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Histochemical localization study of alkaloids in root of Macleaya cordata
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Abstract: Objective To develop the quantitative analysis method combined with laser microdissection and LC-MS/MS technique
for determinating sanguinarine, protopin, allocryptopine, chelerythrine, dihydrochelerythrine, and dihydrosanguinarine in the roots
of Macleaya cordata, and performe the histochemical study on M. cordata roots. Methods The technology of
laser-microdissection was used to dissect the cork, cortex, phloem, xylem vascular bundles, and xylem rays from 2-year-old M.
cordata roots at different growth stages, the technique of LC-MS/MS was applied to detecting the contents of targeted alkaloids in
the microdissected tissues. Results The six kinds of alkaloids possesed a wide linear ranges and a good linear relationship (+* >
0.996 6); The RSD of intra- and inter-day precision was all less than 2.4%; The highest limits of detection and quantification were
respectively 0.29 and 0.57 ng/mL; The repeatability RSD was below 13.2%. The recovery varied from 85.1% to 133.9%, and its
RSD ranged from 9.4% to 20.7%. The total amounts of six kinds of alkaloids in the above five tissues were respectively 0.14, 0.10,
0.07, 0.16 and 0.11 pg/mm? for seedling stage root; 0.38, 0.22, 0.15, 0.41 and 0.26 pg/mm? for flowering stage root; 0.46, 0.29,
0.27, 0.55 and 0.22 pg/mm? for fruit stage root, and 0.52, 0.29, 0.24, 0.41 and 0.23 pg/mm? for latering fruit stage root. Conclusion
The integrated method is high-resolution, specific, sensitive, and reliable for the quantitative analysis of alkaloid in tissues; The six
kinds of alkaloids are mainly located in corks and xylem vascular bundles from the roots of M. cordata.
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PR A DI HLAE—20 C R4 1 F DIk
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BRGSO I VI DPSS HOL AR
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. 4 °C, 1X10* r/min .0 10 min K414
AR 22 B RS, I 100 uL FEE, HE A $EEL
30 min. 1X10*/min, 4 CHXKEL 10 min, #HE
90 pL [ F3EW R AL A RS T, e T 4
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HEHTR A 25 GRS A% 259, PRO ALL. SG.
CHE.DHCHE-DHSG it 5737124 1 025.6.935.9,
520.8. 529.7. 103.9. 109.4 ng/mL.

2.3 HPLC-MS/MS %14

R4t (0%l Agilent ZORBAX Extend
Cig (100 mmX2.1 mm, 3.5 um, FK[E); FEA 40
Cs WA 3 uLs VLAIAHA 0.2%[H FH R ZK I CAD
M (B BRFELEMAEF R 0~5 min, 15%~28%
B: 5~10min, 28%~100% B; 10~15 min, 100%
B; ABUE N 0.4 mL/min.
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Table 1 MS parameters for targeted compounds
A o ELpg ooy e T B B IE Ak 2L : MH%E‘E/V
ety ERB TR (mlz)  GEVERSTRS (mlz) BB i 1) /ms IR/ V =5 =
PRO 354.1—-189.0 354.1—188 100 150 30 30
354.1—149 22
ALL 370.2—188.0 370.2—290 100 150 26 26
370.2—189 34
SG 332.1—-217.0 332.1-217 200 162 57 41
332.1-275
CHE 348.1—304.0 348.1—304 100 135 18 29
348.1—-333
DHCHE 350.1—334.0 350.1—335 100 132 26 18
350.1—-318 40
DHSG 334.1—318.0 334.1-319 100 136 30 18
334.1-304 18
2.4 HPLC-MS/MS J5ik%¥ %5 1.8%~2.4%.
241 bRfEMZrah RPEIRE 7 MARTER 244 RUETERES  BURFEA 3 RS WAL,

