
paste tests. I n  the leaf dip and total spray tests, how- 
ever, marked inhibition of growth resulted. 

When a single leaf of young tomato seedlings was 
dipped in a 1% aqueous suspensioii of u-cyano-B-
(2,4-dichlorophenyl) acrylic acid, the treated leaf 
died, but no other iinniediate effects on the rest of 
the plant were noted. Ten days later, the treated 
plants were only one third the height of the control 
plants. At the end of a month, the height of the 
treated plants was one half that of the control. 

Death of the plants resulted when a 1% suspension 
of the compound was sprayed on young tomatoes. 
However, when a 0.1% suspension was used, growth 
inhibition occurred witl~out visible tissue damage. I n  
the latter experiment 2-in. tonlato plants, growing 
one to a pot, were sprayed with 10 nil of a 0.1% 
aqueous suspension of a-cyano-B-(2,4-diehloroplienyl) 
acrylic aeid, using 0.1Ch Tween 20 as the wetting agent. 
At the end of one week, the treated plants were notlee- 
ably smaller than the controls. Average lneasurrments 
of height taken a t  the end of three weeks were : treated 
plants, 5.5 in.; control plants, 1 4  in. Although there 
was no tissue damage, ancl the color was norrnal, the 
treated plants exhibited formative effects, being un-
usually bushy with numerous axillary branches. The 
growth-inhibiting effect of or-cyano-B- (2,4-dichloro- 
phenyl) acrylic acid, when applied to tomato plants 
a t  four  different concentrations, is illustrated in  Fig. I. 

Preliminary studies have indicated that, on a inole 
basis, the diethanolamine salt of a-cyano-p-(2,4-di-
chlorophenyl) acrylic acid is more effective than the 
free acid in inhibiting growth of tomato. This in- 
creased activity is probably due to the greater water- 
solubility of the salt. 

Reference 
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Crystalline and Amorphous1 Insulin-Zinc 
Compounds with Prolonged Action 

K. Hallas-Mqjller, K. Petersen, 
and J. Schlichtkrull 
Novo Terapeutisk Laboratoriz~m A/S, 
Copenhagen, Denmark 

The presence of zinc in pancreas and in crystalline 
insulin has given rise to a series of investigations on 
the interaction between insulin and zinc. As a result, 
protanline-zinc-insulin has becorne extensively used. 
The clinical results have been rather disappointing, 
fo r  the weak initial action of this preparation has 
been very troublesome, especially i11 cases of severe 
diabetes. 

I n  a n  effort to develop more suitable insulin prepa- 
2 Amorphous insulin, in this  paper, refers only to the physi- 

cal s ta te  of the insulin and not to the purity. The amorphous 
insulin is thus prepared by precipitation of dissolved crystal- 
line insulin. 

rations for  single injection, we h a ~ ~ e  carried out some 
combined chemical, biological, and clinical experi-
ments, designed to elucidate the interaction between 
insulin and zinc. 

I t  was first discovered that phosphate ions, which 
are u s ~ d  in the protainine-zinc-insulin preparation, 
are able to influence the physical-chemical rtxlation be- 
tween insulin and zinc. 

I n  Fig. I, A illustrates the solubility of insuIin as 

PH 
FIG.1.Precipitation zone of insulin (40 u/ml) in : A, 0.02 

mol sodium phosphate; B, 0.01 mol mdium phosphate with 
2 mg zinc ( a s  chloride)/1000 u ; 0,0.01 mol sodinm acetate : 
D, 0.01 lnol sodiunl acetate with 2 mg zinc (as  chloride) 
/I000 u ;  E, 0.01 mol sodium phosphate with 2 mg zinc (as
chloride)/L.OOO u and 8.5 mg protamine/1000 u. 

a function of p H  in phosphate b d e r  (an acid solu- 
tion of insulin--40 u/nil-is adjusted to different p H  
values, and the dissolved insulin is determined spec- 
trophotometrically). I t  can be seen that all the insulin 
is dissolved a t  the p I I  of blood, 7.3, which presumably 
explains why isoelectrically precipitated insulin does 
not possess a sustained effect. B shows the solubility 
of insulin in the same buffer, to which has been added 
the same amount of zinc as is found in protamine-zinc- 
insulin-2 mg/1000 u. The conditions for  solubility 



