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Precipitation of Insulin by Lysozyme and Effect of the Complex on the 
Blood Sugar Level. (17469) 

VICTOR ROSS 

From the Department of Biochemistry, College of Physicians and Surgems,  Coluwbbia University, 
N e w  York City .  

Because of the possible therapeutic appli- 
cation of a lysmymle-insulin complex, the prop- 
certies of which might ;be expected to resemble 
those of protamine-insulin,, experiments have 
,been done: on the precipitation of insulin by 
crystalline egg lymzyme (Armour) isoelec- 
tric point 10.5 to 1 1 1 g 2  and lysozyme which 
was treated in several )different ways intenldled 
to d'estroy its lytilc power as tested on M .  Zyso- 
deikticm. The effect of thle resuspended pre- 
cipitates on the blood-sugar level of rabbits 
was also tested. 

Table I shows the data oibtained in measur- 
ing the precipitation of zinc-containing arys- 
tallinle insulin dissol'ved in a minimal volume 
of N/100 HCI, adjusted to pH 7.3 with N/lW 
NaOH and made up to 0.10% concentration. 
The in'dScated quantities of a 0.10% (uncoill.- 
rected for 9.56% moisture) solution olf lyso- 
zyme were1 added to 1 ml of the imulin d u -  
tion and the mlumle made up to 2 ml with 
water. After standing over night the tubes 
were centrifuged anld the supernatamt fluids 
tested for insulin and lysozyme by adding 
morle of one or the other reagent. ?*he pre- 
cipitates were washed twice with 2 ml od 
water, centriftuging both times, and analyzed 
for nitrogen by the Kjeldahl method using 
H2S04 and H202 for digestion, the color be- 
ing developed with Nessler's realgent and meas- 
ured in a photoelectric colorimeter. All the 
mixtures were set up and analyzed in dupli- 
cate. 

While 0.60 ml of a 0.10% solution of un- 
treabed lysozyme pecipitated almost all the 
insulin in 1 ml of the insulin solution," 96% 
of the total nitrogen present in the 2 reactants 
;being found in the precipitate, 0.90 ml of lyso- 
zyme solution which had been a)  dissolved in 

1 Meyer, K., Thompson, R.; Palmer, J. W., and 

2 Alderton, G., and Fevold, H. L., J.B.C., 1945, 

________-__ 

Khorazo, D., J.B.C., 1936, 113, 303. 

157: 43; ibid., 1946, 164, 1. 

75% &hand and heatedl in a boiling water 
bath for 2 hours,t b) dissolved in water and 
heated in1 the autoclave at 123°C for 5 h u r , t  
c) dissolved in water and photodynarnicaSly 
treated (1-250,000 muthylene blue and ex- 
posure of a thin layer of solutioa in a Petri dish 
to 'daylight for 6 days$) precipitated respec- 
tively 6476, 80% and1 75% of the insulin. 
Untreated lysozyme added in excess olf that 
required to precipitate all the insulin (at least 
up to the addition off an excess of 50% ) dlid not 
change the quantity of nitrogen in) the pre- 
'cipitate, ;but r m a i n d  in the supernatant fluid. 
It was also fioundc (not record'd in the table) 
that the addition lof twilce as m>uch insulin as 
was required to combine (with a given quantity 
of lywzyme resulted in the excess remaining 
in sohtion. 

Rabbits weighing 2.5 to 2.8 kg werse in- 
jected) subcutaneously with 0.086 ml of lyso- 
zyme-insulin su.spensions containing 20 units 
of insulin per ml land prepared with (a)  un- 
treated lysozyme, (ib) untreated lysozyme with 
added zinic, (c) lymzym8e in 7 5 % ethanol solu- 
tion andl heated as dlescribed, (d) lysozyme in 
water solution and autoclaved as descriibed, 
(be) lysozylme phobodymmically treated as de- 
scribed, foll~med by additionld exposure for 
18 hours to a 200 watt Mazda lamp at  a dis- 
I________ ____ 
'- Taking the molecular weight of lysozyme as 

