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 Hi everyone, my name is Julianna Price, and like many of the other students here I was a first-time SURF participant this summer. I currently attend Wilson College and study biochemistry and molecular biology. My eventual plan is to attend grad school for pharmacology which is why im glad I had the pleasure of working with Dr. Amy Xu on our topic Exploring oral insulin delivery via microencapsulation. 



OVERVIEW

What is Insulin? 
What does it do?

Research Methods Results Future Research
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This presentations topics will begin with an overview of insulin and what it does for us in our body systems as well as some of the proteins that were utilized throughout the study. After this introduction, I will discuss the different experimental methods utilizes as well as their results, and then we can discuss some future research in this topic for the direction we want to head in. 



INSULIN

 Naturally-secreted peptide 
hormone

 Insulin hexamers are the 
storage form in the system

 Used for the treatment of 
diabetes mellitus types 1 and 2
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Peptide - amino acids linked together in chains in order to form more complex protein structuresUtilize photo-one green section (diamer) is made up of 2 protein monomers (single units), they are linked together through different bonds. 3 diamers come together in the presence of zinc ( the purple ball) in order to create the hexomer form. This is how insulin is stored in the body. In a healthy system, insulin is released from the pancreas in the case of high blood glucose concentrations. Insulin then and aids in glucose storage in the cells and utilization for energy. In type 1 and 2 diabetes, insulin is supplemented in order to aid in glucose storage or replace pancreatic function.



MODES OF ADMINISTRATION

Current

 Insulin Pen

 Continuous subcutaneous insulin infusion

 Vial and Syringe

Future
 Inhalation

 Nasal

 Oral
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There are many different current methods of insulin delivery utilized. Insulin pens, a continuous subcutaneous insulin infusion and the most common being a vial and syringe. Although this method is common, many people are detered by the need to inject themselves with a fear of needles. Future methods such as inhalation, nasal, and our focus, oral, are all methods of delivery that are more user-friendly and may provide a release system that better resembles the bodies processes. In this study, we specific aimedto find a way to create a better oral insulin delivery system.



MATERIALS
• Use natural 

biomacromolecules as 
materials to make the 
nanoparticles

• Biomacromolecules are 
advantageous because 
they have higher 
biocompatibility as well 
as biodegradability 

Zein Protein – pH(I) 6.8 Pectin Polysaccharide – pKa 3.5

Chitosan Polysaccharide - 6.5Alginate Polysaccharide – Pka 3.4/4.4
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Nanoparticle-microscopic particle with at least one dimension less than 100 nmBiocompatibility-how compatible something is with the biological system. determine the fitness of a device for human use, and to see whether use of the device can have any potentially harmful physiological effectsBiodegradibility- ability of organic substances and materials to be broken down into simpler substances through the action of enzymes from microorganisms.Polysarrachised act as a delivery vehicle to protect the nanoparticles until intestinal cells are reachedChitosan opens up the junctions of intestinal cells so that insulin is better diffused into the clooksteram without a polysaccaride.



METHOD 1

 Dissolving Ins into HCL and adjusting pH to 8.

 Mix Ins into CaCl2 and Alginate (pH 5.1) in 
different ratios utilizing the sonicator

 Mix previous solution into Chitosan solution (pH 
~5.6) and sonicate

Adapted from Chen et al. 2018
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ENCAPSULATION 
EFFICIENCY 
METHOD 1

Beer's Law
Absorbance=εLc

Extinction coefficient

Pathlength

Concentration
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 Because method 1 did not utilize any other proteins, concentration of insulin was able to be measured utilizing the nanodrop spectrophotometer in combination with beers law. 
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Am omcrease om the ;ems scales proves to us that hexomers are being formed due to the dimention of the nanopatcles. This is most likely caused by the interaction of the CaCl2 acting just like zinc would.Alginate proves to be spericla with smooth outer shell. A [pwer pf 4 towards a power of 2 shows to the fractle networks.Chitosan added forms a scaffold also known as a polymer network due to the formation of a gelized net. This is advantagous in a sustained release system.





METHOD 2

Zein

Adapted from Zhu et al 2019
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Parameters adjusted in this image may included the addition of polysaccarides (alginate and pectin) to the PBS solution in different concentrations in order to stabilize the nanoparticles. 



PARAMETER OPTIMIZATION (METHOD 2)

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13

Content 
(all inc. Ins)

Zn/ 
Buffer

Zn/2 
Pectin

Zn/ 1
0 
Pec.

Zn/
.25 
Alg.

