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ABSTRACT OF THE THESIS 
 

Diffusion of PLGA Nanoparticle from Alginate Microcapsule 
 to Control Immune Response after Implantation  

for Type I Diabetes 
 

By 
 

Rui Cao 
 

Master of Science in Biomedical Engineering 
 

 University of California, Irvine, 2018 
 

Professor Jonathan RT Lakey, Chair 
 
 
 
 
 
 
 

Implanted islet microcapsules cause host immune response towards microcapsule. 

Certain level of PLGA with anti-inflammatory nanoparticle around microcapsule will control 

immune response. Using a mathematical modeling, we investigated the diffusion of PLGA 

nanoparticle and the concentration gradient of PLGA nanoparticle around implanted 

microcapsule.  

 Assuming a 300um microcapsule with 100 particles/um3 PLGA, diffusing out of 

microcapsule with alginate concentration of 2%, the concentration gradient of PLGA 

nanoparticle will largely base diffusion coefficient inside and outside the capsule. Our data 

shows the relationship between nanoparticle size and concentration gradient.  
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INTRODUCTION 

Immunoisolation of pancreatic islets within bioencapsulation devices has been 

proposed to be an effective strategy to circumvent the need for chronic immunosuppression 

in islet transplantation. Important advances have been made in the last two decades in the 

fields of biomaterial device design, needs for islets in the capsules and the immune responses 

provoked by immunoisolated pancreatic islets [1]. Human trials are underway; temporary 

but reproducible islet function and survival has been reported with encapsulated pancreatic 

islet transplanted into human diabetic patients [2]. Also, it has a great advantage to solve 

shortage of donor tissue as prolonged survival of xenotransplated islet grafts has been 

demonstrated in both chemically induced and autoimmune diabetic rodents [3], dogs [4], 

and nonhuman primates [5]. There is consensus that islets may serve as an inexhaustible 

source of insulin for human type 1 diabetes [6].  

 Despite these successes and potentials of the approach, our recent study shows that 

immunoisolation by itself has limited effect on immunosuppression process [7]. After 

several days of implantation, the biomaterial barrier cannot survive [8, 9]. Studies showed 

that after several days after implantation, the implanted biomaterial causes inflammation 

around capsules [7]. To control inflammation around microcapsule, anti-inflammatory 

nanoparticles can be mixed into microcapsule, and release gradually. Anti-inflammatory 

nanoparticle has significant effect on controlling inflammation around implants [7]. We 

believe it will help control host immune response around implants. It is important to know 

the concentration gradient of nanoparticle with respect to time before in vivo experiment. 

We use MATLAB to simulate diffusion of nanoparticle from microcapsule to surrounding 

tissue environment.  
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Chapter 1 Type 1 Diabetes  

  

Diabetes is a group of metabolic disorders with a high level of blood sugar over a 

prolonged time period [10]. Typical symptoms of diabetes include frequent urination, high 

demand of water inquire, and increasing hunger [11]. If diabetes is left untreated, it will 

cause serious long-term complications like cardiovascular disease, stroke, kidney disease, 

foot ulcers, and eye damages. Based on National Statistics Report from Center of Disease 

Control and Prevention, there are 30.3 million people with diabetes (9.4% of the US 

population) [12]. A number of 23.1 million people are diagnosed and 7.2 million people 

undiagnosed. The numbers for prediabetes indicate that 84.1 million adults (33.9% of the 

adult U.S. population) have prediabetes, including 23.1 million adults aged 65 years or older 

(the age group with highest rate) [12].  

 Type 1 diabetes is a small group of diabetic people. There is an estimation that about 

5% among those are type 1 diabetes [12]. Type 1 diabetes is a form of diabetes where not 

enough insulin is produced by pancreas islet cells. The cause of type 1 diabetes is still 

uncertain. However, there’s a believe that a combination of genetic and environment factors 

is involved [13]. Treatment of type 1 diabetes focuses on to decrease blood sugar level or 

glucose level to a normal range, which is about 80-140 mg/dl [14]. Most common treatment 

now is injection of insulin via subcutaneous injection or insulin pump, which requires a daily 

monitoring of blood sugar level and daily injection [15]. Pancreas transplantation and islet 

cell transplantation are optional ways for treatment. However, low success rate (about 44%) 

and serious host immune response limit the application of transplantation [16]. Thus, both 

transplantations are still on experimental stage.  
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Chapter 2 Islet transplantation and challenges 

  

During the past decade, a lot of effects have been directed to generate transplantable 

insulin produced cells. Islet transplantation is a transplantation of isolated islet from a donor 

into patient’s body. Once the islets are transplanted, they can produce insulin to regulate 

glucose level in blood. With transplanted islet cells, patients with type 1 diabetes do not need 

to do daily insulin injection. The transplantation is still on experimental stage.  

