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Study on chemical constituents of Chlorophyll
non-saponifiable matter in Faeces Bombycis

BI Jing-Dou', MU Yi-Han', ZHANG Yu-Yao', LI Ling', DENG Xiao-Kuan', GAO Ping',
ZHOU Peng-Cheng®, JIANG XueYing?, JIANG Xiao-Hong?, LIU Jing®, CHEN Hai-Qiong*
(1. Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education,

College of Life Sciences, Sichuan University, Chengdu 610065, China;

2. Sichuan Tongshida Biotechnology Co. Ltd, Ziyang Academician(Expert) Workstation, Ziyang 641500, China)

Abstract; Chlorophyll non-saponifiable matter is a by-product with a large yield in the process of produ-
cing chlorophyll from Faeces Bombycis. To further enhance the comprehensive utilization value of Faeces
Bombyecis, this research focuses on the chemical constituents in chlorophyll non-saponifiable matter of
Faeces Bombycis. Silica gelcolumn chromatography, C18 medium pressure column chromatography, high
pressure preparative column chromatography was used for separation and purification. The structures of
the compounds were identified by spectroscopic data and physicochemical properties. A total of 11 com-
pounds were isolated and identified, which were phytol(1),5-glutinen-3-0l(2), lupeol (3), stigmasterol
(4) , campesterol(5) , §-sitosterol(6) , a-tocopherol(7) , y-tocoferol (8) , (2E, 6E, 10E, 14E, 18E, 22E)-3, 7,
11,15,19,23-hexamethyl-2,6,10,14,18,22-tetracosahexaen-1-0l(9) ,13,14,17,20R)-lanosta-7, 24-diene-

3-0l1(10) , palmitic acid(11). According to the results, the main components of the non-saponifiable matter
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are rich in sterols,and compounds 2,9 and 10 were isolated from Faeces Bombycis for the first time.

Keywords: Faeces Bombycis; Chlorophyll non-saponifiable matter; Chemical constituents; Structural i-

dentification; Sterols

1 5 §

Vb (Faeces Bombycis) , 3 E{E g f s zh,
R T(HRERNR), BREP X )RR L F &
(Bombyx mori Linnaeus) 4 81 i) THR A2, &
VR AN FEER Y 2 —, F 77 1A WL
VLI AN AR . (AR B H ) hid#5 Rm b A
2 XU R S AR T AR T E 0 I R Y AL
BRACZY BB 2 B Ay v A 35 P 130 B 45 B T 28
AR S A R ISR LR ) LA e ik
B I BRI BT A BRI AR I [
U RS BRSO SN L IR
U H AR IR RE PRI A2 KGR 5 Y 2 1
2y RS UE W H S R A Sk 1P R L
R BCREE. NI b 2y A B E TR E
2SI A

VP E S AR R R B Tl b RIRE
() R IRIEN . 20 28 N -B AR 5T 3 (I 4
A VD PRI 28 2R AH LU o S5 Al ) v FR U
QR BYREEE S REEk 10 ES T
Tk AbA: 7. FErtag R AR P B oI e Ak AR R
O O EE R N R R R Y
ANBALY) A IR A P e 2R S AN ER I S
PR BEA S N R BT R A
Py AR Z AT T A DGR L AR X 3L R AL
HYIFARAIRAMG , H BRTE AT A ibn4¢
REABAC A2 8 AR DUAH GRS AR A

H A A AP AR = i 100 MELLE A4
FILA WA BALY R E R TS A 2L )
AR s B R X 3R T AR VDRI B
9T A SCH ARG AV IS R A AR i A2
W3 A VD BE IR i — 2 2R R T 4 R 5T B
Bk A e BEAH I i A 7 T AR e
el

2 MRERAE

2.1 # #
2,11 R EUDMEREAN ALY (DU A

RLE YRR BRA RIR D) 5 B HS B 33 B e 3-
A I P 2B IR ORCAR AL AR AL 2l A AR

AHBRAFD.

