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Lessons From In Vitro Perifusion of Pancreatic Islets Isolated 
From 80 Human Pancreases 
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We report the average insulin response to acute glucose measured by in vitro perifusion of pancreatic islets 
isolated from 80 consecutive human organs. Different perifusion parameters were considered [basal release, 
stimulation index (SI), time to peak, incremental area under the curve A-AUCa)], and the correlation among 
them was determined. SI positively correlated with A-AUCa (p < 0.001, r = 0.80) while negatively with time 
to peak (p < 0.05, r = -0.23). We also evaluated several variables of the isolation procedure that might affect 
responsiveness to glucose by human islets. Sex and age of pancreas donors, cold ischemia time, duration of 
the digestion, collagenase concentration, and lot characteristics (collagenase, trypsin, clostripain, and prote­
ases activity), and final islet yield were considered. Multivariate regression analysis showed only an indepen­
dent association between SI and the concentration of collagenase ip = 0.01). 
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INTRODUCTION 
In vitro perifusion is a widely utilized method to 

study secretagogue-induced insulin release by isolated 
pancreat ic islets. In contrast to static incubat ion, perifu­
sion permits evaluation of the dynamics of insulin re­
lease in a situation where feedback inhibitory/stimula­
tory signals of released hormone(s) are avoided (6). 
Var ious parameters have been used to quantitatively and 
qualitatively express the secretion of insulin during peri­
fusion, among them: perifusion index (1), A area under 
the curve (2), and stimulation index (SI) (3,4). However , 
it is still uncertain which of them better describes islet 
responsiveness to a given st imulus (6). Moreover , with 
the same term (i.e., SI) two different concepts are some­
t imes intended (3,4). Lack of standardization of perifu­
sion parameters and results makes it difficult to compare 
data obtained in different laboratories. Thus , the identifi­
cation of standardized protocols for the interpretation of 
the data could be helpful, especially when perifusions 
are performed as control quality test of a human islet 
preparation (6). In this study we identified individual 
parameters of a perifusion exper iment and analyzed the 
correlation be tween them. T h e same parameters were 
utilized to determine which of the variables of the isola­
tion procedure mainly affect the function in vitro of iso­
lated human islets. 

MATERIALS AND METHODS 
Islets were isolated from pancreases obtained from 

heart-beating cadaveric mult iorgan donors using a modi ­
fication of an automated method (7). Data were obtained 
from 80 consecut ive preparations (with a purity >50%) . 
Enzymat ic digestion of the pancreases was obtained 
by using type P col lagenase (Boheringer Mannhe im, 
Germany) of nine different lots with different collagen­
ase activities and differences in the contaminant en­
zymes such as clostripan, trypsin, and protease activity 
(Table 1). 

After isolation, islets were cultured at 37°C in 5 % 
C 0 2 in M l 9 9 supplemented with 10% fetal calf serum, 
1% antibiotics, and 1% glutamine (2). After an over­
night culture, 200 hand-picked islets were perifused at 
37°C with an oxygenated ( 9 5 % 0 2 / 5 % C 0 2 ) Krebs-
Ringer bicarbonate buffer plus 0 .5% B S A (Sigma 
Chemical Co. , St. Louis , M O ) . After 40 min at 3.3 m M 
glucose (equilibrating period) islets were acutely st imu­
lated for 20 min with 16.7 m M glucose (st imulating pe­
riod). Each exper iment was performed at least in dupli­
cate. Insulin secretion in the perfusate was assayed by 
rad io immunoassay (Insulin RIA Kits, Incstar, Stillwater, 
M N ) as previously descr ibed (2). 

The perifusion secretory parameters considered were 
the following: basal release; maximal incremental in-
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Table 1. Characteristics of the Different Lots of Collagenase Utilized 

Collagenase Activity Clostripain Activity Proteases Activity Trypsin Activity 
Lot of Collagenase* (U/mg lyo) (U/mg lyo) (U/mg) (U/mg lyo) 

P121458 (13) 2.7 38.7 152 1.55 
P129126 (14) 1.65 31.6 72.5 1.18 
PI30494 (9) 3 18.4 138 0.77 
P134938 (10) 2.61 8.1 128 1.1 
PI38592 (6) 2.67 2.97 33.7 0.26 
P140396 (7) 2.14 4.9 55.7 0.37 
PI40398 (10) 2.3 7.94 80.8 1.08 
PI46278 (6) 1.61 3.1 63.9 0.07 
PI46279 (5) 1.55 2.1 50.5 0.07 

*Col lagenase lot codes , with the number o f isolat ions performed with each lot in parentheses. 

crease from basal (SI = peak/basal release) (1,4); t ime to 
peak (minutes necessary to reach the maximal stimula­
tion after the shift to high glucose) ; absolute incremental 
area under the curve after 20 min of stimulation [A-
AUCfl, expressed as pg/islet /20 min] (2); and relative 
incremental area under the curve (expressed in terms of 
percentual change from basal , A-AUCr) (9). 

