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HUMAN INSUL IN

RICHARD G.  LARKINS
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Abstract:
Two methods of  synthesis of  human insul in have been developed to the stage of
commeròiat  produ'ct ion.  One entai ls  synthesis of  human insul in.  by bacter ia

iinióJvntnétict' human insulin) and one entàils the conversion of pork.i.nsulin into human
insut i í  by an amino aciO-suObt i tut ion ("semisynthet ic"  human insul in) .  Bgl l lg i l : - " j
human insul in have been shown to be safe,  and to have s imi lar  e l Î lcacy ano
pharmacokinetics to prrif iéO póri iÀsutin. Human insulin given by s.ubcutaneourq injection
-h;; 

b";; Jno*n to'eticit anilbody formation in man, although the extent of this may
né1t igÀttV less than in the case "of  pur i f ied pork insul in,  and is  certa in ly less than in

tf 'e ca"se ót Oeet insulin and beef-poik combihations. The clinical significance of these
àitjeléncer in immunogenicity is boubtful. However there are rare defined situations'
rriài àr 

"tÉigy 
to porfinsulií and antibody-mediated insulin resistance where human

insutin has béen éhown to have advantagies over purified pork insulin.-aàòi"iàt 
JVltnelis of insulin provides an'assured bupply for the.world's future needs,

anó ii,s àónó'et"ante that further technological refinemérit-may make bacterial synt.hesis

cheaper than extract ioÀ anO pur i f icat ion óf  animal  insul ins.  However,  current  evidence

óióù[és'no Oàiis ióiiecomrhenOing lumq.n.rather than pll if ied animal insulin for the

ioùtine management oiinsuf inlepéiOent diabetes. (Aust'NZ J Med 1983; 13: 647-651 ')
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1.  INTRODUCTION
The isolat ion of an extract of pancreatic islets which

was effect ive in reversing diabetic ketoacidosis in

dogs in l92l '  heralded a new era in the management

o f  c l iabe tes  in  man.  Commerc ia l  p roduc t ion  o f

insul in from beef pancreases fol lowed short ly after,

ancl the very high mortal i ty associated with diabetic

k e t o a c i d o s i s  w a s  g r e a t l y  r e d u c e d .  I n i t i a l
preparations of insul in were relat ively impure, and

werc administered up to four t imes per day as a

short-act ing preparation. Various nrethods of

delaying absorption by complexing with zinc and/or

protamine were devised. Thesc al lowed sympto-

matic control on one inject ion of insul in per day.

A l l c rg ic  responses  to  thc  insu l in  p repara t ions  and

fat atrophy at the sitcs of insul in inject ion were not

uncommon.  Wi th  the  deve lopment  o f  rad io -

immunoassay technology, i t  became possible to
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rneasure circulat ing antibodies to injected insul in'

l t  was  shown tha t  w i th  p ro longed insu l in  use ,

virtual ly al l  diabetics developed high concentrat ions

o f  i n s u l i n  a n t i b o d i e s . ' T h e s e  w e r e  u s u a l l y  o f

relat ively low aff ini ty and did not interfere with

insu l in  ac t ion .  bu t  occas iona l l y  h igh  a f f in i t y

an t ibod ies  produced the  phenomenon o f  insu l in

rcs is tance.  '

Pork insul in was f irst used short ly after the

introduction of beef insul in. Pork insul in el ici ts less

ant ibody  fo rmat ion  than beef  o r  beef -pork

mix tu res , '  a l though the  pur i ty  and fo rm o f  the

insul in as well  as i ts species of origin are important

in  de termin ing  i t s  an t igen ic i ty .J  H igh ly  pur i f ied

pork insul ins were introduced to cl inical medicrne

in the l970s.u Antibody-mediated insul in resistance

is  v i r tua l l y  unknown wi th  pur i f ied  pork  insu l ins ,

insul in al lergy is extremely uncommon and fat



atrophy does not occur. Commercial ly avai lable
beef  insu l ins  in  rou t ine  use  in  Aus t ra l ia  a re  much
more pure than previously, and highly puri f ied
preparations of these are now also produced.
Although beef and combined beef-pork insul ins
may be associated with some degree of antibody-
mediated resistance, this phenomenon is not now
a major  c l in ica l  p rob lem.

