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ABSTRACT

To sluctdate the role of some of the biochemioally
inportant compounds on the wode of action of insulin, the
present study wus carrjed out. The work has been divided

in six parts.

rart I

In this part, effects of tolbutanide feeding on the
pancreatic activity of normal guineu-pigs are given. Ifoth

the pancoreatic amylase activity and the insulin potenocy

increase as & result of tolbutamide feeding for a few weeks.,

Part I

The work emhodied in this section deals with the
effects of -od. bela-hydroxybutyrate on the pancreatic amylase
@and insulin potency of normal guineus-plgs. It is seen that
the insulin potency rises after about 12 days of continuous
injections of the drug and again falls after 3¢ days. On the
other hand, pancreatic amylase level goes on decreasing as a

result of the injections of this metabolite,



Parts I1I & IV

The outcome of the preliminary screening tests of
different metabolites on the exogenous insulin potency has

been incorporated in these sections,

Part V

This part embraces a study of insulin as a surfactant
as determined by its effect on the capacity of dropping mercury
electrode; further, the effects of different metabolites have

been studied on the surface activity of insulin.

Part VI

This portion deals with the paper chromatographic

behaviour of insulin alone and as influenced by metabolites,

It is seen in Parts V and VI that insulin bshaviour
is influenced by the presence of metabolites as depicted by

the two properties of insulin mnde use of in these parts.



I NTROULUCTIGOUON

The significance of insulin needs no substanbiation.
The nane insulin wus first sugpested by de neyer (1908) for the
hypothetical internal secretion of the pancreus. . search for
the then hypothetical secretion 'insulin' was stivulated by the
demonstration of a relationship between pancreus and diabetes
mellitus by von lMering and linkowski (1889). LUanting & Cest
(1922) were the first to acnieve a preparation containing insulin,
Abel in 1927 obtained insulin in orystalline foru: and in 1934
so0tt showed the prescnce of zine in crystelline insulin. The
establishnient of hypoglycewic property of insulin both in the
nori:&l and the diabetic subjects led to the corollary that
diabetes was caused by & defeciency of insulin., Presently, this
insulin defeciency 1s believed to Le a possible outcowe of any
of the four ways (Handle 1858): from & defecctive secretion of
insulin by the pancreutic islets, from hormonal antagonism to
insulin action, from excessive inactivation of insulin and from
some inherent abnormality of cellular metabolisi so that the
cells are no longer capable of responding to the action of insulin

The lasl possibility 1s yet of theoretical importance only.

In the annels of endoCrinology, no other hormone has
attracted so uumch attention as insulin has and despite the fact
that a vast awount of literature on insulin has accumulated,

the meohanism of action of insulin is not yet clear.

Duncen (1985) considers diabetes mellitus as a chronie
disease wanilfested by wmultiple disturbances in the metabolic

processes of the body. The greatest apparent disturbance caused



by this disecase lies in the defective cellulur utilization of

carbohydrate whici in turn affects the fat and the protein

metabolism.

Chaikoft (1951 . 1853) while describing the metabolic
blocks in diabetes, confirms the findings of Stetten and Hoxer
(1944) roegarding the failure of the cellulur utilization of
glucose for lipogenesis. ['wrther, Chernick and Chaikoff (1850)
have dewmonstrated the restoring effect of insulin on the impaired
hepatic lipogenesis. The evidence of inter-relationship between
glucose uand lipid petabolism suggests that the fatty aoid
synthesis is dependent upon normal glucose uetabolisu for the
production of three substances: (a) .cetyl coenzyme A (acetyl
Co-A) whnich is & structaral unit from which fatty acid synthesis
proceeds (Lynen, 19562-53), (b) reduced diphosphopyridine TPNH
nucleotide (LUPNH) which is reguireu in a majority of reductive
steps of liékenesis, (¢} reduced triphosphopyridine nucleotide
wiilch 1s necessary for the reduction of crotonyl Co-a4 to buty!yl
Co-4 (Langdon, 1959). In the light of their findings on the
study of the effects of chronic aduinistration of fat metabolites
to animals, Nath and Srahmachari (1944, 46, 48, 49) suggested
that sccumulation of these metabolites lcads tu the stiuwulation

of pancreatic islcts and subsequent exhaustion of the S -cells.

In depancreatized aniwals, insulin decreases lipesia and
cholesterolenin and also prevents the accusnulation of lurge anount
of fat wiich ooccurs in the livers of untreared animals, The level

of ketons kodies In diabelic blood 18 restored to normal by the



significant results were obtained by insulin injections of very
low concentrution. Un the other henud, Soskin and Levine (1937)
and Houckaert and de Uuve (1947, observed that insulin is one
of the fuctors which influence the glycogen-glucose equilibrium
in the body; and also 1t prouotes glucouse utilizaution in the

peripheral tissues.

sisall amounts of glycogen may be deposited in the musoles
and livers of depancreatized dogs when no insulin is aduninistered
but aduindstration of insulin produces & arassutic increuse in the
rate of deposition of glycogen both in the wmuascles and the liver,
Stteten's md® work indicates that insulin deficlent animal
synthesises its glycogen frow three carbon atoa chains (lactic
acid) but in the noraci agiwel or the one getting exogenous insulin
supply, glycogen synthesls tukes place irom s8ix carbon atow
compounds (glucose,), Geuunil (1941, snowed that the rat diaphrage
takes up wore glucose for the foruation of glycogen iu the presence

of oxogenous insulin,

Observations of Leloir and Cardini (1957) brought to locus
& new synthetic pathway for the foriation of glycogen wherein the
glucosidic linkege of glycogen is forwed not by phosphorylase of
glucose~1~-phosphate but by the transferuse from wridine diphos-
phate glucose (ULGP). 1In fact later observations by different
workers indicate that this way be the major glycogenesis route,
Leloir showed thut a variety of pglucosidic bonds like the one
found in glycogen could be generated not only by the elininstion %
inorganic phosphate from gluocose-phosphate but also by the

elimination of uridine diphosphate from UUPG, exanples of such



fornation were shown in the bilo-syntiiesis of trehalose phosphate

(1853), sucrose (1953) and sucrose phosphate (1855} by Leloir.

pegpite a nurber of very well doocumented effects of

insulin, the mechanism of 1ts wode of actioa is not yet clear.

4 nuiber of theuries huve been put forward., hLecently studie(1854)

in a review has attenpted to analyse all the theories of action

of iusulin, There can be three lmportant loci where a blocking

either by & deficiency of insulin or by an excess of contra-

insulin principles would resuwlt in a marked daisturbance of norual

course of metabolism ¢

1.

2o

Host of the glucose metabolism in wauwals 18 initiated by
the foruation of a hexose~-u-phosphute through the action of
a specific enzyme which 1s called glucokinase. The control
of the rate of this reusaction would necessurily govern the
rate of netabolisu of glucose. buch type of reactions ure

called the puoe maker reactions (krebs, 1837).

Uxidative reactions of wetabolic pethways are connected

with tihe formation and regeneration of udenosine triphesphate
(4TP). The total supply of ATP in tissues being limited is
gquickly exhaunsted unless constantly regensrated. oHince ATP s
necessary f'or the hoxvkinuse reaction and a4lso perhaps for
the transfer of glucose acress the cell wmeabrane, any
qualitative or quantitative defect in ATP regeneration would
result in defective carhohydrate metabolism. also, as all
the metabolic pathways are inter-reluted, any defect in
carbohydrate metubolism would influence the cowrse of lipid

and protein netabolisn,



J. according to another theory, insulin is concerned with (ha
oxidative reactions involving the hrebs! cycle. Lut tiis
tiieory is so far ill defined und probably 1t way be related

to the generation of high energy phosphutes.

Levine (1949-55, has observed thet perweability of
certain cells for the entraice of glucose and other sugars 1is

influenced by insulin.

Lundsgaard (1939} and studie (1954) have shown that
insulin could not stimulate the glucose uptake from cell free

systoews,

Purk et al (1953, have observed that glucose was first

transported as such dand then phosphorylated.

whetiier insulin acts primarily on the transfer of glucose
across the cell mewmbrune or its main function 1s in the utilization
of glucose within the cell is still un open question. .lthough,
the theory of iansulin aotion on glucose transport across the cell
membrane 1s wost prevulent, yet there is no deurth of well documen-
ted insulin effects which could not he explained by this theory.
10 quote just one such anoualy 1s hilstein's (1956) finding that
insulin directly influences the oxildative rate of glucose-G-

phosphate uwietabolism by phospho-gluconate oxidutive pathway.

Condensing enzymes whilch synthesize citric soid have been
suggested as possible sites of insulin action (Usaty and West 1956)-
daft et al (1953, urury and Wieck (1951, aud Levine (1949-55) have
sirown that molecular configuration of the sugars conferred some

degroe of specificity on the uction of insulin., Colastein et 81



(1953, huve observed that the entrance of sugars into the tissues
is governed by a transfer systew which is specifically adapted
with respect to chewical structure. The action of insulin is
associuted with the utilization of sugars: d-fructose, d-umannose
and 1-sorbose though netabolis-ed ure not as responsive to insulin
action as glucose is. These observations support the view that
insulin prowotes the wetabolic transtormstion of glucose by

effecting & rapid eatry of glucose into the cell.