are altered only to a sllght extent. G describes the 
solubility of insulin in acetate buffer. Only a slight 
deviation frorn the conditions in the phosphate buffer 
is seen, but on the addition of 2 mg zinc/1000 u there 
is a marked extension of the precipitation zone of the 
insulin, as shown in D. This and other experiments 
have established the fact that zinc has a great influ- 
ence on the solubility of insulin as  a function of p H  
in pure water, in acetate buffer, and in some other 
buffer solutions. The insulin is insoluble to the sante 
degree as a zinc-protamine-insulin combination, as il- 
lustrated in  E. Protarnine (or  other similar basic sub- 
stances) is thus not a necessary factor fo r  obtaining 
insolul~ility a t  the pH of blood. By using a small 
amonlit of zinc, as in protantine-zinc-insulin, insulin 
attains just a s  high or a higher degree of insolubility 
as in combination with protarnine. The undissolved 
insulin contains chemically contbined zinc. Phosphate 
buffer should not be used if this zinc effect is to be 
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FIG.2. Average blood-sugar curves (3-5 days) ohtaine(1 
with 3 depancreatized dogs. Average iiose: 24 n. A,  insulin-
zinc (pH 2.7, 2 mg zinc/1000 u, solntion. (Sul>ple~nentury 
close given a t  5 :00 l'.x. ~vlien necessary.) B,  a m o r ~ ~ h o u s  
insulin-zinc suspension ( p H  7.2, 2 111g zinc/1000 u) .  C, pro-
tarnine-zinc-insulin (NOVO) (DH7.2, 2 mg ziuc/1000 u ) .  

obtained. The same applies to citrate buffer. Presum- 
ably the affinity of zinc f o r  these substances is greater 
than for insulin. 

Insulin preparations Fith the p H  of blood, contain- 
ing all the insulin in  undissolved f o r n ~ ,  can thus be 
prepared by avoiding the presence of substances such 
as  phosphate, citrate, ammonia, etc., wlticlt have a par-
ticular affinity fo r  zinc. Our biological experiments, 
carried out a t  the same time on depancreatized dogs, 
clearly demonstrated that neithcr an acid solution of 
zinc and insulin ( p H  3 , 2  mg zinc/1000 u)  nor a n  acid 
solution of protarnine-zinc-insulin (protamine-zinc-in-
sulin also contains 2 .mg zinc/1000 u )  possessed a sus- 
tained effect. This induced us to  investigate whether 
the precipitated insulin-zinc had a prolonged action. 

FIG.3. Zinc content of insulin crystals (40 o/ml) sus-
pended in 0.01 mol sodium-acetate with 2 mg zinc (as  chlor- 
ide)/1000 u as  a function of pH. 

The results clearly reveal a distinct prolonged effect 
of the undissolved insulin-zinc compound, as  illus-
trated in Fig. 2, which shows a comparison between 
dissolved insulin and zinc ( p H  3, 2 mg zinc/1000 u)  
and protamiiie-zinc-insulin (NOVO) ( p H  7, 2 mg 
zinc/1000 u) .  The action of dissolved insulin and 
zinc ceases as  early as  7-8 hr  after injection, a t  which 
time both insulin-zinc and protanline-zinc-insulin ex- 
ercise a pronounced effect. Fig. 1D shows a squared 
area, which is the precipitation zone within which the 
amorphous insulin precipitate is completely or partly 
converted into a crystalline modification. Outside this 
zone the precipitate is stable and amorphous. The 
crystallization zone will vary somewhat with, f o r  ex-
ample, the amount of zinc, temperature, and time. In-  
sulin c r ~ s t a l s  suspended in a solution of a zinc salt 
are preserved intact and completely undissolved in the 
p H  range from 5 to 8, provided that substances which 
inay interact with the zinc are not present. Other ex- 
periments have shown that  the insolubility of amor-
phous and crystalline insulin caused by the presence 
of zinc demands a n  amount of zinc not less than ap-  
proximately 0 5  mg zinc/1000 u. 

Anlorphous insulin and insulin crystals suspended 
in such zinc-containing media show, on analysis, a 
zinc content which is dependent both on the concen- 
tration of insulin and zinc used and 011 the p H  value 
of the suspension. The relation betwreen p H  of sus-
pension and the zinc content in the suspended insulin 
crystals is shown by the curve in  Fig. 3. Insulin crys- 
tals, 40 u/ml, Fere suspended in solutions of various 
pH's, containing 2 mg zinc/1000 u and 0.01 mol 
sodium acetate. The increased zinc content of the ergs- 
tals is not due to a simple precipitation of zinc hy- 
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droxide, as  it  also appears in a p H  zone where the 
zinc hydroxide is not precipitated, just as a pro-
nounced increase in the zinc content of the medium, 
within this p H  range, does not give a corresponding 
increase in the zinc content of the crystals. 

