
 

 
 

A DRUG DELIVERY APPROACH USING ZEOLITIC IMIDAZOLE   

 

FRAMEWORK-8 AND BIODEGRADABLE POLYMER COMPOSITE 

 

 

by 

 

 

Tahmid Faisal 

 

 

 

 

 

 

 

 APPROVED BY SUPERVISORY COMMITTEE: 

 

 

 

 ___________________________________________ 

 Dr. Jeremiah Gassensmith, Chair 

 

 

 

 ___________________________________________ 

 Dr. Ronald A. Smaldone, Co-Chair  

 

 

 

 ___________________________________________ 

 Dr. Mihaela C. Stefan 

 

 

 

 ___________________________________________ 

 Dr. Sheena D’Arcy



 

 

Copyright 2020 

Tahmid Faisal 

All Rights Reserved 

 



 

 

To all the people of my life who encouraged me on my way to knowledge and wisdom. 

Without their constant support  I would have been grasping and suffocating in the labyrinth of 

ignorance and illiteracy. 

 

 



 

 
 

 

A DRUG DELIVERY APPROACH USING ZEOLITIC IMIDAZOLE   

 

FRAMEWORK-8 AND BIODEGRADABLE POLYMER COMPOSITE 

 

 

 

 

 

by 

 

 

 

 

TAHMID FAISAL, M.PHARM. 

 

 

 

 

 

THESIS 

Presented to the Faculty of 

The University of Texas at Dallas 

in Partial Fulfillment 

of the Requirements 

for the Degree of 

 

 

 

MASTER OF SCIENCE IN 

 

CHEMISTRY 

 

 

 

 

THE UNIVERSITY OF TEXAS AT DALLAS 

 

August 2020 



 

 
 

v 

ACKNOWLEDGMENTS 

First of all, I am grateful to  Almighty God for my life. Then I  would like to thank my thesis 

supervisors Dr. Jeremiah Gassensmith and Dr. Ronald Smaldone for their guidance and support 

throughout my graduate study at UT Dallas. It was a great opportunity to work under the 

supervision of two such nice people. The learning environment in their labs paved my way to 

understand chemistry. I can not help but show my gratitude to the  members of the Gassensmith 

and Smaldone labs who were like my family. They helped me to understand the experiments and 

analyze the data. For the completion of my graduate study in the UT Dallas chemistry 

department, I am indebted to the professors who taught me the advanced chemistry subjects, 

showed me the path of excellence and guided me to think in the broader horizon. I am thankful 

to my parents and my wife for their constant encouragement and sacrifice for me. Lastly, without 

the support of The Department of Chemistry and Biochemistry, UT Dallas there would  not be a 

thesis.  

July 2020  

 

 

 

 

 

 

 

 



 

 
 

vi 

A DRUG DELIVERY APPROACH USING  ZEOLITIC IMIDAZOLE   

 

FRAMEWORK-8 AND BIODEGRADABLE POLYMER COMPOSITE 

 

 

 

Tahmid Faisal, MS 

The University of Texas at Dallas, 2020 

 

ABSTRACT 

 

 

 Supervising Professors: Jeremiah Gassensmith, Chair 

                                                   Ronald A. Smaldone, Co-Chair 

 

 

 

 

Zeolitic imidazole frameworks (ZIF)-8 and polymers are  potential platforms for drug delivery 

purpose. In this thesis these two drug delivery platforms have been combined to develop two 

types of drug delivery tools. To develop the first tool, model drug Cy5 dye and smURF protein 

have been loaded in ZIF-8 by biomineralization reaction and further encapsulated in 

biodegradable 50:50 ratio of poly (lactic-co-glycolic acid) polymer (PLGA) by solvent 

evaporation technique. This ZIF-8-PLGA polymer composite can be a promising tool to deliver a 

drug into the body over the course of long time slowly releasing it intact and protecting it  from 

the environmental stressors. The second tool is the polymeric microneedles developed by using 

Fused Deposition Modelling based 3D printing. Poly Lactic acid was used to prepare 

microneedles patches.  Model drug FITC Azide was loaded in ZIF-8 and further microneedles 

patches were loaded with those FITC containing ZIF-8 by biomineralization reaction at room 

temperature. Both drug delivery tools can be a robust platform to deliver drug and protein 

molecules by giving them protection from environmental stresses.   
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CHAPTER 1 

INTRODUCTION    

The world is fighting with different diseases. The need for different medicines and their delivery 

systems are increasing. For treatment purposes different drug delivery systems have been 

developed targeting specific diseases, routes and mechanism of action. These delivery systems are 

sometimes very effective for one kind of drug while it might not be suitable for another type. That 

depends on different pharmacokinetic and pharmacodynamic properties of the drug molecules e.g. 

stability in a specific route, dosing, absorption, distribution, metabolism and excretion. There are 

also several drug delivery routes like oral, nasal, parenteral/ injection, buccal, inhaler and  

suppository. Due to the different chemical and physiological aspects drug delivery methods vary 

for every drugs. Hence, suitable delivery method of drugs is an active area of research and 

development. In this thesis, two different drug delivery methods have been developed by 

combining metal organic framework and polymer.  

1.1 Metal Organic Frameworks in Drug Delivery 

Research in drug delivery is very challenging from a lack of availability of nanocarriers with 

minimal or no toxicity. An efficient nanocarrier for drug delivery should have several properties: 

(1) Drug entrapping with high loading, (2) controlled drug release avoiding burst effect, (3) 

engineerable surface and matrix degradation, (4) detectable release by analytical techniques, and 

(5) good biocompatibility and low toxicity. Currently, liposomes, functional hydrogels, micelles, 

nano-emulsions, nano particles like carbon nanotubes and gold or iron nanoparticles are being used 

as common drug delivery vehicles.1-7  
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These delivery methods can be categorized into inorganic and organic systems. Although organic 

systems can show biocompatibility, a controlled release mechanism can’t be achieved all the time.  

 On the other hand, inorganic systems like mesoporous silicon and silica can deliver adsorbed 

drugs in a more controlled manner but have very low loading capacity. So better methods are 

needed to address the aforementioned current limitations. Metal organic frameworks (MOFs), a 

mesoporous material group can be a robust tool for drug delivery.   

 

Figure 1.1: Metal organic framework (MOF) originated from metal ions and organic linker 

showing porous 3D structure.  

Metal organic frameworks (MOFs) are highly porous crystalline materials made of metal-ion 

clusters linked by organic ligand struts in which zinc, copper, chromium, aluminum, zirconium, 

and other elements are commonly used to form frameworks with bivalent or trivalent aromatic 

carboxylic acids or N-containing aromatics.8-10 Thousands of  MOFs have been categorized in the 

Cambridge Structural Database (CSD) to date. 11-14 As MOFs have high metal content, high surface 
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area, tunable functionality, and high number of uniform pores they can be used in different 

purposes like catalysis,15 gas separation,16 gas storage,17 luminescence18 etc. Some are excellent 

nanocarrier of imaging agents,19 nucleic acids,20 and RNA-CRISPR complexes.21 

1.1.1 MOF-5  

 As there are thousands of MOF structures, their stability in living systems should be considered 

if we want to use them for drug delivery purposes. IRMOF-1 or MOF-5 is a zinc based, widely 

studied MOF, which is unstable in humid environments. It has been found by molecular dynamic 

simulations that the framework of IRMOF-1 collapses at water content of 3.9% and higher due to 

the replacement of it’s oxygen atom in the zinc coordination shell by the oxygen atom of water. 22-

24 MOF Ni-CPO-27 showed only small amount (less than 10%) of dissolution after leaving in 

Bovine serum albumin for 4 days.25  

 

Figure 1.2 : MOF-5. Reprinted with permission from Ref 89. Copyright © 2003, Nature.  

1.1.2 MIL MOFs   The first family of  MOF discovered as a potential drug delivery system is the 

Materials of Institute Lavoisier (MIL) family invented by Ferey and colleagues.26 This MIL family 

arises from carboxylic acid bridging ligand and trivalent metal center. They have shown large pore 
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sizes of 25-34 Å and outstanding surface area of 3100-5900 m2/g, which made them potential drug 

carrier. This pore size in mesoporous range is crucial for drug loading as microporous structures 

limit the drug loading capacity.27 So far, different iron (III) based MILs delivered different drugs 

which is shown in the Table 1.1.  

Table 1.1 : Particle Size, drug loading (wt%) in several porous iron (III) carboxylate nanoparticles. 

Reprinted with permission from Ref 28. Copyright © 2010, Nature Materials.   