Zn/ 
.75 
Alg

Zn/Ze
Buffer

Zn/Ze/ 
2 Pectin

Zn/Ze 
10 pec

Zn/Ze/ 
.25 Alg

Zn/Ze/ 
.75 Alg

.75 
Alg

Buff. 10 
Pec.

Transmitta
nce %
( λ 630)

100 80.5 81.6 66.4 69.0 39.8 33.3 11.4 12.2 9.2 80.7 100 84.2

• Increased turbidity/Decreased Transmittance = Increased 
nanoparticle formation

• Zein, Zn and a polysaccharide are important factors to 
increased nanoparticle formation/stabilization

• Determination that 2/10mg Pectin and .25/.75mg Alginate 
are best test samples
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B= Buffer A=Alginate Pectin=P Zn=Zinc Ze=ZeinAll samples for method 1 were done at a 1:3 ratio



Lane 1 2 3 4 5 6 8 9 10 11 12

Encapsula
tion 
efficiency
(%)

0 86.32 89.45 81.20 77.62 10.49 87.71 87.14 94.78 95.69 Defragmentation of 
Insulin

Sample Insulin+Z
n into Buf
fer as Co
ntrol

Insulin+Z
n into 2
mg/ml 
Pectin

Insulin+Z
n into 10
mg/ml 
Pectin

Insulin+Z
n into 0.2
5mg/ml A
lginate

Insulin+Z
n into 0.7
5mg/ml A
lginate

Insulin+Z
n+Zein i
nto 
Buffer

Insulin+Z
n+Zein in
to 
2mg/ml P
ectin

Insulin+
Zn+Zein
into 
10mg/ml
Pectin

Insulin+Z
n+Zein i
nto 
0.25mg/
ml Algina
te

Insulin+Z
n+Zein i
nto 0.75
mg/ml Al
ginate

Defragmentation of 
Insulin antisolvent int
o Buffer

• A lack of Zinc leads to the 
defragmentation of Insulin

Multiple bands indicating 
defragmentation

Less intense bands 
indicating higher 
encapsulation efficiency 
rates

More intense bands 
indicating a low insulin 
encapsulation rate
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Encapsulation efficiency was measured for method 2 utilizing SDS-PAGE. Once cetrifuged, alliquots of sample 1 supernatant were taken, and underwent the gel. Encapsulation efficiancy was based off of the intensity and concentration of the band (with more concentration and lower intensity being the desired result).Information we gathered from looking at the gel was that Zinc stabilized insulin and decreases the degradation.



ENCAPSULATION 
EFFICIENCY 
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 Alginate in comparison to pecin increased the encapsulation efficiancy. Not seen in this data, was that encapsultion efficiancy was increased with the use of zein in alginate mixtures but not in pectin mixtures. When the particles were nanoprecipitated into bufffer, there was a degradation of the insulin leading to a lower encapsulation efficiancy. Method 1provided a much lower encapsulation efficiancy overall. 



Coating 
Polysaccharide

Insulin:Zn
1:3

Insulin:Zn
1:9

2 mg/mL Pectin 178.8 126.3

10 mg/mL Pectin 130.9 73.5

0.25 Alginate 209.3 207.8

0.75 Alginate 174.5 161.7

Method 2 SANS Results
Model: Guinier Porod

SANS Analysis
•Particles with various Rg are formed
•Smaller particles are formed with increasing 
amount of polysaccharide as well as increasing 
Insulin to Zinc ratio
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Primary particles-fractle networls



Stomach pH ~1.2

Intestine pH ~ 6.8

Conclusions: parameters need to be 
tuned so that targeted release can be 
achieved. 
Perhaps coat the nanoparticle with 
multiple layers of polysaccharide so that 
gel matrix is formed, which,
from previous study to be beneficial in 
sustained release of insulin.

Method 2 release results

Zein 20 kDa

Insulin
5.8 kDa
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Unfortunately, when the same insulin release tests were done to the method 2 nanoparticles, gastric conditions are shown to provide a release od insulin. It was also shown that any of the zeun nanoparticles started to dissassociate. Gel 2 did not prove to have a release of insulin or zein in either of the conditions. (zein is between 22-27 Kda) (insulin is about 58)



CONCLUSIONS & FUTURE STUDIES

 CaCl2 aided in the formation of insulin hexomers 
(M1)

 A lower concentration of CaCl2 provided a better 
insulin release system (M1)

 A higher concentration of polysaccaride provided 
better nanoparticle formation (M2)

 Zinc is important to avoid insulin degradation as 
well as nanoparticle formation (M2)

 Zein caused insulin degradation in the digestive 
system release

 Further optimization of method 2 nanoparticle 
formation to improve polysaccharide 
concentrations/insulin release in digestive system

 In-vitro nanoparticle release
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