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Fig. 1 — The histograms of PO, IPO, P and IP, and ‘Spider-webs’ obtained by the different methods employed for extracting
the raw and roasted FP (SE, the soxhlet extraction method released by Chinese pharmacopoeia; B-50%Me, the boiled 50%
methanol aqueous solution; A, the histograms of PO, IPO, P and IP in the raw FP extracted by different methods; B, the
histograms of PO, IPO, P and IP in the roasted FP extracted by different methods; C, the ‘Spider-webs’ obtained by the
different methods employed for extracting the raw and roasted FP).

dealing time before extraction (DT). The contents of PO, IPO, P
and IP divided by their corresponding maximum, which was
badged as Ry, and R;,_,, in the raw and roasted FP, and the in-
verse of dealing time and preparation time divided by their
corresponding maximum, which was tagged as Ty and Tj,, and
DTy and DTy, separately.

Calculation formulae were as follows. k represented the
methods of ultrasonic extraction at 60 °C (I), ultrasonic

extraction (II), refluxing extraction (III) and soxhlet extraction
recorded in ChP (IV); m represented the compounds of PO, IPO,
P and IP.

Re-m = Ck-m/C-m(max) R,_,, = Cy_,,./Ci_,(max)

1 1/1
T, =—/—-(max) T,=-/-(max)
te/ t t,/ t,
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DTy = l/l(max) DT, = l,/i,(max)
S/ Sk Sk Sk

Take the method of ultrasonic extraction at 60 °C (I) as
example, R,po, Ripo, Rip, Ripp, Tj, and DT, were employed to
build six dimensions of the ‘Spider-web’ (p;) for the raw FP,
and R} po, Ry_ppo, Ri_p, R_pp, T; and DT; were used to establish six
dimensions of the ‘Spider-web’ (p)) for the roasted FP. The
‘Spider-webs’ of the four methods were shown in Fig. 1. The
shaded areas of the ‘Spider-webs’ were established to analyze
and determine the most appropriate method, calculating
formulae of which were employed for the raw (A) and roasted
FP (A’) were as follows. The angle between two dimensions
was marked as « and o, respectively.

A= % x sin ‘*(ZZPi X Dis1 + Pn X pl)
! 1 i ! =l / / /
A =3 x sin o (Zi:fpi X Piy1 T Py X pl)

In general, the extraction method, ultrasonic extraction at
60 °C, did not discriminate against the raw or roasted FP,
which showed the balanced shaded area of the ‘Spider-web’
(A,2.51and A’, 2.48). Moreover, the highest value of the shaded
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area demonstrated the perfect extraction rate and efficiency
compared with the other methods.

3.2.  Transformation of psoralenoside and
isopsoralenoside under different conditions

As mentioned above, PO and IPO can be transformed into P
and IP in the raw FP rather than roasted FP, which suggested
that transformation between (I)PO and (I)P may be influenced
by the impacts of temperature, pH or §-glucosidase. There-
fore, we have systematically performed the effect of temper-
ature, pH, and g-glucosidase on conversion of PO and IPO
(Fig. 2). As shown in Fig. 2, the remaining concentration of PO
and IPO showed the steady level whether under effect of
temperature ranging from 30 °C to 70 °C or pH (2, 4, 6 and 8),
which proved that PO and IPO were insensitive to temperature
and pH. A slight increase of PO and IPO was detected in the
light of evaporation of water in the reaction system.

As illustrated in Fig. 2, exposed to g-glucosidase at 0.84 U/
mL, PO was rapidly degraded into P in 6 h, the degradation rate
of which was 96.8%. Nevertheless, IPO was found to be more
obtuse, which decreased by 67% in 6 h and 94.1% within 18 h.
There was a reciprocal transformation between (I)PO and (I)P,
which suggested that g-glucosidase held an important role in
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Fig. 2 — The dynamic variations of PO and IPO under different temperature (A1 and A2), pH (B1 and B2) and g-glucosidase at

0.84 U/mL (C1 and C2).
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the conversion between (I)PO and (I)P and exerted an signifi-
cant influence on the content of P and IP in FP.

3.3. Method validation

In view of the systematic study above, the method of ultra-
sonic extraction at 60 °C, which had high rate of extraction
and efficiency, was validated methodologically including the
linearity, LOD, LOQ, precision, repeatability, stability and ac-
curacy of the interesting compounds, PO, IPO, P and IP. All
calibration curves showed good linearity (r > 0.9999) across
the test ranges and the overall LOD and LOQ values were less
than 0.08 and 0.25 ug/ml, respectively. The RSDs of the intra-
and inter-day precisions, repeatability, and stability were all
below 3.0%. The average recoveries of the investigated targets
were in the range of 98.30%—101.44% with RSD value below
2.98%. These results demonstrated that the established
method was satisfactory for the simultaneous determination
of PO, IPO, P and IP in FP.