2. THEORETICAL ADVANTAGES OF
HUMAN INSULIN
(a) Lessened antigenicity
Recent evidence using purif ied pork and human
insul in suggests that the physical form, pH and
contamination by insul in aggregates and noninsul in
peptide fragments are major determinants of i ts
immunogenicity, regardless of i ts species of origin. '
Thus preparations of homologous insul in can be
immunogen ic . '  As  human insu l in  d i f fe rs  on ly  by
one amino acid from pork insul in, i t  is by no means
certain, on theoretical grounds, that human insul in
w i l l  be  less  an t igen ic  than pur i f ied  pork  insu l in  rn
human sub jec ts .  Pre l im inary  c l in ica l  ev idence in
relat ion to this point is reviewed later.

l f  i t  i s  shown tha t  human insu l in  i s  less  an t igen ic
tha t  pur i f ied  pork  insu l in ,  the  ques t ion  o f
whether  lowered insu l in  an t ibody  proc iuc t ion  is  an
advantage in cl inical practice must be answered. I f
the syndrome of antibody-mediated resistance is
excluded on the basis that it is not seen with purilied
pork insul in, there is l i t t le convincing evidence that
c i rcu la t ing  insu l in  an t ibod ies  are  harmfu l .e . 'o
Cer ta in ly  the  pharmacok ine t ics  o f  in iec ted  insu l in
are  a l te red  by  an t ibod ies  to  insu l in .  a f fec t ine  the
t ime course  o f  ac t ion  o f  in jec ted  insu l in , ,  bu- t  the
total dose requirement does not correlate closely
w i th  the  t i t re  o f  insu l in  b ind ing  an t ibody . ,2  I t  has
been suggested that insul in antibodies,! or immune
complexes  invo lv ing  insu l in  and i t s  an t ibodyr r - re
may be important in the pathogenesis of diabetic
vascu la r  compl ica t ions .  However ,  there  is  l i t t le
convincing evidence to support this.5,r7 Similarly,
the possibi l i ty that circulat ing insul in antibodies
may accelerate pancreatic beta cel l  fai lure must be
regarded as theoretical rather than substantiated.
Thus, although high levels of insul in antibodies
prev ious ly  found w i th  impure  beef  insu l in
p r e p a r a t i o n s  w e r e  o f  o c c a s i o n a l  c l i n i c a l
signif icance, there is no evidence that the low t i tre
antibodies found in subjects treated with puri f ied
pork insul in are of any cl inical signif icance.

(b) Guaranteed supply
The abi l i ty to manufacture insul in independent of
the avai labi l i ty of animal pancreases has some
potential advantages. Although increased eff iciency
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of pancreas collection from slaughtered cattle would
more than accommodate the world's need for
insul in in the foreseeable future, the supply of pork
insu l in  i s  more  dub ious ,  par t i cu la r ly  i f  fac t  o r
fashion directs a widespread conversion into the less
antigenic pork rather than beef insul in. Widespread
l ives tock  d isease cou ld  a lso  a f fec t  supp ly .  ihur ,
although current sources can more than adequately
cope with demand for insul in, i t  can be argued that
this may not always be so. Obviousl l  ,  preparation
of human insul in from pork insul in b1' chemical
t rans format ion  ( "semisyn the t ic " -see be low)
would not lessen the requirement for animal insul in.

(c) Cosl
A t  p resent ,  p roduc t ion  o f  human insu l in  by
recombinant  DNA techno logr ' .  conrers ion  f rom
pork  insu l in ,  o r  to ta l  chemica l  s \n rhes is  i s  more
expens ive  than ex t rac t ion  f rom anrmal  sources ,  I t
i s  conce ivab le  tha t  w i th  techno log i ;a l  advances  the
bac ter ia l  syn thes is  o f  insu l in  cou ld  become less
expens ive  than i t s  ex t rac t ion  f rom an imal  sources .
bu t  th is  does  no t  seem l i ke l l  in  the  immedia te
fu tu re ,  because o f  rhe  er rens i ' ,  e  pur i f i ca t ion
requ i red  a f te r  bac ter ia l  s ln rhes is .

3. METHODS OF PREPARATIO)i OT-
HUMAN INSULIN
(a)  Ex f rac t ion  f rom human pancreases ' r
Early studies were performed rvirh insul in extracted
f rom human cadaver  pancreases .sThe l im i ted
supplies and low yield prevenr this being a practical
source  fo r  therapeut ic  purposes .

