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Summary Clinical human islet transplantation pro- 
grammes are considerably hampered by the variability of 
islet isolation outcome. The effects of the islet content of 
the pancreas and other donor-related variables on isola- 
tion outcome have not been evaluated systematically so 
fa r -  either in large animals, or in man. We studied the im- 
pact of interindividual differences in age, body weight and 
pancreatic islet content on the outcome of collagenase iso- 
lation of islets from the splenic pancreas of beagle dogs 
(n =31). The islet volume of the splenic pancreas 
amounted to a mean ( + SEM) 15.7 + 0.9 gl per gramme 
pancreas, and varied three-fold (from 8.4 to 27.3 gl). Iso- 
lated islet yield was 7.6 +0.7 btl/g and varied nine-fold 
(1.8-16.3 pl). Animals also varied in age eight-fold (8- 

67 months) and body weight two-fold (8.6-18.3 kg). Dif- 
ferences in body weight and age explained 60 % of vari- 
ance in the fractional islet volume of the pancreas and 
50 % of the variance in islet yield (p < 0.001). Fractional 
islet volume of the splenic pancreas also explained 50 % of 
the variance in islet yield (p < 0.001). We conclude that the 
outcome of islet isolation may be predictable after con- 
trolling for the variable islet content of pancreases, and 
other donor-related variables, and suggest that similar 
studies should be done in man. [Diabetologia (1994) 37: 
111-114] 
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A major problem hampering large-scale human islet 
transplantation programmes is the variability of islet 
isolation outcome. Long-lasting insulin independence 
after allogeneic islet transplantation in Type 1 (insulin- 
dependent) diabetic patients has been achieved recent- 
ly in single cases, but necessitated a variable number of 
donors [1]. Due to the intertwined effects of numerous 
variables such as predonation events, donor and pan- 
creas characteristics, organ preservation conditions, 
and isolation methods, the variability of isolation out- 
come is difficult to analyse. Although the importance of 
the donor pancreas is becoming more and more appreci- 
ated, the impact of donor-related variables on isolation 
outcome has not been evaluated systematically so far 

[2]. Knowledge of the variability attribut able to intrinsic 
factors such as the islet content of the individual pan- 
creas, is an essential prerequisite for analysis of the 
relative importance of the many extrinsic variables, 
which can be controlled. Morphometry of isolated islet 
yield has greatly contributed in the comparison of re- 
sults from different laboratories and establishing the 
critical islet mass for successful transplantation [1,2]. As 
yet however, no attempts have been made to extend the 
use of morphometry for comparison of islet yield with 
the islet volume of the individual pancreas. We there- 
fore studied the impact of interindividual differences in 
islet content of the pancreas and other donor charac- 
teristics on isolation outcome in a dog model. 
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Materials and methods 

Female, outbred beagles (Harlan CPB, Zeist, The Netherlands) 
were used for 31 consecutive islet isolations from the splenic seg- 
ment of the pancreas. After a 24-h fast, the animals were anaes- 



112 

thetised as described previously [3]. The splenic segment of the 
pancreas was mobilised, and the pancreas was divided, where it 
overlies the portal vein. A specimen was taken from the cut end 
for morphometry and insulin extraction, and an additional spe- 
cimen from the opposite end of the splenic segment in nine of our 
dogs for extraction. The duct was cannulated with a 20-gauge 
stub adapter, and the gland was removed, weighed, and perfused 
(flow i ml/min per g pancreas) for 5-10 min with 150 ml of an 
ice-cold recirculating collagenase solution (pH 7.5) containing 
5 % (weight/volume) Pentastarch (DCC-607; Du Pont Critical 
Care, Waukegan, Ill., USA), 20 mmol/1 HEPES, 4.5 mmol/1 so- 
dium bicarbonate, 90 % (weight/volume) of the regular Hanks' 
balanced salts (Flow Laboratories, Irvine, Ayrshire, UK) and 
1633 U/ml collagenase (type XI; Sigma, St. Louis, Mo., USA). 
The gland was immersed in the remaining collagenase solution 
on ice, and within 40 rain incubated at 38 ~ for 20 min in a water 
bath. The collagenase solution was decanted, and the tissue was 
dispersed in ice-cold University of Wisconsin solution (ViaSpan; 
Du Pont Pharmaceuticals, Wilmington, Del., USA) by gentle as- 
piration and flush through a 14-gauge needle, and filtration' 
through a 400-gm steel mesh. Trapped tissue was syringed and 
sieved again 1-2 times, and the final trapped tissue, which largely 
consisted of ductal and vascular fragments, was discarded. The 
islet suspension was centrifuged at 200 x g and 4 ~ for 2 min, 
sediments were pooled and resuspended, and aliquots were 
taken for islet sizing. 