Goldstein et al (1953, also observed that the barriers
which 1imit the entrance of sugars possessing certain structural
forms, into the cell wight be overcowe not only by insulin but
zlso by wyhumoral agents. orury and yick (19851, while supporting
the work of ievine et al showed that the voluse in which glucose
could be present intra-.cellulurly wmight be a very thin layer
underneath the cell surfuce., iHaft et al (1953, observed that
insulin ucts on some systew other than the hexokinuse systeu,

which facilitutes the rute by whioch sugars enter the cell.

rrice et al (1945, 40) showed the sticulating effect of
jnsulin on the activity of hexokinase. Lut broh-Kahn and Mirsky
(1947, reported that the hexskinase activity of muscle extracts
fron the ulloxun disbetic and the nornal rats were cosiparable und
addition of insulin had no effect on either of thew. Findings
gimilar to those of broh-Kahn and irsky were reported by studie
et al (1948) 1in cat muscle and by Christensen et al (1949, in the

erythrocytes of normal and alloxan diabetic rats,

teller et 21 (1951) showed that in intact dogs totally

devoid of insulin secreting cells, the rate of oxidation of
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glucose is far beiow the norwal. DSut StAtten et &l (1951) had

oriticised these findings.,

Liver uitochondria have been snown to house a nunber of
wetabolic enzyues (s>chneider snd fotter 1948; sohneider 1948;
Kennedy und Lehniger 1949; Jotter et al 1951 und Kielley &

schnelder 1948).

In alloxen diabvetic rats of one yeur duration, Gerritzen
et a1l (1957, could not trece any complication of diabetes and so
these authors were of the opinion thet ut least ia rets, insulin
defeciency is not the reason of secondary disbetic complication
vhattachurya (1954, observed that alloxan diabetes was caused by
the innibition of hexokinase uctivity by alloxan but VvVillar-

Fallasi et al (1957) were not able to support fully such & clais,

snyway, the gquestion still remains whether insulin acts
as such or in coubinution with different types of metabolites
present in the aniuel systews, It is guite pertinent to ask 1if
the whole picture of diabetes 1s usccounted for by insulin

defeciency only .

The present study was unuertuken to clarify some of these

points not yet clear and was specifically directed to explain the

following:

1) To find out sny activity relationshlp between the acinar
cells of the puncreas and the beta-cells of islets of
Langerhans as influenced by beta-cell-stimulators and by

diakbetogenic metabolites.



2)

3)

4)

11

Lffects of different metabolites on the potency of

exogenous insulin.

To study insulin as & surfuctant by physical wethods and

the possibility of its foraing comyexes with metabolites.

To study the chrosatographic behaviour of insulin and

the effect of netabolites on thuat bshaviour,

These findings have been presented in six parts,
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PART I°

STULILS ON THE EFLCTS OF TOLBUTAMIDE FELUING ON
THL PANCRLATIC ACTIVITY OF GUINLA=-PIGCS

. Hesults of this part have bean btriefly published
vide Current soience (1909): 28, 214,

16
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ABSTRACT

cffect of tolbutaudde aduinistration for sixtyfour days
on the pancreatic activity of norual guines-pi;s has been studied
It is noted that both the extractable pancreatic insulin potency

and the puncreatic suylase uctivity increuse at the end of this

feeding.

I NTROLDUCTTIOGN

There had been o constunt sesrch for oral substitutes
of' insulia. The success of the search for an ideul agent which
will be effective by wmouth in the treatuent of diabetes is
dependent upon the developuwent of wore inforwation about both
the wechanism responsible for insulin insufficiency and the
wechanisu of activn of insulin on glucose transport (Mirsky 1958,.
Frow: time to time, a good nuuber of products have been cluaimed as
oral antidiabetic drugs and recently the products which have

proved to be wost suoccessful are the sulphonylureas,

Janbon et al (1942, during their study on the therapeutic
effects of isopropylthicdiazole derivative of sulphanilawide in
typhoid lever, noted tue hypoglycemic effects of this cowpound.
subsequently, it was established that this type of compounds
were effective in dogs and rabbits only in the presence of 1/1Gth

to 1/5th or nore of the pancress and so it had been suggested that
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this type of compounds woted by stinulation of insulin secretion
frouw the beta cells of islets of Langerhans (Loubatiers 1044, 406;
Lovet and Uubost 1944;. In 19065, lrunk and lucins, aschelis wna
iardebeck and Jertrau et al deseribed the hypoglycenic action in
sniuals of 8 new sulphonylurea-carbutacice (l-butyl-3-
sulphonylures, Ui-586, Nadisan .gz U6987), oShortly after the
availability of curbutawide, the Farbwerke lioechst .aue available
anothier sulphonylurea which cue ically differed fron carbutawuide
1a the pura position of the phenyl ring and tais new sulphonylurea
was called Tolbutamide (i-butyl-3=-p-tolyl sulphonylures,

it
L..=86U, ourinase = ),

gh {5 =50, ~NH = €O - NH.{CHg), = Clgy

(BL=55, Nadisan, UG987, Carbutanide,
- ! \ E=3 3 - - L4 - -
ByC = (Y = 805 = NH = CU - NH = (CHy), = CHy »
(i-860, OUrinase, U-2043, Tolbutaside)

Llucidation of nechanisn of action of sulphonylurcas has
attracted a nuwbor of workers. Colwell and Colwell (1957)
Cemerini usvalos et al (1956, and wilderberger and Riokettes
(1966), all sugpest the view that 70 - 8¢ ,. of adult type
(maturity onset; of disbetics show response to the treatuent of

sulphonylureas.
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Tolbutanide is nore effective as 8 hypoglyceudc agent than
carbuta ide wnd shows fewer side and toxic reactions (lirsky

et al 19856). FHirsky (1858, uivides tue hypoglyceuic response

to tolbutaiide in normel persons in two phases: (&) an initial
phase lusting less than one hour during which a muximum decrouase
in the blood sugar concentration occurs, and (b, a sulsequent
pnase of restitution lusting a variable period of tiwme during

which the blood sugar level 1s graduually restored to its initial

concantration,

It has been shiown that the destruction or removial of the
bete cells of the puancreas prevents the hypoglycenic action of
the sulphonylureas in aen (Liller and Craig 1956; Purnell et al
1956; Goetz et al 1956,, dog (Loubaticrs 1946; iritz et al 1956;
Houssayund Penhose 1956; Mirsky and Gitlleson 1957,, rat (iiirsky
et al 1956; vulin and Johnston, 18357, rabbit (Chen ot al 1946;
Mirsky and Gitleson 1957, and toads (Houssay and Penhose 1956),.
But in fowls Mirsky et al (1957/ showed that the presence of
pancreuas 1s not essential for the hypoglyceuic respopse to
tolbutacide. Thus, in all these species excepting the fowl,
action of tolbutamide 1s dependent upon some factor due to the
presence of the panoreas. sirsky (1858, observed that the initial
hypoglyceiic response to tolhutanide i1s possibly due to the
stimulation of the beta cells of the islets of langerhans and the
discharge of insulin s0 sccreted inte the circulation; the
prolongation of hypoglycewiu 1s dug im part at least, to an

inhibition of insulinase and & cunsequent decrease in the
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destruction of imsulin, OUf course, tihils hypothesis does not
preclude the possibility thut edditionul nechuanisus like the
inhibition of phosphoryluse and of glucosc-U-phosphutase way also
be involved in the prouuction of these two phases of response 10
sul phonylureas Indeed the existence of such udditional mechanisans
is strongly sug. ested in the fowl wiilech is independent of the
presence of the pancreas for the hypoglycenic response to tolbuta-
wide (}.-irsky et al (1957). folbutanide feecuing dues not cause an
increase in the peripheral utilization of glucose in wan, therefore
the stivulation of endogenous iansulin by the sulphonylureas has
been doubted (Elrick and rurnell 1957; Hecant anu Fischer 1957
Renold et al 18567). Vaughan (1957, suggests that tne hypoglyceuda
is ouused by sulpnonylureas by a decrease in the hepatic glyco-

genolysis.

volk et al (19567) found that tolbutaiuide neither inhiblted
glucagon activity nor stinulsted the glucagonuse activity. .leo,
tnese authors could not observe any effect of tolbutaside on
hepatic glycogenolysis or insulinase activity. These workers,
therefore, suggested thut the wotion of sulphounyuress could be
due to the stimulaution of bets cells but at the same tiwme they
aid not exclude coupletely any other extra-hepatic action. Uulin
and Johnston (1957} also supported the view of beta cells

sticulation by sulphonylursas.

Blernwn @t al (1957) noted that telbutanide in nornal and
diabetic persons csused & reuduction of bLlood Nefa of those persoens
who respond to the hypoglycenic action of tolbutamide, lHeinivaars

(1956) on the basis of wmicroscopic study sugcested the possibility
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of sone extra~pancreatic mode of usction of tolbutamide.

verson 8t sl (1956) are of Lhe opinion thaet the lowest
concentration of tolbutamide cupable of inhibiting the degracation
of winsulin and glucagon 1s significuntly in excess of the one
wirich 1s capable of causing the hypoglycenic response in the intact

anial «

The above observations leud to the conclusion that the
mode of action of tolbutamide 1s not yet very clear. 7The work
descrived in this purt was carried out to note the effect of
tolbutamide feeding on the pancreatic activity of noruial guinea-
pigs. Lffects on the potency of puncreatic insulin and awylase

have been reported.

Material and Methods

Four groups of norumal healthy gulnea-pigs were selected,
One group was kepl as control and tihe three groups were fed orally
pure Tolbutanide" powder daily in doses of 100 wg/kg of the body
weight of the aninal. Throughovut the duration of the experiuent,
aninuls in all the groups were fed ad 1ib & diet of green caubbage
and geriinated grams., anlaals had s constant supply of drinking
water. Irom tiue to tiume, the animuls of different groups were
depancreatized and estications done on puncreas as described undaer

oxperimental,

# Presented by aslbert vavid & Company, Calcutta,
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xperituental

st regular intervals, aninzls {rom each group were
depancreatized and puncreas were pluced in containers over

crushed ice.

