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INTRCDUCTION 

Since the first papers on t.he isolation of insulin were 

published in 1922, JJS.ny millions of woras have been printed on the 

subject. In going over the litera.ture, it is no simple :natter to 

pick froi:a the numerous bibliographies anci papers which discuss the 

complete story of insllin, the various insulin moaificationa, and a 

study of the comparative actions ana advantages ana disadvantages of 

the uiany preparations commercially available. To say the least, to 

the doctor who does not have to deal with diabetes regularly in his 

practice, and especially to the llledical stuaent, whose mind is al

ready so filled with such an array of connected an� �isconnected 

facts, the intelligent use of insulin becomes a rather complicated 

problem. As Gerritzen (1) s�ates, "To choose the right ineulin for 

a certain diabetic patient is not a simple matter. It requires a 

thorough study of the particular manifestations of the case,. and a 

knowledge of the charac�eristica of the various insulins existing, 

to adapt the insulin therapy to the indiviaual need. It woula be 

of great value, therefore, if the physician could be guiaea in the 

choice of the �oat auitable insulin, or if the patient is alreaay 

using insulin, in making a cha.nge Lhat might be of benefit in the 

particular case." 

This paper, theiefore, represents an attempt to tell the story 

of insulin, and to discuss the �oat important of the insulin 

preparations available, so th�t treatment of diabetes by proper 

selection of the indicated insulin preparation will be aimplifiea. 
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HISTCRICAL ASPECTS 

Diabetes mellitus, as a disease in man, has been known and 

recognized for uiany centuries. Much has been written about diabetes 

and various ciifferent methods have been used to control its clinical 

manifestations over the years. However, it was not until the 

aiacovery by danting ana Best of the active principal of the Islets 

of Langerhans insulin, 1.hat it became possible for persons with 

severe 4iabetes to lead acceptaoly nor.'.J18.l and productive lives. 

The Islets of Langerhans were first uescribed by Langerhans 

in the year 1869. This man was a histologist and he :nade no attempt to 

ascribe any particllar function to them. Von Mering and Minkowski in 

1889 made the funda�ental discovery that tot.al re.JJOval of the pancreas 

in dogs produced a disease which resemblea ordinary human diabetes 

mellitus, producing in their laboratory animals, glycosur1a, 

hyperglyce4lia, ketonemia, and loss of body weight. La 3uesse, a 

Frenchman, was the first .nan to refer to the pancreatic islets as 

Langerhans islets. This reference is found in papers published by 

La Guesse as early as 1893. The name insulin for the as yet hypo

thetical secretion of the isl�ta �ppearea as early as 1909 (ue Meyer). 
(2}. 

It was ilr. danting, in the year 1921, who first conceived in 

his mind a workable pl�n for the isolation of islet tissue and hence 

its active principal, insulin. Dr. 3a.nting was a not too successful 

practicing physician of a small Canadian town, who supplemented his 
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meager income from :ed1cine, by giving lecturea � �  near college. 

It was auring the prepar�tion of some notes on a lecture he was to give 

on the pancreas that his now famous iaea came to him. It was his iuea 

that if the pancre1tic ducts which emptied digestive enzymes into t.he 

duodenum were liga�eu, it would cause that part of the pancreas that 

was responsible for the pro.iuction of' the uigesi.ive juices to atroi-'hY, 

thus l1;;aving on.i.y the Isl1;;ta of Langerhans, which he hoped wou'ld still 

be in a nor.::nal roauctive state. He presented his idea to the head of 

the physiology department of the Univ. of Toronto, Professor MacLeod, 

ana lftar a time, it was agreed that ur. Banting might use the 

facilities of the university for his work auring one SWl!ller when 

regular cb.sses were not being held. It was also decided that C. H. 

Best, then onl� a stuaent with an organic chelli.stry background, would 

be his asaistait. Best is said to have asked 3anting how much he 

would oe paid and Banting is said to have answered, "Your salary will 

oe twice mine a.nd my salary is nothing. 11 Thus was started the work on 

the iaolatior of the active principle of the Islets of Langerhans, 

which culmlir.a ted in the discovery of insulin, the perpetual fa�e of 

these two great men, and finally the actuality of norllllll, healthy and 

productive lives for the millions of pe�sons suffering fro diabetes 

the world over. 

The first insulin injected inc.o living ani:na.ls, and which con 

trolled blood sugar, was prepared from the atrophied pancreatic tissue 

of dogs. The pancreatic tissue was relllOVeQ from doge which had, some 

weeks previously, been subjected to th� surgical procedure in which 



the duct draining into the duodenum has been ligated. This material was 

placed in a mortar with so�e sand and thoroughly ground up and 

then an extract of the ground-up material was wade and subsequently 

injectea into other iiabetic dogs. Banting and Best knew that an 

important milestone in medicine had been reached when they demonstrated 

the blood sugar lowering effect of this extract. It was soon found that 

a better yield of insulin could be gotten in a much lees tedious manner 

by extracting insulin from fresh beef pancreas with alcohol, some of the 

fat being re:noved from the preparation with a fat solvent. The first 

human subj icts to receive insulin were, first, Banting and then Best. 

The firs· diabetic patient to receive insulin was Leonard Thompson, a 

diabetic boy in a medical ward of the Toronto General Hospital. (;) 

With the discovery of insulin, as has been so aptly stated by 

Oa.mpbell, (4) nDiabetes has oeen changed from a metabolic disease, 

1ncapacita�ing and progressing slowly or more rapidly to an inevitable 

end, to a metabolic defect. And this �eta.belie defect is controllable 

by suitable diet and akillful application of crutches called insulin; 

thus enabling the pat�ent and his family to live long, happy, and use 

ful lives. The physician who cannot use thia weapon for the strengta�n

ing of his patients m,:,ral; who cannot !lla.ke his patient see that science 

has discovered a way r.o trair. him to win the game is, indeed, to be 

pitied: he and hie patient also, for hope well founded is the moat 

precious thing that wi can offer the suffering." 
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CHEMISTRY OF INSULIN 

The exact structure of the insulin molecule is still to be worked 

out; howev�r, great strides have been maQe in the past several decades 

towara the understanding of �he structure of this complex protein 

molecule. The insulin �olecule is built almost entirely 

of amino acids and i richer in the acid leucine, glutamic acid and 

oystine than most other protein molecules known. Chubnall concludes 

from his work that i�sulin is a system of 18 peptide chains of un-

like composition. He has isolated the following a!llino acids and their 

approximate % concentration accounting for 95% of' the insulin molecule. 

arginnie 3.05% amide ammonia 1.65% proline 10.% 
histidine 10.7� leusine 15.4% phenyla.laad.ne 1% 
lysine 1.26% glutamic acid 17.5% serine ,.57% 
cystine 12.5% alamine 4.7% threonine 2.66% 
tyrosine 12.5% 

The maximum mol�cular weight of insulin when in a .4 - 9%

solution at a PH of' 7 - 7.5 is 4e,ooo, but when more dilute solutions 

of the hormone are used at PR values below 4 or above 7.5, the insulin 

molecule dissociates �nto subunits having molecular weights of about 

12,000. When insulin is oxidized with performic acid, the molecule 

is split into i ta sepe rate polypeptide chains. Of these, two fractions 

have been isolated; the first being an acidic fraction, containing no 

basic amino acids and, the second being a basic fraction. It is felt 

that these two physiologically inactive components are normally linked 

together by the - S - 3 bridg,s of cystine and perhaps by other as 
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yet unknown bonds. It s also thought that the 12,000 mol. weight 

fractions are composed of two identical acid chains and two identical 

basic chains. Jensen ( ) states that the insulin molecule contains 

}.2% sulfur. When a dilute solution of insulin containing eJJ1all 

amounts of salt is heatea, a floceulant precipitate is formed. 

Waugh (7) has shown that insulin can be modified to yield fibrils. 

In fibril formation two reactions are involvec.i. Fi rat the form!:l.tion 

of active centers, and second the elongation of these into fibrils. 

The rate of fibril formation increases with increasing hydrogen ion 

concentration, salt and protein concentration, and temperature. The 

resulting fibrils have little or no anti-diabetic activity, but can be 

converted into active insulin by changing the reaction to the alkaline 

side. He also found that by seeding an insulin solution with fibrils 

a complete conversion of the active insulin into inactive fibrils was 

brought about. Insulin s hydrolized by pepsin, trypsin, kinase and 

pap�in and the physiological activity is permanently lost. The potency 

of insulin seems to be rElated to the intact structure of the molecule. 

