
FIG. 1. Individual recirculation time (min) during 
human pancreas digestion. Broken line indicates mean 
(n=34).

FIG. 4. Individual purity (%) of islets isolated with AF-1 
enzymes from human pancreases. Broken line 
indicates mean (n=34).

FIG. 5. Glucose stimulation index and viability of 
human islets isolated with AF-1 enzymes. Data are 
presented as mean±SEM (n=34).

FIG. 3. Individual yield (IEQ/g) of islets isolated with 
AF-1 enzymes from human pancreases. Broken line 
indicates mean (n=34).

FIG. 2. Individual proportion of undigested human 
pancreases (%). Broken line indicates mean (n=34).
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BACKGROUND
The release of islets from the human pancreas essentially requires the use of effective 
collagenolytic and proteolytic enzymes produced by the bacterium Clostridium 
histolyticum. Until now, the production of collagenases and neutral proteases depends 
on the fermentation of animal-derived nutrients bearing the risk of transmission of 
xenogeneic pathogens. Recently, Nordmark established a manufacturing process 
using plant-based ingredients for production of SERVA animal-free (AF) GMP-grade 
collagenase and neutral protease.
This report describes the initial experiences of 3 different islet transplant centres 
utilizing Collagenase AF-1 and Neutral Protease AF for the isolation of islets from the 
human pancreas.

METHODS
Human pancreases retrieved with appropriate consent and ethical approval from 34 
organ donors (age: 51.4±1.9 years, male:female: 18:16, BMI: 25.3±0.7, cold ischaemia: 
7.25±0.32 hours, trimmed pancreas weight: 102.7±5.0 gram) were digested using one 
vial of 6 different lots of Collagenase AF-1 (2000 – 2583 PZ-U/vial) supplemented with 
4 different lots of Neutral Protease AF in a range of 50 – 160 DMC-U per pancreas. 
Isolation, culture and quality assessment were performed using standard techniques as 
previously described. Means are presented as mean ± SEM.
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RESULTS
Variability of pancreas weight (47–164 gram) was associated with a wide range of 
collagenase and NP activities varying from 12.7 to 46.6 PZ-U/g and 0.4–3.0 DMC-U/g, 
respectively. Recirculation time required for significant islet release was 21.5±0.9 min. 
The individual recirculation time is shown in Figure 1. Undigested tissue after digestion 
ranged from 1–32 gram corresponding to a percentage of undigested tissue of 
14.3±8.0% (Fig. 2). Post-purification islet yield was 296,494±33,620 IE (27,826–
823,125 IE) equivalent to 3274±450 IE/g (Fig. 3) with a purity of 55.9±3.2% (Fig. 4).
Quality assessment performed after 2–4 days of culture demonstrated viability in a 
range of 75–95% and a glucose stimulation index of 0.7–12.7 (Fig. 5). A positive 
correlation was observed between the collagenase-to-neutral protease ratio on the one 
hand and the intracellular insulin content (r=0.64, p<0.01) as well as the stimulation 
index (Fig. 6) on the other. The intracellular insulin content per islet was 10.3±2.2 ng 
(1.6–30.4 ng).
Transplant rate was 59% of isolations performed.

CONCLUSIONS
This study demonstrates the efficiency of animal-free SERVA Collagenase AF-1 and 
Neutral Protease AF for clinical islet isolation and transplantation. The new plant-
based production process makes these products a safe new option for the islet field.

FIG. 6. Correlation between glucose stimulation index 
and collagenase (PZ-U/g)-to-neutral protease (DMC-
U/g) ratio.