IR0 B 3 pL, HEFE, s Rr 4 53
(I I T AR, LA B (BRI B RAR B (X0,
F o TR PARRR (YD, FIR] B/ — ikt
Tt mlH b, At abrfEdi g, Ik 2.
F2 EMEARERELEEREMBXRN
Table 2 Standard curve equations, linear ranges, and

correlation coefficients

ey bRl M/ (ngmL ) 7
PRO Y=1355X+30783 5.1~1025.6 0.996 6
ALL Y=1561 X+15737 47~ 9359 0.998 9
SG Y=177 X166 0.5~ 2604 1.000 0
CHE Y=325 X+133 2.7~ 529.7 0.999 9
DHCHE Y=6644X+1321 0.5~ 1039 0.999 0
DHSG  Y=6808X+123 0.6~ 109.4 1.000 0
2.4.2 GERFRFIATHBE R IR AR T

MHEFMELL (SIND, FERENE S/N=10 F1 SIN=3 [}
SRR WUTT R B A AE e &R (LOQ) .
HPE (LOD). PRO. ALL. SG. CHE, DHCHE Al
DHSG LOD %344 0.013. 0.018. 0.056. 0.285.
0.006.0.007 ng/mL, LOQ 4374 0.066+0.092.0.56-
0.57. 0.013. 0.013 ng/mL.

243 FEEWRK B PRO. ALL. SG. CHE.
DHCHE /% DHSG Ji ik FEMK XA 51.3.46.8.26.0+
26.5. 5.2 5.5 ng/mL [0 FEG S, IESEIERE 3 d,
REGESRE 5 &1, sk &R, B A
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) RSD £ 0.7%~1.6%, HIK% K RSD A
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IS [) A PR WS TR, 43 T E SV [T AR RSD, 48 E A
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B0 K v W, RS BRI 3 pL BEAE, il s H A
A & A A TR R, 4y Sl ah B RSD AR T
13.2%.
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T 2%, ICSR AR, ISR RSD, #%
J7ERIERAYE S IFE R 2 85.1%~133.9%, RSD
) 9.4%~20.7%-
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ANFEFER 30, 35, 40, 45 CRHRE 2 B 801
RMHEAT T %52, 45 R GHRWE A 40 “CHY,
UG 1) 73 3 R et

W 100 45 0 TS S 50 e e, & AR e
o B VTR AN 28 10 1 AT 40 B 00 ) B VE N i
0, TEIE B TR 7 2R R & H b & gk Ar
— RS AR, 15 B AR AP o> TR T A
Wi, A S B Bl AE AR 4 1 B P AT R
W, A9 BA N TR T R . BERIX & H
G IENERE B E . fEfERER (CE) %%
ZRCHEAT A, A B A2 PRI - 5 1 Y R
KB OR, B E s R B ARG Y e PR E
HE TN, @7 & B RSP MRM
ERONITE. WK 1 Fis, & Histb &
AR W TR 4y 25 B

WOk BRI
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DHCHE

2 345 6 7 8 91011121314151617 18
t/min
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Fig.1 Represent MRM chromatogram for PRO, ALL, SG,
CHE, DHCHE, and DHSG
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Fig. 2 Process of laser-microdissection and microscopic imaging of cross section from M. cordata root under UV microscopy
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(A, TEVE [BIARBEAN D) AR 2 RUR TR 4
HOR I B 2, BERIX 2 AN AT
FAFIE ] BeH A AR . AR A A AR
(T 25 1T R A 5 BT IS R e
HHPA, JEHBOCHRILDIEI R (E 2-A).
3.3 VIRIHELH R E B RERE N E

A iR @57 ) HPLC-MS/MS & &0 #1 J7
s KHDVEIRE 5 R 25 H bR AR AT R, AR
SR 3. WK 3 FATLLEH, [F—42807E AR
A K B T PR R AR AR T T R — E A 2R Pk ) A
], WIAKEZ T PRO [ 5 [HIAR B £ 79 4 A= A A
W4 0.041 pg/mm®, 7 HAEW R 0.18
ng/mm’s AN [ 41U [R]— 2B A I SUTR AR v ] —

