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Summary. The absorpt ion  of  subcutaneous ly  injected 
insulin was examined  by  injecting semisynthetic  [3H] 
insulin in anaes thet ized pigs and subsequent ly  
analysing the tissue excised f rom the injection site. 
Con t ra ry  to previously  accepted  views, a significant 
p ropor t ion  of  insulin was degraded  at the inject ion 
site. The  d isappearance  of  intact [3H] insulin f rom the 
injection site fol lowed a monoexponen t i a l  funct ion 
with a half- t ime of 59 min. 
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In  previous  a t tempts  to assess the absorpt ion  of  insu- 
lin f rom its subcutaneous  depot  in man,  radioiodi-  
na ted  insulin prepara t ions  were  injected,  and the dis- 
appearance  of the radioactivi ty f rom the inject ion 
site measu red  by an external  g a m m a - c o u n t e r  [1-61. 
A m o n g  o ther  assumptions,  this m e t h o d  depends  on  
there  being only negligible local degrada t ion  of the 
injected insulin. W h e n  well character ized prepara-  
tions of  highly purif ied [125I] Actrapid |  were 
used, it was found  that  the t ime course of d isappear-  
ance of 125I f rom the inject ion site was linear, at least 
up to 4 hours  [5, 6]; on  inject ion of  [125I] Ac t rap id  | 
Insulin in the leg, mobi l izat ion of the first 50% of the 
radioactivi ty took  be tween  160 and 180 min [5, 6]. 
Thus,  if these findings are  correct ,  at a t ime w h e n  
Actrapid |  reaches its maximal  hypogly-  
caemic [7, 8], only about  I/5 to 1/4 of  the injected 
material  has been  absorbed  f rom the subcutaneous  
depot .  This apparen t  discrepancy p r o m p t e d  us to 
reinvest igate the absorpt ion  kinetics of SC injected 
insulin in anaes thet ized pigs using a direct  method .  

Me~ods 

Semisynthetic [3HI insulin was used; the authenticity of this as a 
tracer has been discussed elsewhere [9-12]. The [3H] insulin was 
injected SC in anaesthetized pigs and the site of injection excised 
at intervals thereafter. The excised tissue was subjected to analysis 
for [3H] insulin and its degradation products. 

One batch of semisynthetic [3H] insulin (pork) was prepared 
and purified according to Halban and Offord [9, 10] and used for 
all the studies. On the day of the experiment, [3HI insulin was 
repurified by sephadex G 50 column chromatography as described 
previously [10]. By this method more than 95% of the radioactiv- 
ity in the purified [3H] insulin is immunoprecipitable [9-12]; the 
biological activity of the purified [3H] insulin (on blood glucose 
depression in rats) is indistinguishable from native insulin. In the 
following experiments the specific radioactivity of the labelled 
insulin was 11 Ci/mmol and 96 __+_ 1% (Mean _+ SEM, n = 4) of 
the 3H was associated with intact [3H] insulin. An amount (0.9-1.4 
• 105 dpm) of this material, equivalent to 0.5-0.8 mU insulin, was 
prepared for injection in 0.2-0.3 ml of 0.2 mol/l glycine-HCl-buf- 
fer, pH 7.4 containing 2.5 g/1 bovine serum albumin (BSA). In 
some experiments, 10 units of crystalline pork insulin was included 
in the injected solution. In all cases, Dextran Blue | (Pharmacia) 
was added to the solution (20 g/l) to facilitate location of the 
injected material during excision of the site. Preliminary experi- 
ments had shown that dispersion of the injected material in the 
subcutaneous adipose tissue was quite variable. 