Pancreatic biopsy specimens were fixed in Bouin's solution 
and embedded in paraplast. Ten serial sections (5 gm thick) 
taken at 150-gm intervals were stained with haematoxylin-eosin 
for measurement of the islet volume fraction with the grid 
method for point-counting [4]. At least 40,000 points (mean: 
116,250 + 9917) per specimen were examined (relative standard 
error < 5 %), using a 400-point lattice grid at x 200 final magni- 
fication on systematically chosen non-overlapping fields that 
covered the tissue section, with exclusion of the capsular and in- 
terlobular area. The islet volume fraction was calculated from 
the ratio of the sum of points falling on islet profiles in the sec- 
tions of the specimen, and the total number of points examined. 
The absolute volume of islets in the fresh pancreas was calcu- 
lated by multiplying the fractional islet volume by the wet weight 
of the gland - assuming a density for pancreatic tissue of 
1.000 g/ml. No allowance was made for shrinkage of tissue dur- 
ing histological processing, because - assuming isotropic, uni- 
form shrinkage for islet and non-islet pancreatic tissue [4, 5] - the 
volume fractions are unaffected by processing. For insulin assay, 
approximately 40 mg pancreatic specimens were homogenised 
(PT10; Polytron, Lucerne, Switzerland) and extracted overnight 

Table 1. Effects of body weight and age on fractional islet vol- 
ume of the pancreas and isolated islet yield (n = 31) by multiple 
correlation (r) and regression (b') analysis a 

Donor Regression Islet volume per gramme 
indicators pancreas 

Pancreas Isolated islets 

Body weight b'w 0.72 b 0.62 c 
Age b'a -0.71 b -0.67 c 

Body weight and r 0.75 b 0.68 ~ 
age r 2 0.57 0.46 

"Relative importance of body weight and age is indicated by 
beta-weights (b') of the linear multiple regression equation: 
Ui = b'w. Uw + b',. Uawith standardised units (U) of measure- 
ment for islet volume (i), body weight (w) and age (a). 
bp < 0.0001, cp < 0.001 
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in i ml acid-alcohol (0.15 tool/1HC1, 77 % ethanol), centrifuged, 
and the supernatant was analysed by radioimmunoassay [3] 
using dog insulin as standard. 

Duplicate 50-gl aliquots of the islet suspensions were stained 
with 20 gl dithizone (0.65 mmol/1 diphenylthiocarbazone and 
4.5 % ethanol in phosphate-buffered saline pH 7.2, containing 
NaHzPO4 2.9 mmol/1, Na2HPO4 7.1 mmol/1, NaC1 138 mmol/1) 
on a microscope slide. Islets were considered spheres and the 
mean diameters (>  40 gin) were recorded in increments of 
10 ~tm using an ocular micrometer by transmission microscopy at 
x 100 magnification, for determination of the islet volume per 
gramme processed pancreatic tissue (gl/g). A total number of 
196 + 25 islets, with a total islet volume of 74 + 11 nl, were exam- 
ined. The coefficient of variation for duplicate measurements of 
islet volume was 17 %. 

Statistical analys& 

Results are expressed as mean + SEM. Differences between 
means were analysed by analysis of variance, and considered not 
significant at p > 0.05. Linear regression and correlation was 
considered not significant atp > 0.01. 

Results 

The  insulin conten t  at the  cut end  of  the splenic pan-  
creas a m o u n t e d  to 21.6 + 1.5 nmol/g  (n = 31) and did 
not  differ f r o m  the insulin conten t  at the oppos i te  end  
of  this segment ,  which co r r e sponded  to 107 + 9 % of 
pa i red  values in nine expe r imen t s  (NS). There fo re ,  
spec imens  f rom the cut end  of the splenic panc reas  
were  t aken  to r ep resen t  the  splenic pancreas  for  s tere-  
ological analysis. M o r p h o m e t r y  d e m o n s t r a t e d  a large 
var ia t ion  of the f ract ional  islet vo lume  o f  pancrea t ic  
tissue, which ave raged  1.57 + 0.09 % and var ied  three-  
fold ( f rom 0.84 to 2.73 %) .  Assuming  a densi ty of  
1 .000g/ml for pancrea t ic  tissue, islet vo lu me  per  
g r a m m e  pancreas  a m o u n t e d  to 15.7 + 0.9 gl. Age  of 
the  animals  was 24 + 2 mon ths  and var ied  eight-fold 
( f rom 8 to 67 months ) ,  and body  weight  ave raged  
12.4 + 0.5 kg and var ied  two-fold  ( f rom 8.6 to 18.3 kg). 
An ima l  weight  and age were  not  significantly corre-  
la ted (r = 0.44). We examined  the  in ter re la t ions  of  
these  var iables  and islet vo lume  fract ion by  mul t ip le  
regress ion and  cor re la t ion  analysis (Table  1). Af t e r  
s tandardis ing the  units of  m e a s u r e m e n t s  for  age, b o d y  
weight,  and islet vo lume,  we found  tha t  body  weight  
and age had  equa l  though  oppos i te  effects on the islet 
vo lume  fract ion of the  pancreas .  While  controll ing for  
the  one  variable,  e i ther  b o d y  weight  or  age,  a 100 % 
change in the o ther  var iable  was ref lected by  a 70 % 
change in the islet vo lume  per  g r a m m e  pancreas .  
Toge the r  differences  in b o d y  weight  or  age expla ined  
approx ima te ly  60 % (r  2 = 0.57) of  the  inter individual  
differences  in the islet vo lume  fract ion of the pancreas .  
Sca t te rg rams  illustrating these  in ter re la t lons  are 
p re sen ted  in Figure  1 A,  B. Af t e r  col lagenase digestion 
islet yield a m o u n t e d  to  7.6 + 0.7 gl pe r  g r a m m e  pro-  
cessed pancreas  and  var ied  nine-fold ( f rom 1.8 to 
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Fig. 1A-C. Scatter- 
grams illustrating corre- 
lation between the islet 
content of the splenic 
pancreas (per gramme) 
and 
A body weight, and 
B age. Multiple corre- 
lation coefficient of the 
combined effects of 
body weight and age on 
islet content, r = 0.75 
(p < 0.0001). 
C Correlation of the 
islet content of the pan- 
creas and isolated islet 
yield per gramme pro- 
cessed pancreas 
(r = 0.69,p < 0.0001) 