During the hydrolysis of insulin with any one of the above enzymes, 

the physiological activi�y disappears �uch more rapidly than does the 

digestion of the protein. This fact would suggest, according to 

Scott and Fisher (5) tha' those linkages which are first attacked by 

the various enzymes are of special significance for the physiological 

action. With this in mind, attempts were made to follow the tyrosine 

content of insulin during hydrolysis by pepsin. In these experiments, 

this amino acid w�s one of the first to be split off, whereas the 
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cystine content of the protein remained practically unchanged auring 

the early stages of digestion. It could not be established, however, 

that t.he loss of activity w.:1.a directly related to the tyrosine fraction. 

Other experi&ents indicate that certain hydroxy, amino, or imino 

groups are concerned with the physiological activity of insulin. 

Orystalline in3ulin can be prepared by the addition of metal 

salts of zinc, nickel, cobalt anu cadmium. these crystals are 

sligptly doubly refr1ctive and have a refractive index of l.58. 

Microscopically thes9 crystals present the appearance of rhombo

hedra, approximating to cubes which are stan�ing on one corner. It 

has also been shown �hat insulin will form crystalline prouucts with 

each of the bases, iao-a�lamine, n-auiylamine, and piperiaine. In 

general, these crystals have a needle-like appearance. 

It is generallr assumed that both endagenous and exogenous 

insulins are rapialy destroyed in the organism, but knowledge of the 

site anu mechanism o· this aestruction is incomplete. Karelity and 

associates in 19� showed that blood cells in vitro showed a greater 

inactivat�ng effect en insulin than did plasma alone. This effect was 

multiplieu two to three times if the blood cells were laked. It was 

conclu�ed fro� this that inactivating factors in the blood were 

mainly intracellular. 
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PHYSIOLOGY CF INSULIN 

Aa is true of vhe chemistry, much remains to be learned con

cerning the phyaiolo�ical role insulin plays in human metabolism. 

fhat insulin exerts _ profound effect on olood sugar levels was 

demonstrated by :aan1.ing amt i3eet in t.heir early work. .l'hese 

workers coula only guess, however, the exact �echanism of this 

action. Insulin is produceu in 1,he Beto cells found in the Islets 

of Langerhans and the Beta 6ranulee found there-in are the morpho

logic expr�ssion of the insulin content. The function of the alpha 

cells, also present in the islets, re.iains unknown. 

Insulin promotes the oxiuation of glucose by the tissues, the•e

by causing a corresponding reduction of the blood sugar. Insulin 

is necessary in deposition of glycogen in the liver and muscle. 

Insulin plays a part in the regulation of sugar foruiation fro:ri protein 

and fat in the liver. Insulin is also utilizea in the pro.1I10tion of 

the deposition of fat from g_ucose in the diet and prevention of 

hetaais. 

Insulin is a hormone and as such aoes not initiate any new 

metabolic process in .. he body, but
,. 

rather, influences the rate of 

speed of existing pro:esses y accelerating or inhibiting certain 

enzymatic reactions. Best(�} states that one molecule of insulin 

accounts for the comp ete utilization of some 15,000,000 molecules 

of glucose per hour. In the metabolism of glucose the phosphorylation 

of glucose by ATP to glucose 6 phosphate takes place. This 

phosphorylation is catylized b� hexckina.se and is a necessary 

reaction for 
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further biochemical oxidation of glucose. The transformation of 

glucose into clyco·gen is a..J.so dependent upon initial phosphorylation. 

It was observed in .945 that the hexokinase reaction can be inhibited 

by an extract of the anterior lobe of the pituitary gland and that this 

inhibition is .bolished by insulin. It was later observed that certain 

horiones from the aarenal gland exertea ihe same inhibitory effect on 

the hexok:inase reaction. It was also noted that. certain pituitary and 

aarenal hormones tended by their action to increase carbohydrate 

formation from protein by the liver, an� to diminish 

the peripheral utilization of glucose, while the pancreatic hormone, 

insulin, had an opposing action at both sites. aoth of these 

effects of insulin are explained in terms of an increase activity of 

the enzy�e hexokinaee. The methods were devised for measuring 

hexokinase activity in extracts of muscle and other aniaial tissue. 

The addition of insulin to such preparations had_££ effect on the rate 

of the hexokinaee reaction. It was found, however, that the rate of 

the hexokinase reaction could be depressed by the addition of certain 

protein fractions oot.a.ined ..:"ro::n the pituitary gland ano. that inhibition 

of the reaction could be much more marked if the pituitary extract 

was supplemented with adrenal cortical extract. Sy itself, the adrenal 

cortical ext�act exerted no inhibition. The inhi�itory effect of this 

co;nbination • of pi tui ta.ry and adrenal extracts was shown to be 

completely abolished when ineulin was added to the extracts. It was 

also shown that insulin which had oeen altered so as to lose its blood 

sugar lowering activity by the addition of a. mild alkali, also lost 
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ita ability to exert an effect on the hexokinase system in tisaue 

extracts combined wi�h the adrenal and pituitary hormones. 

When hexokinase activity was measured in muscle extracts- from 

diabetic animals, adrenal cortex extract alone was found to produce 

inhibition as great as that obtained by the adaition of both pituitary 

and aarenal cortical horwone in normal tissue extracts. Frofil this 

observation it is thought that there must oe present in diabetic 

extra.eta an inhibitory factor of pituitary origin, in sufficient 

amounts to give rise to marked inhibition in insulin free extracts 

when adrenal cortical hormone is added. 

Thia work has led Colowick (9) to the conclusion that insulin is 

not essential for glucose utilization, but serves rather to oppose the 

inhibitory actior of anterior pituitary and adrenal cortical hormones 

on this process. No insulin effect on glucose utilization could be 

obtained in these experi�ents unless these inhibi�ory factors were 

present. 3ut the fact remains that insulin can also exert certain 

effects in the aosence of pituitary and aurenal factors, as deino�

strated by its profound hypoglycenic effect on adrenalecto:riyed and by 

hypophysectionized animals. 

0f interest is �he work reported by Houssay (10), who states tha. 

t very different a.nounts of pancreatic tissue, with or without 

innervation or in grarts, secrete insulin at the exact rate needed 

to maintain the norma.. blood sugar. The blood sugar level can be kept 

normal oy a panc�eas reauced to one/seventh its original mass and also 

in a dog whi h has ·hree pancreases grafted into its cir-
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culation. On the other hand a re�uced pancreas secretes sufficient 

insulin to maintain normal blood sugar, but it is unable �o correct 

diaoetic hyperglycemia. 
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THE VARIOUS CCMMERCIALLY AVAILA3LE INSULINS 

�s stated by Margolin (11) coDU1ercially available insulin 

preparations can be classified according to duration of action 

into three ain categories, namely; l. Rapid Acting Insulin, 2. 

Inter.11ediate Acting Insulin, and 3. Prolonged Acting Insulin. 

The important insulin preparations to be considered in these 

categories include the following: 

l. Rapid Acting
(a) Regular Amorphous Insulin
(b) Crystalline Insulin
(c) Semi Lente Insulin (not available co:Ihllercially

in the U.S.) 

2. Intermediate Acting
(a) Globin Insulin
(b) NPH Insulin
(c) Lente Insulin

3. Prolonged Acting
(a) Protamine Zinc Insulin
(b) tJl. tra Lente Insulin (not available co.cn::uercially'

in the U.S.)

·ro the studen .. of diabetes anu insulin therapy the above outline

may seem to be rather incomplete, and it can be argued with probable 

justification that ether preparations should be --included. for 

consideration. However, since the discovery of prot.amine insulin by 

Hagedorn, and its introduction into clinical usage in 1936, there have 

been a constant stream of :nodifications of insulin having the coill.llon 

attributes of prolonged action by virtue of differences in 

soluability in tissue fluids at �he approximate PH of the body. 

Combinations of 
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insulin with protein precipitants (protamines, histones, globin, kyrin) 

or chemicals (hexa.au�e, iso-cyanate, poly viny:l pyrroladone) have been 

used. Physical preparations vary from a clear to cloudy suspensions. 

