- 2158 - 2% %R Acta Pharmaceutica Sinica 2022, 57(7): 2158 -2165

HAE R i

FEVE BRI AR STAR 557 S E 5 F 3% e ZE 3
Ly b iRk

KA

OB, Sk, EXM, RLE, IR

l—‘—vJ—‘AE[ R Piran
RGN B

e

(7 i 245 A E T T B,

=)

R AL 22 R BT IS VAN B SIS =, Jb T 102629)

WE: A SCR AL B ot HoR, DLV 85 35 il 28 AN B 254, o JRR U T 1 7R 254 75 (8] 43 A
B VEN O e SR T — € KB AT R 2 G A, Je R & 5k (Jeideid) BAZG A RIARDRL IR RFAE B 20
TG0 HEAT AR, HH TR T 590 AR 2 A R R v RE A B, 4 T VR TGRS A B o AR AT X 4y, MEAVRAN 3 A0 M
B ) SR “ARRAE U iR B2 LU AL, LA~ MR AIE iz 52 0 i Ve (R AR OT B8 B2 AT AR, 1 2990~ SfoRAE N 25 B vPAN 24
Vo A3 51T . JiVEE IR SE R, 299l kR 2 G AR X 0 B 5 AR R M O R RAF (rF > 0.99), 5 2R 5 B
A 2 TT DA 2 2 AR 3 ST Ve e AT LR . DAZ T VRN SN S A 3 5% Bl 28 kAT BB g, A B
W AT 588 FEE AT 3 AT L 5 BRI 250 43 AT B SO MR REAT VP A, 4 SRR AR [0 7= 3 S Ve o A R AR AR E 9 2 5%, SR
Wi AP0 53 AT B ST AR I o AR 5 D R R0 24 400 03 A ¥ ST PR SRAIL T RTEE R 7V, A T B PR A L
2k,

K HEiR): S B 2O, B2 R, B TE A VR, 25 0r AT Sk

FE 2S5 RI17 XEAFRIREE: A X E YRS 0513-4870(2022)07-2158-08

Investigation of the API distribution homogeneity in lyophilized
product-pemetrexed disodium for injection by confocal micro-
Raman spectroscopy mapping

HAN Jing, YAO Jing, DONG Mei-yang, SHI Ya-gin’, SUN Jia-bei"

(NMPA Key Laboratory for Quality Research and Evaluation of Chemical Drugs, National Institutes for Food and
Drug Control, Beijing 102629, China)

Abstract: The method of homogeneity evaluation for active pharmaceutical ingredient (API) spatial distribu-
tion in lyophilized product was investigated for the first time with confocal micro-Raman spectroscopy mapping,
using pemetrexed disodium for injection as a model drug. Certain areas of the lyophilized product were scanned to
obtain Raman spectra. The classical method (“peak clipping" method) was employed for mapping with characteristic
Raman peaks of the API and the excipient. Due to the API being finely dispersed in the excipient in lyophilized
products, the classical method cannot discriminate between the two ingredients making the distribution homogeneity
difficult to evaluate. The "ratio of characteristic peak intensities" method was then utilized. Using this method, the
relative intensity of the characteristic Raman peaks of the API to the excipient was applied for mapping and the
relative content of API to excipient was calculated for a homogeneity evaluation of the drug distribution. The
validation of this method showed a good linear relationship between the relative intensity and the relative content
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of API to excipient (r> > 0.99), and the precision and recovery were adequate for homogeneity evaluation of API
by Raman spectroscopy mapping. Five products of pemetrexed disodium for injection from different manufacturers
were tested through Raman maps applying this method and the histograms of relative Raman intensity were also
plotted by frequency to help the homogeneity evaluation of drug distribution. The results showed that there were
obvious differences in the drug distribution homogeneity from different products, where a more homogeneous API
distribution was found in the brand product. This research provides a reliable method for the homogeneity evalua-
tion of API distribution, which facilitates quality evaluation and process optimization of lyophilized products.
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Table 1  Products of pemetrexed disodium for injection used in the study

Formulation

Product Batch No. Specification/mg (pemetrexed disodium : mannitol) Note
Brand product A643830D 100 50:50 Eli Lilly and Company
Generic product No. 1 20130701 500 50:50 Domestic company 1
Generic product No. 2 4010011DV 200 50:50 Domestic company 2
Generic product No. 3 140401 200 80:20 Domestic company 3
Generic product No. 4 PM21402A 500 50:50 Foreign generic company
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Figure 1  Graphic illustration of parameters for histogam evalua-
tion. F: Frequency; I: Relative Raman intensity of pemetrexed to
mannitol; h: Maximum frequency; w: Distribution width
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Figure 2 Raman spectra of reference standards and brand product.
Pemetrexed disodium (red) characteristic peak at 1 625 cm™, mannitol
(green) characteristic peak at 480 cm™, brand product (blue) shows
the characteristic peaks of pemetrexed disodium and mannitol at
1625 cm™ and 480 cm™ both
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Figure 3 Raman spectroscopy mapping of mosaic mixture of

pemetrexed disodium (left side of mixture) and mannitol (right
side of mixture) reference standards. A: Optical image; B: Merge
of images C and D; C: Raman image generated by clipping peme-
trexed characteristic peak at 1 625 cm™ (green); D: Raman image
generated by clipping mannitol characteristic peak at 480 cm™
(red). The scale bars are 50 um
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Figure 4 Raman spectroscopy mapping of 5 products by relative Raman intensity of pemetrexed (peak at 1 625 cm™) to mannitol (peak at

480 cm™) in regions 1-5, respectively. The scale bars are 100 pm
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Table 2 Parameters of histograms plotted by relative Raman intensity of pemetrexed to mannitol for homogeneity evaluation of peme-
trexed distribution in different products

Region Region Pemetrexed disodium : mannitol
Product Parameter -
1 2 3 4 5 mean = SD (n = 5) Calculated value Formulation
Brand product Rl mean 6.3 6.4 3.9 3.7 8.9 5.8+22 0.84 50:50
hiw 2.2 18 1.6 13 0.7 15+0.6
[12w-1,, | 1.0 15 85 85 7.0 53+3.8
Generic product RI mean 85 4.2 6.5 6.0 8.3 6.7+18 1.07 50:50
No. 1 hiw 11 4.2 15 0.8 0.5 16+15
[12w-1 .| 2.0 35 1.0 12.0 11.0 59+52
Generic product RI mean 10.8 8.4 4.5 9.6 4.8 76+29 1.31 50:50
No. 2 hiw 0.3 0.3 1.2 0.8 2.7 11+1.0
[12w-1_ | 18.0 18.5 85 4.0 1.0 10.0+8.0
Generic product RI mean 8.7 325 25.3 9.0 7.2 16.5+11.6 3.62 80:20
No. 3 hiw 0.16 0.01 0.05 0.08 0.12 0.09+0.1
[12w-1 . | 33.0 121.0 94.5 82.5 87.5 83.7+32.0
Generic product Rl mean 7.6 9.1 2.9 8.3 25 6.1+3.1 0.92 50:50
No. 4 hiw 0.8 0.4 6.7 0.3 9.0 3441
|[12w=1_. | 2.0 5.5 2.0 14.5 15 51+55
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