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Summary. A s tudy  of two groups of diabetic sera has 
been carried out  with reference to totM insulin binding 
capaci ty  and preferential  binding of beef and pork insulin. 
Group I (25 patients)  received insul in  containing pre- 
dominant ly  beef insulin wi th  a beef/pork rat io of 3 : 1  
approximate ly ;  Group I I  (13 patients)  received insulin 
containing a t  least  97~/o pork insulin. In  Group I the  mean 
to ta l  insulin binding capaci ty  was 15.38U/litre and in 21 
beef insulin was preferential ly bound with reference to 
pork insulin. Group I I  was divided into two subgroups:  
group I I a ,  7 patients ,  the  sera bound beef > pork,  and 
the mean insulin binding capaci ty  was 8 U/1. Group I I b ,  
6 pat ients ,  the  sera bound pork  > beef or showed no 
preference, and the mean insulin binding capaci ty  was 
3.1 U/1. The mean insulin dose in Group I I a  was 34.8 and 
in Group I I b  was 24. The mean insulin binding capaci ty  
and mean insulin dose were significantly different (P  < 
0.05) between Group I I a  and Group I I b .  The possible 
significance of the  results is discussed. 

Etudes d'antieorps chez des patients traitgs par un 
mglange d'insuline bovine et porcine 

R~sumd. Les auteurs  ont effcetu6 une dtude de deux 
groupes de s6rums de diabdtiques, en ce qui eoncerne la 
eapacit6 totale  de liaison ~ l ' insuline et  la liaison pr6f6ren- 
tielle avec l ' insuline de boeuf et  de porc. Le t roupe  I (25 
patients)  a re~u principalement  de l ' insuline de boeuf, avec 
un rappor t  boeuf/porc d 'environ 3: 1; le gronp.e I I  (13 
patients)  a regu de l ' insuline eontenant  au morns 97% 
d'insuline de pore. Bans le groupe I la capaeit6 moyenne 
de liaison avec l ' insuline ~tait  de 15.38 U/li tre,  et dans 21 
eas l ' insuline de boeuf 6tait  lide de faqon prdfdrentielle 
par  rappor t  & l ' insuline de porc. Le groupe I I  a dr6 divis6 
en deux sous-groupes: le groupe I I a  (7 patients)  dong les 
s t rums l iaient  plus l ' insuline de boeuf que eelle de pore, 
la capacit6 moyenne de liaison avec l ' insuline dtai t  de 
8 U/1. Le groupe I I b  (6 patients)  dont  les sdrums l iaient 
l ' insuline de pore mieux que eelle de boeuf, ou ne mon- 
t ra ient  pas de pr6fdrence, la eapaeitd moyenne de liaison 

avee l ' insuline 6tait  de 3.1 U/1. La  dose moyenne d' insuline 
dans le groupe I I a  6tait  de 34.8 et darts le groupe I I b ,  
elle 6tait  de 24. La eapaeitd moyenne de liaison avee l ' insu- 
line et la dose moyenne d' insuline 6taient signifieative- 
ment  diff6rentes (p < 0.05) entre le groupe I I a  et  le 
groupe I I b .  L ' impor tanee  6ventuelle de ces rdsultats  est 
discut6e. 

Antik6rper-Untersuehungen bei Diabetikern nach Be- 
handlung mit Misch- (Rinder/Sehweine)-Insutinprdparaten 

Zusammenfassung. Bei den Seren yon 2 Gruppen in- 
sulinbehandelter Diabet iker  wurde die to ta le  Bindungs- 
kapazi t~t  flit t~inder- und Schweineinsulin best immt.  Die 
Pat ien ten  aus Gruppe 1 (25 Personen) waren mi t  einem 
Misehinsulin behandelt  worden, alas Rinder-  und Sehwei- 
neinsulin ira Verh~ltnis yon 3 : 1 enthielt .  Die Pat ien ten  
aus Gruppe 2 (13 Personen) wurden mi t  nahezu reinem 
Sehweineinsulin (97%) behandelt .  Die Insulinbindungs- 
kapazi tg t  betrug in Gruppe 1 durehschnit t l ich 15.38 E/1. 
In  21 F~llen wurde Rinderinsulin s tarker  als Sehweine- 
insulin gebunden. - -  Die Pat ienten  aus Gruppe 2 wurden 
in 2 Untergruppen aufgeteflt:  I n  Gruppe 2a (7 Patientcn) 
zeigte das Serum durehschnit t l ich eine Insulinbindungs- 
kapazi tg t  yon 8 E/l,  Rinderinsulin wurde stgrker ge- 
bunden als Sehweineinsulin. Gruppe 2b bestand aus 6 
Pat ienten.  Die mit t lere Insul inbindungskapazi t i i t  be t rug 
3.1 E/l ,  die Seren zeigten entweder eine stgrkere Bin- 
dungsf~higkeit fiir Schweine-Insulin, oder keine Bevor- 
zugung einer Insulinart .  Die mit t lere  Insulintagesdosis 
bet rug in Gruppe 2a 34.8 und in Gruppe 2b 24 E. Ein 
Vergleieh der Wer te  fiir die mit t lere  Insul inbindungskapa-  
zit/it und die mit t lere Insulindosis der Gruppen 2a und 2b 
zeigte einen stat ist iseh gesicherten Unterschied. Die Er-  
gebnisse werden diskutiert .  

