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Diabetes is one of the aggressive metabolic syndromes, which allied with high levels of 

blood glucose subsequent of imperfections in insulin production that causes glucose to 

increase in the body. For decades, excellent improvement has been obtained in clinical 

transplantation of pancreatic islet. Because of that, islet transplantation has become the 

main alternative cure for type 1 diabetics. However, important obstacles still remain to 

use of islet transplants routinely as a treatment choice. The deficiency of human islet 

donors makes the search for alternative islet sources mandatory for future developments 

in pancreatic islet transplantation. Venturing into xenotransplantation provides 

tremendous extensive sources of islet cells. The improvement of genetically engineered 

pigs expressing human complement regulatory proteins to defeat immune damaging 

pathways has been promising; however, the necessity of massive immunosuppressive 

and the concern for zoonotic viral transmission are some of the constraints. The present 

investigation unravels the potential of caprine islets as an alternative islet source for 

xenotransplantation. One of the main reasons for performing this preliminary study was 

that religious and cultural factors in countries including Malaysia may favor goats over 

pigs as xenograft donors. However, potential limitations associated with the use of 

caprine donors must be recognized. First, the mean yield of 120,000 islets per adult goat 

is somewhat lower than the reported yield of up to 360,000 islets obtained from adult 

pigs. Second, the efficacy of goat insulin in humans is not known. The amino acid 

sequence of goat insulin differs from that of human insulin at four residues, compared to 

pig insulin which differs at only one. However, bovine insulin, which differs at three of 

the same four residues as goat insulin, has been shown to control diabetes in humans. 

Furthermore, should there be a problem with goat insulin, it would be feasible to 

genetically modify goats to produce human insulin. This study aimed i) to characterize 

viable caprine islets, ii) to inspect the impact of antioxidant and secretagogues factors in 

vitro maintenance of caprine islets and their viability in culture media iii) to scrutinize 

the in vitro enhancing factors for insulin promoter gene and protein expression in 

caprine islets, iv) to assess the functionality of grafted caprine islets in immunized 

diabetic murine models. 

 

Microscopic characterization of viable caprine islets was carried out to evaluate 

endocrine cell types. Caprine islets were successfully obtained using a collagenase-
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based digestion, isolation and Euro-Ficoll density gradient purification technique at 

optimum pH (= 7.4). Purity and viability of islets were determined by dithizone and 

FDA/PI staining respectively. The viability of purified islet cells exceeded 90%. 

Caprine islet morphological assessment and cyto-architectural study were carried out 

using single and multiple immunostaining for insulin, glucagon and somatostatin and 

then assessed by confocal microscopy and flow cytometry. Under the confocal 

microscope, the mean percentage of β-cell, α-cell and δ-cell in different layers of 

purified islet were 38.01 ± 12.47%, 30.33 ± 12.33 and 2.15 ± 1.17%, respectively. 

Majority of β-cells were centralized whilst the other two cell types were placed in the 

peripheral regions. A similar pattern of abundance of β-cell, α-cell and δ-cell population 

was determined by flow cytometry analysis (37.52 ± 9.74%, 31.72 ± 5.67%, and 2.73 ± 

2.73% respectively). Flow cytometry findings of the endocrine cell population within 

caprine islets were consistent with the microscopic investigation results. The 

morphological study of caprine islet revealed arrangement of the different islet cell 

types, which can lead to better understanding of different cell type interactions in 

caprine islets. The cytoarchitectural study of caprine islet can be occasioned to the 

comparison of similarity and dissimilarity of caprine islet cytoarchitectural features with 

other species islets and their physiological structures. However, anatomical study of 

caprine islet was conducted to in vitro and in vivo function assessment. 

 

Two agents of antioxidant and secretagogue were considered to enhance viability and 

functionality of caprine islets. Tocopherol as an antioxidant agent could offer anti-

apoptosis reaction and secretagogue agent, 3-isobutyl-1-methylxanthine (IBMX), 

enhance insulin secretion of caprine islets in the culture. The impact of supplementing 

antioxidant (tocopherol) and secretagogue factors (IBMX) on caprine islet viability 

during a short period maintenance of caprine islet culture was also assessed. The treated 

caprine islets with mentioned agents showed stability of islet morphology in cell 

culture, viability and functionality due to microscopy observation, FDA/PI staining and 

insulin secretion while stimulated by a high and low glucose stimulation, respectively 

(Day 1; 0.24 ± 0.09 µg/L, 0.13 ± 0.02 µg/L, Day 3; 0.19 ± 0.07 µg/L, 0.07 ± 0.02 µg/L, 

Day 5; 0.22 ± 0.05 µg/L, 0.11 ± 0.02 µg/L). These results can be promoted via 

molecular and gene expression studies on caprine islet.  