  

Horcajada et al. also encapsulated ibuprofen in MIL-100 and MIL-101. MIL-100 contains pore 

size of 25-29 Å with pentagonal window openings of 4.8 Å and hexagonal windows of 8.6 Å. 

MIL-101, on the other hand, contains 29-34 Å pore size with a large window opening of 12Å for 

the pentagonal and 16Å for the hexagonal windows. The authors found that MIL-100 could uptake 

0.35 g of ibuprofen/g of dehydrated MIL-100 and MIL-101 could uptake 1.4 g of ibuprofen/g 

dehydrated MIL-101 without significant change in their crystallinity.28 This ibuprofen 

encapsulation variation can be attributed due to their pore sizes. This MIL-101 showed ibuprofen 
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release into the simulated body fluid up to 6 days. The π-π interaction between ibuprofen and 

aromatic ring was attributed to the elongated delivery time. On the other hand, MIL-53 showed 

breathing effect due to its capability of expansion of pores after heating. Upon heating 20 wt% 

loading was achieved and it took 3 weeks for complete delivery of ibuprofen in compared to MIL 

101 and inorganic drug delivery MOF MCM-41 and amino MCM-41.  A comparative study has 

been shown in Figure 1.3.   

   

Figure 1.3 : Comparison of ibuprofen delivery from MCM-41, MCM41Prop-NH2, MIL-101, and 

MIL-53. Reprinted with permission from  Ref 28. Copyright © 2010, Nature Materials. 

 

1.1.3 NU-1000 and NU-901 MOF 

MOF NU-1000 is a mesoporous Zr based MOF synthesized from a node Zr6(μ3-O)4(μ3-

OH)4(H2O)4(OH)4 and 1,3,6,8-(p-benzoate)pyrene (H4TBAPy) linker. This MOF has shown 

outstanding stability and large pore size.29-30  The terminal hydroxyl group allows post synthetic 

functionalization. Therefore NU-1000 has prospect in the biomedicine field.  
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Figure 1.4 : NU-1000 showing mesoporous structure ( https://3dprint.nih.gov/)  

Xueyan et al. showed that large pore size of NU-1000 is conducive for efficient anticancer drug 

Doxorubicin loading (35 wt%) and the instability in PBS helps the controlled drug release.31 They 

found that this system could release 65% DOX over 2 weeks period. They also PEGylated the 

DOX loaded NU-1000 crystals and found highest antitumor activity compared to free DOX and 

NU-1000. The cell viability study also showed that DOX and PEGylated DOX-NU 1000 

composite showed cytotoxicity on the Hela Cell line with concentration from 0.1 to 10 µg/ml. In 

another research Shunzhi et al. showed NU-1000 and MOF-545 can be a good carrier of insulin 

protein by conjugating the MOFs surfaces with oligonucleotides. These MOFs acted as protein 

hosts, and their oligonucleotide-rich surfaces made them colloidally stable and ensured facile 

cellular entry. They achieved high loading and a 10-fold increment of cellular uptake compared to 

that of the native insulin. Insulin loaded MOF NU-1000 and MOF-545 showed 20% drug release 

over 96 hr period in DMEM buffer + 10 % blood serum (pH 7.0, 37ºC).32 

  

 

https://3dprint.nih.gov/
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1.1.4 Zeolitic Imidazole Framework (ZIF)  

In 2006, a class of metal organic framework was found having unique bond angle of 145 between 

the metal and the imidazolate linker (M-Im-M angle), which mimics the Si-O-Si angle of zeolites-

giving ZIFs zeolites like topology. They are made of tetrahedrally coordinated metal ions like zinc, 

cobalt, chromium, copper etc. linked by imidazole linker giving  a sodalite like topology with an 

approximate BET surface area of 1600 m2  /g and 6 ring pore aperture of 3.4 Å.33  More than 100 

ZIF MOFs have been discovered so far and being used for chemical and biomedical applications. 

1.1.4.1 Zeolitic Imidazole Framework-8 (ZIF-8)  

To date, ZIF-8 is a robust framework having high porosity that has been successfully used in 

different applications including drug delivery. In this thesis work, ZIF-8 has been selected as a 

candidate MOF material for it’s exceptional chemical and thermal stability34-35 and low 

cytotoxicity.36 ZIF-8 can be synthesized with different methods: solvothermal, microwave 

assisted, sonochemical, mechanochemical, dry gel conversion, and microfluidic methods.37 

Among them, solvothermal one pot synthesis is preferentially used leading to biomineralization 

process to encapsulate drug molecules inside ZIF-8.38  Chandan et al. showed ZIF-7 and ZIF-8 can 

be used as nanocarriers to encapsulate anticancer drug Doxorubicin. They observed that ZIF-7 

remains intact in acidic condition while ZIF-8 releases drugs in controlled manner. The drug 

release from both ZIFs is also influenced by the presence of biomolecules like liposome. ZIF-8 

has also been used in cancer chemotherapy by solving multidrug resistance.39 Qing-Shan et al. 

introduced a novel drug delivery platform where ZIF-8 nano thick film was synthesized on the 

anticancer drug loaded mesoporous carboxylated silica nanoparticles and siRNA was 

electrostatically loaded in those ZIF-8 for efficient delivery. This delivery tool could preserve the 
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siRNA from the nuclease degradation and enabled it to downregulate multi drug resistance gene 

Bcl2 expression. At the same time the positive charge of ZIF-8 helped the silica nanoparticles to 

cross the cell membrane and enter into the cells.  

 

 

Figure 1.5 : Zeolitic Imidazole Framework-8 (Zinc is tetrahedrally linked to Imidazole linkers) 

The unique stable crystal structure of ZIF-8 has an extraordinary capability to preserve drug and 

biomolecules inside it and prevent their degradation from chemical and environmental stressors. 

Luzuriaga et al. showed that after biomimetic encapsulation of vaccine candidate Tobacco Mosaic 

Virus (TMV) inside ZIF-8 layer, ZIF-8 showed protection of TMV from denaturing conditions by 

keeping all the viral activities intact.35  

1.2 Polymeric Drug Delivery  

Polymers are the most versatile class of materials that have changed our life in many aspects- from 

preparation of daily materials to the biomedical applications. Conventional drug delivery systems 

often are challenged by the successful delivery of desired dose to the target site. Most drugs taken 

by oral and parenteral injections are readily absorbed by the gastrointestinal tract and circulate to 
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the blood. Sometimes these molecules may be easily degraded by blood enzymes and the plasma 

drug concentration may not be at therapeutic level for a long time. In this case, polymers have 

made it easy for us to design controlled release of drug from their matrix by saving them from the 

cellular environmental factors like pH, temperature and enzymes. The chemical composition, 

molecular weight and stereoisomeric forms affects the rate of polymer degradation following 

release of drug molecule.40 These biodegradable polymers may be found in natural and synthetic 

categories and can be useful in hydrophilic or hydrophobic drug molecules and proteins. A list of 

different polymers and delivered drug is listed in the Table 1.2.  

Table 1.2 : Natural and synthetic polymers used in drug and protein delivery  

Polymer Drug/Protein Delivered 

Natural 

Albumin  insulin, urokinase, YIGSR , gpl20 peptide, IIF-

2, growth hormone41-46 

Cellulose derivatives: 

Carboxymethyl cellulose  

 

Acyclovir47  

Collagen Ibuprofen48 

Fibrin  Doxorubicin49 

Gelatin  Dopamine50 

Hyaluronic acid Insulin51  
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Table 1.2, continued 

Synthetic 

Polyesters 

Poly lactic acid (PLA) Vaccine52, HSA53, insulin54, LHRH55 

Poly (lactic-co-glycolic acid) (PLGA) Carbonic anhydrase56, IL-257, G-CSF58, 

insulin59, LHRH60-63, Paclitaxel64  

Poly (ß-hydroxybutyrate)   Tissue engineering scaffolds65-67 

Poly (caprolactone)  Rhodamine B, Ibuprofen, Camptothecin68 

Poly (dioxanone)  Radiosensitizer (VE822) in brain tumor69 

Polyanhydrides 

Poly (sebacic acid) Paclitaxel70 

Poly (adipic acid) Chlorambucil, Glutamine71 

Poly (terephthalic acid) Bone regeneration therapy72 

 Polyamides 

Poly(imino carbonates), poly amino acids Poly(imino carbonates), poly amino acids 

Others  

Poly ((hydroxypropyl) methacrylamide) Doxorubicin74 

Poly (vinyl alcohol) 5-Fluorouracil75 

Poly (vinylpyrrolidone) Chymotrypsin76, BSA77 

Maleic anhydride—alkyl vinyl ether 

copolymers 

IFN alpha , HSA78  
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Table 1.2, continued 

Pluronic polyols Doxorubicin, Leishmeniasis therapy79 

Poly(acrylic acid) Chlorine dioxide80, Iron oxide81 

Poly(cyanoacrylates) Ocular drug delivery82 

Poly(anhydrides) Docetaxel83 

Polyurethanes, poly-ortho esters, poly 

dihydropyrans, polyacetals 

Cancer Gene therapy84, 5-FU85 

Cellulose derivatives: Ethyl cellulose, 

cellulose acetate, cellulose acetate propionate 

Catechin86, 5-Amino salicylic acid87 

Silicones: Polydimethylsiloxane, colloidal 

silica 

Lovastatin88 

 

                               

                       Poly (lactide) (PLA)                                           Poly (glycolide) (PGA)  

                          

                Poly (lactide-co-glycolide) (PLGA)                          Poly (caprolactone) (PCL) 

Figure 1.6 : Some polymers used in drug delivery application  



 

12 

The polymers may degrade by different mechanisms and release of drugs would also be influenced 

by that. In most cases, nonbiodegradable polymer matrix releases drug in diffusion-controlled 

manner and drugs with low permeability can be released through the channels and pores created 

by the dissolved drug phase.7 Biodegradable polymers may undergo degradation or erosion. 