(b) Chemical synthesis
Human insul in has been prepared bl. total chemical
syn thes is . re  Howe ver ,  because o f  i t s  re la t i ve ly  h igh
molecular weight, and the ineff iciency of the
method of joining the A and B chains by disulphide
b r i d g e s ,  t h i s  m e t h o d  i s  c u m b e r s o m e  a n d
prohibit ively expensive for therapeutic purposes.

(c) Chemical lransformation of pork into human
insul in ("semisynthel ic")
Pork and human insul in are identical in structure
except for the amino acid in posit ion 30 of the B
chain (threonine in human, alanine in porcine) (Fig.
l) .  The enzymic and chemical conversion of pork
into human insulin has become a major commercial
method of preparation of human insul in.ro

(d) Recombinant DNA technology and bacterial
synthesis ("biosynthetic")
Two techniques have been described in which
recombinant DNA technology has been used to
al low bacterial synthesis of insul in. The technique

L A R K I N S



rS -  S r
t l

s s '
t /
S s

I  
t o  

B  c h a r n

A t a n r n e  _  p o r k

lh reonrne -  h !Daf

Figure l : .  Diagrammat ic  representat ion of  pr imary s t ructure of
pork and.  human insul in ,  showing that  the only  d i f ference rs  rne
amino acid at position 830. Beef insulin has two additionut 

"Àinoacid d i f ferences to human insul in ,  both in  the A-chain i l  the
region of  the inr rachain d isu lphide br idge.

which has been developed commerc ia l ly  is  shown
in outl ine in Figure 2., '  Brief ly, the DNA sequences
coding for the A chain and B chain of insul in are
chemical ly synthesised. Each is inserted into
separate E. col i  plasmids, in associat ion with the
/3-galactosidase gene. E. col i  colonies are formed,
and translat ion is induced. This is achieved by
exposure to galactose, which leads to the production
o f  t h e  i n s u l i n  c h a i n  i n  a s s o c i a i i o n  w i t h
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B-galactosidase. The separate A chains and B chains
are cleaved from B-galactosidase and purif ied. The
two chains are then combined. The last step remalns
relat ively ineff icient.

The other method entai ls isolat ion of insul in
precursor mRNA from islets or insul inoma t issue,
synthesis of the cDNA for the insul in precursor
using the enzyme reverse transcriptase, and
insert ion of the DNA coding for the insul in
precursor into the E. col i  plasmid. The E. col i
containing the insul in DNA sequence are identi f ied
and cloned, transcript ion and translat ion induced,
and proinsul in puri f ied. Proinsul in is readi ly
converted into insul in with proteolyt ic enzymes.
This approach has been demonstrated using rat islet
mRNA as the start ing materialr:  but has not yet
been developed commercial ly. A variant of this
technique may form the basis for a more eff icient
process for bacterial synthesis of insul in than that
cur ren t ly  in  use .

4 .  CURRENT EVIDENCE IN RET,ATION TO
SA}'ETY, EI ' I . ' ICACY AND ANTIGEN OF
HUMAN INSULIN
In  v iew o f  the  minor  d i f fe rence in  amino ac id
s t ruc tu re  be tween human and pork  insu l in ,  and
since the one variant amino acid is well-removed
f rom the  por t ion  o f  the  molecu le  concerned w i th
b io log ica l  ac t i v i t y ,  i t  wou ld  be  surpr is ing  i f  ma jor
dif ferences in potency between human and pork
insul in were observed. Moreover, as insul in dose rs
calculated on the basis of units which are cal ibrated
by bioassay in mouse or rabbit,  the two insul ins are,
by del init ion, equipotent on a unit for unit  basis
in the species used for bioassay. However, i t  is
possible that dif ferences in pharmacokinetics or
dif ferences in act ivi ty in man could exist.

In vi lro studies of biosynthetic human insul in
have revealed no signif icant dif ferences in binding
characterist ics or biological act ivi ty of human
compared w i th  pork  insu l in . '? r  Ear ly  s tud ies  o f  the
comparative potency, and pharmacokinetics, of
biosynthetic '?n and semisynthetic '5 human insul in in
normal subjects have now been complemented by
many further acute and short-term studies of
eff icacy, antigenicity and safety in diabetic subjects.
These have recently been reviewed.'7'26 The major
conc lus ions  w i l l  be  summar ised.