 

The insulin promoter gene (PDX1) as one of the most important genes in pancreas and 

islet was studied in caprine islets. Because it plays essential roles in pancreas and islet 

expansion, pancreas growth, islet formation within the pancreas and insulin secretion 

from β-cells. The PDX-1 and its protein expression were simultaneously assessed in the 

supplemented caprine islet culture. The results showed PDX1 gene up-regulation during 

five days of tocopherol and 3-isobutyl-1-methylxanthine supplemented caprine islet 

culture compared with the control group, serum-free media, with the relative 

quantification (RQ) value, day 1; 7.85 ± 1.20, day 3; 1.84 ± 0.14, and day 5; 6.80 ± 2.08 

fold. Enhancement of PDX-1 expression in caprine islet results to produce more 

effective islets for in vivo study and xenotransplantation approach.  

 

The final aim of this study was to assess caprine islet functionality after 

xenotransplantation into a diabetic murine model. The optimal islets (size range 
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between 50-250 µm) of viable purified caprine islets were transplanted into the recipient 

group (immunosuppressed diabetic mice) and compared with control groups of non-

diabetic mice, un-grafted diabetic mice without immunosupresive drug injection, 

immunosuppressed mice with sham graft and islets grafted mice without 

immunosuppressive drug injection. Glucose tolerance test, blood glucose monitoring 

and microscopic examination of transplanted graft collectively indicated a reversion of 

diabetic status in STZ induced immunosuppressed mice. Non-fasting blood glucose 

level, 8.04 ± 0.44 mM/L, decreased from 23.3 ± 5.4 mM/L, meanwhile serum insulin 

level increase from 0.01 ± 0.001 µg/L to 0.56 ± 0.17 µg/ L and recipient mice body 

weights increased from 23.64 ± 0.31g to 25.85 ± 0.34 g (p < 0.05).  

 

In conclusion, the combination of tocopherol and IBMX was capable to impair the rate 

of apoptosis, improve the viability of caprine islets for short period culture and enhance 

the duodenal homeobox gene and protein expression. It might be considered a potential 

treatment to improve islet viability in vitro before islet transplantation. As the first 

attempt of using purified caprine islets, results indicate that the grafted islets were 

capable to retrieval diabetes in immunosuppressed STZ-injected mice. 
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Diabetes merupakan satu daripada sindrom metabolisma agresif yang terkait dengan 

aras glukosa darah tinggi akibat daripada kekurangan penghasilan insulin yang 

menyebabkan peningkatan glukosa dalam badan. Sejak beberapa dekad kebelakangan 

ini peningkatan yang cemerlang telah berlaku dalam transplantasi pepulau klinikal. Oleh 

sebab itu, transplantasi sel pepulau telah menjadi penyembuh alternatif utama untuk 

diabetes jenis 1. Walaubagaimanapun terdapat beberapa halangan besar dalam 

penggunaan rutin transplantasi pepulau sebagai rawatan pilihan. Kekurangan penderma 

pepulau manusia menyebabkan pencarian sumber pepulau alternatif perlu dilakukan 

untuk perkembangan masa hadapan dalam transplantasi pepulau  pankreas. Penerokaan 

xenotransplantasi telah membekalkan sumber pepulau yang tiada had. Perkembangan 

babi transgenik yang menekspresikan protein pengawalaturan pelengkap untuk 

mengatasi imun pemusnah laluan-laluan adalah menggalakkan; walau bagaimanapun, 

terdapat beberapa kekangan termasuk imunotindasan teruk dan kerisauan terhadap 

kemungkinan berlakuya pemindahan virus zoonosis. Kajian ini menguraikan potensi 

pepulau kaprin sebagai sumber pepulau alternatif untuk xenotransplantasi. Salah satu 

sebab utama untuk melaksanakan kajian awal ini adalah kerana faktor-faktor agama dan 

budaya di negara seperti Malaysia yang  memilih kambing lebih daripada babi sebagai 