4 small slice of w==®» pancreas wus hosogenised in chilled
distilled water in all glass nilero-wet grimier (Town and Mercer;.
An aliquot of tie houmogenate so foruwed was kept in a constant
welghing crucible for overnight et 160°- 1056° end tne weignt of
pancreas present in the aliquot wuas [ound out, The quantitative
deteraination of 'amylolytic dctivity' of pancreas was done by
the sethod of willistatter, Waldschmidt and .Jesse as described by

Hawk and otihers (1954). UPriefly the nethou used was as follows:-

20 ml. of a freshly prepared 1 ,. starch solution wus
pipetted out in a Pyrex flask and to this were added 10 pl. of
phosphate buffer pli 6.8 (5,1 wl. of 0,2M Kipk0, and 4.9 wl, of

U.2M Ha HP04) and 1 ml. of 0.2 N Na ¢CL ., The solutions were

2
mizxed up and brought to 37°C in an electric incubator. 0.1 ml.

of the pancreatic homogenate was added and the flasks were returned
to the lncubator at 37°C. The flasks were kept at 37%C for exactly
ten minutes when the enzyme reaction was stopped by the addition of
2 ml. of IN R  followed by 1 ml. of U.1 N 3odine. To this,
sufficient solution of U.,1 N NalH was added drop by drop, with
shaking. This was to neutralize the added Hdl and to chunge the
primary phosphate of the buflfer to tiie secondary, For all this

31.5 ml. of NalOH were reguireu., The flasks were allowed to stand

for fifteen minutes and then acidified by calculated siount of
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dil. h2504 end the excess iodine was titrated aguinst u standard

thiosulphate solution,

The calculutions were done on the basis thut one ml. of
U.1 N dodine is equivualent to 17.10 mg., of maltose and were
expressed by the meothod of unity (by knowlng tiie dry weight of
the pancreas actually present: . in the homogenuates in terms of

mge of maltose per gm. of dry pancreas,

pxvraction and assay of pancreutic insulin
of guinea-pigs was done as follows

Following the method of Jephcott (1931), pEed puncroas
were n:inced in cold pestle amd mortar with Pyrex gluss powder and
4 volumes (for 100 g panocreas) of extraction in liquid, oconsisting
of 75 mls.of ethyl-alcchol, 20 mls., of water and 1.5 mls. of
concentrated hydrochloric acid were wmixed with it. This uwmixture
was stirred for 2 hours at 37%C after which 1t wus centrifuged at
3,000 r.p.m. till absolutely cledar. The residue was again
extracted as the original pancreas. Soth the cledar solutions
wore wmixed and neutralized with conc, NH40H with litisus paper
a8 indicator and again centrifuged. 1In the clewr solution
guflicient alcohol—ether aixture was added ami the solution was
cooled till insulin was precipituted. This lunsulin precipitate
was centrifuged and dissolved in distilled wuter with a trace of

hydrochloric acid,
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The biologicul potency of tiis insulin solution wus
meusured by injecting it to rabbits 1.5 - 2 kg welght und
studying the blood sugar fall/hour. Potenoy of insulin was
expressed ia terws of bloud glucose full/hour/gm wet weight of

PUNCreas,

uslood sugar detersination

Ilood sugar estinations were carried out by the

following methous:-

1) Preparation of the uniwmals' The ears of the overnight
fasted rabbits were properly cleaned of &ll the hairs, wushed
with alcohol, dried end rubbed with xylol so that veins were
prouinent. 4 little greuse was applied on the vein and a
prick given on the warginal ear vein with & sharp sterilized
needle. Ulood was colleocteu directly in the exalated tubes

and the sugur estimated by the following methodt .

2) Method of Folin and Maldps (1029) was curried out and blood
proteins were precipitated by the daden's (1923) modified
method and estinating the blood sugar in the usual way using

a Luuetron's Photoelectric Colorimeter (Fodel LF) at 525 mﬂl

statistical JAnalysis

The data were subjected to statistical evalution and

expressed 88 Hean *+ S.H. S.lk. (standerd error) was celculated
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by the following formulae:

—

sel (stendard deviation) = 4 s5quere of observations

- (Hean)2
n
—""n -
n -1
Sels (Standard error) @ 2pdhe
n = mutber of observations.

't' values calculated by the following formulae

Selies (staadord error of LSy g by )
difference) - s 9

- ™, Wy

difference between the neuns

Seliels

were converted into P values by referring to stendard tubles
(Croxton, 1953) and were considered significunt at 5 . level

( P = 0.05)

Resul ts

The effects of tolbutuiudide on the potency of pancreatic

insulin sre given in Table I.



TABLL-I

Lffects of tolbutamide on the pancreatic
insalin potency of guinca-plgs,.
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Total days of

Insulin potency in

No » X ) Slgaificance
drug feeding. teriss of blood sugur :

reduction/hour/g. of differsmee
wet pancreas. (+ S.hd)*

1. 0 Control (6) 14.72 + U789 -

2, 43 (6) 15.563 + 3.55 P 0.80

J. 50 (&) - -

4. 64 (6) 42.14 + 3.54 P/ u.001

# 4+ Standurd error.

Figures in purentiieses
aninals in each group.

indicute the nusber of
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cffects of tolbutauide feeding on the pancreuatic amylase

activity of normul guinea pigs are given in Table II.

Tl‘buLb II

Lffect of Teolbutsiide feeding on the pancreatic anylase
activity of guinea-pigs.

Total days Amyluse in terms of 5 A
NOs of drug feeding. wg. waltose/g of :%ggigég:gzge
dry pancreas.
( + S.E-)‘
; P U Control (6J 664.1 + 53.08 -
2. 43 (6 1688.0 + 61.39 P { 0,001
3. 50 (6) 1756.0 + 5R.70 P 0,001
4, 64 (6) 2672.0 + 236.67 P ( 0.001

standard error,

Figures 1n parentheses indicate the number of animals.
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J1scussions

Table I shows the response of tolbutaside [eeding on the
potency of pancreutic insulin of the gulnea-pigs. It is noted
that as a result of tolbutasdue feeding insulin potency of
extractable insulin has increused significuntly efter about G4
days. This could be & result of belua-cells stiuulation by this
drug. Goldner amd ueisenfeld (1958, observe that tolbutauide
incuced stimulation way wltimately lead to the pancreatic beta-
cells exnhaustion and aggravation of diabetes, This possible
exhaustion of beta-cells by tolbutamide could be more probable
in diabetles due to the presence of fewer such insulin secreting
cells. oo, tolbutawide 1f to be used for a long time in diubetes

should be used with certain a.iount of caution, enly.

Table II indicutes the effects of tolbutenide on the
pancreuatic anylause potency of guinea-pigs. The values of nwylase
also vary in the sume fashion as that of insulin potency. This
increase in pancreatic asylolytic activity could be explained to
be due to &n increased ppoteocsynthetic activity of the acinar

cells.

50, on the whoie, tolbutaside seeuns t0 stimulute the
pancreas either by the direct action on the cells concerned or
indirectly by the suppression of the activity of some anatagonis-

tiec factors.
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STUUILS ON TiE WFECTS OF FHOLONGED INJICTIONS OF

BETA=HYUROXY=DBUTYRATE ON TUE PANCREATIC
ACTIVITY OF CGUINLA PIGS

“hesults of this part have been briefly published
vide Nature (1959,;: 183, 0l.

oo
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wffect of B -hydroxybutyrate (s5o0d. sult) injections on the
pancreatic activity of norzal guines-pigs has been investigated,
Potency of extractable pancreatic inswlin increased after twelve
days of the regular administration of this drug and again the
insulin potency fell after thirty six days. FPancreatic umylsase
gctivity steuadily decreased 43 & result of prolonged aduinls-

tration of this drug.

I NTROOLDUCTION

Ketone bodies like acetone, bete-hydroxy-butyrute and
ageto-uacetate ovcour to gsowe extent in blood anu urine of nornwul
persons, These compounis bLecoue more abumiant when the carbo-
hydrate stores are deficlent &nd increased amnount of fat is
utilized to weet the energy requirewents of the body. It appears
that the luarge scele ketoune bodies production is & secondary
consequencetol the inability of the boay to utilize curbohydrate
(Turner, 1930). Ketosls is expected to occur when {ats are being

catabolized wore rupidly than they can be oxidized by the tissues.

Une of the juportint pathweys of carbohydrate metabolism
influencing lipogenssis is the hexose-monophosphate shunt pathe

way, It hus been noticed by .ashuiore et al (18967) that in
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diabetes the shunt traffic is lowered,

In disbetes glucose avalla le for wetubolisi witihin the
cell is greatly reduced s tue I'raction of glucose utilized
via the HHP (Hexuse monophosphate shunt) pathway is particularly
depressed. Unier these circunstdnces, fatty acid synthesis from
acetyl=Co.. 1s 1limiteu by the availability of TPNH forued in lMP
pathway. It appears that the synthesis ol fatty ucid is
regulated by the glucose utilizution via P pathway (shaw and

winegrad, 1868).

The syuthesis of ketone bodies begins with the conden-
sation of' two uolecules of ucetyl-voa to form acetoacetyl-Coa,
This oowpound nay lose its Cos to becouwe ketone body-acetoucetio
acid or aay yleld beta-hydroxybutyryl-Cosa which in turn becones
the ketone hody, hetu-hydroxybutyrate (Siperstein 1968,. These

transforaations can be represented us ;

ue XU

soetyl=-Coid —~ scetoacetyl-Cos Leta-hydroxybutyryl-Coa
o 0 b N
C = G-5Coa C=LaCaCas=Con C-C-C-Ca5-Coi
. =Coi |
o N L ;
17 > ° 4
To Cholesterol a0etoucetioc To fatty acid
synthesis acid
. F
Cela=C==0H

\‘I.'“i“q“

Beta«hydroxybutyric acid
C-F-G-Q-Ou
|
UH 0
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It had been shown by Langdon (1855, that bhoth UPNH and
TPN4 are required for the synthesis of fatty acids in tue liver.
PN 1s believed to act at tne reuotion site involving the
reduction of acetoscetyl-Coi to beta-hydroxybutyryli-Cosa waile
TPid 1s requirea for the econversion of Crotunyl-Cos to butyryl-
Cosne Tcihen and Bloch (1957, and also Siperstein (1957) have
shown that TPNH is required for the syntiesis of cholesterol.
Tepperctan ana [eppersun (1958) observed that the factors thut
influence the rate of fatly acid synthesis in the liver do not
necessurily affect tLhe cholesterol synthetic machaniss 1in the

sane direction.

