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Abstract

The amount and condition of exocrine impurities may affect the quality of islet preparations 

especially during culture. In this study, the objective was to determine the oxygen demandand 

viability of islet and acinar tissue post-isolation and whether they change disproportionately while 

in culture. We compare the OCR normalized to DNA (OCR/DNA, a measure of fractional 

viability in units nmol/min/mg DNA), and percent change in OCR and DNA recoveries between 

adult porcine islet and acinar tissue from the same preparation (paired) over a 6-9 days of standard 

culture. Paired comparisons were done to quantify differences in OCR/DNA between islet and 

acinar tissue from the same preparation, at specified time points during culture; the mean (± 

standard error) OCR/DNA was 74.0 (±11.7) units higher for acinar (vs. islet) tissue on the day of 

isolation (n=16, p<0.0001), but 25.7 (±9.4) units lower after 1 day (n=8, p=0.03), 56.6 (±11.5) 

units lower after 2 days (n=12, p=0.0004), and 65.9 (±28.7) units lower after 8 days (n=4, p=0.2) 

in culture. DNA and OCR recoveries decreased at different rates for acinar versus islet tissue over 

6-9 days in culture (n=6). DNA recovery decreased to 24±7% for acinar and 75±8% for islets 

(p=0.002). Similarly, OCR recovery decreased to 16±3% for acinar and remained virtually 

constant for islets (p=0.005). Differences in the metabolic profile of acinarand islet tissue should 

be considered when culturing impure islet preparations. OCR-based measurements may help 

optimize pre-IT culture protocols.

Introduction

Islet transplantation (IT) remains a promising therapy for type 1 diabetics(1). Phase III 

clinical trials are being done to determine whether IT will become the standard of care. 

There is a critical need to accurately assess the identity and quality of the islet product prior 

to IT. The amount and condition of exocrine impurities may affect the quality of islet 

product especially during culture, but may also affect the success of engraftment post-

IT(2-5).The main aim of this study was to determine the oxygen demand and viability of 
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adult porcine islet and acinar tissue post-isolation and whether they change 

disproportionately while in culture. These data may help develop optimized culture 

protocols, which could be designed to maintain islet viability while they maximally reduce 

the amount of acinar impurities in a preparation. In addition, information on the oxygen 

demand of isolated islets and acinar tissue is needed for optimizing device loading in 

encapsulation and tissue engineering applications, in terms of oxygenation in vitro and in 

vivo.

Methods

Porcine procurement and preservation

Pancreata (n=16) were procured after cardiac death from adult Landrace pigs using 

previously described protocol(6). Each pancreas was placed on static cold storage and 

transported from the procurement facility to the isolation lab.

Islet isolation and culture

Islets were isolated using standard technique involving density gradient centrifugation as 

described previously (6). Islet and acinar tissue fractions were sampled and placed into 

separate silicone rubber membrane vessels (Wilson-Wolf Inc., St. Paul, MN) at densities of 

<4000 tissue equivalents (TEs)/cm2, or below the prescribed maximum allowable density 

(from the standpoint of adequate oxygenation) for tissue cultured in these vessels(7). A TE 

was defined as an amount of islet or acinar tissue that contains 10.4 ng DNA. Acinar and 

islet tissue from the same preparation were then cultured under standard conditions (37°C, 

no CO2) for >1 week. Islet preparations were of >90% purity by visual inspection with 

dithizone(DTZ) staining(8).

Oxygen consumption rate

OCR normalized to DNA content (OCR/DNA), a measure of fractional viability (in units 

nmol/min/mg DNA), was measured from paired aliquots of both acinar and islet tissue from 

the same preparations on the day of isolation (Day 0) and Days 1, 2 and 8 of culture, and the 

protocol has been described elsewhere in detail(3, 4, 9).

DNA and OCR Recoveries

Aliquots of acinar and islet tissue were taken on different days of culture and assessed for 

DNA content using a commercially-available spectrophotometric assay (Quant-IT 

PicoGreen dsDNA kit, Invitrogen, Grand Island, NY) and a SpectraMax M5 plate reader 

(Molecular Devices, Sunnyvale, CA)(10). The quantity of DNA in an aliquot was 

extrapolated to the entire preparation in culture based on volume. DNA content measured on 

Days 6-9 were normalized to the DNA content measured on Day 0 to yield a “DNA 

recovery”, which represented a “total tissue” recovery, since DNA is stable even in dying 

tissue (10). DNA recoveries measured on Days 6-9 were then multiplied by the OCR/DNA 

(fractional viability) to yield an “OCR recovery”, which represented the “viable tissue” 

recovery in the preparation. Mean percent changes in DNA and OCR recoveries were 

reported for acinar and islet tissue and paired comparisons were also performed for tissues 

derived of the same preparation.
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Statistical Analysis

Normality of the data was assessed using the D'Agostino-Pearson omnibus normality test. 