3.4. Quantitative analysis of the samples from the
different origins

The established method was applied in outlining the trends
on content of the interesting targets of FP from ninety-six
origins. Exhibited in Fig. 3A, the total content of P and IP
from 0.011 to 0.120 mmol/g was distributed in a scattered
form, however, the sum of PO, IPO, P and IP in the range of
0.111-0.170 mmol/g showed in narrow distribution. It could
be speculated that the different activity of g-glucosidase
contributed to the different degree of transformation between
(I)PO and (I)P in the course of cultivation or processing, leading
to the different level of P and IP from ninety-six origins.
Specifically, the distribution of total content of P and IP in
FP from ninety-six origins was presented in detail in Fig. 3B.
The total content of P and IP was divided into the following
stages: 0.01-0.024 mmol/g which accounted for 25.00%,
0.024-0.038 mmol/g  which made up  31.25%,
0.038—0.052 mmol/g in the proportion of 20.83%,
0.052—0.066 mmol/g which shared 11.46%, 0.066—0.08 mmol/g
whose proportion was 8.33%, and 0.08—0.094 mmol/g,
0.094—0.108 mmol/g and 0.108—0.122 mmol/g only accounting
for 3.12%, respectively. Released by ChP, the total content of P
and IP must be no less than 0.70% (0.038 mmol/g) [1], which
qualified only about 43.75% FP. From the performed study, an
important clue can be conferred that the great attention
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should be paid to the effect of 8-glucosidase on the content of
P and IP. Many impact factors contributed to the activity of 8-
glucosidase should be profoundly mined to improve the
quality of FP, including growth period, collecting season,
processing procedure and storage time.

3.5. Chemical identification of the roasted from raw FP

Based on the fact that PO and IPO extracted from the raw and
soaked FP can be rapidly and obviously transformed into P and
IP in 50% methanol aqueous solution or less methanol in so-
lution, which was not applicable to the roasted FP. But,
transformation between ([)PO and ()P was not detected in
methanol extract of the raw, soaked or roasted FP. Making the
best of this phenomenon originated from the effect of g-
glucosidase, in order to prove the feasibility of identifying the
roasted from raw and soaked FP, we employed methanol and
50% methanol aqueous solution as the extraction solution to
extract the raw FP (B-5, B-51 and B-96), the dried FP under the
shade after being soaked with 4% salt solution (SK-5, SK-51
and SK-96) and the salt-processed FP, i.e. the roasted FP after
being soaked with 4% salt solution (SP-5, SP-51 and SP-96),
respectively. The determined results and representative
chromatograms of samples were shown in Table 1 and Fig. 4,
respectively. As displayed in Table 1, the content of PO, IPO, P
and IP in FP extracted by 50% methanol aqueous solution was
tagged as Cpo, Cipo, Cp and Cjp, whose content of PO, IPO, P and
IP extracted by methanol was marked as Cpg, Cipg, Cp and Cip.
The ratio of content of PO, IPO, P and IP in FP extracted by 50%
methanol aqueous solution to that obtained by methanol was
assigned as Npo, Nipo, Np and Ny, respectively, which was
utilized to decide whether FP was roasted or not. Calculating
formulae were as follows.

Npo= Cpo/ C;o Nipo= Crpo/ C;po
Np= Cp/C; Np= C,p/c;P

As illustrated from the result of the studied sample, the
roasted FP (SP-5, SP-51 and SP-96) has given 0.9 <Npy and
Nppo < 1.1 or Np and Ny < 1.1, and the unroasted FP (B-5, B-51
and B-96, and SK-5, SK-51 and SK-96) has shown Npo and
Nipo < 0.9 or Np and Njp > 1.1. Therefore, according to the value
of Npo, Nipo, Np and Npp, we can identify the roasted FP (the
salt-processed FP) from unroasted FP (the raw FP and the dried
FP under the shade after being soaked with 4% salt solution).

The standard released by ChP

0 T T T T T T T |
0.10 0.24 0.38 0.52 0.66 0.80 0.94 1.08 1.22 x 107"
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Fig. 3 — The scattering diagram (A) and accumulative histogram (B) of interesting compounds of FP from the different

origins.
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Table 1 — The contents of PO, IPO, P and IP in FP extracted by 50% methanol aqueous solution and methanol (mmol/g) and

the value of Npp, Nipo, Np and Nyp.

Sample Cro Crro Cp Crp ;30 C;po C;: ;p *Npo “Nipo “Np “Npp
B-5 00194 00077 00485  0.0483 00524 00418 00207 00188 0370 0184 2343  2.569
SK-5 0.0087 00034 00597 00530 00472 00379 00258 00225 0184 0090 2314 2356
SP-5 0.0464 00316 00226  0.0242 00478 00326 00246 00265 0971 0969 0919  0.913
B-51 0.0147 00046 00523  0.0468 00563 00417 00156 00139 0261 0110  3.353  3.367
SK-51 0.0096 00039 00585  0.0492  0.0500 00374 00208 00179 0192 0104 2813  2.749
SP-51 00511 00340 00185 00193 00525 00351 00199 00209 0973 0969 0930  0.923
B-96 00139 00068 00524 00459 00326 00244 00352 00298 0426 0279 1489  1.540
SK-96 00165  0.0085  0.0496  0.0437 00299 00229 00410 00334 0552 0371 1210  1.308
SP-96 00291 00197 00387 00333 00289 00195 00398 00345 1007  1.005 0972  0.965
? Npo=Gpo/Cpo Npo=Crro/Cpg  Ne=Cp/Cp Nip= Crp/Cpp.
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Fig. 4 — The representative chromatograms of samples B-5 (A1l and A2), SK-5 (B1 and B2) and SP-5 (C1 and C2) extracted by
methanol and 50% methanol aqueous solution, respectively (1, PO; 2, IPO; 3, P; 4, IP).

4. Conclusion

In this study, a rapid and effective method based on UPLC has
been developed for the quantification of PO, IPO, P and IP in FP,
which was successfully applied in illustrating the important
role of g-glucosidase in transformation between (I)PO and (I)P,
surveying the quality of FP from the different origins, and
identifying the roasted from unroasted FP. The result could

pave the way for improving the quality and promoting the
quality standard of FP.
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