penderma xenograft. Walau bagaimanapun, had yang berkait dengan penggunaan 

penderma kaprin haruslah dikenalpasti. Pertama, min hasil 120,000 pulau kecil setiap 

kambing dewasa adalah lebih rendah daripada hasil yang dilaporkan sehingga 360,000 

pulau kecil yang diperolehi daripada babi dewasa. Kedua, keberkesanan insulin 

kambing pada manusia tidak diketahui. Urutan asid amino insulin kambing adalah 

berbeza dengan insulin manusia di empat residu berbanding dengan insulin babi yang 

berbeza hanya satu. Walau bagaimanapun, insulin bovin, yang berbeza di tiga daripada 

empat residu yang sama pada insulin kambing, telah terbukti dapat mengawal diabetes 

pada manusia. Tambahan pula, jika terdapat masalah dengan insulin kambing, ia boleh 

diatasi dengan mengubah suai  genetik kambing untuk menghasilkan insulin manusia. 

Tujuan kajian ini ialah i) untuk menciri pepulau kaprin hidup, ii) untuk mengkaji impak 

penyenggaraan faktor-faktor antioksidan dan sekretagog in vitro pepulau kaprin dan 

kebolehhidupannya dalam medium kultur, iii) untuk mengkaji faktor perangsang in 

vitro gen penggalak insulin dan protein ekspresi dalam pepulau kaprin dan iv) untuk 

menilai kefungsian sel pepulau kaprin yang dicantum dalam model murin diabetes 

terimun.  
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Pencirian mikroskopi pepulau kaprin hidup telah dijalankan untuk menilai jenis-jenis 

sel endokrin.  Pepulau kaprin telah berjaya diperolehi mengguna pencernaan berasaskan 

kolagenase, pemencilan dan teknik penulenan cerun ketumpatan Euro-Ficoll pada pH 

optimum (7.4). Ketulenan sel pepulau dan kebolehhidupannya telah ditentukan 

menggunakan perwarnaan ditizon dan FDA/PI. Kebolehhidupan sel pepulau tertulen 

melebihi 90%. Penilaian morfologi pepulau kaprin dan kajian reka bentuk sito telah 

dijalankan menggunakan imunopewarnaan tunggal dan berbilang untuk insulin, 

glukagon dan somatostatin dan kemudian dinilai melalui mikroskopi konfokal dan 

sitometri aliran. Daripada mikroskopi konfokal, min peratusan β-sel, α-sel dan δ-sel 

dalam pelbagai lapisan pepulau tertulen masing-masing adalah 38.01 ± 12.47 30.33 ± 

12.33 and 2.15 ± 1.17%. Kebanyakan sel β-sel terpusat manakala dua jenis sel lagi 

terletak di kawasan pinggiran. Pola populasi β-sel, α-sel dan δ-sel berlebihan yang sama 

telah ditentukan melalui analisis sitometri aliran (masing-masing 37.52 ± 9.74, 31.72 ± 

5.67, and 2.73 ± 2.73). Sitometri aliran membuktikan ketekalan hasil penyiasatan 

mikroskopi yang dijalankan terhadap populasi sel endokrin kaprin. Kajian morfologi 

pulau kecil kambing menunjukkan perbezaan pada susunan  sel pulau kecil yang boleh 

membawa kepada pemahaman yang lebih baik mengenai interaksi pelbagai jenis sel 

yang berbeza dalam pulau kecil kambing. Kajian reka bentuk sito pulau kecil kambing 

boleh disebabkan kepada perbandingan persamaan dan perbezaan ciri-ciri kajian reka 

bentuk sito pulau kecil kambing dengan struktur fisiologikal mereka. Walau 

bagaimanapun, kajian anatomi pulau kecil kambing telah dijalankan untuk penilaian 

fungsi in vitro dan in vivo. 