2.1.2 KA AMEE60~90) 1R 2
CEE TSR o3 AT 2 AR AL TR ) . B
(ol , BUERRH AL T .

2.1.3 E  BEES)ZHTH (150 mm X 600 mm);
R201D H.55 Jig 5% 28 A (L SCHE IR i BHER T ) 5
LC3000 &% AH 835 4L (UV3000 28 4G 75
P3000 & Al 5 » db i Blpnm E R A BRA 7D
Sepax Sapphire C18 {4 1% ## (250 mm X 4. 6 mm,
5 pm) s MCI GEL (1 J5 e A= fbRH R & SR A PR 2
A s 45 (0 3% A (YMC-C18-10pm, Jb 5T 81 35 i@ 18
BHEA A ED s MicrOTOFQ [1 (7 8 Bruker 24
7)) ; Bruker Avance [[ -400MHz 1 Bruker Avance
1 -600MHz spectrometer({f&[E Bruker A &]).

2.2 F &

2.2.1 B HL400 g BIPIHEERABALY)
FHIE 8 AT Bk o0 PR i AT S R R ST BT
Tt Tk B Bl AR SRR SRR R
SEZE AT AR 4 B Ak 2 TR TR R R B
(100:0,50:1,20:1,5:1,2:1,0: DEHE
VR W EE VR, 25 TILC 38 55K 25 I A [7] 15
I3 WUR MR AR 2] 6 K3 B 23 R Fr. 1(58 @)
Fr.2(42 g) Fr. 3(39 g) .Fr. 4(24 g) .Fr.5(51 g).
Fr. 6(15 g). Fr. 1 B Ay k45 5 15 21 1 6005 4R
i, 2 C18 ik o i i 4y B 15 2 i 4l B AL &
11. Fr. 2 B Z ko sk e #, TLC Az i ] i 45 )
Fr. 2-A-D. & HPLC #5347 . 75 JF AB il CD, 1%
| Fr. 2-AB(8. 6 g) .Fr. 2-CD(12. 86 g) J/5 i it
MCT #0535, RS ; 1 81 5 22k 8 C18 s
41,90 % ~100 %6 H Ui » Fr. 2-CD 15 5|
AW 1(1.6 @, Fr. 2-AB 18 3L &4 2 (145
mg). Fr. 3 BRI /3 85 A58 & 7~9 = 1ME
YRR Z P4y Fr. 3-A(19. 67 @) Fll
Fr. 3-B(10. 32 @). W4~ Brztid C18 v s A 41
e 2% G Ak 2R AT 40 40 35, B 9026 ~100%%
FH S A B2 ok i, 28 ) S B2 48 2 4 43 25 HPLC £y
W, 43 545 2 4l B3 = AL A9 7(320 mg) .8(600
mg) F1 9(31 mg). Fr. 4 Zit TLC, HPLC i) %}
Wb & o G 3,4,5,6,10,564
MCT A e 00 28 B 2% J5 i#E 47 C18 R (a3
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EHE, F: BUTRERLMNALFRSFR % 59 &

K43 854538 Fr. 4-A,B,C. Fr. 4-A % CI18 R
TERE, 90 20~100 % B BEPE B 75 204k A4 3 (1. 39
@), Fr. 4-B %4t £k C18 v s a3 4 1 s i 4
T iERE, 90 % ~100 %0 H BEVE S 24L& 10(73
mg) . Fr. 4-C 233 2k C18 rh R %A 4 5 15 51
&Y 4(43 mg) ,5(40 mg) ,6(78 mg). Fr. 5 4
Pt N A R A A T AR B K kA 6. Fr. 6 £

HPLC kil 7 % 30 & 388 0 o3 SO TR AT
Iy

2.2.2 ¥ ARICGHSE AL S, T
) v 2l BE ) AR A S W B AR i A R o
T A% W A BT A I R R AT I . A ) S
FR AR D T RO A AR W %) B AR BT AT 45
HE.

AR R s VN 7]
R0 400 g

RERCHE MBS, Ailifg: ZIRON

(100:0, 100:2, 100:5, 5:1, 2:1,

0:100) HBEEVEML

)
[ Fr.2 ] Fr.3

FERAEZ M. MCI

REBALEHT

()G9 G

MCIEE, [C18H JEH:SY i

28, 90%~100%
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4
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Fig. 1 Isolation procedures of Chlorophyll non-saponifiable matter in Faeces Bombycis

3 HEMENERE

A 1: IR B AR AR ESIMS at m/z:
297. 23[M-H]". TLC 453 Bz fb &9 Mia Yy
P it ) REECFIBE s IR — 3. HPLC £l 45 2R
BRIz AE Y g ] 5 A Y BEAR f—30 HIR G
HRER R R R — W) T, S &9 1 %5 0 S p ) B
(Phytol) , 73 F2 Cy Hy O.