In view of these findings it way be conclwied thaut the
major block in diabetes 1s aue to the lack of synthesis of TPNH
aend the second block is at the conversion of orotonyl-io4 to
butyryl-Coi. The location of the lipogenic lesion of dishetes
at this site hus an jsmportant bearing on the metaubolic abnor-
malities as found in diabetes. Diabetic ketosis is characterized
by the accunumlution of acetoacetic acld and beta-hydroxybutyriec
acid. Ulearly, these aolds acowinlate, in purt at least, as a
result of lesion at the TPNH dependont step in the fatty acid
synthesis. Uecususe of this wetsbolic block, coenzyne A
derivatives of acetoacetic wocild and Leta-hydroxy-btutyric ascid
would Le prevented frow participating in the furtuer synthesis
of fatty wcitds., The concentration of these cowmpounds as a presult

would increuse and their free woids would then accumulate elther
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by losing coenzyue-a groups or by the conversion of free
acetoucetic acid Lo beta-hydroxy-butyric uocid, «ll these

metabolic blocks way be shown as below :

uiahetic Block

[,/7/,2 :g'/ 1
TPNH
A
DPNH |
acetyl-Lon —* .ce toucetyl-co. b -hydroxy- — Crotonyl-
butyrl-Cos «—Coa
: Dutyryl-
Ry 1 ‘ Cos
L -
DEPNH
Cholesterol ascetoacetioc — .~ f <hydroxy- To fatty
acid butyric acid aoida

(Blocks huve boen shown by thick arrows)

pole (1958) thinks thuat probably ketonewla ulso rejuires
an accelerated transfer of fatty aclds fronx depot to liver
tissue. This way be due to an increuse in NLFA level in 17,

diabetic blood,

frouw. the above observations it is concluded that any
increase in the amount of ketonme houies in the system 1s only
a result of certuin metaliolic blooks, kKoehler et al (1941) have

shown that the injections of fat metubolites leud to a great
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increuse in the acetone bodies of the blood of nori:al subjects.

Nath and Urahmacnari (loc. cit.) observed that continued
injections of beta-hydroxy-butyrute in snfuials could bring
wbout hypertrophy of beta-cells which nay be followed by the
destruction of these cells. 50, 1t was thought interesting
to study the panoreatlic response of norual guines-pigs to an
artificially maintained high level of sod. beta-hydroxy-

butyrete which was injected in agueous sclution,

LXxXperimental

Normal guinca-pipgs were divided into four groups. One
group was termed as the coutrol group and the otiier groups were
given daily injections at the rate of 50 wg/animal of Sod. betu-
hydroxybutyrute (L. Light & Co.) dissolved in sterilized normal
suline in the morning before giving food., The dose of thils drug
was increased every week by 10 mg/animal. I['ood of the aninuls
in all the groups consisted of green grass, calbage leaves and
gerwinated grams. aAnluwals in centrol group were injeoted only
sterilized normal saline. Il'rowm time to time, animals of different
groups were depanorestized and pancreatic insulin and amylase

potency eatimated as desoribea umder Part I,
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Hesults

flesults of effects of sod. beta-hydroxy-butyrate
(Le Light & Co.) on the asnyluse conteats of norual guines-pigs.

pancreas are given in Table II1I.

TABLIB III

uffects of Ho0d. beta-hydroxybutyrate
on pancreatic anylase of guinea-plgs.

480 60

No., of duys of amyluse in terws of ) ..
No. injections. mge waltose/g. dry 6533§§32$2§29
pancreua. ( : S.E-) 5

1. 0 Control (6) 654.1 + 53.08 -

24 12 (6) 586.7 + 7.33 P >0.30
3. 25 (8) 457.2 + 34.30 P 0,05
4. 36 (6) 100.8 + 13.09 P ¢ 0,001

Figures in parenthosés indicate the number of animals,

* o« standerd orror.
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Bffects of these injections on the pancreatic insulin

potency ure given in Table IV,

TABLE IV

Lffects of beta-hydroxy-butyrate injcotions
on the pancreoatio aotivity of gulneu-pigs,

No. of days of Insulin potency in
NO. injeotions, terug of Dblood sugar significance
reduction/hr/g wet of difference.

poncreas ( + Selie)®

1, 0 Control () 14,72 + 0,79 -
2. 12 (§) 86,10 + 3,31 P(_0.001
3 26 (6) - -

4. 36 (6) 30.60 + 2,19 P [0.09

F'igures in ths parentheses indicates tho nunber of aniuals,

L) standard srror.,
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D1 scussion

I'rom Table I1I the effect of sod. beta-hydroxy-butyrate
on tho anylase level of pancreas is ciear. usn inspection of
tinis table revesls the lowering in tihe auyluse activity of
pancress in the norwal guinca-pigs. It is evideat fron this
table that us the number of days of this metubolite injections
increases, the auyluse activity goes on decrcoasing. This 1s a
significant effect as in disbotes digestive complicdations are
of ten noted. It appears thut bela-hydroxy-butyrate possibly

lowers the protoesynthetic activity of the puncreas,

Table IV shows the effects on insulin potency., [he
pattern of results is siudlar to the one reported by Nath and
frghanmohiari (loc. oit). 1Ihe initisl rigse in the insulin
activity couid be due to direot or indirect sticulstion of botu-
cells of islets of Langerhuns by Sod. hetu-hydroxybutyrate. as
thits increase in the insulin potency is followed by & wmarked fall
it is possible thut the hypertrophic stinmulation of bets cells is

followed by a sort of overwork atrophy.

it is possible that botu~-hydroxybutyrate in some way
inhibkits the potency of insulin which leuds to an increased
insulin demand by the hody and thereby, csausing panoreas to

overwork,
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EFFECTS OF SOME MBTADOLITES ON THE POTENCY OF
EXOGENOUS INSULIN IN VIVO AND IN VIIHG
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‘HSTI‘.-&CT

rrelicinary dats on the hypoglycemic effects of exogenous
insulin as effected by sSod. beta hydroxybutyrate, sod. succinete,
sode Citrate and sod. iso-citrate has been presented, It is
seen that excepting betu hydroxybutyrate, all tue wetulboiites

either prolong or enhance tne action of insulin.

INTROODUCTION

..8 & result of metabolic blocks in diahetes, fat
metubolites like betu-hyuroxybutyrate accumulate in the systewu.
Concentration of such fat metabolites goverans the lwportunt
clinical und blochendcal sy&poms of ketosis, acidosis and

ultisately diavetic coun,

in diaketes, while tuhere is a rise in the coucontration
of fat metabolites, iromwan and Urten (1955) have denonstrated

a decreased level of tricarboxylic acid eycle interiediates,

The chief mechznisw by witich the four curbon atous
interuediates of kKrebs cycle are for.ied, is believed to be by
fixation of carbondloxide to either pyruvate or phuspho -
enolpyruvate whioch yleld ualate or oxal..acetate resgectively.
the Formation of walate &s shouwn by Uchoa et al (1948, requires

TPnw a8 a co-factor, 1t 15 reéssonable, therefore, to conclude@
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that the depressed four curbon atom compoundis of tine tri-
carboxylic acid cycle in Jdiabeles may be a secondary consequence

of the lack of TFNH.

Cruickshank et al (1967, Thompsen (1946) and Earon
et ul (1946) have described the stimuluting effeets of sone of
the metabolites on the oxyren uptake of skin. Crulckshank et al
(19567, founu thut succinate could cause an initial stivulation
of skin for the oxygen uptake. . according to Bullough (1854)
guccinute and citrate produced mitotic auctivity is souse-eaur
skin in vitro and this zctivity is saximal in four hours, In
the light of the fimidings of the authors .entioned above and alse
of Griesumer and Gowld (1854;, 1t Lad been suggested that L.C.a.
cycle uay not be existing in its classicul fore in the skin but
anyway, it stunds that succinate could stimuiate the uptake of
oxygen wnile citrate could initiate at least a trunsitory

stimulation.

BDeatty et al (1955) observed that netabolites like
succinates could reduce the ketone body production by liver
in yitro.

The recent discovery that a large nusiber of metabolic
enzywes are associated with mitochondria (Greem, 1951) has
jnitiated & new thought in the wode of action of insulin.
aAccording to Green et al (1948, and Green (1952) witochondria
way be considored as the physical housing of & complex of &
large number of enzyues which have been called cyolophorase
complex enzywes. 1his group of enzyaes viz. cyclophorase-

mitochondrial system is called (., . system. Since the activity
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of these enzywes would depend upon the availability of
substrates in the cells, uny change in lhe conceniration of
these metubolites way bring forward svee inleresting
consequences. nHatin and urahuscnari (loc. cit.; noted the
inuwctivating influcnce of sowe of tiae ketone bLodles on the
potency of exogenous insulin, Keceatly, Leatty snu west (1955)
reported that the aduinisztrution of succinic wcid with insulin
caused a lurger decresse in ketonurias than when insulin alone
was given., bBut there is so far no cowparative work done on
the effects of metubolites on the potency of insulian. and

s0 it was plunned out to study the effects of svae of the

netabolites on the potency of exogenous insulin on pilot scale,

flotabolites studied were 3

i) Sodium beta-hydroxybutyrate,
11) Sodiuw succinute.
1ii) Sodiun citrute,

iv) sodium Isocitrute.

gixperimental

a) Preparation of solution for 'in vivo' work

liequisite awount of the metabolites were welghed und
dissolved in normal suline., These wore injected simul taneously

with the standurd crystalline zinc insulin (Lilly,) in the



different legs of rabbits which had been kept fasting for
18 = 24 hours.

b) Prepuration of solutions for in vitro work

For in vitro work % ug. of the metabolite were added
to a standard solution of insulin Just before injecting it in

tive legs of fasting rabbits,

c) The effect of insulin (coutrol) on the depression of
blood sugar level of the rubbits was studied by injecting

2 units of insulin per rabbit of about 1.5 - 2 k&;r This
solution of insulin 2 units/ml. was prepared just before use L}
suitebly diluting & stundara sample of 4U units/ul. insulia

(orystulline, winc) of Lilly with normal saline.

d) The sanples of blood frow the warginal ear veins of
rabbits were obtained in the ususl way and blood sugdr estimated
by the methou of folin anu naluros (1920, as nentioneu in earlier
part. blood glucose levels in rabbits were followed for four

hours.