The mixtures were injected subcutaneously at several sites in 
the abdominal and the gluteal regions of overnight-fasted pigs 
(weight 123 _+ 14kg, n = 6) anaesthetized with Methonidate 
Hydrochloride, 8 mg/kg, following premedication with Atropin 
0.02 mg/kg and Sresnil 2 mg/kg. The sites were approximately 
12 cm apart. At set times between 15 and 160 rain, 3 to 5 g sub- 
cutaneous tissue around the injection site was excised en b loc  and 
divided into portions of approximately i g according to the dis- 
tribution of the dye: two portions were intensely coloured, one 
slightly coloured, and a fourth portion uncoloured. No blue mate- 
rial was left in the animal. The tissue pieces were immediately 
sohibilized in 2 g/100ml sodium-dodecylsulphate (SDS) and ali- 
quots of the extracts were subjected to routine counting proce- 
dures in a liquid scintillation counter using Instagel a as the scintil- 
lant. The minimum radioactivity counted per ml tissue extract was 
500 cpm. Once the counts had been recorded a 3H standard was 
added to assess the quenching in each individual tube. Most (94 _+ 
1%) of the extractable 3H was localized in the coloured biopsy 
portions. Aliquots of these soluble extracts were assayed for 

0 0 1 2 - 1 8 6 X / 7 9 / 0 0 1 7 / 0 0 9 7 / $ 0 1 . 0 0  



98 

Y 

100- 
% 

50- 

I 

y = 7 6 X  e -0"012 t 
p< 0.001 

I I I I I [ 

30 60 90 120 150 t 
minutes 

Fig. 1. Disappearance of [3I-1] insulin (y) from the subcutaneous 
injection site in anaesthetized pigs against time after injection (t). y 
is given in % of the injected dose of [3H] insulin; the correlation 
function is calculated on the basis of n = 19 individual observa- 
tions. �9 = individual observations and Mean _+ SEM of 3 to 4 
observations for experiments with injections of [3H] insulin. [] = 
individual observations for experiments with addition of 10 U 
unlabelled pork insulin to the injected solution of [3HI insulin. 
(These data are not included in the calculation of the correlation) 

degradation of [3I-I] insulin using column chromatography on G-75 
Sephadex (fine grade, Phalmacia) with 20 g/1 SDS, and 5 g/1 BSA 
as eluant. As described previously [12], intact [3It] insulin can be 
separated in this way from its labelled high-molecular-weight- and 
low-molecular-weight degradation products. Neither handling of 
the tissue nor the addition of Dextran Blue altered the elution 
profile of [3H] insulin. Thus the purity of the [3HI insulin solution 
before injection was 96 -+ 1%: when an aliquot of [3H] insulin was 
added to 10 ml SDS containing solubilized pig adipose tissue and 
Dextran Blue, subsequent chromatography revealed that 97.3% of 
the 3H was still present as intact [3HI insulin. In addition, [3H] 
insulin and Dextran Blue were injected into 0.8 g adipose tissue 
immediately after its excision from an anaesthetized pig; this tissue 
piece was then treated according to the experimental protocol and 
chromatography of the solubilized tissue extracts showed that 97% 
of the 3H still eluted in the position of intact [3H] insulin. 

Results 

The  d isappearance  of total  radioactivi ty of [3I-I] insu- 
lin (Table 1) is descr ibed by the mono-exponen t i a l  
funct ion y '  = 92 • e -~176 where  y '  is the radioact iv-  
ity recovered  by biopsy of the inject ion site expressed 
as a percentage  of the amoun t  of 3H which had  been  
injected,  and t is the t ime interval in minutes  after the 
injection. Thus,  assuming mono-exponen t i a l  decay  
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Table L Recovery of 3H from the subcutaneous injection site and 
local degradation of [3H] insulin following its injection into anaes- 
thetized pigs 

Time after 3H radioactivity recovered % local 
injection n from the injection site degradation a 
(rain) (% of injected dose) 

i5 1 83 21 
20 2 96, 69 14, 26 
30 1 49 23 
40 3 50+12 22+_6 
60 1 49 21 
80 3 37+ 9 12_+2 
90 1 34 24 

120 4 21_+ 6 29_+7 
160 3 14_+ 3 19_+3 

mean 21_+2 b 

Means _+ SEM are given where appropriate 
a Assessed chromatographically as described in the text 
b Value significantly different (p < 0.001) from the initial impurity 
of the [3HI insulin in the injected solution (4 _+ 1%, n = 4) 

th roughout ,  the half- t ime of d isappearance  of 3H fol- 
lowing the inject ion was 59 min. One  hour  after the 
inject ion of [3H] insulin only 45% of the radioactivi ty 
was recoverable  f rom the inject ion site. 