 

Dua agen antioksidan dan “secretagogue” dianggap untuk meningkatkan daya maju dan 

fungsi pulau kecil kambing. Tokoferol sebagai agen antioksidan boleh menawarkan 

tindak balas anti-apoptosis dan agen secretagogue, 3-isobutyl-1-methylxanthine 

(IBMX), meningkatkan rembesan insulin pulau kecil kambing dalam kultur. Impak 

penambahan faktor antioksidan (tokoferol) dan sekretagog (3-isobutil-1-metilxantin) 

terhadap kebolehhidupan pepulau kaprin dalam penyelenggaran jangka pendek kultur 

sel pepulau kaprin juga telah dinilaikan. Pepulau kaprin yang telah dirawat dengan 

agen-agen tersebut menunjukkan kestabilan morfologi pepulau dalam kultur sel, 

kebolehhidupan dan kefungsian melalui pencerapan mikroskopi, pewarnaan FDA/PI 

dan rembesan insulin apabila dirangsang dengan kepekatan glukosa rendah dan tinggi 

(masing-masing, Hari 1; 0.24 ± 0.09 µg/L, 0.13 ± 0.02 µg/L, Hari 3; 0.19 ± 0.07 µg/L, 

0.07 ± 0.02 µg/L, Hari 5; 0.22 ± 0.05 µg/L, 0.11 ± 0.02 µg/L). Keputusan ini boleh 

disokong melalui kajian molekul dan ekspresi gen pulau kecil kambing. 

 

Promoter gen insulin (PDX1) sebagai salah satu gen yang paling penting dalam 

pankreas dan pulau kecil dikaji dalam pepulau kecil kambing. Oleh kerana ia 

memainkan peranan penting dalam pankreas dan pengembangan pulau kecil, 

pertumbuhan pankreas, pembentukan pulau kecil dalam pankreas dan insulin dari β-sel. 

PDX1 dan ekspresi proteinnya telah dinilaikan serentak dalam kultur sel pepulau kaprin 

yang menerima penambah. Hasil penilaian ini menunjukkan pengawalaturan gen PDX1 

menaik dalam tempoh lima hari pengkulturan pepulau kaprin tertambah tokoferol dan 3-

isobutil-1-metilxantin berbanding kumpulan kawalan dalam medium bebas serum, 

dengan nilai pengkuantitian bandingan (RQ), hari 1; 7.85 ± 1.20, hari 3; 1.84 ± 0.14, 
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and hari 5; 6.80 ± 2.08 kali ganda. Kajian in vivo dan pendekatan xenotransplantasi 

menunjukkan peningkatan dalam ekspresi  gen PDX-1 di pulau kecil kambing yang 

menunjukkan penghasilan pulau kecil yang lebih efektif. Objektif terakhir dalam kajian 

ini ialah untuk menilai kefungsian pepulau kaprin selepas xenotransplantasi dalam 

model murin diabetes. Pepulau optimum (julat saiz antara 50 dan 250 µm) pepulau 

kaprin tulen hidup telah ditransplantasikan dalam kumpulan penerima (tikus diabetes 

terimunotindas) dan dibanding dengan tikus  bukan diabetes kumpulan kawalan, tikus 

diabetes tidak ditransplantasi tanpa suntikan dadah imunotindas, tikus terimuntindas 

dengan transplantasi palsu dan tikus yang ditransplantasi dengan pepulau tanpa suntikan 

dadah imunotindas. Ujian tolerans glukosa, pemantauan glukosa darah dan pemeriksaan 

mikroskopi cantuman yang ditransplantasi pada keseluruhannya menunjukkan 

pembalikan kepada status diabetes dalam tikus diimuntindas dengan STZ. Aras glukosa 

darah ketika tidak berpuasa, menurun daripada 23.3 ± 5.4 mM/L kepada 8.04 ± 0.44 

mM/L, manakala aras insulin serum meningkat daripada 0.01 ± 0.001 µg/L kepada 0.56 

± 0.17 µg/L dan berat badan tikus penerima meningkat daripada 23.64 ± 0.31g kepada 

25.85 ± 0.34 g (p < 0.05).  

 

Kesimpulannya, gabungan tokoferol dan IBMX dapat mengurangkan kadar apoptosis, 

meningkatkan kebolehhidupan pepulau kaprin dalam kultur jangka pendek dan 

meningkatkan gen homeobox duodenum dan ekspresi protin. Ia mungkin boleh 

dipertimbangkan sebagai rawatan yang berpotensi untuk memperbaiki kebolehhidupan 

pepulau in vitro sebelum transplantasi pepulau. Sebagai usaha pertama dalam 

mengunakan pepulau kaprin tertulen, hasil kajian menunjukkan pepulau yang digraft 

berupaya untuk memulihkan diabetes dalam tikus terimuntindas yang telah disuntik 

dengan STZ. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 
Diabetes mellitus is a fast growing metabolic disease in the world (Kaul, 2013; 

WHO, 2013). In 2011, the world health organization (WHO) estimated more than 

366 million people live with diabetes worldwide (Guariguata, 2012; WHO, 2013). 