Hesultsy

a8 this work was underteken us a preliminury for a
future large scuale screening prograsce, .statistical analysis
had not been carried out in this jporti un(No B\Qm.-.ﬂf\g L‘*‘\‘f

{wbij;i)
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The values of the depression in the fasting blood
sugar level of rabbits as influenced by the different
metabolites sre given in Table V . (Uuly average values are

given in these tubles,

wffects of 2 units insulin on the glucose
level/1060 ml. of blood of the unor.sl fasting rabbits.

0, Tiae after average velue of blood
injection. sugar level/100 nl.
of winole blood,i ¢ [

1. 0 (besting) 100.1 mge.
258

2. 1 hour. 52.25 uig.
X6

s 2 hours, 90.4 ug,.

4 3 hours, 601 wmg.

Se 4 hours, 62.5 mg.
’-

ey
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Effects of beta-hyuroxybutyrate (Lod. salt) om the

potency of insulin (2 units) in terns of glucose

level/10G wi. of blood of the norusl festing rabbits.

Time after Injection of beta- 100 og. beta- .bug, of
No. injsction. hydroxybutyrate hydroxybuty=- drug in
only (100 mg.) rate and 2 2 units
units insulin insulin
Y oC (in vivo) (in vitro)
1, 6 (Fasting) 38.54 ug. 83.4 g, 96,20 mg.,
4 0 ¢ Tw-7 5
p 28 1 hour, 88,54 ug, 82,90 mg. 87.42 mg.
. + ' . Q’ Y—‘.‘,(
Je 2 hours. 83.51 Big e - 78.07 mg .
il S
4, 2 §; hours - 05.82 mg. -
5. 2 ; hours, - 93.07 mge. -
Goe 3 hours 88.54 mgu 92.0 me e -
t 7. 54
7. 3 4 hours - - 78.07 ug.
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A B L VI

Lffects of sod. Isocitrate on tue potency of Insulin
(2 units; in teruis of BD.>. 1eve1/100 wle of bloed
of the norwual fasting rablis.

Tiiwe after offect of LU0 wg, of S mg. of
No. injections U0 uig. isocitrute isocitrate
50d, 1so- & 2 units & 2 units
citrate insulin insulin
only. (ia vivo) (in vitro)
| (x8.6) - §-€
1. 0 (Fasting) 79.2 wg. T2.61 mg. 97.5 mge.
2 1 hour, 85,9 NZ e 44,53 g e 46,09 Mg e
ok . T ’
3 2 hours, 65.9 mg. 32.14 mg. 43.74 bg.
L ' '
4, 2'2 hours, 65,0 O » - -
Se 3 hours, - 27.18 ag. 60,38 wg.
£ 9 '

Ge 4 hours, - - 69,1 wg.




T ABLE

V11l

ol

Luffects of Lod, citrute on the potency of insulin

(2 units,) in terus of glucose level/100 wl.
of blood of tie normal fusting rabbits.

Time ufter wffects of 100 wg. of S5 mg., citrate
HO. injections 100 mg. Sod. citrate & and 2 units
citrute only 2 units insulin
insulin (in vitro)
(in vivo)
XS )
1. ¢ (Fasting) 85.02 ng. 89.54 mg. 809.40 ag.,
q + .
p = S
2e 1 hour. 08,83 nmge. 26,44 mg, J2.68 mg,
e BT
3- 1 houl" 33 min. - 35.77 n'lg. -
4. 2 hOI.lr'B . 82 ] 31 Wg . - 30 .80 n’lg *
Yol + %!
5. 2 hours 568 min, - 44.59 wg. -
Ge 3 hours, 87.74 mg. - -
R
7. 3} hours, - - 24,04 nmge
8. 4 hours. 88.48 ug. 603U mg, -

e




TABLE IX

zffects of sod. succinate on the potency of insulin

(2 units) in terms of glucose level/1G0 ul,
of the normzal fastings of Tubbits,.

o1

Time after Lffects of »od. 100 wmgs. S mg, succi-
No. injections, succinate succinate nate and
(100 wge). & 2 units 2 units
insulin insulin
(in vivo) (in vitro)
RS W, S
1. 0 (Fasting) 64.73 mg. 80,50 mg. 69,21 ng.
f . ¢ oy TS
24 1 hour, 76,10 mg. 38.99 ug. 44,00 mg.
3. 1 hl". 25 min. - 36.03 mg. -
4. 1 hl". 35 mil‘l. 72.70 mg- - o
i 2
5. 2 hours, - - 30,96 mg.
e 3 hours. 61 .31 0L 30.10 g « -
1€y * Qg
7 3 hrs, 10 win. - - 34,00 wog.
8. 4 hours, - - Hig o

50.70
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i1scussion

an inspection of these tables reveals thuat the effect
of insulin in the presence of metabolites 15 elther enhunced or
prolonged, excepting in the case of 50d. beta-hydroxybutyrate
(Table VI) which inhibits the efiect of insuiin on blood sugar

levels of fusting rabbits Loth in vitro as well as in vivo,

88 TeCoese Cycle 1s on the whole dupressed in
diabetes, tnis potentiation of insuiin is of great importaunce.
Frobably the increase in the concentration of these metabolites
which are substruwf; for the enzyuwe systew of miltochondrisa
(Caotia systen), enchances the activity of those enzyues und the
glucose uptuke of the cells increases, Increused availability
of these nietabolites of r.c.uifﬁéy serve as acceptors of awino-
nitrogen and thereby increasing the rute of glucose utilization,
It 18 also possible that these metuabolites nay foru & certain
type of complex with insulin whicih is on the whole wore potent

than insulin,

s0d, betu-hydroxybutyrate wuas shiown by Nath and
prabwachari (loc. eit.) too, to inacotivate the insulin activity

and here again this type of inaotivation is uoticed,
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ABSTRALACT

Results of prelininary screening survey of the
effects of differeant iusulinase tanuibitors and awino acids

on the potency of exogenous insulin have heen reported.

INTROOLUCTIXON

Protein utilizaution in the aniwels umier diabetic
conditions 1s ol great signiticunce. It hud been noticed
quite & long tiwe buack that proteins can be repluced in the
diet by their hydrolytic produots - auino acids. JIn fuet the
iwportance of proteins in the diet is due to their being a
source of amino acids only. It 18 interesting to note that
gquite 4 gooud nwuber of workers have noted thiét insulin can
cause a reduction of the plusia wnino aclids (Luock and ilorse
1933; Frame and Hussell 1846; Herris and ilerris, 1947 and
Milman et sl 1961). This reduction in plasmi anino acids nhas
been considered by .unro (1851, and RQussell (1855) as an
evidence of aa intimate inter-relationship of increased
utilization of carbowhydrate with & net gain in the metabolism

of protein.

Hubini and seligson (1958) recently confirned the
soute reduction in the plasiua awino wcids of normal persons by

measures which incresse tho carbohydrate utilizetion.
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sirsky et ul (1966G) noted thet the feeding of
1-tryptophan could cause & decrease in blood sugar levels of
norn.al rats amd wmice anu they accounted this by suggesting
thut 1l-tryptophan cususes an inhibition of insulinase activity.
nirsky et al (1957) further found thuet this inhibition of
insulinagse coulu be cazused by even tne metubollie derivatives
of l-tryptophnan. among the wost importunt of these metubolites

are nicotinic acid and indole-acetic acid,

. hirsky (1956, suggests that the suxins or plunt
growth regulators like Inmdolyl-d-butyric sciu end Indolyl-d-
propionic acid are ulso competitive reversible insulinuse
inhibitors. Nirsky (1057, also found thut even though
1-tryptophan was quite a potent insulinase inhibitor,
Letryptophun wus not, and so slso other auino acids like
aspartic ucid, slanine and phenyl-ualsnlne which were found

to be ineffective as insulinase inhibitors,

At the sawe time the importence of awino acids for
the transforuation into keto acids, by netabolic doamination
and thereby entering into the T.C.i. cycle cannot be

exaggorated,

sapartic acid, alanine and phenylalanine have been
shown of their capebility of getting covereted Into carbope

hydrate. e.g. aspartic seid — uxalacetic acid——Carhon-
- hydrate.

Alanine ——— Fyruvic agdd —— Carhbofhiydrate.
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sccording to the aniwo acids claszification by
Block, tryptophaa aau rhenylalanine are ludispensable
(essentinl) wunu aspartic sciu wnd aleanine dispensable anino
acius. ulso tiicre is an increase in the rate of gluconeogenesis
in diabetes. 50, it was pleaaned to study the effects of
insulinuse inhibitors, 1l-tryptophan «nd niscin (nicotinic acid)
indispensuble ausino acids paenyl-ulsnine (snd l-tryptopnan,;
dispensable anino woids ulanine and aspartic acid end auxins
Indolyl-Jdeproupionic and Indolyl-3-buty¥ic acid on the potency

of exogenous insulin both 'in vitro' and in vivo in the

nornal fasting rabbits, (work wus only on pilot scale as a
preliuinary for a lerge scale prograsue to be taken up at a

future dat®).

i xper iuwmental

pPreparation of amino acids solutionsfor ‘'in vivo' work

10U oig. of each acid wus weighed anu dissolved in
1 . ood, biourbonute solution, pH was adjusted to 7-8 and

voilume muade up to S ul.

