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Abstract: Acute lymphoblastic leukemia (ALL) is the most common hematological malignancy in children.
6-Mercaptopurine (6-MP) is a core chemotherapeutic drug for ALL, but its clinical application is limited by poor
solubility, low biological availability, and significant side effects. To address these limitations and to investigate the
impact of developmental differences between children and adults on drug absorption, this study developed 6-MP-
loaded poly (lactic-co-glycolic acid) nanoparticles (6-MPNs) using a double emulsion-solvent evaporation method.
We comprehensively applied high-performance liquid chromatography-mass spectrometry (HPLC-MS) and label-
free quantitative proteomics, along with GO functional annotation via eggnog-mapper (v2.0) and protein-protein
interaction analysis using STRING (v10.5), to systematically evaluate the pharmacokinetics, intestinal distribution,
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and duodenal protein expression differences of 6-MPNs in animal models of different ages. All animal studies were
approved by the Animal Ethics Committee of Capital Medical University (Approval No.: AEEI-2020-072) and

conducted in accordance with relevant guidelines. The results showed that 6-MPNs significantly improved the

biological availability of 6-MP. Rats at 4 weeks of age group exhibited higher AUC, , (area under curve from time

zero to time of last measurable concentration) and C,, (maximum concentration), faster intestinal absorption, more

rapid propulsion, and higher transport efficiency from the intestinal epithelium to the portal vein compared to the

rats at 16 weeks of age group. Proteomic analysis revealed that the rats at 16 weeks of age group had significantly

lower expression of proteins related to fat digestion and transport, pancreatic secretion, membrane lipid metabolism,

brush border recruitment, and microvillus adhesion. These findings suggest that the higher biological availability

of 6-MPNs in younger animals may result from longer relative intestinal length, higher intestinal wall transport

efficiency and more dynamic barrier construction.
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MedChemexpress /A 7] ; Resomer™ RG 502H [FLIR/#4 3%
2R (50/50), ¥ % K i, Mw: 7 000~17 000, PLGA,
MKCW1516]. & 2} % (polyvinyl alcohol, PVA, 7K fi#
JE: 87%~89%, Mw: 31 000~50 000, MKCW5222) i
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koK, TN 0.5% CMC-Na ¥ ¥, JF ¥ i€ 5 min, il
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THES: 40 psi; BT YRS 1 FI 23554 55 psi; KAEHLE
Al 48 BE N 1 FL A R T E R 23 5 0 120020
1015 V); 2 85 Sk I 4 4 5E & 53 #r: 6-MP i 4if L
N153.0/118.9.

PAERLRME ARSI IRAEI & O 7 B4 2R
0.1~0.2 g, #EMAFREJG N 1.5 mL A& F . #%1:9
(whv, g-mL™"y FLI NN TRV (0 B, oK 2600, AR
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M, PR N 147.70 £ 0.66 nm, £ 73 HUFE % (polymer
dispersity index, PDI) 4 0.119 + 0.002, 2% B fr 1] 43 ]
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Figure 1 Characterization of 6-MPCs and 6-MPNs and plasma

pharmacokinetics in 8-week-old SD rats. A: Histogram of average
particle size, displayed by volume and cumulative percent; B: PDI
statistical bar chart of 6-MPNs; C: Transmission electron micro-
scope images of 6-MPNs, with the left and right scale bars set at
50 nm and 100 nm, respectively; D: Drug-time curve of 6-MPCs
and 6-MPNs in rats at 8 weeks of age; E: AUC,
6-MPCs and 6-MPNs in 8-week-old rats. n = 7, x = 5. "P < 0.05.
PDI: Polymer dispersity index; 6-MPCs: 6-MP compounded sus-
pensions; 6-MPNs: 6-MP nanoparticles; AUC
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6-MPNss; C: Statistical bar chart of the AUC
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Pharmacokinetic study of 6-MPNs in SD rats of different age groups. A: Drug-time curves of 6-MPCs; B: Drug-time curves of
of 6-MPCs and 6-MPNss in SD rats of different age groups. n =7, x+s. "P < 0.01, P < 0.001
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Table 1 Main plasma pharmacokinetic parameters in SD rats of different weeks of age groups. n =7, x 5, "P < 0.05, “P < 0.01, P <