Degradation is a chemical process, whereas erosion is a physical phenomenon dependent on 

diffusion dissolution and process. Erosion can occur by either surface or bulk erosion- depending 

on the chemical structure of the polymer backbone. Surface erosion represents the situation when 

the rate of erosion exceeds the rate of water permeation into the polymer bulk. This erosion kinetics 

and rate of drug release (zero order) are highly reproducible. Bulk erosion occurs when water 

permeation into the bulk of the matrix happens at a faster rate than erosion. Most biodegradable 

polymers for drug delivery show bulk erosion. The use of nanoparticle or microparticle 

formulations possessing massive surface areas results in bulk- and surface-eroding materials that 

show similar erosion kinetics. Further, the erosion process can be manipulated by modifying the 

surface area of the DDS or by including hydrophobic monomer units in the polymer.90 

1.2.1 Poly Lactic co Glycolic acid (PLGA) based Drug Delivery   

Poly lactic co glycolic acid (PLGA) is a promising biodegradable and biocompatible co block 

polymer, which is an ester of different molar ratio of poly lactic acid (PLA) and poly glycolic acid 

(PGA) monomers. The ratio of these two monomers can change the overall degradation profile of 

the polymer. When PLA is copolymerized with crystalline PGA, it reduces the degree of 

crystallinity of PLGA and as a result increase the rate of hydration and hydrolysis. As a rule, higher 

content of PGA leads to quicker rates of degradation with an exception of 50:50 ratio of PLA/PGA, 

which exhibits the fastest degradation.91  
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1.3  3D Printing Technology       

Three- dimensional printing or 3D printing is a technology to build up objects from  computer 

aided design (CAD) models.92 This technique is also attributed to the process of joining materials 

(melted solid or liquid or powders) layer by layer. Hence this is also known as ‘Additive 

manufacturing’. The concept of additive manufacturing first came from Hideo Kodama of Japan 

in 1981 who invented additive manufacturing method of thermoset polymer to make plastic models 

by UV exposure. The first patent for computer aided manufacturing process came in 1984 by Bill 

Masters, an American entrepreneur. In the same year Chuck Hull invented ‘Stereolithography’- a 

process to build 3D objects by curing photopolymers with UV laser light. The mostly used 3D 

printing machine widely used so far is the Fused Deposition Model printer for printing plastic 

materials, was invented in 1988 by S. Scott Crump and commercialized in 1992 by his company 

Stratasys. Although metal sintering and melting emerged in 1980 and 1990 respectively, the actual 

additive manufacturing for metals and solid powders by computer aided setup was developed later. 

Extrusion Based 3D Printing  

Extrusion based 3D printing is a method to fabricate 3D materials by depositing on a surface by 

predetermined computer aided models and printing parameters. This method can be categorized 

into three  techniques.  

(a) Fused Deposition modelling- which is a process to make objects by thermoplastic polymers. 93 

In this process thermoplastic polymer filament is feed into a heated nozzle in 3D  printer at a 

specific temperature and deposit on a heated bed. The thermoplastic polymers get cured at room 

temperature by turning into the 3D models. 
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(b) Direct ink writing- it’s a process to tune rheological properties of polymers, gels, metals and 

ceramics and get them deposited by robotic controlled nozzle to generate 3D scaffolds. 94 This 

method has the advantage of incorporation of high mechanical and desired chemical properties to 

the objects.  

(c) Bioprinting- is an advanced 3D printing method to fabricate structures by crosslinking 

hydrogels or living tissues, that can be further processed with the cell growth factors.95 This method 

is very popular and useful in incorporating chemical characteristics in hydrogels and biomedical 

engineering in tissue damage cases.  

Vat or Photopolymerization based 3D Printing 

This printing method uses photopolymer resins in a vat and construct objects by shining UV light 

on the polymer bed and fabricate material layer by layer or point by point.96 This is done by 

photopolymerization reactions by UV light. When the UV light from a source is focused on the 

resin bed, the polymer gets hardened or cure and turns into the predetermined shapes and models. 

This is the finest method of 3D printing that offers high resolution. Depending on the fabrication 

mechanism, there are three types of photopolymerization 3D printing methods.  

(a) Stereolithography (SLA)- this method creates object by curing acrylate, methacrylate, epoxy 

or vinyl ether like photopolymer resins by UV laser in a point by point structure. 97 This is done 

by chain growth polymerization mechanism. Printing resolution is 10 µm. 

(b) Digital Light Processing (DLP)- this method is capable of using LED light source from UV to 

visible range which cure each layer at once.98 Cured layers are not in direct contact with air. 

Objects have resolution of 10-50 µm.  
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(c) Continuous Liquid Interface Production (CLIP)- continuous fabrication of model from a dead 

zone is done by inhibiting  free radical polymerization by using a oxygen permeable window in 

the 3D printer.99 This method offers the fastest and highest resolution printing.  

 

Figure 1.7 : Different 3D printing technology based on extrusion, photopolymerization and powder 

bed fusion  

 

Powder Bed Fusion 

This method is for fabricating metal or powdered materials by sintering at a high temperature. This 

is also good for fusion of two different types of materials.  

1.3.1 Fused Deposition Modelling (DFM) Based 3D Printing  

This printing method is also known as FFF or Fused Filament Fabrication where thermoplastic 

polymer filaments are inserted through a nozzle of  FDM 3D printer. This nozzle can be heated 

and controlled by a robotic scaffold by commanding from a software. The polymer filaments get 

heated at their specified melting temperatures (Table 1.3) and gets deposited on the printing bed. 

At room temperature they get hardened and transformed into 3D objects.  
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Figure 1.8 : FDM 3D Printer (left) and Cura LulzBot software control panel (right). Reprinted 

from LulzBot™ TAZ 5 User Manual. Copyright © 2015 Aleph Objects, Inc.  

 

1.3.2 Microneedles based drug delivery  

Microneedles are transdermal painless drug delivery tool that is alternative to painful needles.101 

These needles usually have height of 10-2000 µm and width of 10-90 µm. Microneedles can create 

pore into the skin and transfer drug to the transdermal layer directly. There are four types of  

Table 1.3 : Recommended printing temperatures for different polymer filaments. Reprinted from 

LulzBot™ TAZ 5 User Manual. Copyright © 2015 Aleph Objects, Inc. 

Filament type  Nozzle temp (ºC) Bed temp (ºC) Removal temp (ºC) 

PLA  195-215 60   45 

ABS  230-250  110  50 

Polycarbonate  260-300 110 50 

HIPS 230-250 110  50 

Stainless Steel PLA 220-230 60 50 

Conductive PLA  215-230 60 50 

Polycaprolactone  70-140  45 30 
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microneedles, each type has different way of transferring drug molecules to the skin- (1) solid 

microneedles, (2) coated  microneedles, (3) dissolving microneedles and (4) hollow microneedles.  

Each type has unique purpose depending on the nature of drug or protein molecules to be delivered 

and the desired rate of delivery.  

 

 

Figure 1.9 : Different types of Microneedles patches. Reprinted with the permission of Ref 100. 

Copyright © 2017 American Scientific Publishers.  