Preparation of solution for ‘in vitro' work

10 mg, of each acid wus direotly dissolved in one uile

of insulin solution (containing 2 units;.
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The injections and estisations of Llocd sugar were

done 1in the suuwe fashion as described in Part 111,

Hesults

The values of blood sugur levels of fasting rabbits

w8 effected by tiiese substunces are shown in the following
s’

tables.” No. 1 b -

TABILE X

Lffects of 1-tryptophan vn the potency of insulin
(2 units) in terus of glucose level/1V0 al.
of blood of the norual fasting rabbits.

Time after 100 mg. of trypto- 10 ug. of tryptophan
No. injections phan & 2 units and & units insulin
insulin (in vivo) {(in vitro)
‘o) (& nE)
1. ¢ (Fasting 94.82 mg. 101.60 wg.
R £ Y + 8
2. 1 hr. 5 min, ?#570 ng .« 61.30 mg,
3. 2 hours, - 59.80 mg,
.
4. 2 hrs. § min . 54.85 ug. -
Tl
8. 3 hrs. b min, 58.79 wmg. -
4 5
6o d hrs, 15 win, - 82.40 nmg,
-+ 7. &
L X 4 hours. 93,30 g, -
K.l
8. 4

hrs, 15 wmin, - 04,860 Nif o
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T a BLE A\

effects of Nicotinic soid on the potency of insulin
(2 units) in terms of glucose level/160 wl. of
blood of the normal fasting rabbits.

Tine after 160 og. of nicotinic 10 »g. of nico-
No, injections, acid and 2 uniis of tinic acid and
insulin (in vivo) 2 units of

insulin(in vitro
i

1. ¢ (Fasting) 81.60 mg. 86,00 ng.
g 8 .-

2. 1 hour, 65.64 mg. 45,95 mg.
Ty .

3. 2 hours, 02.97 g s 45.42 e

4, J hours, - 63.42 mg.

S 3 hrg. 25 wmin. 58.90 ng. -

Yo xr
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T ABLE X

wffects of phenylalanine on the potency of insulin
(2 units) in terus of glucouse level/100 nl.
of blood of the normal fasting rabbits.

cs98090

Tiwe after 160 ag., of phpnyla- 10 ag. of phenyla-

NO. injections. lanine and 2 units lunine and 2 units
insulin (in vivo) of iusulin (in vitre)

1. 0 (Fasting) 90.82 mg. 102.40 wg.

2. 1 hour, B6,63 ng. 64,20 mg.

o :

2 2 hrs. 15 uin,. 94,70 mg e -

4. 2 hrs. 30 min. - 50.56 wg.

Se 3 hours. 88,16 mg. 55,58 mg.
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T s B LEXI

uffects of slanine on the potency of insulin
(2 units) in terss of glucose level/100 ml
of blood of the noraual fusting rabbits,

Tiwe after 100 mg. of a2lanine 10 mg. of alunine
No, injections and 2 units insulin and 2 unlts insulin
(in vivo) (in vitro)
0 (Fasting) 100.06 mg. 103,30 ug.
Bergs A\ - T W
2 55 winutes. 64,21 wg. -
+ €.y
3. 1 hl‘. 55 min. 62.67 mg. -
Pl |
4, 2 hours., - 47 .40 mg,
5. 3 hours. - 94,81 mg.
b g |
6. 3 hours 5 wmin. 82,67 mg. -
pa A

Ly 253 4 hours. - 64,20 g e




T 4 BLE YIV

pffeots of .gpurtic acid on the potency of insulin
(2 units) in terus of glucose level/10( ml. of
blood of the normal fusting rabbits.

Time after 100 mg. aspartic 16 mg. of aspartic
No. injections acid and 2 units acid and 2 units
insulin (in vivo) insulin (in vitro)
L o'y i
1. 0 (Fasting) 119.20 g, 106,60 g,
r'n | . !
2. 1 hour' 72.53 niga 97.56 n‘g.
3. 2 hours, 86.10 mg. 63.40 mg,
=%l
4, 3 hours. 87.50 ung. 02,90 mg,
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L fV

Lot}
-~

|

=

uffects of Imdolyl-Jd=propionic acid on the potency of
insulin (2 units; in terns of glucose level/10U ml.
of blood of the norwal fasting rabbits.

secenvoe

Tiwe after 100 wmg., Indolyl- 10 wg. Indolyl-3=-
No. injections d-propionic wcid propionic acid and
& 2 units insulin 2 units iasulin
(1a vivo) (in vitro)
p LS =k
1. G (Fasting) 112.20 mg. 100.00 ag.
. | 2 - [
2. 1 hOll!‘. 70.29 mg. 48.58 mg.
T 4
3. 2 hours. 84.40 wmg. 54.00 ag.
4. 3 hours, 101,060 wg. 63.80 mg.
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T abBlEy

Effeots of Indolyl=Jd-butyric acid on the potency of
insulin (2 units) in terus of glucose level/
100 ml. of blood of the norwal fasting rabbits

LR BB N B O

Time after 100 pge Indolyl=3=- 10 ng, of Iatdolylede

No. injoections butyric acid ami butyric acid and
2 units insulin < units insulin
(in vivo) (in vitro)
15-¢ 558
1, 0 (lrasting) 97.72 uge. 102.60 mg.
- 1 to-l
2. 1 hOlﬂ'- 48.10 mg- 54.16 mg.
Ty 14k
3. 2 hours, 55.46 mg. 56.76 mg.
X 4.q Ty
4. 3 hours. 67.00 mge 63,00 mg,

x b Ak
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Discussion

Table A reveals that the presence of l-tryptophan
along with insulin enhances andrgreotours the auction of insulin

to some extent,

Table XI indicates the potentiating effects of
nicotinic acid on insulin., Obviously the poteatiation of
insulin by nicotinio ueid is much uiore as coupared to that of
tryptophan, This raises a fundauental question, nlcotinic acid
being & metubolite of tryptophan, whether the effect of trypto-
phan on insulin 1s due to 1is own uction or is & secondary
effect of its first uetabolic conversion to nicotinic acid,
Nicotinic acid being a wenber of vitwiln Becomplex forms

propthetic groups of cunzymes,

Table XII represents the effects of imdispenaable
amino acid viz, phenyl-alanine. whereas 'in vitro' it enhances
tue potency of insulin to some extent, it does not show any
increase in potency of insulin 'in vivo' . It is possible that
this acid way bhe forming some type of slowly diifusible complex
with insulin, the type of which was reported (between insulin
and sulphones) by Lahyun and Heyn (1940) though not confirmed
by Maoallum (1948). The'in vivo' effect could be possibly due
to the roason that this acid being an essential anino acidy is

possibly preferentislly taken up for the purpose of some other



66

metubolic process and may not be available for the formation

of this type of complex with insulin (as 'in vitro').

Table XIII 4{indicates the effocts of alanine. It is
clear that even though it is not an essential amino acid, 1t
is intimately related in its structure to phenyl-alanine,
whereas its 'in vitro' effect is like phenyl-alunine only,
'in vivo' effect of this acid lies in prolonging the action
of insulin. Frobably the :~3« with which this acid could be
changed into pyruvic acid and thereby enter the EKrebs cycle,
nay be responsible for its 'in vivo' effect. It has already
been noted thut the stinulation of Krebs' cycle by the increase
of T.C.s. metabolites wmay enhance the glucose upteke and thereby

cause a potentiation of insulin,

Inspection of Table XIV 1indicates a slight prolongsation
of insulin action by aspaurtic acid 'in vitro', like that of
alanine. aAspartic acid could enter the T.C.n. cycle Ly
rietabolic deamination to oxallicetic acid, The 'in vive' effect

of course 1s aglmost us much as that of pure insulin,

Plant regulators or auxins Indolyl-3-propionic acid
and Indolyl-3-butyric acid which have been suggested to be also
insulinase fnhibitors appeuar to hauve some effect on the insulin

potency both 'in vitro' and ‘'in vivo' (Tables XV and XVI).




67

RLFERLUENCLES

Frase, LeG. and J... Aussell (1946): Lndocrinology; 38, 420,

Harris, Heile & Heoe idarris (1947,: Proc. 50c. izxptl. Biol. Hed,
64, 471.

Luck, Jeliea & Selhe nOrse (1933)3 Liocheiis J. EZ, 1648,
Macalluw, a.be (1948): Canad. J. Hes. 26, 232.

rpifluan, A.wn., P. Lewoore and Fe.iU.he Lukens (19881;:
Alle e E’hys’.o;‘.o 166’ J354.

diirsky and rirsky et al (1856, 1957): Heferences given in part I.
lunro, ie.N. (1851): Physiol. Kev. 31, 449,

hunl‘o, ﬂ.ﬂo' J.Ce vaton and 4. Glen (1949): Jo Clin, indocrionol.
9, 48.
-

Kubdni, he Be and v. S5eligson (1958): sme J. Clin. Nutri.
6, 365.

Russell, J.as (1065): Fed. Froc. 14, 696.

Sahyun, M. wnd M. Heyn (1940): U.5. Patent 2, 192, 386,



638

PaRT V'

STUUIES UN THE EFFiCTS OF MeTASBOLITLS ON THE
BLUAYIOUR OF INSULXIN ON THE CAPACITY
OF DROPPING MLUCURY ELLCTHOUE

L
Hesults of this pert have been partly published in Hesearch
Bulletin (N.9) Panjeb University (1b6u); 11, 155,
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ABSTRACT

Behaviour of insulin on the cepaclity of dropping wercury
electrode (IMik) has been studied, Further, effects of a few
setabolites on this behaviour have been investigated., 1t is
noted tinat insulin behaves like a surfactunt on the capacity of

i and 1s very little influenced by the presence of these

metabolites.

