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Abstract: Objective UPLC-LTQ-Orbitrap-MS technology was used to identify the chemical constituents in the leaves of Paullinia
cupana, and a method of HPLC was established for the determination of caffeine in Paullinia cupana leaves. Methods The Waters
Acquity UPLC HSS T, column (100 mm x 2.1 mm, 1.8 um) was used for qualitative analysis. The mobile phase was 0.1% formic
acid water (A) - acetonitrile (B) with gradient elution and the flow rate was 0.3 mL-min~', the injection volume was 3 pL, and the
data were collected under the electrospray positive and negative ion mode. Quantitative analysis was carried out at 30 °C on a prevail
column (250 mm x 4.6 mm, 5 um), the mobile phase consisted of pure water (A) - acetonitrile (B) with gradient elution and the flow
rate was 1.0 mL-min™", the injection volume was 10 pL and the detection wavelength was 275 nm. Results Using UPLC-LTQ-
Orbitrap-MS technology, 46 chemical constituents including 22 phenolic acids, seven flavonoids, seven alkaloids, five long-chain
fatty acids and five other compounds were identified from Paullinia cupana leaves according to the first accurate molecular weight

and secondary characteristic fragments of mass spectrometry. For the quantitative analysis method, caffeine had good linear
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relationship in the range of 0.201 8—2.018 0 pg (R*= 0.999 8). The average recoveries (n = 9 ) was 99.52% and the RSD was
1.16%. The content of caffeine in Guarana leaves is about 2.8%. Conclusion For the first time, UPLC-LTQ-Orbitrap-MS technology

was used to identify the chemical components in Paullinia cupana leaves, which provided a fast and efficient analysis method. The

HPLC-UV method for the determination of caffeine content was accurate and reliable, which laid a foundation for the further study

of Paullinia cupana leaves.

Key words: Paullinia cupana leaves; UPLC-LTQ-Orbitrap-MS; caffeine; phenolic acids; flavonoids; alkaloids; long chain fatty acids
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Fig. 1 UPLC-LTQ-Orbitrap-MS positive ion (A) and negative ion (B) mass spectrums base peak ion flow diagrams of
Paullinia cupana leaves
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Table 1 Mass spectrometry identification results of chemical constituents of Paullinia cupana leaves

?

BT

tr/

m/z

R7E

. - 47 PR B m/z A/

2 @R min W W X109 a

1+ 126 136.06177 136.06216 -0.160  C:HN, 107.99(100).106.92(44.29). BRIZ I (adenine)
118.92(31.12).118.07(24.83)

2+ 127 142.08625 142.08656  0.305 C.H,NO, 69.89(100).113.91(95.48). 3,3- A3, 3-
123.95(36.34).95.89(18.66) dimethylglutarimide)

3 -  1.99 357.10275 357.10620 2.899 C,H, 0, 314.20(100).180.09(6.24). A KE 1% (lactobionic acid)
338.67(1.14).195.07(0.50)

4 - 252 282.08329 282.08524 1945 C,H,N,Os 149.92(100).132.99(4.96) . 194 (guanosine)
263.85(0.87) .

5 - 343 341.10783 341.11078 2942 C,H,0, 298.12(100).179.12(32.12). JEHE (sucrose)
160.98(9.26)

6 -+ 376 181.07200 181.07217 -0.380 C,HN,0, 162.96(100).137.00(71.05). A AJ i (theobromine)
137.98(35.72).181.08(8.34) .

7 4+ 452 181.07200 181.07251 -0.040 C.H,N,0, 123.93(100).162.95(11.00). Z5H (theophylline)
136.95(5.73).152.88(1.36)

8 - 456 179.03388 179.03545 1.565 C,H,0, 134.93(100).178.84(60.05) MIHERR Ccaffeic acid)

9 - 531 227.07027 227.06763 -3.189 C,H, 0, 182.93(100).154.99(15.12). 4 22 7 % (resveratrol)
180.99(10.17).164.96(7.70)

10 - 541 337.09179 337.09341 1.616 C,H,05 162.99(100).191.05(7.36)+ 3-p-CoQA
172.96(5.71)