As described by Eisenbrand and Wegel ( I ) , it has 
not been possible u p  to the present to prepare crystal- 
line insulin with more than 0.8% zinc. However, from 
Fig. 3 i t  can be seen that insulin crystah under suit- 
able conditions may contain more than 2% zinc. 

Apparently the structure of the hsul in crystals 
permits substances to  enter into the crystals by dif- 
fusion and react chemically with the insulin within 
the crystal lattice. The insulin crystals with a n  in-
creased zinc content are, contrary to the ordinary 
crystals, insoluble in water a t  the neutral point and 
retain their excessive zinc content, but if they are sus- 
pended in a neutral phosphate buffer they dissolve as  

-. 
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FIG.4. Average blood-sugar curves (3-5 days) obtained 
with 5 depancreatised dogs. Average dose: 28 u. A, crystal-
line insulin NOVO, pH 2.7,  solution ; B,  crystalline insulin-
zinc suspension (pH 7 . 2 ,  1 mg zinc/1000 u )  ; C, protamine-
zinc-insulin NOVO (pH 7.2 ,  2 mg sinc/1000 u) .  

By increasing the zinc content of the crystals, not only 
the chemical but also the biological properties are  
altered. The action of ordinary insulin crystals sus-
pended in water is not significantly different from 
that of ordinary dissolved insulin, as shown by Scott 
and Fisher, but in  dog experiments with crystals of 
increased zinc content we found a striking prolonga- 
tion of the insulin action. 

Fig. 4 shows a comparison, on 5 depancreatized 
dogs, between (A)  ordinary insulin (PIX 3, 0.5 mg 
zinc/1000 u )  ; (B) a suspension of insulin crystals 
with increased zinc content ( p H  7 , l  mg zinc/1000 . u) 
-crystal size about 0.03 mm; and (C) protamine-
zinc-insulin ( p H  7, 2 mg zinc/1000 u) .  It appears 
that a suspension of these crystals possesses a inark- 
edly prolonged action, ensuring a low fasting blood 
sugar. 

Up to the present, the action of the preparations 
containing amorphous or crystalline insulin-zinc and 
cornbinations of such preparations have been investi- 
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FIG.5. Blood-sugar curves obtained with a diabetic, B. S .  
experimental method ( 2 )  : A, crystalline insulin suspended in 
0.9% sodium chloride solution, pH 6.0 ; B,  crystalline insulin 
suspended in 0.9 sodium chloride solutio11, pFI 6.0, 2 mg 
sinc/1000 u. 

gated on a large number of diabetic^.^ The animal ex- 
periments were fully confirmed, and the chemical con- 
ditions for  obtaining prolonged action were deter-
mined. With no exception a prolonged effect has been 
found in any preparation which contains, or will con- 
tain by adjusting the p H ,  all the undissolved insulin 
bound to zinc at  the neutral point. 

Fig. 5 shows, using the "B. S. experimental 
method,"" comparison between two insulin prepa- 
rations of the following composition : (A) insulin crys- 
tals suspended in physiological saline, 40 u/ml, p H  
6.0, and (B) insulin crystals suspended in physio- 
logical saline containing 2 mg zinc/1000 u, 40 
units/ml, pH 6.0. The insulin crystals suspended in 
water do not show any perceptible prolongation of 
action, in accordance with Scott and Fisher's results. 
On the other hand, if the suspension contains a small 
amount of zinc, 2 mg/1000 u (the same amount as 
in protamine-zinc-insulin), a pronounced retardation 
of the effect is obtained. The retarding effect of the 

2 Clinical investigations were performed a t  the HvidQre 
Hospital, under the supervision of the chief physician, M. 
Jersild, whom we thank for permission to present illustrative 
graphs. 

3 The experimental technique described by Hallas-M0ller 
( 2 )  a s  the B. S. experimental method is, in brief: Under 
standard conditions (bed, a standard diet, regular-insulin- 
"preday") and a t  suitable intervals, 24-hr tests. In  these 
24-hr tests, one uses successively the insulin preparations it 
is desired to compare, so that  they a re  characterized by a 
24-hr blood-sugar curve a s  well a s  by excreted quantities 
of sugar. 



zinc is not changed by decreasing the p H  from 7 to 
8, in spite of the parallel decrease in the zinc content 
of the crystals (Fig. 3 ) .  This and other experiments 
show that  it is not a necessary condition for  obtaining 
a prolonged effect that the crystals should possess an 
increased zinc content before the injection. 

Fig. 6 shows (B. S. method) a comparison between 
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F I G .  6. Blood-sugar curves obtained with a diabetic, B. S. 
experimental method (2 )  : A, crystalline insulin suspended 
in 0.01 mol acetate, pH 6.0, 2 mg zinc/1000 u ;B, crystalline 
insulin suspended in 0.01 lnol phosphate, pII 6.0, 2 mg 
zinc/1000 u. 

