN,0; [M-H] 236.104 4 236.103 5 -3.81 137.036 8 [M-C,H,)NOJ"
I 14.39 2-Methylvalerate C,,H;N,0, [M-H] 250.120 2 250.119 2 -4.00 232.115 3 [M-H-H,0]
137.036 5 [M-CH,,NO]
12 15.04 4-Methylvalerate C,,H;N,0, [M-H] 250.120 3 250.119 2 -4.40 137.036 4 [M-CH,,NO]
13 15.49 Hexanoate C,,H;N,0, [M-H] 250.120 4 250.119 2 -4.80 137.035 6 [M-CH,,NO]"
14 18.10 2-Methylhexanoate ~ C,;H,,N,O, [M-H] 264.135 8 264.134 8 -3.79 137.036 3 [M-C,H,,NOJ
15 19.26 Heptanoate C,;H,,N,0, [M-H] 264.1359 264.134 8 -4.16 246.123 2 [M-H-H,0]"
137.036 8 [M-C,H,,NOJ
16 20.11 Pyruvate C,;H, ,N.O, [M-H] 357.096 3 357.094 7 -4.48 137.036 7 [M-C,H,N,0,]
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Table 2 Regression equation, correlation coefficient, linear range, limit of detection, and limit of quantification of MCFAs and SCFAs

No. Analyte Calibration curve R? Linear range/nmol-L!'  LOQ/nmol-L"!" LOD/nmol-L"!
1 Lactate Y=2x10"*X-0.000 8 0.992 8 0.46-475 29.69 0.46
2 Formate Y=6x10"X+0.056 1 0.990 4 0.12-237.5 0.023 0.012
3 Acetate Y=2x10"X+0.000 4 0.995 2 0.46-237.5 7.42 0.12
4 Propionate Y=2x10"X - 0.000 9 0.999 1 1.86-950 29.69 3.71
5 Isobutyrate Y=3x10*X-0.003 4 0.997 3 1.86-950 29.69 3.71
6 Butyrate Y=3x10*X-0.002 6 0.997 0 0.93-950 29.69 3.71
7 Succinate Y=28x10"*X-10.001 5 0.999 5 0.46-475 3.71 0.93
8 Pivalate Y=4x10"X-0.003 6 0.998 1 0.93-950 14.84 7.42
9 Isovalerate Y=4x10"X-0.001 4 0.999 2 0.93-950 14.84 7.42

10 Methylmalonate Y=1.1x10°X-0.0123 0.992 7 0.46-950 7.42 0.93
11 Valerate Y=5%10"X - 0.005 2 0.996 4 1.86-950 14.84 7.42
12 4-Methylvalerate Y=7x10"*X-0.008 3 0.995 5 0.93-950 14.84 0.93
13 Hexanoate Y=2x10*X-0.001 6 0.999 2 7.42-950 29.69 7.42
14 2-Methylhexanoate Y=1.2x10°X-0.016 8 0.992 0 0.93-950 7.42 0.93
15 Heptanoate Y=1.3%10°X-0.014 9 0.995 2 0.93-950 7.42 0.93
16 Pyruvate Y=4x10"X-0.001 4 0.991 0 0.23-475 7.42 0.12
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Figure 3 Effect of different factors on the peak response of each analyte
Table 3  Stability, repeatability, precision, and recovery of MCFAs and SCFAs. n=6,x £ s
Stability Repeatability Precision (RSD, %) Recovery (RSD, %)
No. Analyte - -
(RSD, %) (RSD, %) Intra-day Inter-day Low Middle High
1 Lactate 4.42 5.26 0.63 1.68 109.80 + 2.08 103.20 + 0.30 116.30 + 1.60
2 Formate 4.25 5.82 1.83 9.35 87.12+2.10 97.76 + 1.89 105.57 £ 0.32
3 Acetate 4.56 1.63 1.29 2.37 96.86 + 1.30 111.21 £2.61 120.15+1.24
4 Propionate 4.48 2.40 0.96 1.25 82.50 +3.82 80.65 £ 3.49 88.13 +0.69
5 Isobutyrate 1.82 2.88 1.45 0.61 86.78 +3.84 83.19+1.16 80.93 + 0.60
6 Butyrate 341 2.16 1.65 1.53 83.41 £2.65 87.48 £2.29 87.36 +2.00
7 Succinate 1.85 5.87 2.07 0.98 102.68 +1.63 116.40 + 1.58 118.65 +1.68
8 Pivalate 2.97 4.63 2.73 0.34 102.43 +4.56 85.54 £ 1.64 96.06 +2.32
9 Isovalerate 2.58 4.77 3.29 0.08 85.63 +4.42 82.53 + 1.67 89.71 + 1.60
10 Methylmalonate 6.57 4.22 3.90 3.92 90.18 £ 6.27 101.00 + 3.25 88.58 £3.91
11 Valerate 1.69 2.19 1.38 0.4 91.24 +4.53 88.20+2.91 90.79 £ 1.24
12 4-Methylvalerate 4.08 5.42 3.51 0.16 108.46 +2.44 86.79 £ 1.04 86.04 £2.22
13 Hexanoate 4.87 4.80 1.56 1.22 94.85+4.49 100.70 + 3.57 117.43 £ 1.47
14 2-Methylhexanoate 4.02 3.62 3.24 2.89 90.34 £2.27 102.04 +3.24 85.66 = 2.61
15 Heptanoate 5.01 2.60 3.59 0.21 104.40 + 3.46 100.70 + 3.22 91.41+3.64
16 Pyruvate 4.74 1.63 6.66 1.69 108.99 +9.88 92.45 £ 6.36 99.15 £ 6.03
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Figure 4 Contents of individual SCFAs and MCFAs in mouse feces. n =6, x £ 5. ""P<0.01, *"P<0.001, **"P<0.000 1 vs Normal
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Figure 5 Total contents of SCFAs and MCFAs in mouse feces
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