(a) Safety of human insul in
Extensive analysis of puri f ied human insul in
prepared by the recombinant DNA technique has
shown it  to be equivalent to semisynthetic human
insul in, and free from contamination by bacterial
pyrogens or other antigenic proteins." Semi-
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Figure 2: Diagrammatic representation of the bacterial synthesis
of  human insul in  currenr lv  being used.  The DNA sequences of
the A and B chains are s lnthesrsed,  and inser ted sepaiare ly  in to
the p lasmids oî  E.  co l i .  Af rer  c lon ing and induct ion of  prote in
synthesis ,  the ind iv idual  chains are iso lated,  nur i f ied ano
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synthet ic  huntan insul in is  a lso f ree of  any
unexpected harmful  ef fects. '7.28 Thus the prepara-
tions of human insulin currently being evaluated for
human use have been demonstrated to be safe.

(b)  Ef f icacy of  human insul in
I t  appears that  human insul in is  ic lent ical  to pork
insul in in i ts  pharmacokinet ics and potency when
given by intravenous injection. There is a suggestion
in some studies but  not  in others that  af ter
subcutaneous administrat ion,  absorpt ion of  human
insul in is  s l ight ly  more rapid than pork,  and that
in the NPH form in particular, the onset of maximal
act ion is  ear l ier ,  and i ts  durat ion of  act ion shorte r .
The di i ferences are minor.2u,2n

In three subsrant ia l  c l in ical  t r ia ls of  b iosynthet ic
human insul in3o-r2 and two using semisynthet ic
human insul inr8 13 major  d i f ferences in ef f icacy of
human and purified pork insulin have not emergecl.
I n  th ree  o f  these  s tud ies , ro  i '  r r  con t ro l  was  s l i gh t l y
worsc with regard to sonre paranteters whcn paticrrts
were in the human insul in phase of  crossover
studies.  The di f ferences were interpretable on the
basis of  the minor pharmacokinet ic  d i f ferences
between pork and human insul in c lescr ibecl  above,
and were of  doubtfn l  c l in ical  s isni f icance.

(c)  Ant igenic i ty  of  human insul in
Several  studies have shown that  human insul in can
e l i c i t  i nsu l i n -spec i f  i c  an t ibod ies  i n  hun tan
subjects.s '3a,3s These may be of  e i ther IgG or IgE
species.3a'3s Subjects transferred from purified pork
to human insul in showed a fa l l  in  bound insul in
levels,36 al though major  d i f ferences in insul in
ant ibody levels compared wi th subjects on t reat-
ment wi th pur i f ied pork insul in have not  yet  been
establ ished.3r '36 The ant ibodies in sera of  insul in-
resistant  d iabet ic  subjects previously t reated wi th
animal insulins show a lower affinity for human
insul in compared wi th pork insul in,  expla in ing the
benefit of human insulin in the rare setting of
antibody-mediated insulin resistance.i ',rE Beneficial
effects of transfer to human insulin have also been
seen in the rare situation of allergy to pork insulin.3n
Thus,  a l though i t  is  establ ished that  human insul in
is immunogenic in man, i t  shares the low
immunogenic i ty  of  pur i f ied pork insul in,  ancl  may
have immunologic advantages over pur i f ied por i
insul in,  in certa in def ined s i tuat ions.  I t  is  a lso
possib le that  the immunogenic i ty  of  human insul in
is due to its administration in large cornplexes in
the intermediate acting forms. Thus it is conceivable
that  when i t  is  administered as soluble insul in by
c o n t i n u o u s  i n  f  u s i o n ,  i t  m a y  b e  t o t a l l y
nonimmunogenic.