 

 

Figure 2.1 Custom-built alginate microcapsule making system  

 

 Researchers use highly purified collagenase to isolate islet cells from donor’s 

pancreas. Collagenase solution causes distension of the pancreas, which as a result, will cut 
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pancreas into small chunks and transferred into Ricordi’s chamber to digest until islets are 

removed from the solution [17]. After purification, islets are ready for encapsulation and 

implantation. Encapsulation is to create a polymeric semi-permeable membrane that 

permits diffusion of certain molecules like oxygen, nutrition, growth factor etc. For islet cells, 

it also diffuses out insulin. At the same time, the membrane prevents immune cells and 

antibodies from kill encapsulated cells since they are regarded as foreign invaders.  

 We use optomechanical hardware (Thorlabs, USA) to keep components aligned to 

form the encapsulator structure (Fig 2.1). Compressed Nitrogen gas flow into a pressure gear 

and then is injected into syringe with sodium alginate solution. The gas pressure pushes the 

alginate solution through a stainless-steel needle. Using a voltage generator, a positive 

voltage is applied to a conductive post that holds the needle in place, thus applying the 

voltage to the entire needle. Ground voltage is applied to calcium chloride solution 

underneath the needle for crosslinking of alginate capsule. Electromagnetic force is formed 

to force alginate droplet formed at tips of the needle to detach and fall. This electromagnetic 

force will help the formation of capsule. The microcapsules are then crosslinked in calcium 

chloride solution.  

 

 

Chapter 3 Biomaterial for islet transplantation 

  

In the past decades, sodium alginate is not the only material for encapsulation of islet 

cell for transplantation. Researchers are focusing on glycosaminoglycan, heparin, and 

synthetic biodegradable materials as capsules for islet cells [19].  



5 
 

Heparin 

 Heparin is a complex polymer that interacts with different enzymes and proteins in 

human body [20]. Normally, heparin binds to enzyme inhibitor antithrombin III. Thus, 

heparin is commonly used as an anticoagulant. Heparin binding has previously been used to 

improve the biocompatibility of biomaterials for transplantation [21]. Under this concept, 

Johansson et al. [21] directly heparinized the surface of islets to make them blood 

biocompatible. By encapsulating heparin to islets, they reasoned that this could inhibit 

coagulation and complement activation thereby reducing instant blood-mediated 

inflammatory reactions and intraportal islet loss. When transplanted into mice, it provoked 

less activation of coagulation and less immune cells than non-coated cells [21].  

 

Lactic Acid–Based Polymers 

 Polylactic Acid(PLA) is a biodegradable and bioactive thermoplastic aliphatic 

polyester derived from renewable resources like corn starch, and cassava root. PLA can be 

processed by extrusion such as 3D-priting , injecting molding, film casting, and spinning. One 

copolymer that has been used for islet transplantation is a mixture of lactide and glycolide, 

poly(lacticco-glycolic acid) (PLGA). The use of PLGA with islet is published in 2005 [22]. 

PLGA scaffolds with a ratio of 90% glycolide to 10% lactide (Vicryl® ; Ethicon Inc., Somerville, 

NJ) were coated with varying numbers of islets in a matrigel suspension and transplanted 

into the epididymal fat pad of diabetic mice [22]. PLGA scaffolds with pores from 250 to 400 

μm are made to keep islet cells for transplantation [22].  

 

 



6 
 

Other Polyesters 

 Polyhydroxyalkanoates (PHA) are polyesters produced in nature by numerous 

microorganisms through bacterial fermentation of sugar or lipids [23]. Copolymers of 3-

hydroxybutyrate and 3-hydroxyhexanoate (PHBHHx) were used to check the effect of 

PHBHHx on cluster formation and insulin secretion of the murine islet β-cell line NIT-1. 

PHBHHx could increase insulin release and viability comparing with islets with tissue 

culture alone, with PLA, and with another PHA copolymer [24].  