Comparisons between means were done using the paired two-tailed t test (for normally-

distributed data) or the Mann-Whitney test (for non-normally-distributed data). Statistical 

significance was defined by p-value < 0.05 using a 95% confidence interval. Data are 

presented as means ± standard error (SE). All statistical analyses were performed using 

either SAS Version 9.2 (SAS Institute, Inc., Cary, NC) or Graphpad Prism Version 5.03 

(Graphpad Software, Inc., La Jolla, CA).

Results

Data indicate that adult porcine islet and acinar tissue exhibit OCR of similar magnitude. 

However, there were differences in the OCR/DNA (fractional viability) when comparing 

islet and acinar tissue from the same preparation with respect to time in culture (Table 1). 

Mean (±SE) OCR/DNA was 74.0 (±11.7) units higher for paired acinar (vs. islet) tissue on 

the day of isolation (n=16, p<0.0001), but 25.7 (±9.4) units lower after 1 day (n=8, p=0.03), 

56.6 (±11.5) units lower after 2 days (n=12, p=0.0004), and 65.9 (±28.7) units lower after 8 

days (n=4, p=0.2) in culture (Figure 1). DNA and OCR recoveries decreased 

disproportionately for paired acinar (vs. islet tissue) over 6-9 days in culture (n=6); DNA 

recovery was only 24±7% for acinar tissue, whereas it was 76±8% for islet tissue (p=0.002). 

Similarly, OCR recovery was only 16±3% for acinar tissue, whereas it remained virtually 

unchanged at 115±7% for islet tissue (p=0.005).

Discussion

Results indicate that adult porcine acinar tissue has significantly higher OCR/DNA than 

islets immediately after isolation. However, the OCR/DNA of acinar tissue decreases with 

time in culture, whereas the opposite occurs with islet tissue. This is in concordance with 

acinar DNA and OCR recoveries declining significantly over approximately 1-week in 

culture. Collectively, the results indicate that acinar tissue is less resilient than islet tissue 

following isolation in culture. To our knowledge data directly comparing oxygen demand 

from adult porcine islets and acinar tissue originating from the same pancreas has not been 

previously reported. Such data is critical for designing tissue engineered constructs and in 

islet encapsulation applications to help define the oxygenation requirement. Finally, the data 

reported in this study suggest that porcine islet preparations may be further purified by 

prolonged culture prior to transplantation without loss of viable islet yield.

Conclusion

Adult porcine acinar tissue oxygen consumption is not lower than that of adult porcine islets 

originating from the same pancreas. With existing islet culture protocols the viability and 

recovery of acinar tissue is drastically reduced over 7 days, while viable islet recovery 

remains virtually unchanged. OCR-based assays may enable optimization of pre-IT culture 

protocols and help in the design of tissue-engineered constructs in terms of tissue loading 

and oxygenation requirements.
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Abbreviations

DNA deoxyribonucleic acid

DTZ dithizone

IT islet transplantation

OCR oxygen consumption rate

OCR/DNA OCR normalized to DNA content (fractional viability)

SE standard error

TE tissue equivalent
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Figure 1. 
Box and whisker plot depicting the mean difference in the OCR/DNA values when 

comparing paired islet and acinar tissue fractions on Day 0, 1, 2 and 8 of culture. Error bars 

represent minimum and maximum differences. OCR/DNA is significantly higher for acinar 

(vs. islet) tissue on Day 0, but becomes lower with more time in culture.
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Table 1

Summary of OCR/DNA values

Mean (± SE) OCR/DNA

Days of culture Paired n Islet Acinar p-value

0 16 167.4 (7.6) 241.4 (10.6)
<0.0001

***

1 8 204.6 (11.7) 178.9 (7.3)
0.03

*

2 12 220.5 (11.3) 163.9 (9.8)
0.0004

**

8 4 275.7 (10.0) 209.9 (38.3) 0.2

Level of statistical significance:

*
p<0.05

**
p<0.001

***
p<0.0001
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