 

In this thesis work, polymeric microneedles patches were made with poly lactic acid thermoplastic 

polymer by FDM 3D printing method. The patches were further coated with FITC loaded ZIF-8 

by biomineralization reaction.  
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CHAPTER 2 

DRUG DELIVERY BY ZIF-8 AND PLGA COMPOSITE 

2.1 Abstract  

Delivery of drugs into the body for a prolonged period and keeping the drug molecules intact from 

different cellular environmental stresses- are two main challenges for the conventional drug 

delivery methods. In order to overcome these challenges, in this chapter, Zeolitic imidazole 

framework (ZIF)-8 has been combined with a biodegradable and biocompatible polymer poly 

(lactic-co-glycolic acid) (PLGA) to build a composite to deliver model drug Cy5, which is a far 

red fluorescent dye having excitation and emission maxima at 647 nm and 670 nm respectively, 

and can be easily detected. This composite is fabricated by loading Cy5 in ZIF-8 and preparation 

of PLGA microparticles with that Cy5-ZIF-8 particles by solvent evaporation method. An effort 

to deliver small Ultra Red Fluorescence Protein (smURFP) by this composite has also been 

discussed in this chapter.  

2.2 Chemicals and Materials 

2-methyl imidazole, zinc acetate dihydrate, sodium chloride, PBS buffer pH 7.4, poly lactic co 

glycolic acid (50:50; MW 30000-60000) and poly vinyl alcohol were purchased from Thermo 

Fisher Scientific (Waltham, MA, USA), Sigma Aldrich (St. Louis, MO, USA) and LACTEL 

(Birmingham, AL, USA). All the reagents were used without additional purification after receiving 

from the manufacturer. Cy5 dye was synthesized in Gassensmith Lab, UT Dallas.  

2.3 Experimental  

2.3.1 ZIF-8 preparation 

ZIF-8 are metal organic frameworks composed of Zn ions and imidazole linkers. Different sizes 
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of ZIF-8 was prepared using previous protocol where 1085.7 mM 18.4 μL 2-methyl imidazole 

(HMIM) was reacted with 2518 mM 476.5 μL Zn Acetate and 505.1 μL milliQ water in 1ml 

Eppendorf tube. 

 

                      Figure 2.1 : Cy5 loading into ZIF-8 and final loading into PLGA   

The ratio of Zinc acetate to HMIM concentration was kept 1:60. The reaction was done at room 

temperature for 24 h and washed with milliQ water twice and once with methanol and dried finally 

under air to get the ZIF-8 powders. This ZIF-8 is termed as 20×60 ZIF-8. A second batch of ZIF-

8 was prepared by reacting 80 μL 1000 mM Zinc acetate and 640 μL 4000 mM 2-methyl imidazole 

(HMIM) and 280 μL milliQ water for 24 h at r.t. to keep the Zinc acetate to HMIM millimolar 

concentration at 80:32 ratio. This was washed twice with milliQ water and once with methanol. 

Further drying under air gave us white ZIF-8 powders which was termed as 80×32 ZIF-8. A third 

batch of ZIF-8 was prepared by reacting 1000 mM 40 μL Zinc acetate, 2000 mM 320 μL HMIM 

and 640 μL milliQ water for 24 h at r.t. to keep the Zinc acetate to HMIM millimolar ratio at 40:16. 

It was then washed and dried in the similar way to get the white crystalline ZIF-8 powders which 

was termed as 40×16 ZIF-8.  
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2.3.2 Synthesis of Cy5@ZIF-8  

In order to load drug and easily track it, a model dye known as Cy51 was loaded inside 40×16 and 

80×32 ZIF-8. This Cy5 dye was synthesized in Gassensmith Lab, Dept of Chemistry in UT Dallas. 

In Eppendorf tube 629 μL milliQ water was taken. Then 40 μL 1000 mM Zinc acetate and 10.9 

μL 2.3 mg/ml Cy5 dye was added to that. The mixture was rotisseried for 15 minutes to mix them 

well. At last 320 μL 2000 mM HMIM was added to that and kept at room temperature in absence 

of air for 24 hours. After 24 hours they were centrifuged for 10 mins, 6000 rpm (3022×g) at 

Beckman micro centrifuge machine, washed with water twice and finally with methanol. After 

each wash the powder was centrifuged for 5 mins at 3022×g. Blue colored 40×16 Cy5@ZIF-8 

powder was formed after drying in air.  

In the similar way, 80×32 Cy5@ZIF-8 was prepared by adding 274 μL milliQ water, 80 μL 1000 

mM Zinc acetate and 5.5 μL 1.8 mg/ml Cy5 dye in an 1 ml Eppendorf tube. This mixture was kept 

for 15 mins and then 640 μL HMIM was added and kept for 24 h reaction at room temperature. 

Then it was centrifuged at 9000 rpm (4533×g) in Beckman micro centrifuge machine for 15 mins. 

Then the precipitate was washed twice with milli Q water and once with methanol. After each 

wash centrifugation at 4533×g was done for 5 mins. Finally drying in air gave blue colored 80×32 

Cy5@ZIF-8.  

2.3.3 ZIF-8 PLGA microparticle preparation   

A modified solvent evaporation method2 was used to prepare the ZIF-8 microparticles. 0.05 g of 

40×16 Cy5@ZIF 8 was taken and 0.1 g PEG-6000 was dissolved in Water to get 200mg /ml 

concentration. Then the ZIF was added to that by 20:1 w/w PEG:ZIF-8 ratio. The total volume 

was 5 ml. The solution was sonicated for 20 mins to dissolve ZIF-8. It was kept in freezer for 
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overnight at -80 ̊C. The sample was collected from freezer and kept it for lyophilization. The 

sample was collected from the lyophilizer and washed with dichloromethane to remove extra the 

PEG-6000. It was taken in Eppendorf tubes and centrifuged for 3225×g for 10 mins and the 

precipitate was collected. This was done for 3 times. Then the sample was kept in vacuum 

evaporator for drying. Solid/Organic phase was prepared by suspending 20 mg of ZIF-8 

microsphere powder in 2.5 ml DCM solution containing 125 mg PLGA.   

PVA (2%) aqueous phase preparation:    

5 gm PVA was taken and dissolved in enough water by boiling and stirring on a hot plate for 150 

˚C, 150 rpm for 2 h to get 250 ml solution. 1% NaCl (2.5 gm) was added to make 250 ml PVA 

aqueous solution.  Then the oil phase was added to the 200 ml PVA solution and mixed with 

magnetic stirrer for 1.25 min at 340 rpm. Thus S/O/W emulsion was prepared.   

Dilution: 1% NaCl containing 200 ml milli Q water was added and stirred with magnetic stir bar 

for 130 rpm for 12 hours. After 12 h PLGA particles were filtered by vacuum filtration and washing 

with water for three times and dried to get Cy5@ZIF-8 loaded PLGA particles.  

80×32 Cy5@ZIF-8 was also used to prepare PLGA microparticles to see the change in their shapes 

and drug loading capacity. But the parameters needed to change compared to the 40x16 Cy5@ZIF-

8 as aggregation was seen in case of 80×32 Cy5@ZIF-8 PLGA emulsion system.  

2.3.4 Exfoliation of Cy5@ZIF-8 and Cy5@ZIF-8 loaded PLGA particles  

In Eppendorf tube, 20 μg Cy5@ZIF-8 powder was mixed with 800 μl 0.5 M EDTA (pH 5.4) 

solution for 20 mins until the solution gets clear. Exfoliation of PLGA layer was done by adding 

800 μL dicholomethane and butanol (1:1) solution to 10 μg PLGA particles in a 1 ml Eppendorf 



 

31 

tube. The Eppendorf tube was shaken for 10 mins and centrifuged to precipitate down the solid 

ZIF-8 particles. 

Table 2.1 : Different reaction conditions of 80×32 Cy5@ZIF-8@PLGA microparticle preparation 

Reaction conditions Batch prepared at 50ºC Batch prepared at 60ºC 

Sample (Cy5@ZIF8) amount  

 

70 mg 50 mg 

Cy5@ZIF: PEG 6k 1:20 1:14  

RPM of mixing 260 260  

Mixing time (hrs) 18 18 

Amount of PLGA  125 mg  125mg  

 

2.3.5 Ex vitro study In order to observe the stability of PLGA microparticles in blood ex-vitro 

study was done by the presence of fluorescence intensity after treating the Cy5@ZIF-8@PLGA 

particles in 1×PBS buffer. The experiment was done at two different pH conditions. One was pH 

7.4 which is the normal blood pH and another was pH 5.4 which mimic the extreme pH condition 

of blood in different disease state. The Fluorescence intensity was measured at different time 

intervals. For that four types of samples were prepared every time. In two Eppendorf tubes PBS 

buffer of pH 7.4 and 5.4 were taken and fluorescence intensity was measured and found no peaks. 