Jy varying the quantity of agent usee1 in proportion to the insulin, a.no. 

the zinc content, or both, either in bulk, or extemporaneously by 

mixing, the preparation of a wide variety of combinations having tiwe 

activities ranging between the short profound action of regular insulin 

and the long slow effect of PZI is ma.de possible, However, all 

preparations display the fundamental characteristic hypoglycemic 

reaction of insulin anci they differ from one another only in their rate 

of onset of action anu luration of effect. Thus far, duration of 

action has never been obtained except at the expense of rapidity of 

onset. Clinically the .:DB.jor problem has been to determine which 

particular ti�e activity best meets the average daily needs of the 

greatest nu�oar of diabetic patients. 



AMORPHOUS INSULIN ANJ.J CRYSTALLINE INSULIN 

As has oeen s�ated, �he first insulin to be isolated was 

extracted fro.ll the :iancreas of laboratory o.ogs by .3ant1ng ana Best. rhis 

first insulin ,as essentially the same type of insulin as what 

is now known as unmodified or alllOrphoua insulin. 3anting anu Best used 

somewhat cruo.e · metho�s for extraction of their preparations 

and as a result their aJ10rfhoua insulin was not in as pure a state 

as present day com.n{rcially preparea amorphous insulin. 

Most insulin is preparea from fresh beef or pork pancreas and 

is extracted fro.n these organs with a 1/6 normal solution of acid 

alcohol. This acidic solvent has the effect of putting the insulin 

�olecule in solution ana thus washing it out of the pancreas along with 

some other similar protein materials. !he alcohol is then distilled 

off leaving en acidic solution of amorphous insulin. Commercial 

preparations contain .1% phenol as a preservative. PH of the prepa

ration is 2.5 to).�. The biological activity of the insulin is 

assay on rabbi ta ana mice. It is supplied in 10 cc vials in 40, 80 and 

100 uni e per cc. 

With the isolation of sizeable a;:nounts of amorphous insulin, work 

was soon begun in an attempt to prepare a pure crystalline product 

that could be seperated from the impurities extracted along with

insulin. Crystalline insulin was first prepareu by Abel (12) in 1926. 

His xethod included the use of pyridine and brucine in order to 

promote crye�al for'118.tion, but it was tedious anu tiwe consumiag with 
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poor yields and no� applicable for large scale production. However, 

this was the first instance of a hormone having the properties of a 

protein b�ing prep.reu in a crystalline form. In 192e Harrington and 

Scott succeeded in forming a crystalline insulin employing ea.ponin 

to promote crystal for.nation. Their mettod also proved unsatisfactory 

because different sa�ples of reagents used to promote crystallization 

behavea quite diffErently in their power to promote crystal formation 

and also yields by their method accounted for only 5 - 15% of the 

activity of the crude insulin powder. However, their crystals had the 

same microscopic aipearance and cheillical analysis as those isolated 

by Abel. The reaults also showed that different batches of insulin 

crystals prepared by different methods had the sa�e physiological 

activity, namely, �4 international units per mg. 

During 1929-;0 many experi�ents were conducted in attempts to 

improve the existing methods of crystallizing insulin. Further work 

indicated the presence of aoille substance, apparer.tly unknown to all 

persons working on the problem that imple�ented crystal formtion. 

It seemed probable that an inorganic substance playe� a definite role 

and since it was known that the pancreas contained appreciable amounts 

of cobalt, sine, and nicke .. , it was not long before it was shown that 

the addition of zinc to an insulin preparation resulted in almost com

plate crystallization of the insulin. Tpe amount of zinc necessary 

to affect crystallization was aoout 1 mg. of zinc to 1000 international 

units of insulin. rhe cry:tals obtained in this l1JB.nner were found 

to have the sa�e .rJ.croscopic appearance ana. physiologic activity as the 

crystals that h1a. been isolated by the earlier methods. Further 
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work de.aonstrated that a similar effect could be obtained using either 

of the metals cobalt, nickel or cadadum. 

Thus a crystalline insulin in a highly purified si..ate and free 

of foreign protein had been isolated by a method that was applicable 

to large scale production and which gave almost 100% recovery of 

the active product from the cruue. Zinc Insulin crystals are slightly 

doubly refractive ana. have a refractive index of l.58. Scott and Fisher 

(1�) feel that zinc insulin is a metallic salt. Since there 

is no foreign protein presen in zinc insulin, it is preferable 

in allergic patients. 

Commercially prepared zirtc insulin is a purified aqueous 

solution of crystalline ineulin. It cont�ins .1% phenol as a 

preservative and has a PH of 2.� to J.5. It ia supplied in 10 cc 

vials of 40 and 80 un·ts per cc. 

Crystalline ins.llin ana. a:norphous insulin are similar in action. 

Peck, F. B. (14) states that there is no significant difference in the 

action of highly puriried amorphous insulin and crystalline insulin 

and it is possible to intercl.ange them at will in the treatment of 

diabetes whenever a rapidly acting preparation is desirable. Other 

workers, such as Rick,etts and Wilder (15) and Marble and Vartiainen 

(16) report the same concl•1sions.

Crystalline and amorphous insulins exhibit a rapid onset of 

blood lowering effect which, on the average, ia noticeable within an 

hour. Peak effect is noted in, to 4 hours and is ended by 8 to 12 

hours. Duration of action can be varied somewhat depending on the 
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site of injection, size of dose, concentration, blood sugar level, 

and unknown factors affecting the sensitivity of the patient. 

Gerritzen (1) found in the study of the action of regular insulin 

on nor:nal healthy sr.udenta that this insulin caused the blood sugar 

to reach a low poin-. after one hour and return to the starting point 

in 6 hours. 

Because of th6ir pro�pt anu intense but rapidly waning action 

these preparations �re now most coU11DOnly usea to supplellient modified 

insulins, such as FZI, in severe diabetes requiring large dosage. 

Haunz C,5) resorts r.o the use of tu,tl tiple doses of regular insulin 

exclusively, in his attempt to control the 11 bri ttl.e1 diabetic. 

They are also wiuely used to treat diabetic emergencies, such as, 

pre�operative and post-operative :nanagement in surgery, acidosis 

and co.na, or infect·ons anu injuries. They are also useful during 

the initial regulation of insulin dosage. They are used for shock 

therapy in schizophrenia where doses as high as 150 to 200 units 

are sometimes e�pl-0 yed. In malnourished and depressed states they 

are employed in aosages ranging from 10 to 4o unite to stimulate the 

appetite. 

The usual ;node of administration is subcutaneously 15 to 20 

minutes before meals• They are the only preparations injected 

intravenously in e�ergencies. 
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PROTWN� ZINC INSULIN 

Protamine zinc insulin was the first of the long acting insulins 

to be developed which has stoo<i the teat of time in the treatment of 

diabetes. Jamieson (17) reports that in 1951 FZI accounted for rnore 

than 65% of the total insulin preparations used in Canada. Over the 

last quarter of a century there has been a gradual evolution of methods 

of insulin �herapy in the management of diabetes. The origina.l short 

act.i ag preparations required multiple daily injections in many cases in 

or�er that blood sugar levels could be contrcllea during the daylight 

hours when food was being taken. It was also found that in severe 

cases the blood sugar coula not be satisfactorily controlled in the 

fasting state, when the patient was asleep, with the short acting 

preparations. 

This problem of the control of nocturnal blood sugar occupied the 

aiinds cf $3.IlY, and much work was <ione in order to develop an inaulin 

with delayed absorption which would be effective during the night. 

various proceuures were tried in or�er to slow down absorption. Insulin 

as a suap naion or an emulsion in oil was tried. It was injected 

together with a vasoconatrictor substance. Sparing by aoluable insulin 

ompounaa were developed. In order to get leas soluability the insulin 

was combined with kyrin, hietones, and 

finally globins a.:au protamines. 

Much of the work with prota.:ninea was done in the laboratory of Hagedorn 

in �enmark. Frotarnines are protein molecules extracted fro� 
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the ripe sperm of fish. frotaaJ.nes can be subdivided into mono

prota:nines, deprot1.uines or triprotaadnes according to their content 

of the ba.sic constituents of lyein, arginine, and histadine. When

protai:uine is aa�ea to insulin the two molecules form a loosely bound 

co�puund �ol cule which precipitates out of solution at a neutral FH. 