The following isolation variables were taken into ac­
count: sex and age of pancreas donors ; cold i schemia 
t ime of the pancreases ; duration of the digestion; colla­
genase concentrat ion and lot characterist ics; and final 
islet yield expressed in absolute and in equivalent terms. 

Possible correlat ions be tween the parameters util ized 
to quanti tat ively and qualitatively assess the release of 
insulin were assessed by Spea rman ' s correlation. The ef­
fect of isolation variables on insulin release was ana­
lyzed by a univariate analysis . Finally, a mult ivariate 
regression analysis including all the considered variables 
was performed to confirm independent associat ions. 

R E S U L T S A N D D I S C U S S I O N 

Insulin release in response to acute glucose by human 
islets isolated in 80 consecut ive isolations was biphasic 
(Fig. 1). Basal release (mean 5 .1 , median 4.2, range 0 . 3 -
20.2 pg/islet /min) remained stable for the last 20 min of 
the equilibration period. Insulin responsiveness to glu­
cose was expressed by the following parameters : st imu­
lation index (mean 2.8, median 2.2, range 0 .7 -32 .3 ) , 
t ime to peak (mean 6 .1 , median 4.6, range 1-15 min) , 
A - A U C r (mean 32 .3 , median 10.3, range 8 .2 -384 .8 ) , 
and A-AUCa (mean 336, median 3 0 1 , range 1 0 - 1 1 5 8 
pg/islet /20 mip)- SI, which depicts the first phase of in­
sulin release, was posit ively correlated to A-AUCa, 
which principally represents the second phase ip < 
0 .001 , r = 0.80). Conversely, SI was negatively corre­
lated with time to peak (p < 0 .05, r = - 0 . 2 3 ) . A - A U C r 
highly correlated with A-AUCa (p < 0 .001 , r = 0.81). 

Isolation variables were the following: donor age 

(mean 35 , median 37 , range 1 3 - 6 4 years old, 36 male 
and 44 female) , cold ischemia t ime (mean 4.7 , median 
4.0, range 0 - 1 2 h) , absolute islet yield (mean 148,000, 
median 190,000, range 10 ,000-848 ,000) and equivalent 
islet yield (mean 173,000, median 243,000, range 
10 ,000-625 ,000) , and col lagenase concentrat ion (mean 
2.8, median 3.0, range 1-5 mg/dl) . After proper logarit-
mic transformation, a significant association (univariate 
analyses) was observed be tween SI (A-AUCr) and colla­
genase concentrat ion, and islet yield. Also trypsin and 
clostripain activities were inversely correlated to the is­
let yield (p = 0.01). However , multivariate regression 
analysis confirmed the independent association only be­
tween SI (A-AUCr) and col lagenase concentrat ion (p = 
0.01). 

Dynamics of insulin release were biphasic with the 
magni tude of the first (SI) and second phase (A-AUCr) 
significantly correlated together, and with the precocity 
of the peak (t ime to peak) . Thus , whenever a good SI 
was achieved, it fell within the first 5 min after the stim­
ulus, and was fol lowed by a valid second phase. In addi­
tion, SI was highly correlated with all the other secretory 
parameters , indicating that it can be used as the only 
parameter to determine islet responsiveness . A - A U C r 
was highly correlated with A-AUCa, demonstra t ing that 
it is possible to reliably est imate the secretory activity 
without knowing the precise number of perifused islets. 
Finally, the first 20 min of the equilibration period were 
enough to achieve a steady state of insulin release, thus 
indicating that the length of perifusions performed as 
quality control tests can be reduced overall to 30 min 
(Fig. 1), leading to considerable savings in t ime and 
money . 

Islet responsiveness to glucose inversely correlated 
with col lagenase concentrat ion, confirming that enzy­
matic digestion is the critical step in the isolation proce­
dure (6). The negat ive correlation between col lagenase 
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Figure 1. Mean values of insulin release by 80 consecutive human islet preparations 
submitted to an acute glucose challenge by in vitro perifusion. Note that insulin release 
remained stable in the last 20 min of equilibration period averaging 5.1 pg/islet/min (a) 
at time 0; 6.1 min after the shift to high glucose (c), insulin release reached the peak 
of 14.3 pg/islet/min (SI of 2.8, b). Insulin secretion, expressed as absolute incremental 
area under the curve (A-AUCa, in gray area, d) was of 336 pg/islet/20 min, and corre­
lated positively with the A-AUC expressed in terms of percentual change from basal 
(A-AUO) of 32.3 arbitrary units. Values are means. 