13,9003 and that of insulin as 32,0004 (as found 
in  0.25% solution) it appears that 5 molecules of 
the former combine wit11 4 of insulin. Moisture 
content of the insulin was disregarded. The small 
quantity of zinc in  the insulin (ca. 0.28 y per unit) 
may have an influence on this ratio. 

aFromageot, C., and Privat de Garilhe, M., 
Biochinz. et Biophys. Acta, 1949, 3, 82; Palmer, 
K. J., Ballantyne, M., and Galvin, J. A., J.A.C.S., 
1948, 70, 906. 

4Gutfreund, H., Biochem. J., 1948, 42, 156, 544. 
t Lytic power for M .  1ysodeikticu.s was de- 

$ Lytic power for M .  1ysodei.kticus was about 
stroyed by this treatment. 

10% of the original value after this treatment. 
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LYSOZYME INSULIN ON BLOOD SUGAR 467 
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FIG. 1. 
Blood-sugar curves following injection of lysozyme-zinc-insulin, protamine-zinc-insulin and 

zinc-insulin into rabbits. See text for  description of the preparations injected. 

tance of 8 inches.§ Three y of zinc11 per unit 
of insulin were added to sa.mples B, C ,  D 
and E. 

Samples A, B and C were tested simlultane- 
ously, along with a protmine-zinc-insulin 
reference standard containing 40 units of 
U.S.P. zinc-insulin and 91.5 of zinc per m1,T 
of which 0.043 ml m r e  injected. On the second 
day, the remaining 2 samples of lysozyme-in- 
insulin were tested, along with the reference 
standard of pratamine-zinc-insulin and a solu- 
tion of U.S.P. zinc-insulin crystals containing 
40 units per ml, of which 0.043 ml were admin- 
istered. Blood was d r a m  from the marginal 
ear vein before, and 1%, 3, 5 and 7 hours 
after administering each of the insulin prep- 
arations to 6 rabbits, and was analyzed by the 
U.S.P. XI11 method. 

The average blood-sugar values found1 in 
the fasting state and ls7 3, 5 and 7 hours 
after the injections for the 6 animals** in 
each group are shown graphically in Fig. 1. 

Q Lytic power for  M .  lysodeikticus was about 
1% of the original value after this treatment. 

1 1  This, and the use of 50q0 more lysozyme than 
was required t o  precipitate all the insulin when 
using untreated lysozyme, resulted in complete 
precipitation of insulin and the presence of lyso- 
zyme in the supernatant fluid of all the mixtures. 

lj This is somewhat less than the 3 y zinc per 
unit of insulin in samples B, C, D, and E. 

_ _ _  ~ 

In  Ihth days' experiments the values, 1% 
hours after administering lysozyme-insulinl, 
were either approximately the same, or socme- 
what lower than fdlowing protamhezinc- 
insulin. Between 1% and 3 hours, 4 of the 
5 curves for lysozyme-insulin and 1 for pro- 
tamine-zinc-insulin were slowly rising. Five 
hours after the injections the blood-sugar 
values were, respectively, 8076, 70%, 66%, 
58% and 66% of the fasting levels for 
samples A, B, IC, D and E and 56% and 52% 
for the 2 protamine-zinc-insulin samples. Two 
hours later the corresponding figures were 98, 
92, 89, 7 1  and 91 and 73 and 53. In1 the 
case of insulin in solution the blood-sugar was 
back to the fasting level in 5 hours. 

If any therapeutic application is to be made 
of lysozyme-insulin it will have to be shown1 
that repeatdl injections do not sensitize to 
lysozyme. ICrystalline lysozyme has been re- 
ported to )be mildly antigenic5 Less pure 
preparations are reported to be non-antigenic." 
Upon gently evaporating the heated, alcoholic 

**The results for one rabbit injected with pro- 
tamine-zinc-insulin in  the second group of experi- 
ments who had convulsions and died are not in- 
cluded in  the curve. 