INTROLUCTIGON

Levine et al (loec. cit) suggested the node of action of
insulin in terns of truasfer of glucose aoross the cell wewbgrane.
This transport of glucose ucross the cell memberane, stresses
the iuportance of certain physicul phenomena like perueability,

surface activity, surfauce potlential und the like,

There are three wain hypotheses for the perueability

phenou@non (Kuhland, 19565):

1) Mechanicul seesssse the cell memberane 1s & sieve.

2) Uhﬁia:ical sssansse subst:ﬂncﬁs enter the cells by
chemical combination or sclability.

3) Electrical sesssses subs tences enter the cells because
of an electiricul charge,
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It 1s well known that protoplasmic surfcce 1s & dynauic
system rather than merely a sieve. uverlon (1900) noticed that
non-polar molecules enter the cell uore rapidly than the polur

ones (like ‘OH, /COGH, eto.)

Farther, the wmoleculur weight of insulin as deterained
by osciotic pressure or ultra-centrifugal methods is 48000 and
by XAeray measurenents about J6U00 (sanger, 1956); whether a
protein wmolecule of this size cun penetrate the cell, 1f insulin

acts intra cellularly, is & watter of conjecture,

& surface active substance cun show adsorption and
desorption under different coniditions, I1hese substunces are

capable of altoring tie capaocity of a dropping mercury electrode. .

voss and kKalyansundurssn (1852) reported the effects of a
good number of orgunic substances on the cupaclity of dropping

mercury electrode at electro~-capillary zero,

liandles (19847) reported that addition of gelutine in
polsrographic studies brought down the rate of dischurge of
cadimiws ions by & thousand tines, Keilin (1948) had also made
s slwllur type of observation on tie polarographilc measurenents.
This effect has been attributed to the surfuce active substunces
getting adsorbed at tue wercury surface and hindering electroue
processes in the coveted areas. Thus, adsorbed surface aotive

substances are known to cause a lowering in tie capucity of the

electrical double layer.
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Frumkin and Proskurnin (1235) were the firat to make
a detailed study of the effects of surface active substances
on the dropping mercury electrode. Lue to the effects of
surfaoe active substances, there is a lowering of tie capacity
in the neighbourhood of thwe electro-capillary zero. This lower-
ing of the capucity has been atltributed to the adsorption of
surface active substances which interfere with the electrode
processes necessary for the passuge of the capacitative current.
. depression in the capacity in the neighbourhood of the electro-
capillary zero has been observed in insulin by Gupta (1854} who
observed that usaoro:olecules are sluggish in adsorption and
desorption in the pulsating field at the desorbing potlentials.
The desorption peak in the case of mucromoleculss, therefore,

should be sither non-existent or small.

The last ten yeurs have seen the 108t remarkable
advanoes ever recorded in the asnnals of protein chendstry.
sanger and his associates (1951, 1852, 1953 and 1954) have
deternined the structure of insulin. Harfenist's (1853) analysis
of awino acids of insulin is in full accoruance with the results

of o»anger g_t_, ﬂ.

Insulin is & peptide and consists of two chains of
51 amwino acid residues of 16 amino acfids., The two ochains (A & B)
of the anino acids in insulin molecule are joined to each other

by two covalent linkages of disulphide bridge. This structure

could b8 shown as :
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Hac = 8 e & T Tuz
- 6 7 20
S o
; |
> S
B Phe, — 7 Ala,
1 19 30

Crystalline insulin also conteins suall amounts of zinc
(about one atom per 12,000 eguivalent weighty VQ;:;;pears to be
bound rather firmly. It has boen suggested that insulin in
blood circulates in & complex fore with other substunces
purticularly with large basic net churge (antoniades et al 1856).
This complex of insulin is thought to be a sort of & regulator
for the equilibrium between "free" and “"bound®” insulin in blood.

tree insulin is claimed to be the uctive form andi in bound form

insulin 18 bidlogically inuctive for most of the tissues.

In view of the claim thuat insulin has souething to do

with the glucose transport ucross the cell nenbrune, it was
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planned to study the effects of insulin on the capaocity of
dropping mercury electrode (U.u.ls) and further, to study any
possible effects of metabolites on the effect of insulin on the

capacity of U.M.4.

Exper f1mental

i) Insulin solution was the medicinal product of L1lly and
wvas of U.S5.P specifications, potenocy of insulin being 40

units per ml.

2) Indifferent electrolyte used was G.1 M KC1, pH adjusted
at 4.00 with 0,1 N 11 1n a Beckmann pH meter (lodel nz).
To avoid any possible 'time effect' when the electrolyte was
in contuact with the pool of mercury, O.1 K KC1 solution was

stored in contact with a 1ittle of wercury and calowmel,

3) Metabolites studied were: glucose, Sod. botue
hydroxy-butyrate, sediun Isocitrate, sodiun Citrate and
Sodium sucoinate.

8.0 . of eaoh of these metabolites were used in each

experiment,

4) DeCe potentials throughout this study have been expressed

with reference to the saturated calonel electiroda.

The constants of mercury were:

t = 1,79 sec. per drop, open circuit in 0.1 M KCl.
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(Y The set up of dropping wmercury electrode was siuilar

to the one described by voss and Gupta (1952),

The techunique consists of upplying G0 Ueklebis dCo
ripples (60 cycles) of + 45 wV (r.u.s), over the b.C.
potential and observing the alternuiing component;ééﬁzgzu&ropping
meroury electrode is wuch higher than the rest of the impedence
of the syster, the wmugnitude of the alternating current gives

a measure of the capacity of L.M.L.

A vacuun tube voltmeter was used as an amplifier and
the amplified current was rectified and meusured by & galvano-
meter with & suitable shunt, Since the resistive impedence due
to the rest of the circuit was low as compured to the ilmpedence
due to the capuoity of the DME , the galvanoueter deflections
were nearly proportional to the differentisl ecapacity (circuit

diagran 1s given in iig. 1l.)

-

Fipure o

Procedure

For control readings, 9 ml, of U1 M KCI (pH 4.0} were
taken and by varying the U.C. potential, the 4.C. impulse of the
resistance applied to bring back the galvanoneter reauding to the

seue point on the lanp 8mi scule arrangenent, was noted.
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For the study of insulin, 8,0 ml, of indifferent

electrolyte wlong with 1.0 wl. of 40 units per uwl. crystalline

zino insulin (L1illy) were used.

For the study of the effects of metabolites to 8.V ml,

of indifferent electroiyte containing 8.0 mge of the metabolite

1.00 ml. of insulin was added, Iieadings were taken in the

usuial way.

The effect

the capacitance

pffects

of’

of

in Table XVIII.

Effeots

Effects

Table XXe
Effects

Effects

Effeocts

of

of

of

of’

of

Results

of indifferent electrolyte, 0.1 M KCl on
Deliolte 18 given in Table AiVII.

1 ml, insulin on the capacitunce are given

Clucose are given in Table XIX,

sod. beta-hydroxybutyrate are given in

Sod. 1socitrate are given in Table XXI,
sod. citrate are given in Table XXiI.

Sod. sSuccinate are given in Table AXIIX.



76

T A BLEBE XVII

ELffect of © ml., of 0.1 M, KC1 (pH 4.0) on the
capacitunce of dropping mercury electrode

D.C, applied in volts #.Ce In terus
No. (corrected in terms of ohms,

of saturated calomel

electrode).
1. 0.0342 131
2. U.1342 20
3. 0.2342 188
4, 0.3342 190
B 0.4342 211
6. 60,5342 278
7. 0.8342 342
8, 0.7342 389
9. U.8342 4208
10, 0.9342 456
11. 1.0342 406
12, 1.1342 447
13. 1.,2342 B39
14. 1.3342 549
15. 1.4342 466
16. 1.5342 874
17, 1.6342 576
18. 1.7342 570

# 1noreuse of ourrent

(with origin)

Initial current - Final ourrent)x 10V
Final current
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TABLUE XVIIX

Effects of 1 ml. insulin on the capacitance of dropping
meroury electrede with U.1 M KC1 (8 ml. pH 4.,00)

Nou  (erresbea inborve of  A:0e in terms 3 increuss
saturated calomel or chads of 4.C.
eleotrode).

1. 0.,0342 103 ¢ 27.18

2. 0.1342 170 + 23,52

3. G.2342 239 - 13.01

4. G.3342 a58 o 48,85

B, U.4342 480 - 56.73

8. U.5342 590 « 5l.18

7. 0.7342 729 - 46.67

8. 0.8342 720 - 40,97

9. 0.9342 696 - 34.48

10. 1.0342 629 - 256.01

11, 1.1342 880 - 19.48

12, 11,2342 670 - 19,55

13, 1.3342 639 - 14,08

14. 1.4342 ¢20 - 8,70

15. 1.5342 802 - 4,485

16. 1.6342 540 + 5,50

319 + D.82

17. 1.7342
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TABLULE XIX

Lffects of Clucose (8 mg) on the effects of
1“3“11“ 1 ﬂllo wit«h 8 nl. of 0.1 M hGl(pH 4.0)
on the behaviour of dropping mercury electrode,

No. ?;g;rzggzé.gnizo:::t:f A‘ﬁ; zgﬁ:?'“' f}incgease
saturated oalomel eV
electrode).

1s 0.0342 106 ¢ 24.76

2. 0.1342 174 + 206,809

3. G.23942 243 - 18,51

b 0.3342 330 - 42.42

B. 0.0342 689 » 50.36

8. 0.7342 799 - 81,32

7 0.8342 795 - 46.55

8. 0.9342 738 - 38.21

0. 1.0342 652 - 29,90

10. 1.1342 666 o 17.52

11. 1.,2342 €609 - 11.49

12. 1,3342 580 - 5,34

19. 1,4342 570 - 0, 70

14. 1.5342 547 + 4,93

156, 1.6942 488 + 18.03

16. 1.7342 498 + 14.44
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irfects of sod. beta-hydroxybutyrate (8 mg) on the effect
of 1 ml, insulin with 8 ml, of G.1 M KCl1 (pii 4.0) on the

behaviour of dropping wercury electrode.