PLGA microparticles were dissolved in 1×PBS buffer pH 7.4 and pH 5.4 with 10 mins 

centrifugation in Beckman ultra-small centrifuge machine at 3225×g.  Only the dissolved clear 

supernatant was taken and kept them in hot room (37 °C). In another two Eppendorf tubes Cy dye 
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was dissolved in 1×PBS buffer pH 7.4 and 5.4 and kept in the same condition as the PLGA 

microparticles to validate the change of fluorescence intensity of Cy5 dye at 37 °C .  

2.4 Characterization  

The sizes and shapes of all types of ZIF-8 powders and Cy5@ZIF-8 loaded PLGA particles were 

observed by Zeiss Supra 40 Scanning Electron Microscope (SEM) under high vacuum. The EHT 

of 2.4 KV and SE2 detector were used in all cases. Dynamic Light Scattering (DLS) was done by 

Malvern Zeta sizer machine to find the sizes of all the particles. UV and Horiba fluorescence 

machine were used to find out the concentration of Cy5 stock solution and the fluorescence 

intensity of the exfoliated particles in solution. Solid state fluorescence was also done to find out 

the presence of Cy5 in the ZIF-8 crystals. Powdered X-Ray Diffraction was done by Rigaku 

SmartLab XRD machine. The BET surface area of ZIF-8 was measured by porosity analyzer.  

2.5 Result and Discussion 

The one pot synthesis of ZIF-8 crystals showed different sizes with different molar concentration 

ratios of Zinc acetate and HMIM solutions in aqueous condition. The 1:60 ratio (20×60 ZIF-8) of 

these 2 solutions gave crystals having a size range of 389 nm to 795.5 nm. Likewise, 40×16 ZIF-

8 (1:16 ratio) showed 1 μm to 1.3 μm size crystals where 1:32 ratio showed 80×32 ZIF-8 crystals 

of 264 nm to 304 nm. Biomineralization process led to the formation of 0.01 mg/ml Cy5 loaded 

ZIF-8 crystals. The Cy5 dye produced more nucleation sites in the reaction and thus the 40×16 

crystal and 80×32 crystal’s size was decreased a little bit compared to native 40×16 and 80×32 

ZIF-8 crystals without Cy5.  
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Figure 2.2 : SEM images of Crystal structure of 20×60 ZIF-8 (avg. size 500 nm), 40×16 

ZIF-8 (avg size 1µm) and 80×32 ZIF-8 (avg. 300 nm) 

 

 

     Figure 2.3 : SEM images of rhombic dodecahedron structures of Cy5 loaded 40×16 and 80×32 

     ZIF-8 crystals.      

 

In the purpose of drug and vaccine delivery, ZIF-8 have shown promising application.3-4 In order 

to reduce fast degradation in acidic condition, focus was given to prepare ZIF-8 polymeric 

nanoparticles to make it a powerful candidate. Here, the stability of ZIF-8 in blood and elimination 
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from body are important factors to take into consideration. Preparation of sustained release ZIF-8 

can enable the release the ZIF-8 particles for many days and hence increase the stability of ZIF-8 

in blood which leads to prolonged bioavailability of the drug molecules. To achieve that property, 

a biodegradable US FDA approved co-block polymer Poly-lactic-co-glycolic acid (PLGA) was 

used which consists of specific ratio of lactide and glycolide part and degrade by bulk erosion 

mechanism.5 In this study 50:50 ratio of lactide and glycolide containing PLGA polymer has been 

used. The MW was 30,000-60,000 Dalton. Polymeric nano / microparticles are colloidal particles 

have sizes ranging from 1nm- 200 µm. They can be solid in oil in water (s/o/w) type emulsion or 

water in oil in water (w/o/w) type emulsion depending on type of the particle to be made polymeric. 

Inorganic particles have different procedure than the proteinaceous materials to encapsulate them 

inside the polymer matrix to make the emulsion. There are various known techniques to prepare 

the polymeric nano/ microparticles like double emulsion solvent evaporation6, nanoprecipitation7, 

supercritical fluid extraction8 etc. For this work modified s/o/w solvent evaporation technique was 

used to prepare PLGA encapsulated ZIF-8 microspheres. The stability of the emulsion was also 

retained by maintaining osmotic pressure of the polymeric particles by 1% sodium chloride.  

 

     Figure 2.4 : SEM images of  40×16 Cy5@ZIF-8 loaded PLGA microspheres  
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     Figure 2.5 : SEM images after treatment of 40×16 Cy5@ZIF-8@ PLGA microspheres with     

     chloroform- butanol (50 : 50) mixture. The images show the presence of ZIF-8 particles inside 

     PLGA spheres 

 

In order to prepare PLGA microspheres with 80×32 ZIF-8 different reaction temperatures were 

used: 25 ºC, 30 ºC, 50ºC and 60 ºC. But all other parameters were kept same. In case of 25 ºC and 

30 ºC temperatures, the PLGA microspheres got aggregated. But at 50 and 60ºC temperatures, 

microspheres were seen (less than 100 µm diameter) without aggregation. Only microspheres 

prepared at 60 ºC had smooth surface which is needed for in vivo injection. 

 

     Figure 2.6 : SEM images of PLGA microspheres loaded with 80×32 Cy5@ZIF-8  

     (prepared at 60ºC) 
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     Figure 2.7 : SEM images of PLGA microspheres loaded with 80×32 Cy5@ZIF-8  

     (prepared at 50ºC) 

 

Loading Efficiency In order to find the loading efficiency of Cy5 dye into the ZIF-8 Fluorescence 

study was done. The emission and excitation wavelength of the Cy5 dye is 647 nm and 670 nm 

respectively. A calibration curve was made with Cy5 fluorescence intensity vs concentration 

relationship. The fluorescence intensity was measured from the of the Cy5 dye stock solution first. 

Then after Cy5 loading and first centrifugation supernatant was collected from each Eppendorf 

tube and fluorescence  intensity was again measured for that supernatant. From the difference of 

fluorescence intensity it was found that 40×16 ZIF-8 could load 90% Cy5 model drug and 80×32 

ZIF-8 showed 92 % efficient loading of Cy5. In all cases the concentration of Cy5 stock solution 

was measured by UV Vis spectroscopic measurement by using beer lamberts law. The amount of 

Cy5 drug loaded in the PLGA microspheres were also measured. For this 1 mg of Cy5@ZIF-8 

loaded PLGA particles were exfoliated by 1ml of 0.5 M (pH 5.4) EDTA solution for 2 hours. The 

fluorescence intensity of this exfoliated solution was measured and the concentration of the Cy5 

dye was calculated from the calibration curve. It has been observed that each 1 mg of PLGA 

microparticles contain 0.23 mg of ZIF-8 and 6µg Cy5 dye. 

 



 

37 

 

 

 

 

 

 

      Figure 2.8 : UV-Vis and Fluorescence study on Cy5 dye (top left and bottom), Cy5 loading  

      efficiency measurement by Fluorescence (top right). 

  

The presence of Cy5 loaded ZIF-8 inside the PLGA microparticles was also confirmed by 

fluorescence study in water and methanol.  

  

Figure 2.9 : Fluorescence study on Cy5@ZIF-8 loaded PLGA microspheres 

Crystallinity To confirm the crystalline structure of ZIF-8 and Cy5@ZIF-8 powders PXRD was 

done and XRD patterns of  11.04°, 18.96°, and 23.92° 2θ confirmed the presence of ZIF-8 
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structures which was previously reported in literature.9 As PLGA is a mixture of 50:50 crystal and 

amorphous character the irregular PXRD pattern confirmed the loading of Cy5@ZIF-8 in it.  

 

     Figure 2.10 : Powdered XRD study on ZIF-8, Cy5@ZIF-8 and Cy5@ZIF-8 loaded PLGA 

     microspheres.  

 

DLS study 

The sizes of Cy5@ZIF-8 particles and Cy5@ZIF-8 loaded PLGA microparticles were measured 

by Dynamic Light Scattering (DLS). This data complimented the sizes of particles found in SEM 

study. In case of 40×16 Cy5@ZIF-8 loaded PLGA particles the sizes of particles were ranged from 

35 µm to 65.5 µm. Whereas, the sizes of 80×32 Cy5 loaded PLGA particles ranged from 21-67µm 

(60 ºC) and 20-81 µm (50 ºC) (Figure 2.11). 

Ex Vitro Study on 40x16 Cy5@ZIF-8 loaded PLGA microparticles Incubation of Cy5 dye in 

37 °C did not show any regular change of fluorescence intensity over time. Whereas, the PLGA 
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microparticles showed decrease in fluorescence intensity upto 6 days in both 7.4 and 5.4 pH 

conditions (Figure 2.12).  