The a..ount of protadne that combines with insulin is 

l/10 the weight of the insulin according to Scott and Fisher.(5) 

,l'he first insulin preparations containing prota.nine were used 

clinically oefore ,he effect of aoding zinc to further prolong the 

action of protamin insulin was known. The literature contsina xany 

report& concerning the use of protamine insulin without zinc. Many of 

the clinicians mixed their own protauJ.ne insulin preparations. Root 

(le) an� his group reported that this early preparation had 

a prolonged effect, however, its effect was noteci for less than 

twent1-four hours. They also complained about the inconvenience 

of having to aux th� protaadne and insulin. 

Much speculat on has arisen as to the exact chemical mechanism 

for the release of neulin fro� protamine after injection into the 

depot. Sindoni (19) reports that the soluability of protemine insulin 

after administration depends upon the aJlQunt of seru� present in the· 

depot. Prota.aine ccmbinee with tissue fluid protein. The tissue 

protein has the effect of displacing the insulin from the protamine 

ana releasing it. �e suggested that variations in the amount of 

protein in tissue fluid or variations in the amount of protamine 

present in the insulin would cause variations in the soluability 
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and rate of absorption of insulin from the depot. In other words, 

a high concentration of t.issue fluid protein or a small portion of 

prota.nine would favor release of insulin, while a low concentration of 

tissue fluid protein or an excess of protamine would result in a slow 

release of insu in. Evidence was present8d by other workers that the 

splitting o protarine insulin is an enzymatic process and that the 

ac�ual enzyne is probably of the cathepsin type. 

Not long after the in roduction of protamine insulin Scott, D.A. 

and Fisher, A. M. (15) reported that zinc was an essential constituent 

of crystalline inaulLn and was also present in large a�ounts in the 

pancreas. This le<i ·wrkers to investigate the effect of the addition 

of zinc to prota...tlne insulin, for it was known that many metals form 

complex compounds with basic substances such as protamine. It was 

found that the physi:al stability of prota:nine insulin was much im

proved by the addition of a.ey of several metals, and that some of these 

resulte� in additional prolonged hypoglycemia. However, the only 

metals that had desirable effects without causing loss of potency were 

the metals zinc nickel, cobalt and cadiniu.n. 

Thus, protamine zinc insulin, as we know it today, was developed and 

rapidll beca�e the foundation of treat�ent. It contains l.25 ;ug. of 

protamine and .2 g. of zinc per 100 units of insulin. Co.:n.11ercial 

preparations cont.a.in .25% phenol as a. preservative. It is buffered at a .t"H of 

7.1 to 7.4 ana. forJiiS a wilky white suspen sion on shaking. l'heoretically, .67 

mg. of protallline is sufficient for complete precipi ation of the insulin 

pre■ent, but in actual 
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practice complete precipitation <ioea not occur. A e!lla.ll a�ount of 

insulin reJJained in soluti n. In order to pr.,c1p1 t:1.te 11 of the 

small amount of insJlin reuaining ana to place the soluability of 

the combination wel beyont the point where variations .:tlght result in 

significant alteration of the rate of activity, a substantial exceaa 

is added to �he extint of 1.25 mg. The excess also has the effect of 

combining with tissue proteins aoout the aepot of injection, thereoy 

aelaying ao�orption still further ana increasing prolonged actioh of 

the proau t. 

Protamine zin, insul�n shows little effect on the olood sugar in 

the first 6 - e 1ours. Its effect then becomes more intense and a 

riaxi:num effect is noted �n 16 - 18 hours, with still so.ne action 

present at 24 hours. Its effect has been reported to persist for 

as long as 30 - j6 1ours. Jerritzen (1) reports in his study cf 

the action of PZI oi. healt't'y o .. uuents that it had a duration of 

action of l8 hours ,ith the low point reached in 5 - 8 hours. 

PZI is mos� comLonly used to control moaerately severe and 

aevere diabetics an is excellent as a single injection where the dose 

is 4o units or less. In higher dos s the preparation will cause 

hypoglycemic reactions at night. It is injected only subcutaneously, 

never intravenously or iutramuscularly. .3efo re use, 

it is recommended t'1a.t the vial be rolled gent.ly between the hands or 

shaken gently to re suspend the contents. .Dosage is deter.mined 

by the needs of the indivi ual patient. It is raco:nmended that the 

initial aose shoulu be abot;t 2/5 of the daily a.:nount of unmodified 

insulin needed to keep the patient sugar free. Fasting blood sugars 
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are the best guide for require�ents. The dose that gives a normal 

to som�what suonormal fasting blood sugar is the highest dose that 

can be given withot;t danger of causing severe insulin shock during 

the sleeping hours. The patients' diet and eating habits have to 

be adjusted to fit the pharJJS.cology of the preparation. So�e 

workers recowmend that the total carbohydrate be divided so that 

1/5 is taken at breakfast, 2/5 at lunch and 2/5 at supper. Diet 

problems vary fro� patient to patient and it may be necessary to 

resort -.o oetween meal feedings and a bedtime snack. PZI insulin 

is supplied in 10 cc vials of 40 unit and 80 unit strengths. The 

required dose is us�ally taken by the patient l �o 11 hours before 

break.fast. 

Margolin (ll) £eels -�hat the 9hief importance of PZI is that 

nocturnal control o f the blood sugar level makes it possible to 

eliminate night sho�a. He also states that the cu�ulative overlap 

effect, which is at�ained in 2 - � days after starting on this 

insulin results in a onstant supply of insulin. A.a a 

disadvantage to the use of PZI h€ states that allergic reactions are 

most often seen with this preperation. Sindoni (19) reports that 

patients using FZI develop a aread of hypoglycemic reactions at 

night. They awake with a tinglir.g sensation around the znouth and 

on the fingers, 

or in a mental stupor to be succeeded by profound insulin coma. These 

patients �ay develof signs of mental impair�ent, as lapse of memory, 

forgetfulness, blurred vision. loss of appetite, frequent headache, 

morning nausea and vo.ni ting, weakness in the legs or marked fatigue. 
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He states that.patients ill8.Y carry a low blood sugar for some 

time without apparent signs or symptoms, and he points out that if 

the blood sugar supply is cut off for a few hours by insulin, ir

reversible nerve cell changes may occur. It has been shown in dogs 

that prolonged hypoglyce:nia can cause blindness, dea.f'ness, disturbed 

emo�ion, incoordin�tion, spa.sticity and paralysis. 

In spite of PZI with its control of nocturnal blood sugar there 

remained a group of severe cases which still required multiple doses 

of regular i1aulin along with PZl before both daytime and night time 

control could be estaolished successfully due to the slow onset of 

action of t·1e PZI preparation. With their eyes always on 

the goal of preparing an iJeal single daily shot prepara�ion, the 

next step of the early workers was to find a combination of a short 

and long acting insulin that would give an e�rly initial response 

coupled with the long action of PZI. Regular insulin was mixed with 

PZI in the sa::tle syringe and after ::nuch clinical trial it was decided 

that the 2:1 mixture (2 regular: l PZI) gave the most satisfactory 

control for rncat dh.betics as was reported by Colwell. (20) The 

dosage of the mixt�re was esti:nated in a.ccoraance with the amount of 

urinary sugar present in t1e day specimens an� the :r.orning fasting 

blooa sugar. The rapid acting portion oeing baaea on the daily urine 

sugar anu the slow acting based on the fasting bloou. 

Such mixtures were far from ideal due mostly to �he technical 

difficulty of their preparation. Both insulins had to be of the same 

unitage, either 40 or 80 units, and it was preferred that the same 
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manufacturer had prepared the insulins. The regular insulin was first 

drawn into the syringe, followed by the PZI. When the two are mixed a 

sizeable portion of the regular is precipitated by the excess 

protaJline present in the PZI �nd beco�es converted into the long 

acting insulin. This was undesirable due to the extreme care 

necessary in preparing such a mixture and also due to the fact that 

insulin activity vatied fro- batch to batch making it difficult to 

accurately predict just how a particular mixture would effect blood 

sugar levels. 