A u s t  N Z  J  M e d  l g t l l :  l J

5. CONCLUSTONS
The development of the techniques required for the
product ion of  human insul in by bacter ia and the
chemical  conversion of  pork into human insul in
represent major  technological  advances.  Biosyn_
thet ic  and semisynthet ic  human insul in have been
sl ,own to be safe and ef fect ive.  However,  in the
c l i n i ca l  se t t i ng ,  c lea r  advan tages  o l  human insu l i n
over pur i f ied animal  insul ins have not  been
demons t ra ted ,  excep t  i n  the  ra re  c i r cumstances  o f
insul in a l lergy and ant ibodt ' -mediated insul in
resistance.  The lat ter  phenomenon has r i r rual l l , ,
d isappeared s ince more pur i l iec l  insul ins har e been
used  w ide ly  i n  c l i n i ca l  p rac t i ce ,  so  rh i s  r r i l l  no t  be
a  ma jo r  i nd i ca t ion  f ' o r  the  use  o l  hunran  jnsu l i n .
There  may  p rove  to  be  m ino r  ad r  an tages  o i  human
insu l i n  ove r  pu r i f i ed  po rk  i nsu l l n  r r  i l h  respc .c r  to
immunogen ic i t y ,  bu t  the  c l i n i ca l  : i sn i i . ; a i t ; c '  t r i  i h i s
d i f f e rence  i s  deba tab l r - .  l i  r e . i n ;que .  i r r r  rhe
bac te r ia l  p roduc t ion  o l '  [ ru rnan  :n :u i .n  a re  i u r t ] r c , r
re f i ned ,  i t  i s  poss ib le  tha r  rhe r r '  ' , i  t l t  ! r .  : l l r  an ra , .es
in  te rms  o f  cos t  and  a  guara : l r ' - ' . :  . - : i i .  .  . t ì tT ìp î r cd
w i th  pu r i f i ed  i nsu l i ns  o i  a l  i : : .  r ì r . r ^ r .

A c c e p t e d  l o r  p u b l i c a r i o n :  l . l  I  .  . , . :

References
l .  B a n t i n g  F C ì ,  B e s t  C H .  (  r r  :  - -  : - :  . : . :  :  - - : ,  r . ì

P a n c r c a t i c  e x t r a c t s  i n  t h e  i : : . . : ^ . : :  I  t - :  :  , :  : -  \ i : l
Assoc J 1922:  12:  14l -6.

2 .  B e r s o n S A ,  Y a l o u  R S .  B a , : : . -  1 .  :  . _ -  :  \ ' :  . . , , . - .  \
l n s u l i n  l ' ' '  m e t a b t t l i : m  i n  h u r . : :  .  . -  : ,  - : -  .  -  :  . ,  :
b i n d i n g  g l o b u l i n  i n  c i r c u ì a i : . ' ;  .  - .  _  -  . : :  : _
l n v e s t  1 9 5 6 ;  3 5 :  l - f t - q t '

3 .  O a k l e v  W C ,  J o n e s  V E .  C . r : .  :  ;  ì  -  ,  : .  ' , : _  i
l 9 ó 7 ;  2 :  l - 1 ; 1 - 8 .

4.  Andersen C)C).  Insul rn : l r i r i -L \ i r  I  - - :  , - ,  : .
d i f l e r e n c e  a n d  m c l h o . l  ( 1 1  J J : :  :  : : - j  -  : -  :
1 9 7 - l :  7 2 :  1 3 , 4 5 .

5 .  K u r t z  A B ,  N a h a r r o t '  , t D \  C '  - ,  -  .  - .  -
D i a b e t o l o g i a  1 9 8 { } .  l q :  r : " . i :

6 .  I ) c c k c r t f , A n d e r - s o n C ) ( ) . P ,  -  :  
- - :  ' . .  -  . , . :

h i g h l v p u r i f i c d p i g , r n s u l r n p : : : . - : :  - .  -  : - t  : ; :  - - -  -  ì , r
7 .  A l b e r r i  K ( ì N l l v l , N a r t r r . : \ f  H a - . : _ -  : : - -  :  - .  . i

1 9 7 8 ;  l 5 :  r ? - 8 0

8 .  D e c k e r t  [ ,  A n d e r : e n  a ) ( - ) .  ! - _ : . i : -  I  .  : , :  .  -
m a n  b y  r e c r l ' s t a l l i z e c ì  r u : r : :  . : . ,  -  -  : : t  .  _  - - :  ,  - , . . -

9 .  D e c k e r t ' f .  E g e b e r g  J .  F : r : . - ; : . \ j :  : -  -  : : - : : -  
- :  i  :  . : : . :  1

B a s e m e n t  m e m b r a n e  t n t i \ : a i . .  : i -  -  : -  : , : , :  : ;  : - :  -  _  :  : -  a : - .
i n  l o n g s t a n d i n g  i n t u ì r r  j e p : : : : : '  :  ' : . .  . :  -  -  : - :  -  -  -  . : . : , :
r e t i n o p a t h r ' .  D i a i ' c t r . l ! . ! ì a  ì ' - .  -  -  . -