F s 25 6 ) B T R AN ], 0 A P A AR AR
I PRO fEARRRE . B2 WIRH . AR 44
WA 50 0.041. 0.040. 0.029.
0.078. 0.055 pg/mm’®. {H Ak B, #AEK 6
Tob 25 B ) e A5 ARG J2 RN 5 4 45 o b vy T
TR, S5 G AE 20 WA TS B ARk JZ AR
TR At 2H 23 52 TR B R I — 45 AR, HEW R e
TV (R B 7R 1 98 s 2 5 b i PRO,
ALL. SG. CHE. DHCHE #1 DHSG )& 5 1FEAH ¢
Ty AN s AHE S AT AT AR A 5 R A B A 45 S 5O
BB R (AR A A AT T A b
t, RIGTUE B IV i 4 55 AT 1 76 B 30 0 £ B R 1)
& B AR FAR — 5
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Table 3 Contents of targeted compounds in different dissected tissue samples from various growing stages M. cordata roots

A/ (ug-mm )

Az K 3 14

PRO ALL SG CHE DHCHE DHSG S

HiY NG 0.041  0.087 33x10° 45%x10°° 40x10* 15x107° 0.14
Kz 0.040  0.055  7.6X107* 1.1x107° 2.1%x107* 1.7x10™ 0.10

1 ¢ 0.029 0036  7.2X10™* 8.5x107* 1.8x10™ 12x10™ 0.07

AR TS A A 0.078  0.079  23X107 12X107 2.6X107* 29x10™ 0.16

A2k 0.055  0.057  6.8X10™* 46%x107* 1.7x10™ 1.7x10™ 0.11

13 PN 0.180  0.160  0.030 0.015 1.7Xx10™ 9.0x10™ 0.38
S 2 0.110  0.095  5.6x107° 7.2%107° 2.0x10™ 2.1x10™ 0.22

) Jz 34 0.075  0.074  22X107° 29X%107 1.0Xx107* 1.0x10™ 0.15

AR TS A A 0210 0180  8.5X107 55%107° 44x107 6.4X107* 0.41

PN R 0.150  0.120  1.7X107° 12X107 1.1x10™ 9.0x107° 0.26

HL PN 0.160 0250  0.014 0.019 3.0x107* 47x10™ 0.46
S 2 0.120  0.160  5.3X%107° 0.012 29x10™ 22x10™ 0.29

1 ¢ 0.120  0.130  4.4X107° 8.1x107° 1.4x10™ 1.0x10™ 0.27

AR TS A A 0230 0260  0.030 0.024 5.7x107* 12x107° 0.55

PN R 0.096  0.120  1.9%107° 2.6X107 3.0X107° 5.0%x107° 0.22

L= PN 0.170 0260  0.040 0.046 8.0x107* 29%107 0.52
e 2 0.120 0170  1.1x107° 32%107° 9.0X107° 7.0x107° 0.29

) g 0.110  0.120  6.6X10™* 12X107 6.0X107 5.0%x107° 0.24

AR TS A A 0240  0.160  0.015 3.9%107° 1.6x107* 6.6X107* 0.41

FN R 0.130  0.100  4.2X10™* 41x10™ 4.0X107° 6.0x107° 0.23

4 iHe WOG AT P AT 1 ok B B B R 5 R AR A

ARG T O B MY # S HPLC-MS/MS
FEARAH G5B (1 T TR o A= Pk 1) 2 SR 2 5 o
WiJiid, GKRRGKMNITIEFF%SE, s RN ZITR
ALIEM . R = b MERA T SE Y AL RERE T 2

R 1R 2 AT o R FH 2 o AT v R
WP ARRR 2 2 WIREER AT 4R oA
AW ) PRO. ALL. SG. CHE. DHCHE Al
DHSG HEAT TR, KIIX 6 P A9t 4= 2
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