16.3 ~ The effects of body weight and age on pan- 
creatic islet content were largely reflected in islet 
yield, and together explained almost 50 % (r 2 --0.46) 
of the variance in yield. Interindividual differences in 
the islet content of the splenic pancreas also explained 
almost 50 % (r 2 = 0.48) of the variance in islet yield 
(Fig. 1 C). The efficacy of collagenase isolation - ex- 
pressed as the ratio of islet yield and islet content of 
the pancreas - was not affected by age and body 
weight (r 2 = 0.05). 

Discuss ion  

Little attention has been paid to the impact of the islet 
content of pancreases on islet yield - partly, probably, 
because morphometry is considered time consuming, 
and partly, perhaps, because little has been published 
on the population characteristics of islets in the pan- 
creas of large mammals. We observed a uniform insulin 
distribution in the splenic pancreas. No significant re- 
gression for the fractional islet volume across the 
splenic half of the pancreas was also reported by Davis 
et al. [6] and Kroustrup and Gundersen [7] in stereo- 
logical studies of the pancreas in four and eight dogs, 
respectively. The average islet volume fraction of 1.6 % 
and range of 1.9 % for the splenic segment in our study 
are similar to values of Acosta et al. [8], who obtained 
values of 1.6 and 2.3 %, respectively, from a study of 11 
dogs. A mean value of 2.1% and no significant interin- 
dividual differences (range: 0.6 %) were reported by 
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Davis et al. [6]. However, this study was carried out 
with a small number of dogs. In our study 60 % of the 
variability of the fractional islet volume of the pancreas 
could be attributed to the combined effects of body 
weight and age. The fractional islet volume increased 
with body weight, and decreased with age. Our data 
corroborate reports of a decreasing pancreatic insulin 
concentration with age in human infant to adult pan- 
creases [9], and a downward trend with ageing for the 
fractional islet volume in adult dog pancreases [10]. 
The positive correlation of body weight and fractional 
islet volume of the pancreas in our study confirms pre- 
vious findings in rodents [5]. Studies in adult rats 
usually report an increase of the fractional islet volume 
with age; however, when controlling for the increase of 
body weight with ageing, the fractional islet volume 
would probably decrease initially, and only slightly in- 
crease later with ageing [5]. The interindividual dif- 
ferences in pancreatic islet content as well as body 
weight and age explained approximately 50 % of the 
variability of islet yield after collagenase digestion and 
dispersion. Several factors may have been conducive to 
these results. We minimised warm and cold ischaemia 
prior to digestion, which may adversely affect isolated 
islet yield [2]. By using the female laboratory beagle we 
further excluded variation due to sex, breed and diet. 
Apart from the effects of these variables [5] as well as 
body weight and age on pancreatic islet content, effects 
on the efficacy of collagenase digestion would have to 
be considered too. Age is a well-known variable in col- 
lagenase digestion of the pig and human pancreas [9], 
but not considered important in dogs. Indeed, no ef- 
fects of age and body weight on isolation efficacy were 
demonstrated in this study. We conclude that the out- 
come of islet isolation may be fairly predictable after 
controlling for the variable islet content of pancreases, 
and other donor-related variables such as body weight 
and age. We suggest that similar studies should be done 
in man, which would further facilitate the analysis of 
other factors affecting the outcome of islet isolation for 
transplantation. 
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