After much work was done trying to perfect this type of mix

ture, there then followed� deliberate attempt by various workers 

to pro�uce a prepar��ion which was both stable and uniform, and 

which could duplicate the action of the 2:1 JJixture in a practical 

aianner. 
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NPH INSULD-i 

Neutral Prota:uine Hagedorn Insulin or NPH, as it is called, 

is an insulin pre1aration giving a prolonged hypoglyce:uic effect, 

which is si:uilar vO PZI in that both preparations contain 

protaroine, zinc and in3ulin, but NPH by virtue of its own 

particular cheJdcal structurE is an insulin classified as 

in1.ermediate in action. 

In the prep .ration of NPH insulin an acidic solution of zinc 

insulin crya�als an� protamine in the proper a�ounts are placed in 

vials. Thia is then followea by an alkaline buffer solution, such 

th,t the acidity is raisea to 7 .2 anu results in the precipitation 

of prot.ami.ne zinc insulin crystals. Cne of the essential ate a in 

the preparation is the use of purified protaad.ne in a qu1nt1 ty 

such that it is sufficient to precipitate all the anti-aiab3tic 

ac�ivity of the preparation. NPH forms a white suspension upon 

shaking and is a buffered aqueous auspen� sion of crystals. A 

ari:A.11 a:nount of na.ce is included in the product as means of 

insuring the preparation of a uniform crystalline product. A 

small amount of glycerine is also present and metacresol is used

as a preservative. All of the protamine present in the 

preparation is combined with insulin, differing in this respec� 

from PZI which has an excess of protamine. The a�ount of 

protamine used is .5 mg. per 100 units of insulin. 

1.he protamine is o.eriveo. from the sper:n ana testes of fish of the

family 6almoniaae. 
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The action o" NPH insulin is intermedia.te between regula.r insulin 

and prota;nine zinc insulin. Gerritzen (1) in the study 

of the action of various insulins in now diabetic healthy individuals, 

finds that NPH has a aura ion of action of ll hours with a low point 

at� hours. Howev r, in aiabetic therapy its effect is generally 

claimed to still be noted as long as 2€ - }Cl hours with a peak effect 

noted at 7 - 11 hotre. Its action is considerably more rapid than PZI 

ana is clai�ed to be usually prompt enough to control the after 

breakfast rise in lood sugar which is not possible with Protamine Zinc 

Insulin. Its length of act.ion being what it is, it is, therefore, 

usually aole to carry most patients through the perioa of nocturnal 

fasting, having le s of an overlapping effect than PZI. 

One of the main adva.ntages in the use of NPH is that there is no 

excess of prota�ine in the preparation. This enables the clinician to 

prepare mixtures of NPH and regular insulin in the same syringe, both 

insulins retaining their own respective actions, and· the resulting 

solution of �he two insulins gives the same reaction as if separate 

doees of the two insulins were given at different sites at the sa:ne 

time. In this respect, NPH appeara i;,o be a satisfactory answer to the 

proble� of giving �ore than one ,shot a day to a patient. In 

a atudy of the action of NPH on 41 patients Boganz, et. al. (21) 

were able to get better control with NFH than they had previously 

been able to achieve with only PZI. They found that control with 

NPH was similar •to that gotten when a 2:1 mixture of Prota.d.ne Zinc 

lnsulin and regular was used. Sharkey ana. King (22) in a series of 
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2e cases JJ.ixed NPH and regular insulins an� were able to improve overall 

control and to reduce aeveri ty of the diabetes in these patients. 

Edwards, lance and Mulbolland (2;) found that the carry over effect of 

NPP. or 2:1 mixtures waa a desirable factor in treat ing severe and 

complicated cases. They found that NPR showed remarkable uniformity 

of action during the 24 hour period. Greenhouoe (24) states that 

reactions to NPH insulin tended to be leas insidious than those 

resulting from PZI and were therefore easier 

to recognize and tre�t. However, he reported a lack of uniformity 

as to the time of the day that the insulin reactions occurred. In 

his series he noted that with NPH insulin ;4.5% of the reactions 

occurred in the morn·ng, ;7.7% occurred in the afternoon, and 

27.8 occurred in �he evening. This phenomenon is rather surprizing 

since it ia known that Protamine Zinc Insulin is prone to cause 

reactions in the early moming hours and globin insulin haa its 

peak effect in the late afternoon. It is suggested that hypogly

ce:nic reaction with ? PH app rently: follow individual varia. tiona in 

the patients response to insulin �odifie�, of course, by diet and  

exerci ae. 

NPH insulin is a�miniatered subcutaneously. It should never 

be injec�ed intraoer:nally, intramuscularly or intravenously. Since 

it is in the form of a precipitate ana not in solution it �uat be mixed 

to insure a uniform suspension before being uaea. Vigorous 8Qaking with 

frothing is not recommended, but rather, it is recommended that it be 

mixed by rotation or inversion. It should be stored in a refrigerator, 

but care muat oe taken so that it does not freeze. If 
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precipitated clumps are noted or if the crystals are seen to adhere 

to �he sides of the vial, �he insulin should be discarded. 

If a mixture of NPH ani.l regular insulins is desired, it is 

recommended that the unmodified insulin be drawn into the syringe 

first, followed th:m by the NPH. These mixtures are leas variable in 

action than rnix�urea of Protamine Zinc Insulin and regular insulin. 

Dosage of NPH is individualized to the needs of' the particular 

patient as with ot1er insulins. In new uncomplicated cases, it is 

reco:lllJiended that the initial dose of NPH be 2/; the amount of regular 

insulin needed to keep the patient sugar free, and if this is not 

known, ten units should be chosen for the first dose. The dosage 

is then increased iaily or every few days by ;�5 units until 

adjustment is obtained a; eviderced by urine ana. blood sugar levels. 

If' a patient is on Protaadne Zinc Insulin, it is recommended that 20% 

less NPH be used. 
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JLOaIN INSULIN 

Globin insulin, as the na:ne implieQ, ia an insulin preparation 

to which purified g.obin, ueri!ed from beef hemoglobin, haa been 

added. It was fourn. in the laboratory by Reiner (25) that when 

insulin waa mixed wJth a solution of globin, the resulting solution 

remained clear at PH of 4 or leas and precipitated at Ph 1 a of 5 to 8. 

He also found that when .2 - .; mg. of zinc waa added to a preparation 

containing ;.e mg. of globin per 100 units of insulin, that the 

reaul ting hypoglyce aic effect in diabetic subjects lasted twice as 

long aa the effect cf regular insulin. 

The exact chemical nature of the insulin globin union is not 

know, and preaumabl y when globin insulin is injected in�o a dia 

betic ao;ne p recipi ta ti on of the sol ui.ion occurs at the site of in 

jection aa the PH of the solution begins to approach that of the 

body. It see�s pos:ible that at the lower PH values there is very 

little reaction bet" een the insulin and globin .llolecules. '£he 

resulting solution being only a homogeneous mixture of the two 

proteins. This could explain the relative rapidity of action of 

globin insulin, so�€ of the insulin escaping into the circulation 

before the PH within the depot became high enough to cause pre

cipitation of the insulin,globin complex. 

According to Sindoni (19) insulin ia releaaed from globin by 

simple solution and dissoci1tion. He found that the aoluabiliiy 

varieQ with PH, being least at PH 6 and that at body PH or·7.2, 
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there was consiaerable soluability, which he thought accounted for the 

rapid release of insulin. However, Reiner feels that the rate 

of absorption of the insulin is detern:ined, not only by soluability, 

but other factors as well. He found that varying PH did not greatly 

effect duration of '.'!YPoglycemia, but that �ecreasing the amount of 

globin in the preparation shortened the action of this insulin and 

also that the amounc of zinc present affected duration and intensity of 

action. At any rate, a prolonged acting insulin in the form of 

a clear solution was produced, which has the advantage that it does not 

have to be ahaken in o.-o.er to get a uniform suspension as do 

some of the turbiu )recipi�ated preparations. 

Commercial globin insulin contains }.7 mg. of purified beef 

globin and .�l mg. ,f zinc per 100 units of insulin. It is supplied in 

vials at both 80 unite ier c.c. or 4o units per c.c. The ueo

preparation is a cl�ar amber in color and the U40 preparation is water 

clear. It contains 1.5% glycerine to .cake the solution isotonic and 

to miniadie local irritation and discomfort. It also contains .25% 

phenol and this, along with the PH, are saia to contribute to the 

maintenance of sterility. It is ver:, stable. It has been observed 

that no no�iceable change in pot.ency occurs even after several years 

storage in the refrigerator. However, it should not 

be stored at room temper�ture, as soxe loss of potency does occur when 

stored in this manner. 

