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Abstract: Diabetes is a chronic disease caused by metabolic disorders due to abnormal blood glucose levels,
and insulin is a commonly used drug in the treatment of diabetes. Different types of insulin exhibit different clinical
efficacy due to their mechanisms and duration of action in the body, the basal long-acting release and postprandial
controlled release of insulin have always been hot topics among clinical researchers. With the development of
nanotechnology, the research and development of new nano-drug carriers with excellent drug release properties
have become an important opportunity to solve clinical targeted medication, especially the loading of insulin by
metal-based nanocarriers is expected to be an effective path to enhance the therapeutic efficacy in clinical diabetic
patients. Herein, around the controllable release of insulin, the basic categories and characteristics of clinical
insulin are briefly introduced, and the synthesis of metal-based nanocarriers and their drug release performance for
insulin are emphasized. The performance of gold-based, iron-based, copper-based, and zinc-based metal-based

nanocarriers in insulin loading are analyzed, the characteristics of different metal-based nanocarriers in insulin
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loading are introduced through specific comparative parameter, the mechanism and typical features of insulin

loading elaborated by metal-based nanocarriers, and the influencing factors of carrier size, carrier morphology, and

surface functionalization on the insulin release from carriers are also discussed. Finally, reflects on existing issues

and provides insights into future directions, aiming to offer technical references and new ideas for the treatment of

clinical diabetes.

Key words: metal-based nanocarry; insulin; controlled release; diabetes; drug delivery
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Table 1 Common types and characteristics of insulin
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Long-acting 2-4h Without peak 24 Insulin Glargine
Premixed / / / Insulin Aspart 30 injection




ARG ST A R ) < BRI K B 15 1 B M REATT T 3 e

+ 2997 -

12V AT R 26 K S 4 B 38 i i AuNPs, 1 3@ i 2
AR 2N 4] BE SR EL R 1T AuNPs [ K/, (B2 5 i N 2%
Jii ; @ Brust-Schiffrin 745", %32 H B B, FFH Au-S
BRI RS HLAE 2~5 nm A F8 5 2 10 /& AuNPs, #
TEAR XS ] B @) Fh 7 A KA BUED, % e DL/
KEA% AuNPs 4y “M-1-7, 3 i N s 240 F A g 77
1T B K, &5 RB KR 50~ 110 nm JE AR AT 4%
] AuNPs. 72006 4F, Joshi %5 R Fl R & AR L&
FR) e 4 K RTURE AR Dy i I 2% AR, 8 0 PR i K BRI
R AR B 2R, MUBE /K P 2 2 PR AIK . Shilo S5 %
T Bl TR B R AE S 99 K BURE (insulin-gold
nanoparticles, INS-GNPs, & 1A), it fz i 5 3 25 94
KERL, B RHEAE B P 4ERF 6 h, B 7 45 3R B, al i 4 4
GNPs K /INFIVR B, ] DL il FilE & 28 v P 1) 4o 2 e (1)
A AR LA 7K1, 3% A AT BE AL 20 05 R o 58 2 i) 14k
¥R Y7 o Bhumkar "R H AN [ 76 SO0 Mk FE AR 38 T 771,
i J5 & 42 R (chloroauric acid, HAuCl,) 3 £ 4 44 K i
Ki, 1 HA N 53%, 1E I E] 2 h, 5 4% G0l S AL ARIE R
AL, BECE AR = TR, SRR B RS 2 .
Lee S5 o — Ba 024 S TR 10 VR 5 81 BB IS N AR

A H;C{.O/\,I.O\/\SH
o OH O n o
whily,
HS\/\o{’\/OPkOH N 2
n

——

H O'Na~

O}
0 OH
HAuCl; w—
A \J

AuNPs@Dextran & &4, I SEHUiE 5 =KL 12 h 1928
B, HAEZ8 K B4 57 B K Y 400 mg-mL" (15614 T,
3T3-L1UAAE G RIER] T 95%. NN IR I B 1)
PRI 5 O B E AR LR S0 . AuNPs /9 251815 4%
P B A XE M, — 7T, AuNP i &5\ 22 5] 2 41 236
LA RNE [ B DL A AL R, HTE I BRI AR A0,
75— 77 T, AuNPs E A7 & 1M1 53 A& 1 (518, W] L 5
T B A BRI, I RO AR, 52 0 48 1 et B A
PV ERRE, B I 5 2 B P RS T A E,
D N S e R, B — P SR AR A A, H
[ I 0, 25 FEAR 2 D A 5 2 Ak 2 TR (R 25 5 e D
1.2 SREELAARM R

BRIE YR M KL Z DL Fe,0, NAREE, JLH A 8 i
PE KRRV G B 1 SRR AR, WITIZ RH T R ) s
Al SRR, B, Vahedi 2544 I 7R 45 7K H- il
TG T 2 A5 381 3- 75 ik A e = PR SRR el e o i ) A K
gh K FURL (magnetic nanoparticles, MNPs) &, # J5 5
it 22 MX-R AR B, 153 218 fit 22 % MX-R A2 i 1 2
14 MNPs (procion blue-grafted magnetic nanoparticles,
PCPG-MN). %i% %M, PCPG-MN fEBZE 4414 K 15 min

\

i;\\\l://,/
7NN

B P
Boc  HEGR
.—’ I A - A 4
Microwave '2\;"3 2 : ;
reaction '3/
MIL-100
T?.‘v- Oil/water emulsion 7N
S0 el — \Ol'\’o \H'n/LO t
o
Ins@MIL100/SDS@MS mPEG-b-PLLA
C 7
e 3
N b
HOOC O O COOH + Cu(NOs), 3H,0 —
HYH,0
COOH COOH DMF/H,0
90°C,48hrs
HL IITI-3

Figure 1

Schematic diagrams of chemical reduction method (A)™“", microemulsion method (B)“*, and solvothermal method (C)"*.