 

     Figure 2.11 : DLS study on Cy5@ZIF-8 and Cy5@ZIF-8 loaded PLGA microspheres 

  

     Figure 2.12 : Ex vitro study of 40×16 Cy5@ZIF-8 loaded PLGA particles  

The ex-vitro experiment was done only for 6 days because further processing might quench the 

Cy5 dye which would give us false result. Hence, we can hypothesize that the PLGA 

microparticles are preserving the Cy5 dye in it and acting as sustained release protective shell 

which can enhance the release period of model drug Cy5 in blood pH.  

Ȥ potential Zeta potential of the particles were measured to see the change after PLGA 

encapsulation. As PLGA polymer created a shell around ZIF-8 Ȥ potential shown by Zn ions was 

lowered.  
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Table 2.2 : Ȥ potential study of Cy5@ZIF-8 loaded PLGA microparticles 

Sample Ȥ Potential (mV) 

ZIF-8  + 12.0  

Cy5@ZIF-8 -3.13 

Cy5@ZIF-8@PLGA -5.103 

 

2.6 Approach to deliver  smURF Protein   

Far red fluorescence proteins are desirable for in vivo imaging. Small ultra-red fluorescence protein 

(smURFP) is a class of far red fluorescent protein evolved from a cyanobacterial (Trichodesmium 

erythraeum) phycobiliprotein.10 It is a homodimer with absorption and emission maximum of 642 

nm and 670 nm and covalently attaches biliverdin (BV) without a lyase It has a large extinction 

coefficient (180,000 M-1cm-1 ) and quantum yield (18%), and comparable photostability to eGFP. 

SmURFP is extremely stable with a protein degradation half-life of 17 hour and 33 hour without 

and with chromophore (biliverdin), respectively. This is comparable to the jellyfish-derived 

enhanced green fluorescent protein (eGFP) protein degradation half-life of 24 hour.11 SmURFP 

has significantly increased BV incorporation rate and protein stability compared to the 

bacteriophytochrome (BPH) FPs. In this study smURFP was expressed from E.coli from a heat 

shock method. It was then encapsulated in Zeolite imidazole network-8 (ZIF-8)   as a proteinaceous 

model drug. To extend the release of proteinaceous drugs in blood this smURFP loaded ZIF-8 drug 

was encapsulated in a US FDA approved poly lactic co glycolic acid block polymer (PLGA) to 

prepare polymeric particles that can protect the ZIF-8 degradation in the blood which may prolong 

the release of smURFP in the blood.  

 

https://en.wikipedia.org/wiki/Fluorescent_protein
https://en.wikipedia.org/wiki/Cyanobacteria
https://en.wikipedia.org/wiki/Trichodesmium_erythraeum
https://en.wikipedia.org/wiki/Trichodesmium_erythraeum
https://en.wikipedia.org/wiki/Phycobiliprotein
https://en.wikipedia.org/wiki/Protein_degradation
https://en.wikipedia.org/wiki/Half-life
https://en.wikipedia.org/wiki/Chromophore
https://en.wikipedia.org/wiki/Biliverdin
https://en.wikipedia.org/wiki/Jellyfish
https://en.wikipedia.org/wiki/Green_fluorescent_protein
https://en.wikipedia.org/wiki/Protein_degradation
https://en.wikipedia.org/wiki/Half-life
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Fig 2.13 : Schematic diagram of smURFP delivery by ZIF8-PLGA system  

2.6.1 Materials and Reagents 

2-methyl imidazole, zinc acetate dihydrate, sodium chloride, PBS buffer pH 7.4, poly lactic co 

glycolic acid (50:50; MW 30000-60000) and poly vinyl alcohol were purchased from Thermo 

Fisher Scientific (Waltham, MA, USA), Sigma Aldrich (St. Louis, MO, USA) and LACTEL 

(Birmingham, AL, USA). All the reagents were used without additional purification after receiving 
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from the manufacturer. Cy5 dye was synthesized in Gassensmith Lab, UT Dallas. Small Ultra Red 

Fluorescent Protein was expressed and purified in Gassensmith Lab, UT Dallas. 

2.6.2 Experimental and Result  

Expression of smURFP 

SmURF protein was expressed from E. coli by a heat shock method. On first day, yeast tryptone 

media was prepared. For each 1L media the recipe was:      

Tryptone  20 g   

Yeast extract  5 g   

MgSO4   2.407 g   

NaCl  0.5 g   

KCl  0.186 g 

The media was autoclaved at P20 or P30 cycle. 50ml / 100 ml of previously autoclaved media was 

transferred in a 125 ml /250 ml erlenmeyer flask respectively.  One single E. coli bacterial colony 

was selected  and  added to 50 ml culture media and was shaken at 37 °C overnight. Starter culture 

was divided evenly between flasks and was shaken @ 37 °C until optical density reaches 0.8-0.9. 

To induce expression 10 g arabinose powder per liter was added and shaken overnight.  Bacteria 

was palleted @ 10.5 K r.p.m. @ 4 °C for 10 mins and resuspended  in pH 8  1×PBS buffer. Cells 

were lysated in microfluidizer. Cells were again palleted @ 10.5 K r.p.m. for 30 mins. FPLC was 

run with imidazole PBS solvent system to purify the smURF protein. Two characteristic peaks at 

260 and 280 nm indicated the purified smURFP. It was then dialyzed for 72 h in a dialysis bag in 

old room (4 °C) to concentrate the smURFP. At last it was lyophilized to get pure intense blue 

colored smURF protein.  
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       Figure 2.14 : Expression and purification of smURFP from E. coli 

Preparation of smURFP@ZIF-8  

Different concentrations of smURF protein (1 mg/ml, 0.2 mg/ml and 0.3 mg/ml) were tried to 

encapsulate into ZIF-8. 40: 640 ratio of Zn Acetate and 2-methyl imidazole reacted with different 

amounts of smURFP protein and milliQ water which resulted in smURFP encapsulated ZIF-8 

powders.  

Preparation of smURFP@ZIF-8@PLGA microparticles 

 A modified s/o/w method was used to prepare the ZIF-8 microparticles. 0.05 gm of smURFP@ 

ZIF 8 powder was taken. 0.1gm PEG-6000 was dissolved in Water to get 200mg /ml concentration. 

Then the ZIF was added to that by 1:20 w/w ZIF-8: PEG ratio. The total volume was 5 ml. The 

solution was sonicated for 20 mins to dissolve ZIF-8. It was kept in freezer for overnight at -80 ̊C. 

The sample was collected from freezer and kept it for lyophilization. The sample was collected 
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from the lyophilizer and washed with dichloromethane to remove the PEG-6000. It was taken 

in Eppendorf tubes and centrifuged for 8000 rpm for 10 mins and the precipitate was collected. 

This was done for 3 times. Then the sample was kept in vacuum evaporator for drying. S/O phase 

was prepared by suspending 20 mg of ZIF-8 microsphere powder in 2.5 ml DCM solution 

containing 125 mg PLGA. 5gm PVA was taken and dissolved in enough water by boiling and 

stirring on a hot plate for 150 ˚C, 150 rpm for 2 h to get 250 ml solution. 1% NaCl (2.5 gm) was 

added to make 250 ml PVA aqueous solution.    Then the oil phase was added to the 200 ml PVA 

solution and mixed with magnetic stirrer for 1.25 min at 340 rpm. Thus S/O/W emulsion was 

prepared. Then this mixture was stirred at room temperature at 230 rpm speed for 12 h to get the 

PLGA particles containing smURFP loaded ZIF-8 inside them. The particles were collected by 

three times washing with milli Q water.   

 

Figure 2.15 : Different concentrations of smURFP in ZIF-8 (Scale bar: 1µm) 

 

Figure 2.16 : smURFP@ZIF-8 PLGA particles 
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Fluorescence study: Solid and liquid state fluorescence data of smURFP@ZIF-8 and 

smURFP@ZIF@PLGA  showed maximum emission at 670 nm after excitation at 642 nm which 

confirms presence of smURFP. 

 

 

 

 

 

 

 

Figure 2.17 : Fluorescence study on smURFP@ZIF-8 particles 

Gel Electrophoresis 

smURFP@ZIF-8 particles was treated with exfoliation solution (0.5 M EDTA solution 600 µl, pH 

7.9) and then ran through 1 % Agarose gel to see the presence of protein inside ZIF-8 molecules. 