&Y 2: Ak A . ESI-MS at m/z:427. 98
[M-HJ".' H-.NMR (400HMz, DMSO) 6: 3. 47
(1H,t,J =3. 11 Hz, H-3, —OH), 5. 54,5. 52
(1H.d,J =6 Hz, H-6, B+ 50 .0. 98~1. 16
(3H, s BUL 34D, 1. 31~1. 84(1H, m, JiEi F &
Buft). *C-NMR (101 MHz, DMSO)§: 18. 02(C-
1),27.98(C-2),74. 36 (C-3),40. 14(C-4),142. 65
(C-5),118. 86 (C-6),19. 07 (C-7), 46. 82(C-8),
34. 04(C-9),49. 53(C-10),32. 62(C-11),29. 53(C-
12),38. 67 (C-13),35. 47 (C-14), 28. 93 (C-15),
34. 24(C-16),29. 83(C-17),42. 50 (C-18), 34. 09

(C-19),27. 9(C-20),32. 60(C-21),37. 27(C-22),
27.76(C-23),28. 93(C-24),15. 87(C-25),19. 07
(C-26),17.93(C-27),29. 53(C-28),32. 14(C-29),
31. 63(C-30). LA A% mE e 5 SOk 19 1564 — 2,
A&y 2 %% N 5-Glutinen-3-ol, 40 X R Cyo
H;, O.

&Y 3: @ PR 45 & ESIMS at m/z:
427. 12[ M-H]". ' H-NMR (400HMz, CDCl,) 6:
4.57(d,J=2. 6 Hz,H-20a);4. 65(d, J=2. 4 Hz,
H-20b);3. 20(dd, J=11. 5,5. 0 Hz, H-3),0. 74~
1. 71(3H. s, BUL B 35D, " C-NMR (101 MHz,
CDCl;)8:38. 72(C-1),27. 46 (C-2),79. 01 (C-3),
38.87(C-4),55. 31 (C-5),18. 02(C-6),34. 29(C-
7),40. 84(C-8),50. 45(C-9),37. 18(C-10),20. 94
(C-11),25.15(C-12),38. 06(C-13),43. 01(C-14),
28.00(C-15),35. 60(C-16),42. 84 (C-17),48. 31
(C-18),48. 00 (C-19), 150. 99 (C-20), 29. 86 (C-
21),40. 02 (C-22),29. 71 (C-23), 15. 39 (C-24),
15.99(C-25), 16. 13(C-26), 14. 56 (C-27), 18. 33
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(C-28),109. 34(C-29),19. 32(C-30). L [ #%wE%k
i 5 SCHRL20 A —F UL &) 3 2508 P &L
[z (LupeoD) , 73 F2k Cyo Hso O.

&Y 4: Ak A ESI-MS at m/z: 412. 64
[M-H]". TLC 455 B m iz b & W 5 & 5 B i
i I REAEAIBE SO IR — 2 HPLC £ 25 53 s
ZALG P i e 1] 5 S WA o — 20 HIR G
HERE SRR A — W L. ik B 4 S8 S O
(Stigmasterol) s 73T 7N Cy Hys O.

&Y 5: A A, ESI-MS at m/z: 400. 70
[M-H]". HPLC 45 5 iz e & P i e s
() -5 3 £ WA v o — 250, HIRA UERE Wos Ry [a] —
Y. O EAL Y 5 R i BE (Campesterol) ,
ﬁ?it C28H18O~

&M 6: FEEIRSS i ESIMS at m/z:
415. 12[M-H|". TLC 5 R B /R iz &Y 5 -5
HS BEARAE i RIE B 2Bk —3k. HPLC il 5
R RZAL G Y W (] 5 B4 S WA o A —
H, HIRA R B UG 6 Bk 3
4% 1§55 I (B-sitosterol) » 3 F28 Cog Hy O,