5 Smollens, J., and Charney, J., J .  Bnct., 1947, 

6 Kigasawa, T., Ztschr. f .  Immunitutsforsch., 
54, 101. 

1928, 57, 146; wolf, L. K., ma., 1927, 50, 88. 



468 RENAL EXCRETION OF DIGITOXIN 

solution described above to dryness the lyso- 
zyme was found to be insoluble in water. 
This may be taken as an! indication of de- 
naturation. WhiEe a markled serological 
change flollows denaturation it does not 
necessarily destroy antigenlicity. More study 
of the antigenic properties of lysozyme seems 
indicated. 

The presence of lysozyme in secretions and 
tissues7 suggests a possible precipitating effect 
on insulin in vivo. The solu'bility of the 
complex in serum is sufficienltly great, however, 
to make this unlikely. 

Summary. Crystalline egg lysozyme pecipi- 
tates insulin. The complex produces a prompt 

~ -~ ~~~ 

7 Fleming, A., and Allison, V. I)., Brit. J .  RTP. 
.Path., 1922, 3, 252.  

lowering of the blood-sugar level in rabbits. 
Precipitates formed by mixing insulin with 
lysozyme which has been haa td ,  or treated] 
photodynamicallly 90 that 90 to 100% of its 
lytic activity on M .  Zysodeiktims is destroyed, 
but about 60% of its prxipitating p m r  for 
insulin is left, produce a hypoglycemic re- 
sponse which, up to 7 hours after injection, is 
intermediatle between tha,t resulting flrtnn the 
injection of insulin in solution and that follow- 
ing administration of pro tamine-zinc-insulin,. 

I wish t o  record my appreciation to Mr. E. K. 
Wolfe of the Biochemical Control Department of 
Sharp and Dohme, Inc., Glenolden, Pa., for per- 
forming the animal experiments. 

Received October 5 ,  1949. P.S.E.B.M., 1949, 72- 

Renal Excretion of Digitoxin in Man Following Oral Administration." 
(17470) 

MEYER FRIEDMAN, SANFORD 0. BYERS, RENE BINE, JR., AND CATHERINE BLAND 
(With the technical assistance of Fred G. Michaelis) 

From the Mount  Zion Hospital, Brunn Institute for Cardiovascular Research, Sun Francisco, Calif. 

Thae amount of digitoxin excreted in the 
urine of human subjects receiving the drug has 
not been determined. primarily because of 
previous inability to measure minute amounts 
of any type of digitalis glycoside in biological 
media. However, the discovered sensitivity of 
the lembryonic duck heart preparation1 to 
minute amounts of digitoxin when present in 
Tyrode's solution anld human1 serum offered 

the possibility that this method also could be 
used! for the quantitative detection olf digitoxin 
excreted in the urine of patients receiving the 
drug. The preliminary results of this study 
arle reported herein. 

A human urine sample of 2 0 0  
ml was boiled down to approximately 50 ml 
on a hot plate and thereafter more slowIy 
evaprated until the volume was reducedl to 

Methods. 

TABLE 1. 
Relationship Between Initial Concentration of Digitoxin in Human Urine (200 ml) and Time 

of Occurrence of " Digitalis Effect ' ' in Final Extract. 

Amt. dig. added s o .  of extracts Avg time, 'dig. effect " S.E. of mean 
(P.g> assayed (inin.) (min.) 

1 
2 1 2  
3 10 
4 11 
6 9 
8 10 

1 0  a 
12 6 

* Aided by grants from The Life Tnsurance 
Medical Research Fund, The United States Pub- 

- _ _ _ ~  ~ _ _  - __ 

- 
47 
3 3 
2 i  
2'' 
1 7  
14 
11 

- 
2.28 
1.82 
1.45 
1.14 
0.73 
0.35 
0.20 

lie Health Service, and the 
Works. 
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