After that it was imaged with Cy5 channel with Typhoon. The bright red bands indicated the 

presence of smURF proteins of different concentrations. The gel was also stained with Coomassie 

brilliant blue dye which also confirmed the protein inside the ZIF-8.  
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     Figure 2.18 : 1% Agarose gel electrophoresis study on exfoliated smURFP@ZIF-8 crystals.        

     smURFP@ZIF-8 after exfoliation. Typhon images of protein bands (right) and left image   

     indicates protein bands after Comassie dye staining. 

 

 

                                       Figure 2.19 : PXRD of smURFP@ZIF-8 

Powdered XRD data was taken with smart Rigaku XRD machine from 5 to 45 degrees. PXRD 

data clearly shows similarity of XRD pattern of ZIF-8 and smURFP@ZIF-8. That means 

encapsulation of smURFP did not change the structural integrity of ZIF-8.   

2.7 Future Directions 

Drug delivery by ZIF-8 and PLGA combination can be a strong delivery method to protect 

proteinaceous drugs from enzymes and unwanted degradation. Although it is a big concern 

whether the integrity of the protein molecules will be retained during the PLGA particle 

preparation. But we can be hopeful to retain the protein structure inside the ZIF-8 protective shell.  
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The optimum temperature for the preparation is a gap to find out. The in vivo study on mice model 

can also give us more insights and reveal the potential of this drug delivery tool.  
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CHAPTER 3 

DRUG DELIVERY BY ZIF-8 AND MICRONEEDLE COMPOSITE 

 

3.1 Abstract  

Additive manufacturing (AM) which is commonly known as 3-D printing is a process which can 

assemble highly customized complex structures from 3-dimensional data. In 3D printing we use 

different polymers to give them different geometric shapes. In this chapter we have used the 

Fused Filament Fabrication (FFF) 3D printing method to print poly lactic acid to fabricate 

biodegradable grids of sharp micron-sized protrusions capable of delivering therapeutic agents 

into the skin- known as microneedles which has gained focus in recent years as a minimally 

invasive and cost effective method for transdermal drug delivery. In order to enhance 

transdermal delivery of drug loaded ZIF-8 a biomineralization reaction has been introduced to 

prepare ZIF-8 coated microneedles.  

3.2 Materials and Reagents  

• Fluid Deposition Modelling Printer (Taz Lulzbot V5 and Mini 2 printer) 

• Poly Lactic Acid (PLA) Filament  

• Potassium Hydroxide  

• Fusion 360 software  

 

3.3 Experimental  

3D modelling with Fusion 360   

Fusion 360 software was used to do 3D modelling of different shapes of objects and microneedles 

of different sizes and lengths.  
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Printing Microneedles 

Microneedles with different shapes and sizes were printed with Lulzbot Taz V5 and Lulzbot mini 

2 printer. The Lulzbot Taz V5 has 0.3 mm nozzle head which was used for printing microneedles 

in our lab’s previous  microneedles paper.1
 
In that paper our lab used etching method to produce 

microneedles with as low as 70 µm tip diameter. Previously our lab tried to print exactly cone 

shaped MNs. But the resolution of the printer did not permit to get that shape. So, we had to go for 

etching method to achieve that cone shaped MNs from cylinder shape MNs. So, our goal was to 

avoid etching step which was followed by further washing steps. In order to get rid of that,  we 

thought to use Lulzbot mini 2 printer with 0.25 mm nozzle head and after optimizing many 

parameters in the printing condition we could achieve to get the perfect cone shaped MNs. We 

could also print some other shapes of MNs with poly lactic acid that we could not print before.  

Loading ZIF-8 onto Microneedles 

FITC Azide (0.01 mg/ml) loaded ZIF-8 was adsorbed onto the surface of the microneedle patches.  

For that water, 80 mM Zinc acetate, 0.01 mg/ml and 2560 mM HMIM solution was taken in a petri 

dish for reacting for 24 h. The microneedles patches were immerged into that solution. After 24 h 

the patches were removed and dried under vacuum.  

3.4 Characterization  

Zeiss Supra 40 Scanning Electron Microscopes was used to characterize the shapes and sizes of 

the printed microneedles. For that three minutes gold sputtering was done before taking SEM 

images. For imaging 2.4 kV EHT, SE2 gun and high vacuum condition was used. Differential 

Scanning Calorimetry (DSC) was done to find the melting and glass transition temperature of the 
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polymers used. Thermogravimetric analysis  was done to see the polymer decomposition 

temperature. 

3.5 Result and Discussion  

 

            Figure 3.1 : Type 1 Microneedles printed by PLA 

Type 1 MNs (both 4×4 and 5×5 arrays) were printed with printed 10 cm×10 cm sizes. The lengths 

of needles varied from 1.22 mm to 2.6 mm. The printing parameters that were used :Initial Layer 

Height: 0.1 mm, Printing temp: 205 ˚C, Bed temp:62 ˚C, Z offset: -1.68mm. The tip and base 

diameters for 2.5 mm needles were found to have 184 µm and 785 µm and for 1.25 mm it was 

found to have 167 µm and 1.075 µm. Although the tip size is greater than the previously etched 

MNs, this can be reduced by remodeling the STL files.  

Type 4,5 & 6 MNs were also printed. Although these needles were not cone shaped they can be 

etched to give them pointy tip and different shapes of them may help to use them as breakable 

dissolving MNs.  

Tests on Type 1 MNs  Type 1 MNs were tested on 1.8 mm thick parafilm (equivalent to human 

skin mechanical strength) to ensure that these MNs can actually be inserted into human skin. 100% 

of the needles could go through the parafilm without breakdown. 
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Differential Scanning Calorimetry of Printing Material In order to show that the polymer 

characteristic of PLA was not changed after microneedles printing Differential Scanning 

Calorimetry (DSC) was done and no change in melting point before and after print was found.  

Although we could print cone shaped microneedles, but the tip size could not be reduced to 70 

µm to be useful for insertion through skin. In order to do that the etching process could not be 

avoided. Different concentration of KOH was used for different period of time to optimize the 

etching process for already cone shaped needles. 

 

 

Figure 3.2 : SEM images of Type 1 Microneedles (2.5 mm length on the top and 1.25 mm at the 

bottom) 
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Figure 3.3 : SEM images of Type 4 (top left), Type 5 (Top right) and Type 6 (Bottom two) 

Microneedles. 

 

 

Figure 3.4 : Insertion test of Type 1 MNs into  parafilm (1.8 mm). 
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Figure 3.5 :  Differential Scanning Calorimetry of PLA used in microneedles printing (before and 

after printing) 

 

Table 3.1 : Etching of MNs for different time  periods  

3 hours  5 hours  6 hours  9 hours  

No significant change  Small change in size   Change in size  

With mechanical 

strength upto 8.0 hrs 

Changed a lot but 

brittle 

Small change in size Change in size Change in size with 

mechanical strength  

upto 7.0 hrs 

Changed a lot but 

brittle 

Change in size Change in size and 

mechanical strength 

intact 

Change in size and 

mechanical strength  

Upto 6.5 hrs  

 

Changed a lot but 

brittle 
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Etching and ZIF-8 Loading: 

 

Figure 3.6 : Etched Microneedles with different concentration of KOH solution 

A) 3M; 6.5 hr, B)5M; 6.5 hr, C)7M; 4.15 hr and D) 9M KOH; 4.15 hr etched MNs arrays 

  

 

Figure 3.7 :  80×3 ZIF-8 Loaded MNs, A) 3 M KOH Ethced, B) 5M KOH Etched, (Scale bar: 

200 µm) a) ZIF-8 growth in A) MNs, b) ZIF-8 growth in B) MNs by biomineralization, (Scale 

bar: 2 µm) 

 

Figure 3.8 : Loading of FITC Azide and ZIF-8 in microneedles array 
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3.6 Polymer blending for making new materials for microneedles fabrication 

Dissolving microneedles arrays are usually made of soft and biodegradable polymers that contain 

drugs and after insertion they get dissolved into skin and release drug molecules into the blood. In 

order to find a suitable material for that we selected polycaprolactone (PCL) which is a soft 

polymer having melting point of 60°C and a glass transition temperature of -60°C. Printing fine 

microneedles with PCL is not achievable due to it’s softness and low mechanical strength. So, in 

order to achieve the mechanical strength, different percentages of polylactic acid (PLA) was 

blended with PCL by solvent casting method to make new material with sufficient mechanical 

strength and desirable softness. Thermogravimetric analysis was done to find the decomposition 

temperature of the PCL and PLA used and Differential Scanning Calorimetry was done for 

different blends of these two polymers. The melting temperature of PCL and PLA was changed 

and these data gave us an idea about the lower and upper limit of printing temperature. 

