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The neutralizin: i
i i) h%sgﬁza}? of e:ach serum was tested agai
i e : own in the second colunfn 1gamSt £
L sh.o wr:vas four}d that cach antiscru’ s lized
That is, antiserum from tll:: l;culil::hz?d
a-pig

neutralized not only pi
REETT Y p1g or insuli .
Zi‘l:l’]:ns‘ll?‘?at also infulinoé;nr;u:}l; ‘:Vl&c)h h“};i been used to induce
en, fish (ling), whal abbit, sheep, hor
the rabbit and th , whale and human; and so wi , horse, monkey,
¢ sh ’ so with a
th‘ia)tb ?ntiScmm s ct?c a;%l:}:e horsclfmd the hum:rt:scgl:?:i f;:gxtn
rabbit pancreas, and similarl ncutra ized insulin B rasted 6 :
B e nilarly antiserum from th ed from
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i eenihe hors: ar:gztcli l}?sulm extracted from t}fspéaiic};gr:?

T.here were good reasons fumalrlx, [epectively.
of insulin by antiserum wasora the assumption that neutralization
For example, just as with antibodril a,“tlgen-anubody phenomenon
induced by a series of ises csgn general, anti-insulin had been
neutralizing activity was issocins;, e this{cass e
antiserum; and finally insulinatc ulwuh fhe glgbulin Faction ot the
nsulin-anti-insulin mixture b could be recovered from a neutral
indicating that inactivation wy cxtr:lcuon wih ¢ alcohol, thus

Since it appeared probabl?:s 1:13: P

mﬁgen-antibo B o : l:ih_one h:fd to do here with an
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g}nnca-plg, rabbit, sheep and horse, prccipitation was bom ¥
Finally, however in mixtures of i ulin it v,
il ) s cs of 1ns and certain specimens of

um from 2 K5 cours Pl oo of che hor

_ of immunization © i
ylcllicd I{loauladn serum is given in Table IIL glinepin

ts A, B, Can D consisted of relatively large
1 litre or more- Flocculation occurred zlwithgr:ir:t?ll::sts ;’g ﬁ‘;ln:x;
and serum of Jots C and D; but not with serum of lots A and B
ery bricfly results on flocculation from a paper N

I shall give V
itted for ublication.®

has be:.;t submltbl o d
Results in Table [V have to do with the determinati
equivalence z:lne of insulin-anti-inSulin. ination of the
Each floce ation mixture consisted of a constant e

( ml.) plus the amount of insulin showc;ug: dc:g

flocculating serum (0-2
first column in a total volume of 0.7 ml. pH 7.4. Boivalence zo0e
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There is a further piece of ?vidcncc which indirectly supports the
conclusion that flocculation is due to insulin and anti-insulin, and
which depends on the following considerations: Boyd and Hooker®
derived a formula for the relation between the ratio of antibody to
antigen in foccules at the equivalence point and the molecular
weight of antigen.

The ratio of anti-insulin to insulin in the equivalence zone was
calculated from total nitrogen of floccules and an estimate of the
amount of insulin precipitated.

When this ratio was used in the formula of Boyd and Hooker a
value for the molecular weight of insulin of 24,000 to 36,000 Was
obtained. This value is in the order of magnitude of the molecular
weight of insulin in aqueous solution, pH 7 to 8.

There are different types of neutralizing antibodies. These, for
example, can be flocculating or non-flocculating. Indeed the floc-
culating serum with which we worked contained in addition to
flocculating antibodies non-flocculating antibodics, as We Were able
to show by fractionation with ammonium sulphate. Other (‘lif-
ferences in antisera are shown in Table VI. Hercarc three neutralizing
antisera, viz. guinca-pig, horse and human, all of which were pro-
duced by injection of crystalline ox ot pig insulin. Only the anti-
serum from the guinea-pig neutralized mouse-endogenous insulin
as indicated by the production of signs of diabetes 10 the mouse.
In this connection some work of Lacy and Davies® is of interest.
These investigators labelled with fluorescein isocyanate 2 globuhgl
fraction of guinea-pig serum containing anti-insulin. The labelle

anti-insulin globulin was used to stain frozen sections of pancreas
from beef, mouse, guinea-pig, rabbit and man. A yellow-green
fuorescence was produced in the islets of mousc and ox Panclll'ic::s
which was inhibited by prior addition to the antiscrum of crystalline

ork insulin. Fluorescence was not produccd in the islets of.gmnc?-
pig, rabbit or human pancreas. Results with mouse arlx‘d gmrr;‘:;g;gt
pancreas, and these are the only two for which we have
data, are consistent with our findings, e
guinea-pig neutralized endogenous IIOsE s

1 uinea-pig nsubn- Wy s
nc‘;&tlrszhz‘:x E;“S&gcc%usdx%tc arcpis%dicatcd diﬁ'cgenicl:n n fm:}:lcln:sn:i’i

respect of neutralization. The endogenous 2

i le, anti-
insulin producer is not neutralized. _threas, for example,

insulin from the horse neutralized insulin extracted from horse
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These are Jifferent. Evidence from flocculation and neutraliza-
tion® indicates that soluble ox insulin-anti-insulin complex is dis-
Results here indicate that soluble cod insulin-anti-insulin

sociated- s D, X . €
has a larger dissociation constant than ox insulin-anti-

cmzll:;l\cx
msl: would be interesting to know why endogenous insulins arc not
neutralized by antibodics which neutralize insulin extracted from

ancreas of the same specics. And it would certainly be desirable
to have available an insulin effective in insulin-resistant diabetics,
that is to say, an insulin which is not neutralized by antibodies

induced in the human by ox or pig insulin.

SUMMARY

By the injection of ox or pig insulin into animals it is possible to
induce the formation of antisera which are capable of neutralizing
the physiological effect of insulins extracted from the pancreas of a
number of species of animals. Such sera in mixture with insulin
may or may not exhibit the phenomenon of flocculation. A study
of flocculation and neutralization with an anti-insulin serum from a
horse showed clearly that neutralization of insulin by the scrum was
an antigen-antibody reaction. It is highly probable that neutraliza-
tion of insulin by non-flocculating antisera is also an antigen-
antibody reaction.

Antibodies to insulin may differ not only in respect of flocculation
and non-flocculation but also in respect of insulins neutralized. For
example, antiserum induced in the guinea-pig by the injection of
ox or pig insulin was capable of ncutralizing endogenous mouse
insulin, whereas anti-insulins induced in the horse, human and mouse
were not. !

Extracted insulins from the pancreas of the ox, pig, rabb:t, sheep,
horse, monkey, chicken, fish (ling) and man were neutralized by
antisera induced by ox or pig insulin in the guinca-pig, rabbit, sheep,
horse and man. Extractccf insulin from guinea-pig pancreas was not
neutralized, as shown by inhibition of convulsions and by blood-
sugar test in_mice; it was, however, ncutralized'm'thc guinca-pig
carrying antibodics actively induced by ox or Pi§ insulin. Insu

extracted from cod pancreas is incompletely neutralized, an effect
which depends probably on mass action.
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