(A) insulin crystals suspended in 0.01 mol sodium 
acetate buffer containing 2 mg zinc/1000 u, 40 u/ml, 
p H  6.0, and (B) insulin crystals suspended in 0.01 mol 
sodium phosphate buffer containing 2 mg zinc/1000 u, 
40 u/ml, p H  6.0. The p H  is 6.0, as  the insulin crys- 
tals in  phosphate-containing medium are dissolred a t  
the neutral point (Fig. 1B). 

It appears from these experiments that the addi- 
tion of phosphate in contrast to  the addition of ace- 
tate completely neutralizes the protracted effect of a n  
insulin crystal suspension containing zinc. 

Fig. 7 shows single curves from 9 diabetics after 
injection of a n  insulin crystal suspension containing 
2 mg zinc/1000 u ( p H  7) and with a crystal size of 
about 0.01 mm. These curves clearly demonstrate the 
large range of activity of such a preparation. 

The size of the insulin crystals used in the experi- 
rnents (Figs. 4 and 7) is approximately 0.030 and 
0.010 mm, respectively. Biological experiments point 
to the fact that preparations from crystals that are 
appreciably greater (0.075-0.1 mni) have a somewhat 
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FIG.7. Blood-sugar curves obtained from 9 diabetics ;B. S. 
experimental method (8 ) .  Av dose: 55 u crystalline insulin- 
zinc suspension, pH 7.2, 2 mg zinc/1000 u. 

more protracted action, just as, conversely, one ob- 
tains a somewhat faster action by grinding the crys- 
tals. 

The following factors fo r  the composition of the 
insulin-zinc preparations are  essential fo r  the biologi- 
cal effect: (1)  The physical state of the insulin- 
amorphous, crystalline, large or small crystals; (2) 
the zinc concentration; and (3)  the buffer. Owing to 
the fact that the insulin-zinc preparations are  only 
based 011 the pure crystalline insulin and traces of 
zinc, they have so f a r  never caused any allergic reac- 
tions. 

The biological experiments here described are con- 
sidered as  preliminary steps in  our efforts t o  develop 
insulin preparations with more suitable timing-i.e., 
a suitable adequacy between the initial and the re-
tarded. effect. 

It is interesting to note that the retarding effect of 
zinc is exerted not only on insulin precipitated by 
protamine, globin, surfen, etc., but also on pure in- 
sulin alone which is made insoluble by combination 
with zinc. This is in  agreement with, and supplements 
the findings of Scott and Fisher ( 3 ) ,who stated that 
the action of insulin precipitated by protamine or 
spermin was only significantly modified in  the pres- 
ence of small amounts of zinc. Other experiments, not 
reported here, have shown that other metals--e.g., the 
"crystallization metals," cadmium, cobalt, or nickel- 
can replace zinc. It is not yet possible to  present the 
most suitable composition of the insulin-zinc prepara- 
tions, as more clinical work is necessary. 

I n  view of the fact that the organism, and espe- 
cially the pancreas, contain zinc, the great influence of 
zinc on the insulin action may perhaps induce one to 
think of an in vir'o relation between the two sub- 
stances. 
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The Reducing Potential of Illuminated 
Chloroplasts1 

F. D. H .  Macdowall. 
Tobacco Dicisiort, 

Central Experimental Farm, Ottawa, Canada 


The apparent limitation of the photolytic reaction 
to oxidants of standard potentials higher2 than 0.0 v 
(I,2), has prompted the publication of the follom-ing 
observations (3) on the reducing potentials that illu- 
minated chloroplasts can attain. The redox potential 
that chloroplasts will finally establish with an oxidant 
in light is a reflection of the photoreducing intensity 
of the photolytic system. This potential was found to 
approach strongly reducing levels in  washed chloro- 
plasts freshly isolated, by the usual method ( 4 ) , from 
leaves of Swiss chard. The isolated chloroplasts were 
suspended in distilled water and stored a t  loC. 