The action of globin insulin is intermediate between regular 

insulin and prota:nire zinc insulin. Its action begins two hours after 
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injection, with hei ht of activity being noted in 10 - 12 hours. 

!here is some disagreement as to the exact length of duration of

action; so�e authors feel that it is completely out of the system 

in 16 hours ana others state that some activity can still be noted at 

24 hours. However, it is pointed out, that with increased dosage, 

both intensity ana. o.uration of action will increase, but that with 

the average dose, there is no overlap with daily injection, so cumu 

lative effect is not a factor. Bauman (27) saw the need for an in

sulin that exerted its maxi�-wn effect during the day when food was 

being assi::id.lated; and by virtue of its relatively rapid action, 

globin insulin tends to give better control of past prandial glyeo

suria and because of its prolonged action also controls nocturnal 

hyperglycemia. 

It is recommended that globin insulin be injected into the deep 

subcutaneous tissues r.ther than intramuscularly or into the skin. 

Sterile technique should be adherea to and the site of the injection 

ahoula be varied. Care also must be taken not to inject this 

preparation into the vain, because it precipitates at the PH 

of the blood. It sho�ld not be used to treat diabetic coma. 

Jlobin insulin is aaid to be the most efficient prepar�tion 

unit for unit co:npared with other insulin preparations requiring only 

}/4 the a..uount '.'leeded ,,hen other insulin is used to ootain the same 

control. As with the other insulins, dosage is based upon the amount 

necessary to provide an approxirr.ately nor::na.l blood sugar or sugar 

free urine bef re breakfast on the da.y following injection. 
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In starting a new patient on globin insulin, it is recommended that 

the patient be placed on a diet for several days, then blood sugar and 

urinary sugar studies oe ma.de. One worker recommends that 2;, of a 

unit of globin insulin should be useu for each gram of sugar excreted 

in the urine in 24 hours. If, after starting this schedule, it is 

found that the morning urine specimen contains too �uch sugar, it 

would �ean that the patient was either getting too little insulin or 

that his diet was too high in calories, or that he was getting too 

many calories i� his evening meal, or a combination of all three of 

these factors. 

Bauman (2e) in his s ries found that there was a hypoglycemic 

tendency which was usually seen in the late afternoon. Thia, he 

felt, could be aaequately controlled oy diet, large meals being taken 

at noon and evening, and an afternoon snack allowed if indicated. He 

recom:nended injection one hour before breakfast in oraer that the 

effect of the insulin woula be felt oy the ti�e the morning meal 

was being aaaimilattd. Some diabetics were found to react rather 

slowly to globin in3Ulin, the height of reaction coll1ing late in the 

evening. In these asea a bedtime snack waa recommended. In follow

ing the effect of g obin, it is recol'll!Ilended that a fasting blood 

sugar, anu also a blood sugar, when the effect of the insulin is 

g_reateet, be taken. These samples show if hypoglycemic reactions are 

i:mninent and also indicate if the patient can tolerate higher doses, 

if it appear� that the action is not prolonged enough. 
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It is cited a a point in favor of the use of globin, that 

there is greater fNedom from the danger of allergic reactions. 

Glooin in the amoun· usea iri the preparation is only weakly anti

�enic and Bauman states that he has seen no evidence of allergic 

manifestations with its use. In patient-a who have a proven allergic 

tendency toward protacnine, the use of $lobin insulin appears to offer 

distinct advantages. 
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THE Ni:4'N INSULINS; SE..\11 LENT�, LENT� AND ULTRA LENTE 

Although significant )regress has oeen ma.de in the past twenty 

years with regards to iodif.rfng the action of insulin, and preparing 

various types of insulins with different ranges of action, it 

has not been felt by the insulin chellists or clinicians that any 

insulin preparations yet avdlaole were the complete answer as far 

as di�betic therapy was concerned. Thus the work of preparing new and 

different i;,ypes of insulins has been carrieu out in laboratories in 

different parts of the wo�ld in the hope that finally a one shot 

preparation could oe perfected which woula answer the problem of 

ma.king it possiole for the diabetic organis� to approach .oore closely 

the finely regulated metabolism of the normal organism. 

The labor�tocy of Hallas-M,ller of uerunark has been the scene of 

some of the moat intense and worthwhile work on the problem of insulin 

preparations, These workers for the past fifteen years 

have been studying i�sulin chemistry and preparing ana testing 

various insulin preparauiona and in 1951 they worked out the process 

for the production of Lente insulin, which appears at the present tLue 

to be a rather substantial contribution to the problem of insulin 

therapy. 

In the past few years Ha.llas-M,lller and his group had concen

trated on trying to elusidate the fundamental role which zinc pla.ys in 

connection with insulin �nd the interaction between insulin and zinc. 

It waa first discovered. that phosphai;.e ions used in the prota.

mine zinc insulin preparations are able to influence the physical 

chemical relation between insulin and zinc. Over the years it had· 
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been the habit of various workers to uae the phosphate ion as a 

buffer in insulin preparations. In his series of experiments 

Hallas-M;'ller showed that in ora�r to prepare long acting insulin 

which was inaoluable at the PH of the blood 1 t was necessary to add 

prot.alline to the preoar:i.tion when phosphate buffer was employed in 

the prepar�tion. Rowever, when acetate buffer was used instead of 

phosphate, zinc insu in could be ma.de to precipitate out in the 

preparation which was insoluaole at the FH of the blood without 

the usual necessity of adding protamine to the preparation also. 

The amount of zinc used to attain this new tine insulin was 2 mg/1000 

units of insulin and the insulin attains just as high or a higher degree 

of inaoluability as insulin in combination with prota.mine. 

The zinc insulin containa che!J2ically c�mbined zinc. It is felt that when 

phosphate ouffex is usea the affinity of zinc for phosphate is greater 

than for inst:lin, this having the effect of not allowing the zinc to 

become chemically bound to the insulin; thus necessitating 

the added step of suvplying prota..dne to the preparation before 

precipi-r.a.tion at blooJ PH ta<:.ea place. However, when phosphate inter

ference is eli.ninatea by using the acetate buffer, zinc is allowed 

to combine chenically with insulin ana a precipitate is formed at 

blood PH without the neceaai�y of adding protamine to the preparation al 

ao. The physical a ta te of thi a insulin preparation varied depend-          

ing on the PH of the soluLion from an amorphous material to crystals of 

different size. Biological experiillent with doga revealed th�t the new 

preparation aelll.On trated prolonged activity. These insulin crystals 
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when suspended in a solution of zinc salt are preservea intact and 

are completely undissolved in the PH range from 5 - 8 provided that 

substances that may interact with the zinc are not present. 

It had not been possible before this ti�e to prepare insulin 

crystals with �ore than .8% zinc, howev�r, this new insulin has been 

shown to contain ..aore than 2% zinc. Apparently the structure of the 

insulin crystals per.nits au stances to enter into the crystals by 

diffusion and react chemically with the. insulin within the crystal 

lattice. The insuli� cryet�ls with an increase zinc content are, 

contrary to the ordinary crystals, insoluable in water at the neutral 

point and retain their excessive zinc content, but by sus         

pending them in a neutral phosphate buffer they dissolve as the 

zinc is liberated an� precpitated as zinc phosphate. By increasing 

the zinc content of the cry. tals not only the chmnical but also the 

biological properties are al tered. The action of ordinary insulin 

crystals suapended in water is not significantly different fro� that 

of ordinarily dissol ed insulin, but with crystals of increased zinc 

content a striking prolongation of insulin action is found. Of 

interest also is the. finding that by varying the physical state of 

this new insulin ano. its zinc concentrat.iQn, it is possible to make 

insulin preparations ranging in activity froffi ordinary insulin to one 

exceeding the prolon;ed action of the protamine - zinc insulins. 

Insulin prepared in this :na.nner w±ll appear as an a�orphoua modifi

cation at the mo�ent of precipitation, but at the PH interval from 

5 to 6 it is transformed into a crystalline modification after the 
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passage of a certain time. This means that the amorphous state is 

stable only outsiae this ph interval, whereas the crystalline form, 

once it is established, will be stable over the entire precipitation 

zone. 'rhis chemical phenomenon forms the basis for the introduction 

of three new insuli�s into the armancentarium of the physician treat

ing diabetes. 