B 7 1R B AR AR  ESIMS at m/z:
430.51[ M-H]". " H-NMR (400 MHz, CDCL;) 6:
4.22(1H,s,-OH),2. 5(2H,t,J =6. 5 Hz, H-4),
2.15(3H, s, H-10), 2. 11 (6H, s, H-5a, H-7a),
1. 25(3H,m, H-2a),0. 85(6H,m,H-12"a, H-13"),
0.82(3H,m, H-8"a),0. 83(3H, m, H-4"a). " C-
NMR(101 MHz, CDC13) §: 75. 4(C-2),23. 7(C-
2a),32.1(C-3),20. 6(C-4),117. 5(C-4a), 118. 8
(C-5),11. 9(C-5a) , 144. 7(C-6),121. 0(C-7),12. 3
(C-7a),122. 4(C-8),145. 6 (C-8a),11. 5(C-8h),
39.7(C-1"),24. 8(C-2"),37. 3(C-3",C5"),32. 9
(C-4",21. 2(C6"),37. 3(C-7",C9"),32. 6(C-
8'),24.5(C-10"),39. 6(C-11"),28. 0(C-12"),22. 5
(C-12'a),22.3(C-13"),19. 8(C-4"a),19. 7(8"a).
DL EARREE I 5 SCEk (21 1A —3 ik & 7
KEN o BFEY (atocopherol), 43 F 3 H Cy
H;, O..

a8 1R B AR AK  ESIMS at m/z:
416. 54[ M-H]". " H-NMR (400 MHz, CDCl;) .
4,20(1H,s,6-OH), 1,67 (2H, m, H-3), 2,68
(2H.t,J= 7.3 Hz,H-4), 6,37(1H,s, H-5), 1,
22-1,28 (2H,m, H-1'2"3'5'6"7'9"10"11"),0, 83
(1H.d,J=6.7 Hz,H-4',H-8',H-12',H-13"), 1,
23 (3H,s,H-2),2,12 (3H,s,H-7),2,09 (3H,s,

H-8). ®C-NMR (101 MHz, CDCI3)§: 75. 48 (C-
2),31.40(C-3),22. 34(C-4),112. 14(C-5) , 146. 23
(C-6),121.61(C-7),125. 81(C-8),145. 76 (C-9),
118. 32(C-10),40. 05(C-1"),21. 03(C-2"), 37. 47
(C-3"),32.70(C-4"),37. 30(C-5"), 24. 46 (C-6"),
37.48(C-7"),32.82(C-8"),37. 44(C-9"),24. 82(C-
10"),39.39(C-11",28. 00(C-12"),22. 65(C-13"),
24.10(CH;-C-2), 11. 92 (CH;-C-7), 11. 88 (CH;-
C-8),19. 68(CH;-C4"),19. 77(CH,-C-8"),22. 74
(CH;-C-12"). Lh_ AR 5 S0k 22 )36 A— 3K
WA G4 8 %58 M y-tocoferol, 73 T2 Cos His Os.

&Y 9: Ak K, ESFMS at m/z: 427. 7
[M-H]"." H-NMR (400 MHz, CDCl;) §: 5. 44
(1H,t,J=6.8 Hz,H-2),5. 10(5H,t,]=7. 1 Hz,
H-6,H-10, H-11, H-18, H-22),4. 16 (2H,d, ] =
6.9 Hz,H-1),2. 09(10H, m, H-4, H-5, H-8, H-9,
H-12),1.98(10H, m, H-13,H-16,H-17, H-20, H-
21), 1. 67 (3H, s, 24-CH3), 1. 62 (18H, s, C-3-
CH3,C-7-CH3, C-11-CH3, C-15-CH3, C-19-CH3,
C-23-CH3). ¥ C-NMR (101MHz, CDCl;) §: 59. 43
(C-1),124. 42,124, 28,124. 25, 124. 18,123. 76,
123. 32(C-2,C-6,C-10,C-14,C-18,C-22),139. 89,
135.43,135. 04,134, 98,134. 96,134. 95(C-3,C-7,
C-11, C-15, C-19, C-23), 29. 72, 26. 78, 26. 72,
26.68,26. 34 (C-4,C-8,C-12,C-16,C-20), 39. 76,
39.74,39. 57(C-5,C-9,C-13,C-17,C-21), 25. 71
(C-24),17.70,16. 31,16. 04,16. 02(C-25,C-26,C-
27,C-28,C-29,C-30). LA Bt 5t 5 3 mk[ 23 13%
A—F, b & 9 %E M (2E, 6E, 10E, 14E, 18E,
22E)-3,7,11,15,19,23-Hexamethyl-2,6, 10,14, 18,
22- tetracosahexaen-1-ol, 4328 Cy Hso O,