 

Hydrogels 

 Hydrogels are highly absorbent polymers. Most common hydrogel in use is 

Polyethylene glycol (PEG). PEG has low immunogenicity, protein absorption, and cell 

adhesion. PEG hydrogels can allow interested cells to attach by binding growth factors and 

enzyme-sensitive peptide sequence to PEG hydrogels. Copolymer of PEG can also create both 

hydrophobic and hydrophilic properties [25].  

 

Figure 3.1 Structure of biomaterials: (A). Heparin   (B). PLA   (C). PHA   (D). PEG 

 

A B 

C D 



7 
 

Chapter 4 Immune response against transplants 

  

As the implantation of biomaterial in vivo, immune response of host will initiate to 

react against the material [26]. Host immune response starts with adsorption of proteins, 

and interstitial fluids to surface of transplanted biomaterials [27]. Immune system will 

create collagen fibrosis around implanted biomaterials (figure 4.1). The fibrosis will block 

the connection between biomaterial and surrounding environment, which will decrease the 

mass transportation in and out the material. In addition, fibrosis will cause significant pain 

and discomfort for the patient [28].  

 

Figure 4.1 Schematic modal of fibrosis against alginate capsule [10] 

 

 Alginate capsule in immune protection of pancreatic islets could provide rapid 

diffusion of nutrition and oxygen into their structure. Even through alginate capsules are 

efficient biomaterial to block immune cells infiltration into its structure, immune cells can 

stick around the capsule and form a fibrotic capsule [29]. This fibrosis capsule eliminates the 

nutrition and oxygen transport into the alginate structure. In addition, insulin secreting islets 

could not function as there is no connection between the islets and the endogenous 

vasculature [7]. 
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Chapter 5 Use nanoparticle against immune response 

  

To control fibrosis barrier around implanted biomaterial, anti-inflammatory drug is 

used. However, fibrosis barrier will also block the drug from diffusing out of biomaterial. 

Thus, we are considering using nanoparticle hybridization techniques to overcome the 

problems. 

 Using nanoparticle hybridization techniques, polymer-drug hybrid nanoparticles 

(NPs) are designed to solve the problem. Evidence shows that attaching polymers significant 

enhances drug solubility, stability, pharmacokinetics, and biodistribution [30].  

 

 

 

Chapter 6 Simulation of release model for nanoparticle 

 

 It is significant important to study the release of nanoparticle before in vivo study. To 

simulate the release model, we use MATLAB to write a program. The model could show 

concentration distribution of nanoparticle with respect to time and distance from center of 

capsule.  

 

Modeling assumptions 

Islet size 

 Simulations were run for uniformly sized and spatially distributed islets. Islet 

diameter is used as 300 um.  
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Alginate solid 

 Value of 2% (weight /volume) is evaluated as the default value for all simulations. 

Porosity of alginate solid is calculated by equation 1.  

porosity =
ρ1−ρ2

ρ1−ρ3
        (1) 

ρ1 is particle density, 𝜌2 is bulk density, and ρ3 is fluid density. For alginate solid, particle 

density is 1.6 g/ml, fluid density is density of water, which is 1g/ml. Bulk density will be 

based on the concentration of alginate, which is shown in equation 2. 

ρ2 =
100+Calg

100
              (2) 

 

Surrounding media 

Assuming that capsules are implanted and surrounded by blood vessel, surrounding 

fluid should be blood with viscosity of 3.5*10-3 Pa*s.  

 

Temperature 

Assuming the capsule are implanted, temperature of microcapsule and surrounding 

environment should be close to body temperature, which is 37 degree.  

 

Nanoparticle concentration 

Nanoparticles are well-mixed inside the capsule, with an initial concentration of 100 

particles/um3.  
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Nanoparticle size 

 Nanoparticle size is a variable of this study. Thus, we set up the particle diameter as 

10nm, 50nm, 100nm, 200nm, and 500nm to see the different result as particle size changes. 

For nanoparticles with size larger than 450nm, they cannot diffuse out from the capsule [18].  

 

Diffusion model 

 Since nanoparticles are hydrophobic, we are assuming that the movement of 

nanoparticle outward are diffusion domain. And for a uniformed sphere, diffusion of 

nanoparticles towards different direction should be symmetric. Thus, we build a 1-

dimensional diffusion modal for nanoparticle. 