Semilente insulin is a suspension of crystalline insulin in 

the amorphous state and has an action range of 12 to 14 hours. It is 

prepared by the rapid adjustment of the PH of a solution of ine•lin 

and zinc.upward to he neutral poin�. 

Ultralente is a suspension of crystalline insulin crystals of a 

size of 10 - 20 microns and has an action range beyond ;o hours. It 

is found when the zinc insulin solution is carefully aajusteci to a PH 

range of 4.6 to 5.7. 

Lente, which has the widest range of application with an action 

of about 24 hours, is a suspension of cryatalline insulin, partly in 

the amorphous (;0%) anu partly in the crystalline (70%) state. 

The zinc content of all three preparations is 2 mg./1000 units 

of insulin or the same as PZI. The insulin employed is crystallized 

at least three time. in oraer to insure purity and tolerance. It is 

felt that tolerance to the lente preparations should prove to be 

excellent, due to the fact that, apart from the acetate buffer and 

sodium chloride added to obtain isotonicity, the preparations contain 

no foreign substances. 
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The first clinical trials with the new insulins were carried 

out at the Hvidore lospital in Copenhagen, Denmark. In previous 

studies M. Jersild of that hospital had shown that there may be 

great differ�nces in the way that different patients react to the 

ea.me insulin preparation. In studies with NPH insulin it was shown 

that some patients re�ct quickly to the preparation, the effect of 

which is to_ make the night insulin supply inadequate. This was 

called an A reaction and can be graphically represented thus, '-"' • 

Other patients reacted slowly to the NPH, the supply of inaulin 

being inadequate during the day. This was called a C reaction and 

was graphically represented thus I'"\ Other patients • 

obtained good twenty-four hour control with the preparation. Thia 

was called reaction B and was graphed as a - • Thia sarne picture 

was observed when patients 'lere given clinical trials with semilente 

and ul tralente preparations. When Semilente insulin was used alone a 

predoi.llinence of"-../ A reactions was seen and when Ul tralente was used 

a predominance of' C � reactions was noted. It was these findings 

that prompted these workerG to prepare the mixture of

Se.:nilente and Ultrahnte which is called lente and which to date has 

proved to be the moet useful from a clinical standpoint.

Peck and his group ()0) found the action of Lente insulin to 

be aii.llilar to that o "' NPH insulin. Thia group transferred their 

patients from NPH to Lente as a unit for unit basis and report that 

the transition occurrea smoothly and with no untoward effects. He 

reports one patient who complained of pain at the site of 
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injection with the �ente insulin. However, Oakley (31) reports that 

a change to Lente i�sulin completely relieved persistent painful 

reactions in a patient who had previously been using PZI. In his 

series of cases he obtained good control with the Lente preparations 

and feels that, if d th further stuciy, these preparations prove 

themselves, they shoulo. be put on the market at which tLr.e PZI and 

globin should be simul taneouely withdrawn. Murray and Wilson (32) 

in their series concluded that Lente insulin has an action similar 

to a ruix�ure of soluable insulin and PZI and thus avoids the diffi

culty of having to prepare the extemporaneous lllixture. They also 

reported that upon changing to Lente insulin the problem of local 

allergy was eliminated in· every case which had previously presented 

this problem. 

The question of allergy is, I believe, the main talking point 

in favor of the new preparations. Many patients present the problem 

of being allergic �o the ao.ded foreign protein of the prota.dne and 

glob1n preparations In some cases severe local reactions occur 

3 - 9 ;oonths after the injections have started. In the great 

majority of cases prota:nine ano globin preparations have been used 

without positive evidence of damage, however, l:on?: term toxicity 

is notoriously difficult to establish. Amt (33) sites caaea as 

representing toxici ,y to protamine evill.e ncea. by unexplained eoe:ua., 

and signs of renal insufficiency, the symptoms of which ar� said 

to disappear on withurawal of prctaadne insulin. The fact that 

so.ne cases show a tena.ency toward thrombotic phenomenon coupled with 

the knowleo.ge that prota.idne is an antagonist to heparain 
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would seem reason encugh to question the use of protamine. There 

is also some eviaence which would indicate that prctamine may play 

a part in the geneais of atherosclerosis. Even without concrete 

proof of the detriment effect of protamine and globin, the elimi

nation of a daily injection of foreign protein on theoretical 

grounds alone would seem very desirable. The Lente preparations 

are the.only long acting preparations now available which seem 

to be the answer to this problem. 

Thus a new group of insulins are introduced t.o the clinician which 

have the disadvantage of adding to the number of usable preparations 

which has the effect of adding more confusion to a confusing situation. 

However, if these preparations prove satisfactory, it should bicome 

apparent that several of the older preparations could b.e. discarded al 

together. The di.s ca.rds could include 3lobin Insulin, NPH Inaulin ana 

Protamine Zinc Insulin, and Lente with its comparitively simple 

chemistry and understandable moue of action would be a welcome 

replacement. Nabarro ana Stowers,(54) however, do not feel that 

diabetes, at present controlled on a single daily injection of PZI, 

globin or NFR, will benefit in any way from transfer to the new insulin 

unless there is an allergy problem. They feel that indications for 

transfer to Lente would include: l. poor control with o�her insulin; 2. 

patients at present needing morning and evening injections; }. patients 

requiring PZ! and soluable insulin in the morning by seperate injection 

and; 4. patients showing allerg;J to·other preparations. 
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SUMMARY 

The intelligen use o.f  insulin in treating diabetes is no 

simple matter because of the large variety of co.!ILllercially 

available insulin preparat.ions. -Therefore, an attempt is maue 

to discover the most important of these preparations, along· with historical, 

chemical and physiological considerations, so that proper selection 

of the indicated insulin preparation needed for a particular patient 

will be simplified. 

The history of the development of insµlin' therapy, including the 

early work of Banting and i3est on up to the present developlllents by 

the Danish workers on Lente insulin is discussed. 

Concerning the chemistry of the insulin :nolecule, it is 

pointed out that co�Jlete elucidation of the various elements and 

complex linkages of ,he various amino acids included in the molecule 

remains to be completely worked out. However, much progress has 

been ma.de along these lines. A list of l) co.lllll1on amino acids is given 

which is said t.o account for 95% of the insulin molecule. 

As is true of insulin chemistry, much remains to be learned 

concerning the physiology of insulin in normal persona aa well aa in 

diabetic subjects. Much has been learned however, and work by 

such men as Beat, Oolowick, a.nd Housaay is discussed. These rnen along 

with others hava done much to bring light to a dark and con-' 

fusing problem. 
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The various commercially available insulins are discussed. 

The insulins includeu in this paper are not a complete listing 

of all insulins avai:able in the world today, but only include those 

insulins which are widely used in the United States along with two 

preparations which are not commercially available in this country, 

namely, Semilente ano Ultralente insulins. The insulins have been 

classified according to rate of action into 1. rapid acting insulin 2. 

inter:nediate acting insulin and �. prolonged acting insulin. Included 

in the rapia acting insulins, amorphous insulin, crystalline zinc 

insulin and semilente are discussed. Of the intermediate preparations 

NPH, globin insulin and se;rd.lente are discussed. Protamine zinc 

insulin and ultralente are included as prolonged acting preparations. 

Points discussed concerning the various insulins include method of 

preparation of insulin, length of action, advantages and disadvantages 

in their use, indications for use, ano. rules for ae1ministration. 

The problem of allergy to insulin and to foreign protein 

added to certain of the prep�rations is briefly discussed and the 

desirability of using an insulin that is free of added foreign protein 

is pointed out. The new insulin, Lente, which contains 

no a:dded foreign protein, is discussed ana offered as the insulin 

of choice where aller;ic manifestations to foreign protein are a 

problem. 
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CONCLU.3IONS 

l. All of' the insulin preparations available display the same funda

mental characteristic hypoglycemic effect of insulin and differ

only in rate of onset of action an� duration of effect.

2. With all of the preparations increase dosage causes an increase

in both intensity and duration of action.

�. Available preparations are claaaified according to rapidity 

of onset ana dura�ion of action. Rapid acting preparations 

include amorpboue Insulin. Crystalline Zinc Insulin, and 

Semilente Insulin. Intermediate acting preparations include 

NPH Insulin, Glooin Insulin, and Lente Insulin. Prolonged 

acting insulins include PZI and Ultralente Insulin. 

