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Mesoporous silica nanoparticles (MSNs)

• MSNs are inorganic nanoparticles 

discovered by Mobil and co-workers in 

1992

• They possess high surface area ( >1000 

m2/g), small particle size ( 50-500nm), 

large pore volumes and ease of surface 

modifications

• They are biocompatible and their use in 

oral drug delivery is proven by the use of 

aerosil in tablet excipient since decades

A.Popat et al. Nanoscale, 2011, 3, 2801–2818

Niu, Popat et al.,Therapeutic Delivery (2012) 3(10), 1217–

1237 



Synthesis 

Angew. Chem. Int. Ed. 2006, 45, 3216 – 3251M. FrÖba et al.

MCM-48  (3D-Cubic) MCM-41  (2D-cylindrical)

50nm 50nm

A.Popat et al. Nanoscale, 2012, 4, 970-975
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Silica – an emerging material

Silica nanoparticles

• Wang, Yabin, et al. "Dendritic fibrous nano-particles (DFNPs): rising stars of mesoporous materials." Journal of Materials Chemistry A 7.10 (2019): 5111-5152.

• Singh, Baljeet, et al. "Functional mesoporous silica nanomaterials for catalysis and environmental applications." Bulletin of the Chemical Society of Japan 93.12 (2020): 1459-1496.
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Can silica nanoparticle be used as delivery system?

• Phillips, Evan, et al. "Clinical translation of an ultrasmall inorganic optical-PET imaging nanoparticle probe." Science translational medicine 6.260 (2014)

Silica nanoparticle have been tested in clinical trials for:

1. Drug delivery

2. Plasmonic/ photothermal therapy

3. Cancer diagnostic – including head and neck tumours

Silica 

core

Gold 

shell

Cy 5

Fenofibrate Ibuprofen or 

simvastatin

Silica nanoparticle with gold shell Cornell dots

Mesoporous silica
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MPROVED TARGETING
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BETTER STABILITY
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Floating Tablet using MSNs

Polymer MCM-41 Drug

A C DB

Sodium bicarbonate

Curcumin

Hydrophobic

Captopril

Hydrophilic

➢ unstable at high pH

9J. Mater. Chem. B, 2014,2, 8298-8302



F1- 1.7nm + Polymer

F2- Drug                + Polymer

F3- Drug        +  Polymer

F4- 2.1nm  + Polymer

All the tablets contain NaHCO3
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Oral Delivery of MEROPENEM 



Microfluidic assembly of hierarchical microparticles 
8/9/2022

Raza et al., Acta Biomaterialia, 2021, 126, 277-290 12



Programmable MSNs for Oral Delivery

100 nm 100 nm

100 nm20 nm



In-vitro release 

(a). Cumulative release of budesonide from free 

budesonide, MSN-A-Bud and MSN-A-Bud-Eu in a 

series of pH universal buffers at 37 ºC. pH was 

changed at 3 h and 5 h. (b). Percentage of 

budesonide released in pH 1.9, 5.5 and 7.4 after 24 

hours. Data represent mean ± SD. (n=3).

Free drug MSN-A-Bud MSN-A-Bud-

Eu

pH 1.9 56.25 ±

6.86%

63.57 ±

2.69%

12.08 ± 0.17%

pH 5.5 11.89 ±

2.96%

19.63 ±

1.09%

7.36 ± 0.78%

pH 7.4 5.56 ± 3.22% 2.69 ± 0.93% 65.45 ± 1.50%



In-vivo 

Zhi et al. Advanced Therapeutics, 2000165



Histology



qPCR
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Palmubo P et al, J Pharmacokinet Pharmacodyn (2008) 35:235–248 

200nm 500nm
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Improved permeability of Vancomycin



2mg/ml

1mg/ml

0.1 mg/ml

Unpublished – don’t share 
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[Entity Name]

Unpublished – don’t share 
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Results - Design and Synthesis of USLP delivery system
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Results – USLP permeates in vitro blood brain barrier

Janjua TI…, Popat A.et al. Nanoscale. 2021.

scale bars = 30 μm

Joshua A. McCarroll
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Results – USLP permeates glioblastoma cell line

Janjua TI…, Popat A.et al. Nanoscale. 2021, 13, 16909

3D U87 tumour 

Spheroid – Aria 

USLP-NH2-Cy5 USLP-NH2-Cy5-Lf



D) Alive cellsC) Late apoptosis

B) Early apoptosis
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2D Cell culture

Janjua TI…, Popat A.et al. Nanoscale. 2021.

Cell apoptotic studies U87 GBM cells

No treatment USLP-PO3 USLP-PO3-Lf

DOX USLP-PO3-DOX USLP-PO3-DOX-Lf
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