1 0 .  L a r k r n s  R ( ì ,  \ f a r i r n  F l R .  H : : : :  -  -  
- :  

: -  :  " - .  .  :  :
b l o o d  s u g a r  c o n î i o l  a î i  H l  \ : : : : : - - ,  -  - ; .  : - -  -  _  -  : . - * - . . - .
d i r l ' c t c .  r * l r h  a ; t J  . r . : : . j i  . : . . -  : .  r  - , . ,  a -  . . -  , . ' .  

'  - - ,

3 :  . 1 6 5 - r  l .
I l ,  B o l l i n g e r  R E .  t 1 . . , , s  . 1 H .  ' . 1 : : ' - a -  : . _  l : : . - , -  : . 1

D j l a f ' p e a r a n a e . . i  I  . : : e , . : :  : ! - . : ' - : :  : : : - :  : :  :  a _  j .  : - -
n ì a n a , È . n ì e n t . . i , j r : 1 : : : - i  r  E : i  . t  \ f : :  y . . :  : -  

- - - - -

l '  { . p l r n  C \ 1 .  H i ' : - !  \ 1 .  r - . - . : . i  D . i  {  t : :  \ ( , \ ! \ {  1 1 r ; - ; .  3  r : : -
C .  F a r e :  ( - )  \  a a . - ! . , - . ' . . -  - í : ^ i : :  :  : : : : . . !  - : . : , .  : !  j  r  i -  j , : . J {
d r r l i  . n . ,  :  J ,  i u a r  l i  - r .  \ f : : -  R r .  ì ' - i .  ;  .  l - . . ,

l - . ì .  . { n i e : \ o n  ( ) ( )  a  i  : ì : , : ,  i . : r . '  : i i . (  , , t  r i . i i - . r ì ! J i : : ì  . i : ì L . b o ú : : .  A . : a
E n d o c r r n o l  r K b h r  ì y - 4 .  i - r  r S l l r i  l ( r ) ) :  : l l - . t t r .

l4  Faulk  \ \  P.  Karam J.  F l r jen lerg HH Human anr  j - insul in  anl  jhrd ies.
. l  l m m u n o l  l 9 - l :  1 0 6 :  l l l l - ó

1 5 .  I r r i n e  \ \  J .  D i  \ l a r i o  t  .  ( i u r  K .  l l r r r c o l i  \ 1 ,  p o z z i l l i  p ,  L u m b r o s r r
B .  A n d r e a n i  D .  I m m u n e  c o m p l e r e s  a n d  d i a b c t i c  n i i c r o a n g i o p a t h l . .
J  C l i n  L a b  l m r n u n o l  l 9 t 8 :  l :  l 8 l - 9 1 .

L A R K I N S
650



16.  Vi rc l la  C,  Wohlrmann H,  Sagel  .J ,  Lopes-Vi re l la  MFL,  Ki lparr ickM, phi l l ips c ,  Cro lwetr  . r .  Sotuùte i " ;_ ; ; .  ;orn; |e ; . . ,  in  pr t i "nr ,  * t r i ,d iaberes nìe l l i rus:  de11c._t i^on and parhologica l  srgnr f icance.D i a b e r o l o g i a  l g t j l l  2 t :  l g 4 _ 9 t .
1 7 .  H o m e  p D ,  A l b e r t i  K G M M .  H u m a n  i n s u l i n .  C . l i n  E n c i o c r r n o l  M e t a b1 9 8 2 ;  I  l :  4 5 3 - 8 J .
18.  M- i rsky IA,  J inks R,  per isr . r r t i  C,  The iso lar ion and cry,sra l l izar iono f  h u n r a n  i n s u l i n .  J  f . l i n  I n r e s r  t S f : ;  r : , - i S ì ò  7 ) l  

'

19.  S ieber  P,  Kamber B,  Hor tmann A,  Johl  A,  Rin iker  ts ,  Rrr re l  W. Tota lsynrhese von humaninsrr l in  gez_ie l tcr  Ui laung Oei-OLsui i idb indung"n.
H e l v  C h i m  A c r a  1 9 7 , 1 ;  5 7 :  2 6 1 7 _ 3 1 .