EW 10: 1 @R E 4, ESIMS at m/z:
427. 6 [M-H]"."' H-NMR (400MHz, CDCL, ) §.
5.31(1H,t,J=6.8 Hz,H-7),5. 13(1H,t, ] =6.5
Hz,H-24),3.27(1H,dd, ] =4. 6,10. 7 Hz, H-3),
1.69(3H,s,CH3-26),1. 60(3H,s, CH3-27),0. 98
(3H. s, CH3-29), 0. 99 (3H, s, CH3-30), 0. 90
(3H, s, CH3-28), 0. 89 (3H, s, CH3-21), 0. 83
(3H,s,CH3-19),0. 77(3H,s, CH3-18). *C-NMR
(101 MHz, CDCl;) §: 37. 2(C-1), 25. 36 (C-2),
79.27(C-3),38. 97 (C-4),50. 62(C-5),23. 95(C-
6),117. 79(C-7),145. 90(C-8),48. 91(C-9),34. 94
(C-10),18. 15(C-11),33. 96(C-12),43. 53(C-13),
51.28(C-14),33. 82(C-15), 28. 48(C-16), 53. 23
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(C-17),22.09(C-18),13. 11(C-19),35. 80(C-20) ,
18. 60(C-21),35. 16 (C-22),27. 61(C-23),125. 14
(C-24),130. 96 (C-25), 25. 75(C-26), 17. 68 (C-
27),27.69(C-28),14. 74(C-29),27. 32(C-30). Lk
FAZREEE S SR 24 JHEA — B Bk &) 10 %
FE R (135 14834170, 20R)-7, 24- "5 F- 7 5§ ot 3- 1
((13a,14B,17a» 20R)-lanosta-7, 24-diene-3-ol) , 43
Fx Gy Hs O,

EW) 11: @R E A, ESEMS at m/z:

256. 0[ M-H ", H-NMR (400MHz, CDCl,) §:
2.36(2H,t,J=7.5 Hz,H-2),1. 65(2H,m, H-3),
1.27~1.32(22H, m,H-4~14),1. 34(2H, m, H-
15),0. 90(3H,t,J=6.5 Hz, H-16). *C-NMR(101
MHz,CDCl;)§:179. 6 (C-1),34. 1(C-2),24. 6 (C-
3),29. 8-29. 0(C-4-C-13), 31. 8(C-14),22. 6 (C-
15),14. 2(C-16). Pk A% #EEcds 5 SCik[ 25, 26 ] 5L
A—H AW 11 %2 AR R (palmitic
acid) , TN Cs Hy, O,.

OH

)]\ CHs

OH oH

(CH2) 72
1

B2 e 1~11 MK

Fig 2 Chemical structures of conpounds 1~11

;
£ £ — ; -
N N N 7 — 1
9
4 7 g

Lol Sy B AAL FNAS F 508 - A TD IR A I,
oy e s] 11 Mk &9, a4s 6 M i By
5T, 2 FESRY BT, 2 FhAEF Y AR, Kb e A
Y 2,910 K E RNV 4r B 3. 2R/, A
Uit a R A B e S R Y B, Hod,
S S B R E R R T R R R
5 2 s LR SR T 5 P 0 5P Bl IR FE AR 22 1 5
B GRS T B AT B g8 P A
Wep AP A [ P 45 22 ol L 1) 245 BV 1, I RTTE 22
et it 0 B 24 U AT 6 Tz . B s AR SO
GEE UCAE A Vb v 43 B H bR 1Y 5 B2 R 5-
Glutinen-3-ol 5 (13, 14, 17, 20R)-lanosta-7, 24-

diene-3-ol, X J5 £e A Vb v S B AIF 50 A o B 20 .

AN 4EE R E R —Flisia e R A BBt
RS B B B ko B AL AR Th AL T
MR R AR T B o LB AT
4R E B PA R IRAETEIE 2 Hl W it 2 4 2
2 KSR sz )ioet. B, bt g R A ik
YIrTAE R e P S R 4 4R R EL4E4E R K
R RER IR, AR SCRIFGE B T A AR A AL 2 il
g3 s RS P g R R A AR DGR ) )
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