However, this population is dramatically increasing and predicted to be more than 

double or 4.4 % of the total population by 2030. Diabetes is a disease that appears as 

a costly crisis for both developed and under developing countries (Guariguata, 

2012). Worldwide healthcare costs of diabetes totaled USD 465 billion in 2011, 

equivalent to 11% of total health expenditure. In the United States alone, it costs the 

economy more than USD 100 billion annually (Guariguata, 2012). Diabetes causes 

to suffer its victims, their kidneys, eyes, hearts, limbs, spontaneity, and ultimately 

their lives.  Approximately, in Malaysia it is estimated that 8.3% of the population 

are living with diabetes, of which 36% of the diabetic population have been 

undiagnosed with the disease (Bakri, 2007; WHO, 2013). Diabetes is a syndrome of 

metabolism, in which the body does not produce or possibly use insulin due to 

failure of the pancreas or the pancreatic cells, the major late subsequences of chronic 

pancreatitis (Malka et al., 2000; Margener and Baillie, 1997). Insulin is the most 

popular peptide hormone that adjusts the glucose entrance into the cells and controls 

the carbohydrates and fat metabolism, particularly the glucose to glycogen 

conversion. In diabetic people, the pancreas insulin production becomes less or 

failed or the body is not efficiently capable to use the secreted insulin. Subsequently, 

the glucose level in blood increased and cannot enter the cells to cause their growth. 

When, it reaches a maximum level glucose runs off into the urine and leaves the 

body. Therefore, the main source of body energy is lost even though huge quantity 

of glucose is present in the blood. Although genetics and environmental factors such 

as obesity and exercise deprivation are known as key role players of diabetes 

affection, the main causes of diabetes still remain mysterious.  

 

The main types of diabetes are: Type 1 or juvenile diabetes, which is known as an 

autoimmune disease, when the body does not produce insulin and insulin-secreting 

cells in the pancreas are destroyed by an immune system attack. Consequently, the 

pancreas is not capable to produce insulin or secretes a little. Therefore, type 1 

diabetic patients require daily insulin administration to live. These patients are not 

able to survive without insulin treatment. Majority type 1 diabetes patients are 

young, and the highest of onset is early at puberty. The first severe symptoms are 

polyuria, tiredness, thirst and weight-loss. Type 2 or adult–onset diabetes usually 

identified as a metabolic disorder that related to obesity, characterized by high blood 

pressure, and lipid level. In type 2 diabetes, which usually followed after the insulin 

resistance condition in the body where the pancreatic β-cells are either producing 

inadequate insulin or the cells are not able to use it. Accordingly, insulin secretion is 

reduced, blood glucose level builds up and the body failed to use glucose 

competently as its vital source of energy. Lastly, there is another type of diabetes 

that occurs in pregnant women, which is termed gestational diabetes. It is like type 2 

diabetes and develops usually in people with a family history of diabetes. However, 

after delivery, it may disappear but the mother stands at a high risk of type 2 

diabetes. 
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Numerous studies carried out on diabetes complications and treatment. Main 

progresses include the development of external insulin pumps without insulin 

injection requirement and pancreas transplantation which needs strong 

immunosuppressive drugs to protect the transplanted organ from rejection. 

Therefore, islet transplantation is the most promising treatment of type 1 diabetes 

and does not need an invasive surgery. 

 

The islet transplantation subject has been considered for years. Just 1-2% of the 

whole pancreas is the islets of Langerhans. They resemble ellipsoid clusters with 

different diameters ranging from 50-500 µm containing approximately 1600-3000 

cells (Beger et al., 2009). Pancreatic islets contain five different types of cells where 

the insulin secreting cells are the majority population basis of the pancreatic islets 

and species. The four other types of cells in an islet are α-cells which secrete 

glucagon, which causes to raise blood glucose level; δ-cells which secrete 

somatostatin that prevents the release of several hormones; and pancreatic 

polypeptide (PP) cells and D1 cells, about which little information is available 

(Beger et al., 2009). 