20.  Mor ihara K,  Oka T,  Tzuzukì  H.  Semi-synthesis  of  hunran rnsul inhy I , rypsì r t .cata lvreJ replaeemenr 
" f  

e l ' " -e i i i 'úy" 'Th, ,n por . in .i n s u l i n .  N a r u r e  l q 7 9 ;  2 g 0 :  4 1 2 _ 1 .
21.  Coeddel  DV,  Kle id DC, Bol ivar  F- ,  Hcyneker  HL,  yansura DC, CreaA,  Hi rose T,  Kraszewski  A.  I rakura ( ,  f r . isg,  Àb.  Èr i ress ion in  e .co l i  o f  chemical ly  synthcs ized.genes lor  hì ian lnsuì ln .  t , roc Nat lAcad Sci  USA 1979;  76:  106_l -0.
22.  Vi l la-Komaroi f  L .  E lsr rar iad. is  A,_Broome S,  Lomedico p,  l . izardR,  Naber Sp.  Chick wr  

tg i l fe . . l  w n Ua.r . i iJ i to ' r ie  synrhesiz ingpro insut in .  proc Nat l  Acad Sci  Usn rq is : ' l j , ' : ì i i_ ' : t .
23.  De Meyts p,  Halban p,  l lepp.XD. In  v i r ro srudies on o losynthet ichuman insul in :  an overv iew. '  Diabcrcs Cor.  ìc i i "+- l " lor  o .
2 4 .  K e e n  I l ,  ( ì l y n n e  A ,  I , i c k u p  J C ,  V i b c r r i G C ,  t s i l o u s  R W ,  J a r r e r r  R J ,Marsden R.  Hunran in iut in  proctu ied- 'b ; " ; ; ; . , i l ; , " rnr  DNAtec 'hn. logy:  safety  and hypogrvcaemic potcncl  in  heal thr  mcn.  Lanccrlg t ìO;  2:  ìeE- .101

2 5 .  f ) w e n s  t ) R .  I o n e <  t r l K .  H a v e <  T \ . 1 .  f l e d i n e  t  ( ì .  A I h e r r i  X ( ì M N , f  .H o m e  P D .  B t r r r i n  J \ , f .  N e u c o m h e  R G  H ì r m a n  i n r u l r n :  s t u c l v  o ls a f e r l  a n d  e l f i c a c i  i n  m a n .  B r  , \ f c d  J  l v s i :  : t : ,  i : O r  o .  
- '  '

2 6 .  S k v l c . r  J , \ .  H u m a n  i n q u l i n . r t  r e . r r m b ì n a n l  D N , {  o r i g i n :  c l i n i c a lp o t e n î r a l .  D r a b e l e s  C a r e  l g S l : 5  r s u p p l .  l ) :  l g l - ó .  
.

2 7 .  J o h n s t r n  I S  . { u t h e n t i c i t r  a n . 1  p r r r r t r  o l  h u m a n  t n s u l i n  ( r e c o m b i n a n l
D N  \ r  l j r a t - ' e r e s  (  d r e  t e , { : :  i  r s u n r t .  : i ,  l - i j '  

- " " '

2 8 .  S o n n c ' n b e r s  G E ,  C h a n r e l a u  
_ E .  S u n d e r m a n n  S ,  H a u f  C ,  B e r g e r  M .HLrman and por ! . ine regula. r  insul ins are .qr ì ì ly  

-er fe. t iu"  
lnsubcutaneous replacemenr 

- rherapv,  Resul ts  of 'a 'dàuble b l indcrossover  s tudy tn rype .  I  d iabet ic  pat ienrs u, i th  cont tnuoussubcutaneous rnsul in  in fus ion.  Diabetcs fSS2;  l f ,  à0ò-2.

29.  Gal loway JA,  Roor  MA, Bergsrom R,  Spradl in  CT,  HoFineberg SE,  Jackson Rt  .  Cl inùal  ph"r rn* 'Jogi . , r id i . ,  * , ,
insut in  ( recombinanr  DNA).  Diabeìes C" i . lsSj ;  i ' (Sìppr .  :

30.  Clark.AJ,  Wi les pG, Leiper  JM, Knighr  C,  Adeniy i -Jones u,
PJ,  Ward JD,  MacCuish AC, KecÀ H,  Jones iH.  R oou
crossover  r r ia l  compar ing human insul in  ( recombinant  D|
animal  insul ins in  the t reatment  of  prev iously  insul in_t rearec
par ienrs.  Diabcres Cìare 1982;  5 (Suppl .  2) ;  ng_34.