11 - 543 163.03897 163.04054 1.569  C,H,0, 118.92(100).134.18(0.29). p-coumaric acid
134.92(0.28)

12 4+ 550 195.08765 195.08797 -0231 CgH,N,0, 137.99(100).109.95(2.29) irE A Ccaffeine)

13 4+ 552 138.05495 138.06628  0.092 C,HNO, 109.98(100).109.33(11.93), S i (isoniazid)
111.02(10.88).138.07(4.10)

14 - 554 191.05501 191.05653 1.515 C.H,0, 172.98(100).126.94(66.17). 25 JE & (quinic acid)

15 - 556 353.08670 353.08789 1.181 C,H,0, 191.02(100).179.06(3.64). 1-CQA
173.02€0.59).135.07(0.62)

16 - 573 353.08670 353.08835 1.641 C,H,;0, 172.97(100).178.96(54.97). [t 45 JF % (4-CQA)
190.96(15.29).135.06(7.42) .
137.00€0.69)

17 - 586 473.16535 473.16794 2.039 C,H,0,, 455.28(100).146.95(86.63). junipercomnoside E
323.24(28.27).191.08(18.90).
299.01(16.16) .

18 - 624 59512936 595.13165 2289  C,Hy,0, 421.08(100).577.18(37.33). W Iz 25 -3-Fl B A7 B A 4
377.18(10.43).191.06(5.04) RS

19 - 640 337.09179 337.09329 1496 C,H,0y 191.02(100).172.92(9.19). 5-p-CoQA
163.06(7.28)

20 - 6.64 367.10235 367.10376 1.401  C,H,,0, 191.00(100).172.97(34.63). 5-FQA
192.96(9.59)

21 - 6.89 609.14501 609.14734 2329  C,H,0,, 300.13(100).271.02(19.08). 75T (rutin)
301.10(18.52).445.12(14.26)

22 4+ 690 303.04992 303.05087 0941 CjH,0, 257.06(100).285.01(59.19). Mt Jz % (quercetin)
274.05(19.08).152.99(14.39)

23+ 726 287.05501 287.05566 0.645  C,H,0, 241.04(100).152.90(57.02). 11 25 [ (kaempferol)
258.00(46.64).231.15(34.03)

24— 729 59315009 593.15173  1.634  C,H,0,5 283.99(100).429.20(48.94) . 11 25T 3-O- 2=
285.07(36.79).255.02(27.37).  (kaempferol 3-O-
447.06(9.16) rutinoside)

25 — 750 463.087 10 463.08951 2408 C,H,0,; 301.05(100).300.04(29.08). 4 22 Bk (hyperoside)

343.09(3.01).
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FOET m/z R I

2 gt min p—_ o X10-5) Fak R B F m/z WwEY

26 — 7.85 515.11840 515.12097 2.568  C,H,0,, 353.14(100).172.96(11.98). 4R B(3,4-DICQA)
335.17(11.44).179.09(8.79)
191.10(5.18)

27  —  8.07 447.09218 447.09448 2292  C,H,0, 284.07(100).285.05(58.69). 79 (astragalin)
255.01(16.39).227.11(3.39) .

28 + 811 163.03897 163.03940 0.429 C,H,0, 144.89(100).134.94(12.14). D JEAE N i
162.94(3.20).116.87(3.72) (7-hydroxycoumarin)

29—  8.16 353.08670 353.08820 1491  C,H,0, 191.02(100).179.00(42.82) HERRIR (3-CQAD
134.92(9.82).173.02(2.70)

30 —  8.16 51511840 515.12061 2208  C,H,,0,, 353.13(100).190.94(1.23) 2 (DICQA)
179.00€0.87)

31 — 841 515.11840 515.12048 2.078  Cy;Hyu0,, 353.11(100).335.16(4.36) . 1,3-DiCQA
179.00(3.86)

32— 843 353.08670 353.08807 1361 C,H,0, 172.96(100).179.03(53.12). F& 4% JFUR (4-CQA)
190.95(17.76).134.91(7.72) .
137.06(0.89)

33— 9.02 337.09179 337.09329 1496 C,H,05 162.90(100).191.04(6.47) 3-p-CoQA
173.03(5.79)