Key-words: Insulin antibodies, dose, to ta l  binding 
capacity,  preferential  binding, beef/pork insulin anti-  
bodies. 

Introduction 

I n  a p rev ious  communica t ion  i t  was shown t h a t  in  
a s t u d y  of d iabe t ic  pa t i en t s  t r e a t e d  wi th  an  insul in  
p r e p a r a t i o n  conta in ing  f rom 80 to  90% beef  insulin,  38 
ou t  of 42 pa t i en t s  deve loped  a n t i b o d y  wh ich  b o u n d  
beef  > p o r k  insul in  b y  a fac tor  of 1.8, m e a n  va lue ;  
range  1 .1- -5 .0  (D~,vLIN e t  al. ,  1967). I t  was also shown 
b y  re la t ing  the  a l t e r a t i on  in  insul in r equ i r emen t  on 
changing f rom beef to  po rk  insul in  to  the  s t u d y  in vitro 
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of p re fe ren t ia l  b ind ing  of species of insul in  b y  a n t i b o d y  
t h a t  insul in  dose is d i r ec t ly  r e l a t ed  to  a n t i b o d y  (D~v- 
n ~  e t  al. ,  1967). 

I n  order  to  c lar i fy  fu r the r  th is  re la t ionship ,  two 
fu r the r  groups  of pa t i en t s  have  been  s tudied,  (i) a 
group t r e a t e d  wi th  Dan ish  insulins which  con ta ined  up  
to  30% porc ine  insul in  (sera ob ta ined  t h rough  cour tesy  
of Novo  Ins t i t u t e ,  Copenhagen)  and  (fi) a g roup  t r e a t e d  
wi th  Novo  semi- lente  insul in  which  is p r e p a r e d  f rom 
porcine  pancreas .  The  resul ts  of th is  s t u d y  are  pre-  
sen ted  in th is  communica t ion .  
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Materials and Methods 

Patients. The mean age, sex, duration of diabetes 
and insulin dose in the two groups of patients studied 
is set out in Table 1. Total binding capacity was esti- 
mated as described by BEgSO~ and YALOW (1959), and 
preferential beef/pork insulin binding as previously 
described (DEVLIN and B~IE~, 1965). Beef insulin-125I 
and porcine insulin-131I were obtained from the Radio- 
chemical Centre, Amersham. 

more than 3 months (group IIa) ,  or less than 3 months 
(group IIb) .  Complete data with reference to age, sex, 
duration of therapy, insulin requirements and total 
insulin binding capacity are set out in Table 2, for 
group I I a .  I t  can be seen that  the mean insulin dose, 
and total insuling binding capacity are higher in those 
patients whose antibodies bind beef > pork insulin. 
Tlfis difference was significant for both insulin dose and 
total binding capacity (p < 0.05). Similar data with 
reference to group I Ib ,  i.e. on insulin for less than 3 

Table 1. Mean age, sex, duration of diabetes and insulin dose in patients 

Mean age, Mean duration Sex Mean insulin 
years diabetes (years) Male Female dose (units) 

Group I. 48.6 21.1 13 12 38.6 
Range 12-- 76 1~--44 16-- 100 

Group II. 34.2 0.7 14 6 29.3 
Range 11 -- 70 1/12- 21/12 12-- 60 

Group I. Patients treated with insulin up to 30% Porcine. 
Group II.  Patients treated with insulin serni-lente Novo, 97% Porcine. 

Results 

Group I. Of the 25 sere in this group (species source, 
porcine: bovine, 30 : 70 approximately), in 21 there was 
detectable beef preference by a factor ranging from 
1.1 to 2.5, mean 1.41. No particular preference was 
detected in 3, and in one pork preference was found. 
The total insulin binding capacity in this group ranged 
from 1.1 to 41 units/litre, mean 15.38. 