 

Mathematical model  

1-D diffusion equation 

 We are using heat equation to calculate the 1-dimensional diffusion of nanoparticles. 

Heat equation is a partial differential equation as shown in equation 3. 

∂C

∂t
= 𝐷 ∗

𝜕2𝐶

𝜕𝑥2
       (3) 

C is concentration gradient, t is time, and x is distance from center of the capsule. D is 

diffusion coefficient of nanoparticle at certain position.  
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Diffusion coefficient outside the capsule 

To determine diffusion coefficient outside the capsule, we use Stroke-einstein 

equation (equation 4).  

D =
R

N𝐴
∗

T

6∗π∗𝜂∗𝑟
      (4) 

Where R is gas constant, NA is Avogadro constant, T is temperature in kelvin, 𝜂 is viscosity of 

solution, and r is radius of nanoparticle.  

 

Effective diffusion coefficient inside the capsule 

Effective diffusion coefficient inside a porous media is largely based on porosity and 

tortuosity of media. Generally, effective diffusion coefficient can be calculated based on 

equation 5. 

𝐷𝑒𝑓𝑓 = 𝐷 ∗
𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦

𝑡𝑜𝑟𝑡𝑢𝑜𝑠𝑖𝑡𝑦
   (5) 

For porous media, normally we have a relation ship between porosity and tortuosity, which 

is shown in equation 6.  

𝑡𝑜𝑟𝑡𝑢𝑜𝑠𝑖𝑡𝑦 = 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦−
1

3      (6) 

 

Since the capsule is 150um in radius, the program will simulate concentration gradient 

from 0 to 500um. And the program will run 600s to see the concentration change inside the 

area.  
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Chapter 7 Results 

 

Immune response for implanted biomaterial 

Collagen fibrosis 

Collagen is the main protein of connective tissue which plays key role in fibrosis 

[31,32]. To study collagen quantity around the capsule, Masson’s trichrome staining was 

used. A layer of collagen was observed around the capsule. Collagen density is also quantified 

by averaging the color-density around 8 capsules. We found a linear regression, where 

collagen density decreases as the distance from capsule surface rises (R2 = 0.834). Fig. 7.1 

shows the collagen fibrosis around microcapsules and the linear regression and 

quantification of collagen as a function of distance from capsule surface. 

 

 

Figure 7.1. Quantification of collagen around alginate capsules. (a) Masson’s Trichrome two weeks after 
implantation. (b) Collagen density plotted against distance from capsule surface. Red dashed line is the 
linear regression. [7] 
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Macrophage and neutrophils infiltration 

We sought to investigate the infiltration of immune cells around the capsules using 

confocal microscopy. Neutrophils and macrophages were stained by their markers Ly6G and 

CD68, respectively. DAPI staining was also performed as a signature of all infiltrated immune 

cells. Fig. 3a shows the explanted capsules from the subcutaneous region of the C57BL/6 

mice following by two weeks of implantation. As expect, alginate capsule blocks the 

infiltration of immune cells into polymetric structure. However, immune cells stay around 

the area and form a fibrotic capsule.  

 

Figure 7.2. Macrophages and neutrophils infiltrate towards subcutaneous UPLVG capsules. (a) Two 
weeks following transplantation, a translucent fibrotic tissue forms around the capsules. (b) All the 
infiltrated cells are stained with DAPI. Most of the infiltrated cells are macrophages (CD68). Neutrophils 
were found around the alginate capsules, implicating the multicellular complex in the fibrotic tissue. [7] 
 

 

 

 

 

a b 
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Diffusion of nanoparticle 

Diffusion of nanoparticle for 10nm, 50nm, 100nm, 200nm, and 500nm is plotted. As 

shown in the graph, nanoparticles with smaller diameter diffuse faster than which with 

larger diameter. Particle with 500nm diameter cannot diffuse out of the capsule. For 

particles with size of 10nm, within 600s, concentration of particles at center of the capsule 

will drop to 40% of initial concentration. For 50nm nanoparticles, concentration at center of 

the capsule will drop to 80% of initial value. For 100nm and 200nm, there’s no significant 

drop of concentration at center of the capsule.  

Concentration of nanoparticle outside the capsule also depends on particle size. For 

10nm nanoparticle, after 600s, concentration of nanoparticle outside the capsule will larger 

than 15 particles/um3. For 50nm, 100nm, and 200nm, there’s not enough nanoparticles 

350um from center of the capsule (concentration < 1 particle/um3).  