concentrat ion and islet function was independent from 
trypsin or proteases activities, in contrast to what has 
been previously reported in rodent islets (10). At this 
regard, however , it should be pointed out that trypsin 
activity was remarkably low in all the col lagenase lots 
utilized by us. The activity of contaminant proteases did 
not affected human islet yield, but other col lagenase 
contaminants (i.e., endotoxins) might affect islet viabil­
ity and function (8). Lack of association between donor 
organ characteristics and islet function contrasts with the 
previous finding that islets isolated from older donors 
have impaired responsiveness to glucose (5). Glucose-
induced insulin release was also independent from cold 
ischemia t ime, which, in our series of isolations, was 
limited to a max imum of 12 h. Other reports showed 
blunted responses from islets isolated from pancreas 
with more prolonged periods of cold storage (4). Finally, 
univariate analysis showed an inverse relat ionship be­
tween SI and islet yield, raising the question as to 
whether it is preferable to pursue the highest islet yield 
even at the cost of a reduced beta cell function. 

Al though the final decision regarding the quality of a 
given islet preparation must relay on cell viability 
assays, insulin over total D N A or protein content, and 

histology (6), this study reinforces the notion that perifu­
sion represents an additional informative quality test; in 
this regard, a short practical perifusion protocol is rec­
ommended . 

ACKNOWLEDGMENT: We gratefully acknowledge the finan­
cial support of the Telethon-Italy (grant NO. E.443). 

R E F E R E N C E S 

1. Brandhorst, D.; Brandhorst, H.; Hering, B. J.; Federlin, 
K.; Bretzel, R. G. Islet isolation from the pancreas of large 
mammals and humans: 10 years of experience. Exp. Clin. 
Endocrinol. 103:3-14; 1993. 

2. Davalli, A. M.; Ricordi, C ; Socci, C ; Braghi, S.; Ber­
tuzzi, F.; Fattor, B.; Di Carlo, V.; Pontiroli, A. E.; Pozza, 
G. Abnormal sensitivity to glucose of human islets cul­
tured in a high glucose medium: Partial reversibility after 
an additional culture in a normal glucose medium. J. Clin. 
Endocrinol. Metab. 72:202-208; 1991. 

3. Holmes, M. A.; Clayton, H. A.; Chadwick, D. R.; Bell, P. 
R. F.; London, N. J. M.; James, R. F. L. Functional studies 
of rat, porcine, and human pancreatic islets cultured in ten 
commercially available media. Transplantation 60:854-
860; 1995. 

4. Lakey, J. R. T.; Rajotte, R. V.; Warnock, G. L.; Knete­
man, N. M. Human pancreas preservation prior to islet 
isolation. Transplantation 59:689-694; 1995. 

5. Lakey, J. R. T.; Warnock, G. L.; Rajotte, R. V.; Suarez-



712 B E R T U Z Z I E T A L . 

Almazor, M. E.; Ao, Z.; Shapiro, A. M. J.; Kneteman, N. 
M. Variables in organ donors that affect the recovery of 
human islets of Langerhans. Transplantation 61:1047-
1053; 1996. 

6. Ricordi, C ; Hering, B. J.; London, N. J. M.; Rajotte, R. 
V.; Gray, D. W. R.; Sutherland, D. E. R.; Socci, C.; Ale­
jandro, R.; Carrol, P.; Bretzel, R. G.; Scharp, D. W. Islet 
isolation assessment. In: Ricordi C, ed. Pancreatic islet 
cell transplantation. Austin: R. G. Landes Company; 
1992:132-142. 

7. Socci, C ; Falqui, L.; Davalli, A. M.; Ricordi, C ; Braghi, 
S.; Bertuzzi, F.; Maffi, P.; Secchi, A.; Gavazzi, F.; Fre-
schi, M.; Magistretti, P.; Socci, S.; Vignali, A.; Di Carlo, 
V.; Pozza, G. Fresh human islet transplantation to replace 

pancreatic endocrine function in type 1 diabetic patients. 
Acta Diabetol. 28:151-157; 1991. 

8. Vargas, F.; Vives-Pi, M.; Somoza, N.; Fernandez-Llama-
zares, J.; Pujol-Borrell, R. Endotoxin activity of collagenase 
and human islet transplantation. Lancet 350:641; 1997. 

9. Warnock, G. L.; Ellis, D.; Rajotte, R.; Dawidson, I.; Baek-
keskov, S.; Egebjerg, K. Studies of the isolation and via­
bility of human islets of Langerhans. Transplantation 45: 
957-963; 1988. 

10. Wolters, G. H. J.; Vos-Scheperkeuter, G. H.; van Deijnen, 
J. H. M.; van Schilfgaarde, R. An analysis of the role of 
collagenase and proteases in the enzymatic dissociation of 
the rat pancreas for islet isolation. Diabetologia 35:735-
742; 1992. 