 

Several factors have limited the success of islet transplantation. These factors are the 

activity variation of collagenase, the toxic factors for β-cell, the lack of correlation 

amongst islets yield and enzyme activity, and the collagenase effect on the 

immunogenicity and chemotactic performance of the islets (London et al., 1998). 

However, due to the availability of characterized collagenase preparations as well as 

validation and optimization of the isolation protocols, islet cells have been 

successfully transplanted (Shapiro et al., 2001). 

 

Pancreatic islet transplantation is more considered as an alternative cure for type 1 

diabetic patients (Markmann et al., 2003; Shapiro et al., 2000), although, 

achievement of normoglycemia needs a huge number of islets harvested from more 

than one pancreas donors. If one donor islet transplantation becomes evenly 

effective, it can resolve problem of a small population (0.5%) of type 1 diabetics, 

because human tissues for transplantation are not sufficient (Lakey et al., 2003). 

Thus, consideration of alternative islets sources appears to be critical. Pigs were 

considered as islet sources because at their rapid breeding, and good records of 

porcine insulin usage in humans and genetic engineering potential. However, 

immunologic complications should be considered and defeated, especially porcine 

islet damage by immune system and contact to blood factors (Bennet et al., 2000; 

Dorling et al., 2002). In primates, earlier studies showed that xenogeneic islets of 

Langerhans are at risk of instant damage after transplantation (Bennet et al., 2000). 

Contact of porcine islets to human serum or blood, even in vivo or in vitro, caused 

serious islet destruction principally arbitrated by complement (Bennet et al., 2000; 

Contreras et al., 2001; Contreras et al., 2004). Triggering of complement after 

xenoreactive antibodies which attached to the cell surface antigens on the graft is 

responsible for hyperacute graft rejection (Miyatake et al., 1998). Additionally, 

studies show that islets express a tissue factor, the main coagulation initiator in vivo. 

In islet transplantation, when islets directly interact with blood, the tissue factor of 

islet activates a damaging clotting reaction, related to ‘‘instant blood-mediated 

inflammatory reaction,’’ which is determined by initiation of the coagulation and 

complement systems, quick binding and platelet activation, and leukocyte 
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infiltration to the islets. These phenomena stimulate islet morphology destructions, 

islet dysfunction and death (Bennet et al., 2000). 

 

1.2 Problem Statement 
Diabetes is a silent and painful killer. Annually, diabetes reports show 4.6 million 

deaths worldwide and in some countries, shortage of insulin kills children and young 

people before being diagnosed. Diabetes is classified as the top ten causes of 

disability worldwide and undermines productivity and human development (WHO, 

2013). Dead islets replaced with viable islets is a promising offer to restore normal 

insulin production to a person with diabetes. The main reason for establishing a new 

islet source for transplantation is the insufficiency of human donor pancreas whilst 

using xenogeneic islets perhaps assist this problem. Researchers have developed the 

porcine islet preparation protocols (Marigliano et al., 2011). However, several 

difficulties such as sensitivity and fragility of porcine islets are of concern as they 

can be easily be broken up, especially during the isolation and purification 

procedures, a less noticeable occurrence reported in islets from other species (Kim et 

al., 2007). The fragility of islets can lead to islet loss during culture, 

immunoalteration procedures, cryopreservation and banking (Swanson et al., 2001). 

Isolation and purification of caprine pancreatic islets were optimized in our 

laboratory (Hani et al., 2010; Vakhshiteh et al., 2013). Caprine pancreatic islet 

topography, culture and in vivo viability were evaluated as a new islet source 

consideration in diabetes research.  

 

1.3 Objectives: 

 
General: 

 

To establish effective caprine pancreatic islets for xenotransplantation.  

 

Specific: 

 

1- To identify caprine pancreatic islets topography: the arrangement and distribution 

of α-, β- and δ-cells in caprine pancreatic islets, 

2- To inspect the impact of antioxidant and secretagogues factors in vitro 

maintenance of caprine islets and their viability in culture media, 

3- To scrutinize the in vitro enhancing factors for insulin promoter gene and protein 

expression in caprine islets, 

4- To assess the functionality of grafted caprine islets in immunized diabetic murine 

models. 

 

1.4 Null Hypothesis: 

 

H0:  
 

Caprine islets of Langerhans are not viable and do not have the insulin secretion 

ability throughout in vitro and in vivo trials 
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