Adapted with permission from Ref. 41. Copyright © 2015 Royal Society of Chemistry; Adapted with permission from Ref. 48. Copyright ©

2020 American Chemical Society; Adapted with permission from Ref. 54. Copyright © 2023 American Chemical Society, HAuCl,: Chloro-

auric acid; EDC: 1- (3-Dimethylaminopropyl) -3-ethylcarbodiimide; NHS: N-Hydroxysuccinimide; MIL-100: Iron-based metal-organic

framework nanoparticle; SDS: Sodium dodecyl sulfate; mPEG-b-PLLA: Methoxy poly (ethylene glycol) -block-poly (L-lactide); H,L:

5,5'-((Pyridine-2,6-diylbis (methylene)) bis (oxy))-diisophthalic acid; DMF: Dimethylformamide; IITI-3: Copper metal-organic framework
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Table 2 Common properties of metal-based nanomaterials. Au-Asp: Gold-aspartic acid; Au-SA: Gold-sodium alginate; GNPs: Gold

nanoparticles; AuNPs@Dextran: Gold nanoparticles@dextran; AuNC-PBA: Gold nanoclusters-3-aminophenylboronic acid; ChNPs/PLGA:

Chitosan nanoparticles/poly (lactic-co-glycolic acid); AuGOSA: Gold-graphene oxide-sodium alginate; MNPs: Magnetic nanoparticles;

PCPG-MN: Procion blue-grafted magnetic nanoparticles; CS/SA: Chitosan/sodium alginate; MIL-100/SDS: Iron-based metal-organic frame-

work nanoparticle/sodium dodecyl sulfate; GO-Mp,, : Graphene oxide-2-nitrodopamine coated magnetic particle; CS: Chitosan; Gel@IITI-

3: Gelatin@copper metal-organic frameworks; CS-ZnO: Chitosan-zinc oxide; ZIF-8 MOFs/GO,: Zeolite imidazole framework-8/glucose
oxidase; Mt/TiO,: Mont-morillonite/titanium dioxide; Mn@PLC: Manganese-poly (¢-caprolactone); T@l@U: Transferrin@insulin@UiO-

68-NH,

Nanomaterial Metal- Loading efficiency

Cumulative release rate/%

Blood gl
00¢ glucose Release time/h Ref.

carrier based (loading capacity) reduction rate/%
Au-Asp Au  95% 38-53 - 4 [40]
Au-SA Au  53% 30.41 2 [42]
GNPs Au - - 70 6 [41]
AuNPs@Dextran ~ Au 100 pg-mg’” - ~80 12 [43]
AuNC-PBA Au  1297.5+211.1 pmol-g" - ~85 72 [64]
ChNPs/PLGA Au  99%+1.2% - 27+5.6 >7 [65]
AuGOSA Au  71%+2% 100 (pH 8, 9), 13.6 (pH 2), 26.5 (pH 5) - 1 [66]
MNPs Fe - - 80 ~2.7 [3]
PCPG-MN Fe 12 umol-g* 76-80 (pH 7.4), 95 (pH 1.2) - 48 (pH 7.4),2 (pH 1.2) [22]
CS/SA(Fe) Fe  34%+5% 50 - 800 [47]
MIL-100/SDS Fe  35% ~70 (pH 7.4), ~50 (pH 6.8), ~20 (pH 5.4) - >6 [48]
GO-Mp,,, Fe 88.30% ~37 - 2 [67]
CS(Cu™) Cu - 20-30 - 48 [53]
Gel@IITI-3 Cu  20% 50 - 6 [54]
CS-ZnO Zn - - 50-65 4-55 [57]
ZIF-8 MOFs/GO, Zn  76.2 ug'mg’ 90-100 - 2 [68]
MU/TiO, Ti - 100 - 22 [62]
Mn@PLC Mn - ~80 - ~240 [69]
T@l@U Zr 33% <20 (pH 1-3),>90 (pH 7.4) - 10 [63]
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Figure 2 Schematic diagrams of the mechanism of action of nano-carriers loading and release insulin. A: Schematic diagram of the

physical adsorption of insulin onto Mt/lns/TiOz[(’Z]; B: Schematic diagram of the physical encapsulation of insulin by MNPs™; C: Schematic

diagram of the chemical coupling of insulin onto aspartic acid-coated gold nanoparticles”; D: Schematic diagram of pH-induced insulin

release from NMOFs®; E: Schematic diagram of insulin diffusion and release from gel@insITTI3"¥; F: Schematic diagram of the electro-

static interaction between GO, GO-MP, . and insulin molecules®”. Adapted with permission from Ref. 62. Copyright © 2017 Elsevier;

Adapted with permission from Ref. 3. Copyright © 2021 Elsevier; Adapted with permission from Ref. 40. Copyright © 2006 American

Chemical Society; Adapted with permission from Ref. 68. Copyright © 2018 American Chemical Society; Adapted with permission from
Ref. 54. Copyright © 2023 American Chemical Society; Adapted with permission from Ref. 67. Copyright © 2014 Royal Society of

Chemistry. MNPs-Ins: Insulin-loaded magnetic nanoparticles; GO _: Glucose oxidase; VEGF aptamer: Antivascular endothelial growth factor

aptamer; GO: Graphene oxide; MP, = 2-Nitrodopamine coated magnetic particle; gel@insIITI-3: Gelatin@insulin coated copper metal-

organic frameworks
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