Chroma tog raph ic  evaluat ion of  the solubilized 
extracts revealed  a degrada t ion  of [3H] insulin of 21 
___ 2% (Mean + SEM, n = 19), expressed as a per-  
centage  of  the recovered  3H (Table 1). Since the 
extent  of degrada t ion  was independen t  of  the t ime 
interval after the injection, approximate ly  1/5 of the 
adminis tered insulin will have  been  degraded  within 
the first 1 5 m i n  following the injection. High-  
molecular-weight  degrada t ion  products  t ended  to 
increase and the low-molecular -weight  fract ion to 
decrease  with t ime; these changes did, however ,  not  
reach statistical significance. Nevertheless ,  degrada-  
t ion products  of low molecular  weight might  be 
cleared f rom the site m o r e  rapidly than intact insulin: 
our  est imate of the extent  of degrada t ion  at any t ime 
is based  only on  mater ia l  that  remains at the site and 
should therefore  be regarded  as a m i n i m u m  value. 

If the intact [3H] insulin recovered  f rom the injec- 
t ion site (total 3H corrected  for  tr i t iated degrada t ion  
products ,  table 1) expressed as percent  of  the dose of  
intact [3HI insulin injected at zero t ime (total injected 
dose of 3H corrected  for  the initial impuri ty  of 4 _+ 
1%)  is p lo t ted  against the time, the d isappearance  of 
intact [3H] insulin f rom the inject ion site can be cal- 
culated (Figure 1). This is also a monoexponen t i a l  
function, y = 76 • e -0.m2 t (p < 0.001).  The  addi-  
t ion of  10 U unlabel led po rk  insulin to the injected 
solution, examined  at four  different t ime points 
(Figure 1), did no t  alter the rate  of  d isappearance  of  
[3HI insulin f r o m  the subcutaneous  inject ion site. 
Thus,  50% of the injected insulin had  d isappeared  
f rom the inject ion site at 35 min, due bo th  to  local 
degrada t ion  and to mobil izat ion.  
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Discussion 

In contrast to previous attempts to measure the 
absorption of subcutaneously injected insulin by indi- 
rect methods [1-6], this study reveals a mono-expo- 
nential time curve for the disappearance of insulin 
from its subcutaneous injection site in pigs; the first 
50% of the insulin dose administered disappeared 
from the injection site after 35 min. Such a time 
course of insulin disappearance albeit derived from 
anaesthetized pigs - corresponds well with the ki- 
netics of the appearance of 3H insulin in the blood 
after SC injection of the tracer in diabetic patients 
[13], and with the time course of the hypoglycaemic 
effect after SC insulin injections of short-acting solu- 
ble insulin [7, 8]. 

The significant degradation of insulin at the sub- 
cutaneous injection site shown in this study is in 
accordance with the demonstration of a specific insu- 
lin-degrading enzyme in adipose tissue [14]. We have 
recently shown approximately 50% degradation of 
[3HI insulin over one hour when 0.5 mU of insulin 
was incubated at 37 ~ C with 1 g of rat adipose tissue 
in 1.5 ml Krebs-Ringer-Bicarbonate buffer contain- 
ing albumin. This degradation decreased to 10% 
when 1 U of pork insulin was added to the incubation 
mixture. In preliminary studies, degradation was also 
observed when [3H] insulin was injected into an iso- 
lated piece of pig subcutaneous tissue incubated at 
37 ~ C. 

The demonstration that subcutaneously injected 
insulin is locally degraded is of particular clinical 
interest since it may explain the increased hypogly- 
caemic effect of IV insulin compared to equivalent 
doses given SC in diabetic man [15-17] and animals 
[18]. If such degradation also occurs in man, it may 
differ considerably between different injection sites 
and from one patient to another. This may be a cause 
for otherwise unexplained variations in insulin 
requirements among juvenile type diabetics. 

Note added in proof." Recently we have demonstrated that the 
degradation of [3H] insulin by adipose tissue in vitro is inhibited by 
ophthalmic acid and by Trasylol (Bayer AG, Germany), a pan- 
creatic protease inhibitor. [Offord, Philippe, Daries, Halban, 
Berger: Biochem. J. (in press)]. 
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