 

Figure 7.3 concentration gradient of nanoparticle at t = 0 
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Figure 7.4 concentration gradient of nanoparticle at t = 50s 

 

Figure 7.5 concentration gradient of nanoparticle at t = 150s 

 

 

Figure 7.6 concentration gradient of nanoparticle at t = 300s 
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Figure 7.7 concentration gradient of nanoparticle at t = 600s 

 

 

Figure 7.8 concentration gradient of nanoparticle with respect to time and space (a) radius 10nm (b) 

radius 100nm (c) radius 200nm (d) radius 500nm 
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Figure 7.9 nanoparticle distribution at t =0s 

 

Figure 7.10 nanoparticle distribution at t =50s 
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Figure 7.11 nanoparticle distribution at t =150s 

 

 

Figure 7.12 nanoparticle distribution at t =600s 
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Figure 7.13 nanoparticle distribution at t =600s 

 

Chapter 8 Conclusion 

 Implanted biomaterial will cause accumulation of immune cells and fibrosis around 

the material to from a capsule outside of it. To suppress immune response of host immune 

system, nanoparticles are applied to deliver drug from biomaterial. The result shows that 

the diffusion rate of nanoparticle is largely based on the diameter of nanoparticle. As 

nanoparticles go smaller, they diffuse faster. Only particles with diameter smaller than 

450nm can diffuse out of the capsule. However, since we want a fast but long-last anti-

inflammation effect, the desired particle size should be around 100nm to 200nm. 
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Appendix A: MATLAB program code for simulation 
 

 

%This code is going to simulate 2d diffusion of PLGA nanoparticle from 

%alginate capsule to surrounding environment. Assuming PLGA is inside 

%capsule symmetrically.  credit by Rui Cao 

 

 

clear all; 

 

 

%input desired variables: capsule diameter, PLGA concentrartion and 

%alginate concentration 

prompt = {'Enter capsule diameter [um]','Enter PLGA concentration 

[particles/um^3]','Enter Alginate Concentration [g/100mL]','Temperature 

[C]','PLGA particle size [nm]','simulation time [s]'}; 

title_name = 'input'; 

dims = [1 35]; 

definput = {'300','100','2','37','100','600'}; 

number_input = inputdlg(prompt, title_name, dims, definput); 

cap_d = str2double(number_input{1}); %capsule diameter 

C_PLGA = str2double(number_input{2}); %PLGA concentration inside the 

capsule 

C_alg = str2double(number_input{3}); %Alginate concentration 

temp = str2double(number_input{4}); %Solution tempeturature  

d_PLGA = str2double(number_input{5}); %PLGA particle size 

tot_t = str2double(number_input{6}); %PLGA particle size 

 

%start simulation using 1 dimension diffusion equation dC/dt = D*dC^2/d2x 

C 

%is concentration with respect to time and distance, D is efficient 

%diffusion coefficient. x is the distance from center of the capsule.  

 

 

%for a total distance of 500 um from center of the capsule to surroundings 

dx = 1; 

nx = 1000/dx+1; 

 

%for a total time of 600s, with 0.01s per step  

dt = 0.01; 

nt = tot_t/dt+1; 

 

%setup initial concentration 

C0 = zeros(1,nx); 

r_cap = cap_d/2; 

C0(1:(r_cap/dx+1)) = C_PLGA; 

 

%setup diffusion rate of 10kD nanoparticle in alginate microcapsule and 

%water. D1 is diffusion coefficient inside the capsule and Dw is diffusion 

%coefficient outside the capsule(water). Dw is calculated by using 

%Stroke-einstein equation.  

 

R = 8.314; %gas constant [kg*m2/(s2*K*mol)] 
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Na = 6.022e23; %Avogadro constant NA [mol-1] 

T = temp+273.15; %converting temp from C to K 

visc_w = 1e-3; %viscosity of water [Pa*s] 

r = d_PLGA/2*1e-9; %radius of nano particles [m] 

 

Dw = R*T/(Na*6*pi*r*visc_w)*1e12; %diffusion coefficient in water [um2/s] 

 

 

%for porouse media, we can calculate effective diffusion coefficient by 

%Deff = porosity/tortuosity*D, normally, toruosity = porosity^(-1/3). 