0.001 vs data from the rats at 4 weeks of age group

Formulation Age group AUC, /ng-h'mL" C, /ng'mL’ V /F/L-kg" CL/F/L-h" kg
6-MPCs 4 weeks 402.33 + 162.49 225.67 + 74.49 128.38 + 113.13 36.02 £ 15.10
16 weeks 68.59 +32.50" 52.13+39.43™" 1479.05+1024.31" 212.93 +108.71°
6-MPNss 4 weeks 581.65 + 189.85 531.2+192.25 87.98 + 54.59 27.35+9.77
16 weeks 135.11 +43.67"" 134.97 £ 90.63™" 467.55 + 334.38" 104.21 £25.98™
T[] ) 23 A AR AIE 525 )E 2 h, 4 I H 2503k — 20 W) )l 18 i v §5 31,

DiR J& — Ff 5 fig PRI 2040 9 R T, R Ak
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Figure 3 Distribution of 6-MPNs in intestinal segments across
different age groups. A: Distribution of 6-MPNs in rats at 4 weeks
of age and 16 weeks of age by small animal in vivo imaging; B:
Intestinal sections at 1 h after administration observed under laser
confocal microscopy. Scale bar =200 um; C: Quantitative statistical
analysis of total fluorescence intensity in intestinal tissue sections
from different regions at 1 h post-dose, derived from multiple fields

of view of the same section. n =3, x £ 5. ‘P < 0.05, “P < 0.01
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Figure 4 Plasma and intestinal tissue concentrations of 6-MPNs in rats of different age groups. The legend applies to panels (A-E). A:

Plasma concentrations of 6-MPNs, n = 7, x + s; B—E: Drug concentrations in different intestinal segments at various time points in rats at 4

weeks of age and 16 weeks of age, intestinal luminal contents were washed prior to measurement; F: Heatmap of 6-MP concentrations across

intestinal segments (D: Duodenum, J: Jejunum, I: Ileum, C: Colon) at different time points. n =3, x £s. "P < 0.05,
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[O] Posttranslational modification, protein turnover, chaperones

[J] Translation, ribosomal structure and biogenesis —

[Q] Secondary metab{

[G] Carbohydrate transport and metabolism—
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= Cellular processes and
signaling

= Information storage and
processing

= Metabolism
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Y] Nuclear structure

[V] Defense mechanisms —
[W] Extracellular structures —
Z] Cytoskeleton —

[T] Signal transduction mechanisms —

[L] Replication, recombination and repair —
B] Chromatin structure and dynamics —
A] RNA processing and modification —

[K] Transcription —

[H] Coenzyme transport and metabolism —
P] Inorganic ion transport and metabolism —
ites biosynthesis, transport and catabolism —
[F] Nucleotide transport and metabolism —
|C] Energy production and conversion —

[E] Amino transport and metabolism

[I] Lipid transport and metabolism—

[S] Function Unknown

T T T T T
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Number of proteins

Figure S Effects of 6-MPNs on duodenal protein expression in rats of different weeks of age. A: Differential protein volcano plot at 16 weeks

of age vs 4 weeks of age; B: Functional classification chart of COG/KOG for differential proteins. COG/KOG: Clusters of orthologous

groups/clusters of eukaryotic orthologous groups
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Figure 6 Functional enrichment analysis of down-regulated proteins at 16 weeks of age compared with those at 4 weeks of age. A: GO

biological process functional enrichment analysis of down-regulated proteins at 16 weeks of age compared with those at 4 weeks of age; B:

KEGG functional enrichment analysis of down-regulated proteins at 16 weeks of age compared with those at 4 weeks of age. GO: Gene

ontology; KEGG: Kyoto encyclopedia of genes and genomes
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Figure 7 Biological process pathways and protein-protein interaction network of key down-regulated proteins at 16 weeks of age

compared with those at 4 weeks of age. A: Bioprocess pathway diagrams of differential proteins; B: PPI network analysis of key proteins.

The left panel depicts the network related to the intestinal epithelial barrier, while the right panel illustrates the network associated with the

lipid digestion and absorption pathway, as revealed in this study. PPI: Protein-protein interaction
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