4. Crystalline Zinc naulin and Globin. lne-ulina are clear solutions,

all of the other 1reparations being suspensions which must be

resuspended by shaking before being drawn into a syringe.

5. The long acting p1eparationa have no use in the treatment of

diabetic emergencies. The short acting preparations have the

most overall utility and with the exception of Semilente are

the only preparations injected intravenously.

6. Good diabetic therapy presupposes not only the intelligent use of

insulin, but a.lao a proper dietary regulation along with

regulation of activities. All of these fattors must be individu�
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lized to fit the needs of each patient. 

7. The new Lente preparations appear to be a useful addition \o the·

armementariuiu of the physician. The sirnplici ty of thei.r prepar

ation tends to h,lp cla�ify much of the speculation as to the

exact chemical nature and .node of action of prolonged acting

preparations.

8. The elimination of foreign protein in a prolonged acting prepa

ration is very welcome, especially where allergy is a problem, and

even where there is no overt allergic manifestations,  elimination

of daily injection of a foreign protein can be heartily approveu

of on theoretical grounds alone.

9. With the introduction of the Lente preparations it iJJAY be

possible in the fitture to eliminate the other prolonged act

ing insulins from usage, thus minimizing the confusing number

of preparations from which to choose.

10. Further research into the chemistry and physiology of in

sulin is still needed. Daily injection is a traumatic pro

cedure coth from the physical and psychological standpoint.

The pr�paration of an insulin, which would only be released

from its depot Wh3n the blood sugar was high and which would

remain in the depot when insulin was not needed, is the

ultimate target. With such a preps.ration daily injection

would be eliminated and possibly large depots could be

established
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which would only nave to be replenished at monthly intervals 

or even longer. This type of insulin would also ideally 

eliminate the necessity of dietary and activity control and 

put the diabetic on equal footing with his non-diabetic brother •• 

All of this is doubtless for the distant future. In the 

�eantime the development of :1..n insulin which could be taken 

orally would be a welcome addi�ion to the list of insulins. 

-45-



I wish to thank Dr. Morris Margolin for the assistance 

rendered to me by him in the preparation of this paper. It was 

with his help, frienuly advice and the donation of houra of his 

valuable time that this paper was brought to completion. 

-46-



l. Gerri taen, F.:
Insulins. 

BIBLICJRA.PHY 

The Duration of the Action of the Various 
3rit. Med. J., l: 249-50 - Feb. 2, 1952. 

2. Brach, £.f Recent Progress in Insulin Physiology., Archives
of Internal Medicine, 86:427, 1950. 

Best, C. H.: The Discovery of Insulin. 
u. Diao. Assn. 6: 87�93 - 1946.

Proceedings of the 

4. Campbell, W. R.: The First Clinical Trials of Insulin.
Proc. of ·he Am. Diab. Assn. 6: 97-106 - 1946. 

5. Scott, D. A. and Fisher, A. M.: The Chemistry of Insulin.
Proceedings of the Am. Diab. Assn. 6:327-339 - 1946. 

6. Jensen, H. : A. Review of the Chemistry of Insulin. Science.
75:614 - June 10, 1932. 

7. Waugh, D. F.: A Fibrous Modification of Insulin. J. of am.
Chem. Soc. 68:247-50 - 1946. 

e. Best, C. H.: Insulin. 1:257- 1952.

Colowick, s. P.: Recent Work on the Action of Insulin.
Proc. of the Arn. Diabetes Assn. 6:343-}48. 

10. Houesay, 3. A.: Physiology of Insulin. Proc. of the Am. 0iab.
Assn. 6: 151-157 - 1946. 

11. Margolin, Morris: Insulin Therapy in Diabetes Mellitus. J.
of the Omaha lldd_.West Clinical Soc. April 1948. 

12. Abel, J. : The Cryatall'zation of insulin. Proc. of the Nat.
Aead. of Science. 12: 1926. 

Scott, D. A. and Fisher, A. M.: The Effect of Zinc Salts on 
the Action of Insulin. J. of Pharm. and Exp. 
Ther. 55: 206 - 1935. 

14. Peckt F. B.: Action of Insulins. Proc. of the Am. Diab.
Assn. 2: 69 - 1942. 

15. Ricketts, H. T. and Wilder, R. M.: Solutions of Amorphous
Insulin · Solutions of Zinc Insulin Crystals. Jl\1.(A. 
113s 1310- )12 l 39. 

 13.



16. Marble, A. and Vartiainen, I: Crystalline Insulin. JAY.A.
11}1 lj03 - 1939.

17. Jamieson, M.; Lacey, A. H.; and Fisher, A.Iii.: NPH Insulin,
Canad. M.A.J. 65: 20-23 1951. 

18. Root, H.F.; Whi e, P.; �rble, A.; and Statz, £. H.: Clinical
Experience with Protamine Insulinate. J.A.M.A. 
106: 180 - 1935. 

19. Sindoni, Anthony: Present Day Conception of Prata.mine Zinc
Insulin and Jlobin Insulin with Zinc. Delaware 
State Med. J., 18: 21 - 1946. 

20. Colwell, Arthur; Iyyo, J. L.: and Stryker, W. A.: Intermediate
Action of Kixtures of Soluable Insulin and PZI. 
Arch. Int. Med., 69: 931 - 1942. 

21. Boganz, H.M.: Carfagno, s. O.; Cowan, B. Y.; and Dillon, E. S.;
:NPH Insulin: Its Comparison with Previous Insulin 
iegimens. Am. J. M. Sc. 222: 1-6 July 1951. 

22. Sharkey, T. P. and King, H. E.: New Modified Prata.mine Zinc
Insulin. Ohio State Med. J. 46: 449-51 May 1950. 

23. Edwards, T. S.; lance, F. V.; and Mulholland, H. B.: Experiences
with New Types of Insulin. Virginia Med. 
YJOnthly. 78: 190-93 - Apri! 1951. 

24. Greenhouse, Bennett: NPH Insulin. A. Crystalline For.n of
Prata.mine tine Insulin. Conn. M. J. 15: 321-24 
April 1951. 

25. Reiner, L.; Sear·e, D. S.; and Lang, E. H.: Insulin Preparations
with Prolonged Activity. Proc. Soc. Exper. Biol. and Med. 
401 171 - L939. 

26. Reiner, L.: Sear_e, D. S.; and Lang, E. H.: On the Hypoglycemic
Activity o" (Hobin Insulin. J. of Phann. and Exper. 
Ther. 67: 33o-4o - Nov. 1939. 

27. 38.uman, Louis: Clinical Axperience with ·01obin Insulin. Am •
. J. of Med. Sc. 19e: 475 - 1939. 

28. Bauman, Louis: Clinical Experience with Globin Insulin. Proc.
3oc. Exper. 3iol. and Med. 40: 170 - 1939. 



29. Hallas-Miller, K.; Peterson, K.; and Schlichkrull, H.:
Crystalline and ·� aorphous Insulin-Zinc Compound a 
with Prolonged \ction. Science. 116: 394-398 Oct. 
1952. 

jO. Peck, F. a.; Kirtley, W.R.; Dyke, R. W.; and Ernst, C. E.: 
Present Stitus of Insulin-Zinc Suspensions. 
Diabetes, 261-265 - July-Au;. 1954.

31. Oakley, W.:
1
1Lente 11 In_alllin ( Insulin Zinc 3uapens1'on) Further 

Studies. 3rit. Med. J. 2: 1021-1023 - 1952. 

32. Murry, I.; and Wilson, R. a.:

Lent�, and 
SemiLente. 1953. 

The New Insulins - Lente, 
Ultra Brit. Med. J. 2: 102} - 
1026 -

33. Amt, M.: Protamine Edem- in Diabetes Mellitua. Preliminary
Report. N.Y. J. of Med. 49: 1306-07 - 1949. 

34. Nabarro, J.C. N. anQ Stowers, J. M.: The Insulin Zinc Sus
pensions. Brit. • J. 2: 1027-}0. Nov. 7, 1953. 

35. Haunz, E. �.: An A.pp roach to the Problem of the II Brittle"
Diabetic F�tient. JAMA.. 142: 168-173 - Jan. 1950. 


	Insulin : chemical, physiological and clinical considerations
	Recommended Citation

	tmp.1677877922.pdf.dqzXV