Making Filament with blended polymer 

A Filabot filament extruder was used to make filament with different blends of PCL and PLA. The 

diameter of the extruder nozzle was 3 mm and extrusion temperature was 170 °C. Although 

extruded filament was not of uniform diameter in all of it parts, this can be optimized by changing 

the temperature and collection method by using a spooler. 
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Figure 3.9 : Thermogravimetric analysis (TGA) curves of  PLA and PCL and Differential Scanning 

Calorimetry graphs of different ratios of PCL/PLA blends. 

 

Table 3.2 : Melting points of different PCL/PLA blends  
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Figure 3.10 : (From left to right) Filament extruder, PCL filament, PCL:PLA=70:30 blended 

filament 

 

3.7 References  

1. Luzuriaga, M.A.; Berry, D.R.; Reagan, J.C.; Smaldone, R.A.; Gassensmith, J.J. Biodegradable      

    3D printed polymer microneedles for transdermal drug delivery. Lab Chip, 2018, 18, 1223-       

    1230.  

 

2. Zhu, M.; Liu, Y.; Jiang, F.; Cao, J.; Kundu, S.C.; Lu, S. Combine Silk Fibroin Microneedles    

    for Insulin Delivery. ACS Biomater. Sci. Eng. 2020, 6, 6, 3422–3429.  

 

3. Wang, S.; Zhu, M.; Zhao, L.; Kuang, D. Kundu, S.C.; Lu, S. Insulin Loaded Silk Fibroin     

    Microneedles as Sustained Release System. ACS Biomater. Sci. Eng. 2019, 5, 4, 1887–1894. 

 

4. Shim, D. H.; Nguyen, T.T.; Park, P.; Kim, M.; Park, J.; Lee, J.M. Development of Botulinum   

    Toxin A-Coated Microneedles for Treating Palmar Hyperhidrosis. Mol. Pharmaceutics. 2019,  

    16, 12, 4913–4919.  

 

 

 

 



 

 
 

59 

BIOGRAPHICAL SKETCH 

Tahmid Faisal was born in Dhaka, the capital city of Bangladesh. He completed his higher 

secondary school from Notre Dame College, Dhaka in 2009. In January 2010  he entered the 

University of Dhaka as an undergraduate student in the Department of Pharmacy. Tahmid 

received his Bachelor of Pharmacy degree in 2013 from the University of Dhaka. He received his 

Master of Pharmacy degree with a major in Pharmaceutical Chemistry in 2015 from the same 

university. His research area was phytochemistry. In the same year Tahmid started his 

professional career at Beximco Pharmaceuticals Ltd., Tongi, Bangladesh as a validation 

executive in Quality Assurance. In January 2016, Tahmid joined Stamford University 

Bangladesh as a lecturer in the Pharmacy department. In January 2017 he joined Southeast 

University, Bangladesh as a lecturer in the Pharmaceutical Science department and continued his 

service until July 2018. He moved to Dallas, TX, USA in August 2018 to attend the graduate 

program  in Chemistry and Biochemistry at The University of Texas at Dallas.  

 

 

 

 



 

 
 

 

CURRICULUM VITAE 

  TAHMID FAISAL 

 

Graduate Teaching Assistant 

Department of Chemistry and Biochemistry 

The University of Texas at Dallas 

800 West Campbell Rd., Richardson, TX, 75080 

E-mail: tahmidfaisal3423@gmail.com linkedin.com/in/tahmid-

faisal-5aa9538b 

Tel: +1 (469)-879-5139 

RESEARCH INTERESTS 

• Pharmaceutics 

• Drug Discovery and Design 

• Polymer Chemistry 

• Protein Chemistry 

EDUCATION 

• M.S. in Chemistry (Fall 2018-present), The University of Texas at Dallas, USA 

Current CGPA: 3.67 

 

• M.Pharm., Department of Pharmaceutical Chemistry, University of Dhaka, 2015 

           CGPA: 3.79 (Equivalent to 3.82 according to WES) on a scale of 4 

 

• B.Pharm., Pharmaceutical Sciences, University of Dhaka, 2014 

            CGPA: 3.70 (Equivalent to 3.89 according to WES) on a scale of 4                                               

CURRENT RESEARCH 

• Microneedles Drug Delivery by Fluid Deposition Model based 3D printing: 

            This project covers the polymer filament development for biodegradable microneedles      

            patches useful for transdermal drug delivery. (Fall 2018-present) 

            Advisor: Prof. Dr. Ronald A. Smaldone, Dept. of Chemistry and Biochemistry,UT  

            Dallas, TX. Reserach Lab :http://smaldonelab.com/ 

http://smaldonelab.com/


 

 

• Sustained release proteinaceous drug delivery by Zeolitic Imidazole Framework(ZIF-8) 

by combining polymer: Metal organic framework ZIF-8 is used for delivering protein, 

which has been combined with biodegradable polymer for prolonged in vivo therapy. 

(Fall 2018-present) 

            Advisor: Prof. Dr. Jeremiah J. Gassensmith, Dept. of Chemistry and Biochemistry, UT                   

            Dallas, TX. Research Lab : http://labs.utdallas.edu/gassensmith/ 

 

PREVIOUS RESEARCH 

• M.Pharm Thesis: Chemical and Biological investigations of Eurya acuminata (Theaceae) 

 Advisor: Prof. Dr. A. T. M. Zafrul Azam, Dept. of Pharmaceutical Chemistry, University                     

of Dhaka. 

RESEARCH PUBLICATIONS 

• Faisal, T.; Ahsan, M.; Choudhury, J. A.; Azam, A.T.M Z.; Phytochemical and Biological 

Investigations of Eurya acuminata (Theaceae). Dhaka Univ.J. Pharm. Sci. 2016, 15, 2, 151-

154. 

• Zaman, S.; Islam, Md. S.; Koly, S. F.; Faisal, T.; Rakib, K. Evaluation of Cytotoxicity and 

Antibacterial Activities of Methanolic extract of Antidesma bunius (Linn.) (Family: 

Euphorbiaceae) Leaf. J.Adv. Med. Pharm. Sciences. 2018, 16, 2, 1-7. 

• Islam, Md S.; Faisal, T.; Munira, Mst S.; Ahammed, Md S.; Saha, S.; Afrin, S.; Ahammed, 

Md S. Islam, Md R. Poor Understanding of Prescribed Drugs Leads to Medication Error at 

Both Pharmacy and Patient End: A Survey Study to find Out the Underlying Factors. 

Scientia Ricerca. 2018, 2, 4, 260-272. 

 

SKILLS 

• 3D Printing 

• Scanning Electron Microscopy 

• Softwares: Chemdraw, Autodesk Fusion 360 

PROFESSIONAL EXPERIENCE 

• Department of Chemistry and Biochemistry, UT Dallas,TX, USA 

▪ Teaching Assistant, (August 2018 - Present) 

• Department of Pharmacy, Southeast University , Dhaka, Bangladesh 

▪ Lecturer, (January 2017 - July 2018) 

• Department of Pharmacy, Stamford University Bangladesh, Dhaka, Bangladesh 

▪ Lecturer (January 2016 - January 2017) 

• Beximco Pharmaceuticals Ltd., Dhaka, Bangladesh 

http://labs.utdallas.edu/gassensmith/


 

 

▪ Validation Executive, Quality Assurance Department (July 2015 - January 

2016) 

AWARDS AND OTHER ACHIEVEMENTS 

• Achieved National Science and Technology grand fellowship (NST) from the Govt. of 

peoples Republic of Bangladesh during M. Pharm , 2015 

• Achieved Shahidullah Hall Merit Scholarship, University of Dhaka , 2015 

GRADUATE COURSES 

Advanced Organic Chemistry, Literature and Communication, Biophysical Chemistry, 

Advanced Biochemistry, Advanced Analytical Chemistry 

WORKSHOP AND SEMINARS 

• Participated in The UT Dallas Chemistry Department Seminar Series (Fall 2018, Spring 

2019, Fall 2019) 

• Participated at workshop on Quality Assurance in Higher Education organized by Higher 

Education Quality Enhancement Project (HEQEP) in 2016 

• Participated atGood Manufacturing Process (GMP) training in Beximco Pharmaceuticals 

Ltd. in 2015 

CO-CURRICULAR ACTIVITIES AND COMMUNITY SERVICES 

• Member of Chemistry Graduate Student Association, UT Dallas 

• Member of Dhaka University Photographic society (DUPS)  

• Member of Badhon a blood donation club of University of 

Dhaka   

• Member of Dhaka University tourist society  

• Member of Nature Study Society of Bangladesh. 

 

 

                                       

             

 