I n  one type of experiment the final degree of reduc- 
tion of nlethylene blue (MeB1) (at  1 0 - M )  by chloro- 
plasts (a t  3 x M chlorophyll) was determined in 
rlacuo photonletrically, a t  p H  6.5,15O C, and 1800 ft-c, 
a number of times over a period of several hours. The 
normal potentials ( E n )were then computed from the 
final percentages reduction of the dye, using the stand- 
ard potential of 0.06 v for  MeBl under the experi- 
mental conditions, The following positive, normal 
potentials were thus obtained from one series of deter- 
minations : a t  1.5 h r  after preparation of chloroplasts, 
0.021 v;  a t  3.5 hr, 0.039 v ;  a t  4 hr, 0.063 v ;  a t  4.5 hr, 
0.062 v;  a t  6.5 hr, 0.075 v ;  and a t  9 hr, 0.078 v. The 
familiar kind of curve for loss of photolytic activity 
( 5 )  was thus obtained. Extrapolation of such data 
shows that a t  the time of their isolation (zero t ime) 
the chloroplasts must be capable of a reducing poten- 
tial in the negative voltage range. 

I n  other experiments the potentionletric method (to 
be described elsewhere) was uqed to determine the 
course of reduction of several different oxidants by 
illuminated chloroplasts. The oxidants tested were 
2,6-dichlorophenol indophenol, o-cresol indophenol, 1 
naphthol-2-sulfonate indophenol, tol'~~ylene blue, thio- 
nine, cresyl blue, rnethylene blue, indigo tetrasulfonate, 
and indigo disulfonate, in order of decreasing standard 
potential. Whereas in air the rate and amount of drop 

1This  work was conducted during part  of the tenure of a 
predoctoral research fellowship of the Carnegie Institution 
of Washington a t  i t s  Department of Plant  Biology a t  Stan- 
ford, under C. S. French, to  whom the writer i s  cleeply 
grateful. 

aThe  terminology is used by which the potential of the 
oxygen electrode is positive in sign. 

of potential were directly related to the stanclard 
potential of the oxidant, in rough agreement with 
Aronoff's data ( 6 ) ,  no regular relationships were 
found in the absence of oxygen, Thus the reoxida- 
tion of the added oxidant can obscure the redox 
state of the chloroplastic reductant. The following 
data were obtained with anaerobic (nitrogen) reaction 
mixtures contailling 0.05 M phosphate buffer a t  p H  
6.5, chloroplasts a t  a concentration of 5-10 x $1 
chlorophyll, and oxidants a t  a concentration of 
5 x M, a t  15' C and a t  a light intensity of about 
1000 ft-c. MeBl was reduced the most rapidly-e.g., 
1.14 M/min/M chlorophyll-yet it  was not completely 
reduced. I n  comparison, 2,6-dichlorophenol indophe- 
nol, toluylene blue, and indigo tetrasulfonate were 
reduced a t  rates of 0.53, 0.53 and 0.02 M/min/M 
chlorophyll, respectively. Also, some dyes of both 
higher and lower standard potentials than MeB1 were 
reduced by fresh chloroplasts to lower potentials than 
n a s  IIeBl (Table 1 ) .  The lowest potential measured 

TABLE 1 


COLIPT'TED POTENTIALS A
STAXDARD (Eof) (VOLT) O F  
SERIESOF OXIDASTS THEIR NORMAL A N D  POTEN-

TIALS (Eh) (VOLT) BEFORE AND AFTER 
REDUCTION ILLUXINATEDBY 

CHLOROPLASTS 

2,6-Di-
chloro- Tolu- Cresyl Meth- Iniligo 

Oxidant phenoI y1ene 	 disul-
indo- blue 'lue foliate':1"Z! 

phenol 

pI I  6.5 
E,' 0.283 0.169 0.116 0.060 - 0.067 

15" C 
Init ial  Eh 0.435 0.448 0.496 0.471 0.470 
Eh after 

2.75 h r  0.071 - 0.239 - 0.046 0.011 - 0.009 
Potelltin1 

drop (volt) 0.364 0.687 0.542 0.460 0.479 

was approximately - 0.23 v ( E , ) ,and it was achieved 
with toluylene blue. There is no reason to believe that 
this is close to the maximum reducing power of chloro- 
plasts 212 'itro, but this value is probably the nearest 
of the above to the latter. The possibility of an elec- 
trode being poisoned was lessened by agreements be- 
tween two electrodes per reaction mixture, and by 
reproducible results. The loss of photolytic activity 
sustained by the chloroplasts in each reaction mixture, 
during the course of these experiments, was not deter- 
iilined. However, the various oxidants in a given series 
of experin~ents (Table 1 )  were photolytically reduced 
by the same preparation of chloroplasts in separate 
x-essels, sin~ultaneously. 

I t  can be concluded that characteristics of the osi- 
clant, other than those associated with its standard 
potential, affect the apparent reducing activity of 
illuminated chloroplasts. The fact that photosynthesis 
occurs in the presence of osxgen and other oxidants 
of higher potential than CO, (4)may be another 