31.  Gal lowav JA,  Peck FB Jr ,  F ineberg SE,  Spradl in  CT,  Mar
A l l e m e r o s  D ,  I n g u l l i - F a r t i c . t .  î h e  U . S . , . n e w  p a r i c
" t ransfer"  srudies.  Diaberes Care I9g2l  5  (Suppl .  2 j :  l3 :

32.  Beyer .  J ,  Enzmann F,  Lauerbach M, Ahhof i  p ,  Bachn
Brandslerrcr  K,  Cordes U,  Dannehl  A,  Dunrsch d,  i tuu,
[ ,  fe .1n f ,  Lorz N,  Mehnerr  H,  Mi tzkar  H-J,  petersen I
C,  Sai ler  D.  Schlurer  K,  Schof  f l ing K,  Schroóer  XÉ,  Scl
Weber T.  Treatnìent  wi rh human- insul in  ( recombinanr  I
d iabet ic  sLrb jects  prerreated wirh pork or  beef  insul in :  t i r
o l  a  m u l l i c e n t e r  s l u d y .  D i a b e r e s  C a r e  l 9 g 2 ;  5  ( S u p p l .  2 ) :

33.  Peacock I , ' Iar rersal l  RB,  Taylor  A,  DoLrglas CA, Reeves W(
of  new insul ins on rnsul in  and C_pept i "c tc  ant iboct ies,  

- rnsu

and d iaber ic  conrro l .  Lancet  lgg l l  i :  149-52.
J4.  F i renran I ) ,  Fìneberg SE,  Cal loway JA.  Developmenr

ant ibodies to human ( recombinant  DNA),  porc ine.  anr
-  _  

insul ins in  d iaber ic  subjecrs.  Diaberes Care téS: ;  5  (Suppl .  z
3 5 .  V e l c o v s k v  H C ,  F c d c r l i n  K F .  I n s u l i n - s p e c i i i c  I g C  a n à ì g L

response in  type I  d iaber  ic  subjects  erc lus ive ly-  t rcated wrt
insLr l in  ( recombinanr  DNA).  Diàbetes Ctare 1982;  f  i i i "ppr .  ;

36.  F incbcrg SE.  Gal loway JA.  F ineherg NS, Rarhbun l r {J .  I ì r ru
lmproventent  resul t ing t rom rhe I ransfer  of  an imal  insul i
d Ìaber ic  subjec ls  ro huntan insul in  l reconrb inanl  DNAr.
C a r e  1 9 8 2 ;  5  ( S u p p l .  2 ) :  1 0 7 - t J ,

37.  Schernrhaner  ( ì .  Af f in i ry  of  IgG_insul in  anr ibocl ies rc( recombinant  DNA) insul in  and porc inc insul in  in  insul i
d ia t ret ic  ind iv iduals  wi rh and wirhour  insul in  ,es is tancc.  ó iab
1 9 8 2 :  5  l S u p p t .  2 ) :  I  t 4 - 8 .

.J8.  Moueschi  F,  F ineherg SE,  Kohnc-r  F.M.  Successfu l  t rea
rmmune-mediated rnsul in  res isrance bv human insul in  ( rcc<
DNA.y.  Diabercs Care 1982;  (Suppl .  ) ) :  tzS_g.

39.  De Leeuw l .  Delv igne ( ,  Bekaerr  J .  tnsul in  a l lergv t re;
n u m a n  I n s u l i n  ( r e c o m b i n a n r  D N A ) .  D i a b e t e s  C a r e  i q g ? .
2 ) : 1 6 8 - 7 0 .

The next Annual scientif ic Meeting of the Australian and New Zealand society of Nuclear Medicinewi l l  be held at  the Hi l ton tnt . .nuì ionui ,  nJ"ùia.  f rom May 7 to 9,19g4. The convenor w1l  beDr I' H' Buttfield' Department of Nucleai rnl.aì.in., The eueen Elizabeth Hospital, woodville, 501l.

H U M A N  I N S t ] L I \
Aust  NZ J  Med 1983;  l J