Thus, 

%Deff = porosity^(4/3)*D 

 

%calculate porosity (tau) by equation tau = density of  

 

tau = (1.6-1*(100+C_alg)/100)/(1.6-1); %calculate estimate porosity of 

alginate solution 

 

D1 = (tau)^(4/3) *Dw; % diffusion coefficient of nanoparticle withrespect 

to alginate concentration. [um2/s] 

 

 

%%calculating time and space based concentration of PLGA 

 

%initial conditions 

C = zeros(nt,nx); 

C(1,:) = C0; 

 

%calculating differential equation 

 

for i = 1:(nt-1) 

    for j = 1:nx 

        if j == 1 

            dCdt = D1*(C(i,j+1)-C(i,j))/dx; 

        elseif j>1 && j<(r_cap/dx+1) 

            dCdt = D1*(C(i,j+1)+C(i,j-1)-2*C(i,j))/dx; 

        elseif j == (r_cap/dx+1) 

            dCdt = (D1*(C(i,j-1)-C(i,j))+Dw*(C(i,j+1)-C(i,j)))/dx; 

        elseif j>(r_cap/dx+1) && j<nx 

            dCdt = Dw*(C(i,j+1)+C(i,j-1)-2*C(i,j))/dx; 

        else 

            dCdt = Dw*(C(i,j-1)-C(i,j))/dx; 

        end 

        C(i+1,j) = C(i,j)+dCdt*dt; 

    end 

end 

 

%plot figure 

x = 0:dx:1000; 

 

%figure 1 is concentration distrubution at 5 different times. t=0, t=150s, 

%t=300s, t=450s, t=600s 

 

figure(1) 
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subplot(5,1,1) 

plot(x,C0); 

title('concentration map at t=0'); 

xlabel('distance from center of capsule [um]'); 

ylabel('PLGA particle concentration [particle/um^3]'); 

 

subplot(5,1,2) 

t1 = round((nt-1)/4); 

C1 = C(t1,:); 

plot(x,C1); 

title('concentration map at t=150s'); 

xlabel('distance from center of capsule [um]'); 

ylabel('PLGA particle concentration [particle/um^3]'); 

 

subplot(5,1,3) 

t2 = round((nt-1)/2); 

C2 = C(t2,:); 

plot(x,C2); 

title('concentration map at t=300s'); 

xlabel('distance from center of capsule [um]'); 

ylabel('PLGA particle concentration [particle/um^3]'); 

 

subplot(5,1,4) 

t3 = round(3*(nt-1)/4); 

C3 = C(t3,:); 

plot(x,C3); 

title('concentration map at t=450s'); 

xlabel('distance from center of capsule [um]'); 

ylabel('PLGA particle concentration [particle/um^3]'); 

 

subplot(5,1,5) 

t4 = nt; 

C4 = C(t4,:); 

plot(x,C4); 

title('concentration map at t=600s'); 

xlabel('distance from center of capsule [um]'); 

ylabel('PLGA particle concentration [particle/um^3]'); 

 

%figure 2 is 3d graph of concentration distrubution with respect to time 

%and space 

 

figure(2) 

t = 0:dt:600; 

mesh(x,t,C); 

xlabel('distance from center of capsule [um]'); 

ylabel('time [s]'); 

zlabel('PLGA particle concentration [particle/um^3]'); 

title('diffusion of PLGA particle from capsule to surrounding area'); 

set(gca,'Xdir','reverse','Ydir','reverse'); 

colorbar 

 

%set up defalt image for plan image 

 

plan_color = double(zeros(1001,1001,3)); 
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plan_color(:,:,1) = 240/360; 

plan_color(:,:,3) = 50/100; 

 

figure(3) 

 

%figure 3 is plan graph of concentration map in and out the capsule. 

 

for i = 1:1001 

    for j =1:1001 

        r_d = round(sqrt((i-501)^2+(j-501)^2)); 

        if r_d <= nx  

            if r_d == 150 

                plan_color(i,j,:) = 1; 

            else 

                t_plan = nt; 

                plan_color(i,j,2) = C(t_plan,r_d+1)/C_PLGA; 

            end 

        else 

            plan_color(i,j,2) = 0; 

        end 

    end 

end 

plan_color_rgb = hsv2rgb(plan_color); 

image(plan_color_rgb) 

             

 