Group I I .  This group is subdivided into two further 
groups depending on whether insulin therapy lasted for 

Table 2. Group IIa.  Age, sex, duration of therapy, insulin 
dose and total insulin binding capacity in patients on semi- 

lente (Novo) for more than 3 months 

Sera Exhibiting beef Preference by Antibody 

Duration Age Sex Dose Total Binding Factor. 
(years) CapacityU/litre 

2�89 17 M 44 8.65 1.1 
5/12 12 M 24 5.8 1.6 
9/1 ~ 11 F 48 9.9 1.5 
1 15 F 32 11.0 1.3 
1 12 F 40 4.4 2.8 
1 ~ 35 M 32 2.6 1.9 
2 ~ 19 F 24 14.0 1.3 

Mean: 
1~]~ 2 17.2 34.8 8.0 1.3 

Sere Exhibiting Pork Preference or l~il Preference by 
Antibody 

2 ~  14 M 24 5.9 1.7 
1 �89 iS  M 36 4.5 2.0 
1 �89 27 M 24 7.2 1.6 
3 ~ M 20 1.56 1.5 
1�89 40 F 16 very low nil 
~/,2 24 F 24 very low nil 

Mean: 
1.2 24.6 24 3.1 2.2 

months are set out in Table 3. Antibody titres were 
low, and absolute determination of preferential binding 
factors, therefore, for technical reasons was less reliable. 
The two interesting observations arising from Group 
I I b  were the low antibody levels, and also the change 
in antibody levels and in species preferential binding 
in one patient changed to predominantly bovine insulin. 

Table 3. Group IIb. Age, sex, insulin dose and total binding 
capacity in patients on semi-lente (Nero) .for less than 

3 months 

Sere Exhibiting Pork Preference by Antibody 

Age Sex Dose Factor Total Binding 
Initial Final Capacity U/litre 

38 M 24 O 1.2 1.56 
63 b M 12 0 1.4 a low 
58 F 24 0 1.7 a very low 
48 M 20 0 1.2 a low 
54b M 32 0 nil 4.8 
70 M 12 0 nil low 

Sere Exhibiting Beef Preference by Antibody 

18 M 52 52 2.1 10.1 
63 b 3r 8 0 2.6 increased 

a Preferential binding factor less reliable with low 
antibody levels. 

b Changed over to British insulin for 1 month. 

Discussion 

Although no direct relationship has been shown to 
exist between antibody levels and insulin dose in a 
group of non-resistant diabetic patients (MoI~AT, 1958 ; 
B~xsoN and u  1959), and were P~VMBO, MoL- 
~x~ and Txux~ (1964) unable to demonstrate any corre- 
lation between insulin binding proteins and the in- 
creased insulin requirements of menstruation and 
pregnancy, a definite relationship has been shown to 
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exist in the individual pat ient  from studies with bovine 
and porcine insulin ( D E v ~  et al., 1966). A significant 
rise in ant ibody level with increase in insulin require- 
ments was also shown by  K~H~AV et al. (1967). In  a 
previous s tudy it was postulated tha t  the factors 
relating ant ibody to insulin dose were threefold (DEv- 
nnv, 1967). 

1. Total  binding capacity. 
2. Equilibrium constants of reaction in patient.  

(antigen : antibody) 
~-~' (antigen) (antibody) K =  

3. Biological requirements. 

The level of free hormone, i.e. antigen concentra. 
tion, is determined by  (1) and (2) and the required level 
is set by  (3). 

The present s tudy introduces a further aspect of 
this relationship. Since the introduction of current 
techniques, using labelled insulin to s tudy ant ibody 
related - -  insulin resistance as in the s tudy of FELDgAN 
et M. (1963), no case of insulin resistance in which 
antibodies binding porcine > bovine insulin has been 
reported. The greater antigenicity of beef insulin com- 
pared with porcine insulin in the human subject, is 
again confirmed by  the development of antibodies which 
bind beef > pork insulin despite the presence of at  
least 97% porcine insulin in the preparat ion used 
(semi-lente, Novo). The corollary of this observation, 
i.e. t ha t  the exhibition of porcine insulin alone should 
be accompanied by  the development of a lower anti- 
body titre and correspondingly lower insulin require- 
ments, receives some confirmation from the two sub. 
groups of Group I I a ,  i.e. those who develop antibodies 
binding bovine > porcine and those who develop the 
reverse or showed no specific preference. I t  would 
seem tha t  when the immune mechanism fails to 
recognize the relatively minor quant i ty  of bovine 
insulin (3%) in the preparat ion used, and responds to 
the porcine insulin only, a significantly lower ant ibody 
ti tre and insulin requirement is found. An alternative 
explanation for the observation made could be tha t  
the s tudy is demonstrating differences in immunologic 
competence between groups within the same species. 
Fur ther  s tudy with absolutely pure porcine insulin 
and comparison of the results so obtained with group 
I I  a will answer this question. 

I t  is interesting to note tha t  where there is the 
development of antibodies specific for bovine insulin, 
neither the total  binding capacity nor the insulin 
requirement is significantly different despite gross 
differences in the proportions of bovine/porcine insulin 

(vide Group I and Group I Ia ) .  The differences which 
were found were not statistically significant. I t  is more 
than  likely, however, tha t  with a much larger group, 
statistically significant differences would emerge, in 
view of the well known relationship between antigen 
dose and ant ibody response (STEvEns, 1956). A further 
point which must  be made with reference to this 
aspect of the s tudy is tha t  Group I were Danish dia- 
betics and Group I I  were Irish, and cognisance of the 
well recognized differences of immunologic competence 
within groups of the same species must  be made. 
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