34— 9.1 353.08670 353.08829 1.581  C,H,0, 191.01(100).178.99(44.40). SR EFR (5-CQA)
173.07(10.42).134.97(10.67)

35— 922 367.10235 367.10413 1.771  C,H,0, 192.96(100).172.96(3.74). 3-FQA
191.12(1.90)

36 — 926 367.10235 367.10397 1.611  C,,H,O, 193.00(100).191.02(18.68). 3-FQA [ &4
173.05(3.78)

37 — 932 337.09179 337.09360 1.806 C,H,O5 172.90(100).162.96(10.48) . 4-p-CoQA
191.05(2.59)

38— 943 367.10235 367.10406 1.701  C,H,0, 173.01(100).192.98(12.54) . 4-FQA
191.09(1.15)

39— 943 52913405 529.13629 2237  C,H,0,, 367.17(100).173.06(6.15) . CFQA
193.05(3.21).335.15(3.01)
353.19(2.96).179.05(0.88)

40 - 950 529.13405 529.13647 2417  C,H,0,, 353.15(100).367.11(40.17) CFQA-2
173.00(7.96).335.25(5.82)
178.99(5.30)

41 - 1046 677.15009 677.15283 2.734  CyH,0, 515.19(100).353.06(5.11) 3,4,5-Tri-CQA

42 - 2026 27721620 27721786 1.653  C,H,0, 233.23(100).259.18(39.49). AV R Z (linolenic acid)
232.45(24.69).179.19(6.12) .

43 - 23.14 199.13287 199.13445 1.031  C,H,0, 181.05(100).155.08(31.94). cis-3-hydroxyundec-8-
162.83(1.83) enoic acid

44 - 2337 25523185 25523332 0915 C,H,0, 237.11(100).182.88(10.48). KEHE L (palmitic acid)
162.88(8.11).210.12(3.59)

45— 3320 27923185 279.23337 0965 C,H,0, 261.20(100).191.07(16.93). AV H 2 (linoleic acid)
251.39(5.58).234.78(4.10)

46 - 3742 28124750 281.24936 1305 C,H,0, 263.20(100).236.85(20.99). R Coleic acid)

281.52(11.09).139.30(9.08)

+-IEE T —-E T

+- positive ion; — - anion

3.0 BB RHATAEMMSE M ST AR
o 3L 558 22 AN R AL &4, A PSR TR K
HimAaMmE2Z . % 582K WA Y (chlorogenic
acids, CGAs) A FHZE T TR FIl 1 ~4 4™ A RE R 2R IE 1 11)
Fie A0 G 5 i AL ) 2 Wi Wk S ) B 3R R B

T , D] A AR R 26 T LAAE 28 7 IR 1) AN [ o B HBCA 17 A7
TEAR Z2 W) [F] O e f Al o 28 Je TR S LI PR R TR 45
LA 2.

PRI ME L 28 7 R (caffeoylquinic acid, CQA) : 11
BB AR 4 P 3R AT 1 0 P o e s
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677.150 09) , % 2 <5X10°, H Al G 0 7+ RN
C,H,,0,, HI KT 4k & 4 41 7 A 52 = ikt 25 e 18
R 8 ST Rk B R — R BRI HE WAL A )
41°43,4,5-Tri-CQA.

Xt & 5Bk 24 7 FR (p-coumaroylquinic acid, p-
CoQA) « #5173 HEAS Wl AH X 23 7 B & (LM —H1]",
m/z 337.091 79) , HE Wi 1k & #1933 137 (1) 5+ 5
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KM —HI",m/z 282.085 24) , #E G H AT RE ) 4> 7 30
N C o H, N, iR 225 X 1078, MR 4G — GRS ERE - m/z
149.92 [M—H—CH;0,] = Al m/z 132.99 [M—H—
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Fig.5 Secondary mass spectrograms of caffeine (A), theobromine (B) and theophylline (C) and theirs possible fragmenta-

tion pathways
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Fig. 6 HPLC spectra of caffeine reference substances (A)
and Paullinia cupana leaves specimens (B)
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