CC N R N R

NO. : igérﬁﬁﬁtiﬁdiintzma ‘t:;gs 12:' # increase of 4A.C.
of saturated celosel chms,
electrode).
1. 0.0342 112 + 17.0u
2. 0.1342 172 ¢ 22,09
3. 0.2342 242 - 23.14
R 0.3342 328 - 42,07
5. 0.4342 303 - 46.31
6. 0.5342 452 - 38,49
7. 0.6342 560 - J30.47
8. 0.7342 610 - 34.59
9, 0.8342 615 - 30.89
10. 0.9342 wad - 206.80
1l. 1.0342 674 - 18,81
12. 1.1342 563 « 17.05
i3. 1,2342 879 - 6.80
14. 1,3342 653 - 0.72
15 1.4342 568 + 1.43
16. 1.5342 559 + 2.68
17. 1.,6342 520 + 10.57
18. 1.7342 630 + 0.87




TABLE XXI

pffects of sod. isocitrate (8 ag) on the effects

of 1 m] . insulin with 8 ml, 0.1 M

KC1 (pi 4.0)

on the behaviour of dropping nercury electrode,

80

DeCe upplied in volis

A.Ce 1in terms

» inorease

NO. (corrected in termss

of saturated calomel of ohms, of A.Ce.

electrode).
0.0342 98 + 34,79
2. 0.,1342 170 ¢ 23.52
3. 0.2342 255 - 22.35
4. 0.3342 348 - 45.40
5. 0.4342 433 - 51.27
6. 0.5342 453 - 38,62
7 0.6342 543 - 36,64
8. 0,7342 579 - 33.19
9. 0.8342 593 = 28,33
10. 0.9342 593 - 21,44
11, 1.0342 887 = 16.33
12, 1,1342 014 - 0,12
13. 1.2342 850 - 2,00
14, 1.3342 824 + 497
15. 1.4342 552 +  2.47
16. 1.5342 559 + 2.,ub
17. 1.6342 540 + 4,71
18. 1.7342 546 + 4,39
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Lffects of S50d. cltrute (8 mg) on the effects of
insulin 1 ml., and 8 ml. 0.1 ¥ KCY (pH 4,0) on
the behaviour of dropping mercury electrode.

[ 2 S LI

D.C. applied in volis

HeCs 1in terms

% increase

No. (corrected in terms of

saturated calomel of ohms. in A.C.

eleoctrode).
1. 0.0342 106 + 23,58
2. 0.1342 174 + 20,69
3. G.2342 264 - 21.96
4. 0.3342 370 - 48,04
5. 0.4342 467 « §4,81
6. 0.5342 490 - 43.26
7. 0.6342 530 - 35,46
8. 0.7342 559 - 30.41
9. 0.8342 587 - 27.59
10, 0.8342 608 - 25,00
11, 1,0342 8590 - 21,00
12. 1.1342 520 - 10.19
13, 1,2342 560 - J.89
14, 1.3342 537 + 2,23
15. 1.4342 545 + J.85
16. 1.5342 547 + 4.93
17. 1.6342 5356 + 7.47
18. 1,7342 630 + 7.04
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T A U L L JL.III

ulffects of sSo0d. succinate (8 mg) on the effects
of 1 ml. insulin with 8 ml, U1 M KC1(pH 4.0)
on the behaviour of dropping uerocury electirode.

Ve.Co applied in volts

NO. (corrected in terms AsCe in terns # increase
of saturated calouel of ohms, in A.C.
eloctrode).

1. 6.0342 109 + 20.18

2. V1342 189 + 11.11

3. 0.2342 <50 - 20,80

4, 0.3342 338 - 44.11

5, 0.4342 408 - 45.28

6. 0.5342 462 - 39,81

7. 0.7342 625 - 37.76

8. 0.8342 628 = J2,32

9, 0.9342 620 - 26,45

10. 1,0342 882 - 19.93

11l. 1.1342 580 - 15.09

12. 1.2342 569 - 4,26

13. 1.3342 550 - U.18

14. 1.4342 559 + 1.07

15. 1,5342 Su2d + 2.13

16. 1.6342 o570 + 0.87

17. 1, 11,7342 973 + 0.52

All these results have been graphically shown
in Fig. 2 to 7.



83

biscussion

There are & nuwber of Tactors which play a part in
the adsorption of substances at the mercury-water interface.
In the cuse of surface active substances, such as proteins,
the muin factors causing adsorption appear to be the "sgueezing
type™ of forces. Liquid water consists of a net work of hydrogen
bonds. The hydrophobic groups like hydrccarbon and sulphide,
in the nmolecule do not fit into this net work. In viow of this,
there is a tendency for tihe hydrophobic groups to be thrown out

of the liguid. This tendency has been called by Miller and

Craname (1957) as the "squeoczing type". 1In this oonncction,

-

these authors observed that 3

even short chain hydrocurbons are hydrophobic and produce

(a)
g squeezing out effect which appears us a desorption snion
and . '

(b) polybasic anions ure completely expelled froﬁ the interface

when the meroury carries even a small negative charpe and
strongly attracted when the charge is slightly positive.
Adsorption and desorption peuks are produced at the
potential of electro-capillory maxisum (e.0. max,) through

the operation of this effeot, It see.s that & monolayer

of anions is formed,.
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adsorption on wercury can take pluce in four different

wWaySs:
(a) Type 1 sdsorption: un an uncherged surface,

(b) IType 11 Chexisorption: siany anions are capable of
foruing bonds with wercury and the strength of tnese
bonds depends upon the surface ocharge density. These
anfons ('s, 'I, 'sCN, 'Br ete, ) are those whieh foru
i{nsoluble salts with mercury. 0Une can say that cither
a2 covalent bond is lormed or can attribute the attraction

to the polarizability of the anion. Type II adsorption

i{s recognisable at e.c. wax. when the churge on the

mercury drops is zoro. The adsorption of the anions
lowers the surface tension anu shifts the potential of

0.C. MaxX, towards more cathodic values.

(c) Type 1II sdsorption exhibited Ly anlons like 'NOg ,
’Clo4 and'c.loa ete. whioh are adsorbed at €.0. max. but

obviously cannot form oovelent linkages.

(d) Type IV 19 expected when one stops to coasider the
possibility of the luteral interaction between ilons which -
have been "squeczed” out of tho solution. lionolayers of
unionized molecules &re jorued at the intorface and the

vander wasl forces help to stabilize them,

The eperation of these 'squeezing type of forces'

manifest thewselves 1n & nuniber of well-known phenomens, sych 89

1} Insolubility of hydrocarions in water,



89

2) 1insolubility of substunces having molecules with a

preponderant proportion of hydrophiobic zroups;

3/ adsorption of surface active substances such as soaps,
dye=-stuffs, proteiny etc. at (a, water-air interface

causing fouu stability, (b, water-oil iaterfuce causing

esulsion stability, (c) water-carbon interface affecting
wettability, (d) water-netal interface cuusing the

phenomens of protection and sensitization ;

4) micelle fornution in soeps, dye-stuffs and the other surface

active substances at higher conceuntirations ;

5) conplex foruation between the indicators and the

surface active substances;

6) adsorption of wetting apgents on the wax covered oellulose
oapillsries in yarn, thereby causing the wetting phenouena
and

7) orientation during the spreading of surfactants,

Insulin molecule as shown frow its structure has got
a number of hydrophobic groups. Insulin molecules, therefors,
tend to spread on water surfaces. It is of great interest.to
note that insulin molecule 10ses its biological activity if the
hydrophohic group like the disulphide bridge is destroyed,
1nsulin isolated from different anjmal species hus got this vital

structural unit viz. the disulphide bridge in evory species.

The adsorption of surface active substances 1like

insulin tukes plece unhindered at the mercury wator interface at
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thie potential corresponding 1o e.c.msXx. and this potential
represents the stepe at wiich the surface has no charpge. The
value of this potentiel as found in this study is about - 0,3 V
with reference to tie norual caloiel electrode. The adsorption
therefore, would be maxinum in the neighbourhood of this

potential,.

If the potential of D.H.E. 15 wade highly negative or
positive a&s coupared to electrocapillary zero, the interface
gets a high charge. Thils causes sirong attraotive forces
between the charged surface ami the water dipoles, 1In case
the surfuce 1s ne; atively ocharged, it tends to piok up the
water dipoles by the positive ends and 1f positively clharged,
it tends to pick up water dipoles by the necgative ends., In
either cuse, the attraction is so0 strong that the 'squeezing
type' of forces are not able to coupete with these forces; so
much 9o the surfaotants get desorbed. In the present study
with insulin this desorption took pluce at the potentisl of
e 1,6 V, pti being 4.0 (fig. 2). This behaviour would be

influenced by the net charge of the adsorbed molecules,

If a complex formation is possible between insulin and
metabolites, such a coumplex formation would wifoct the adsord-
$11ity of 1nsulin. 50, 1t becomes all the more important to
examime the effect of glucose on the adsorption behaviour of
insulin. A conmparison of ¥Fig. 2 (for insulin) and Fig, 3

(for glucose and insulin) shows that this type of effect 1s not
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much, from witich 4t 1s concludead that as studied b}' thi
" ) “ I8 | rethoﬂ
the COil‘Plex formation of é‘;lucose and insulin is possi bl
PO le to a

very little extent only.

o conpearison of the ['igs. 2 ¢« 4 shows, however that
there is & considorable difference in the benaviour be;uo
pure insulin and insulin oixed with sod, bota-hyuroxybuty:nt
The later systeu shows a lowered adsorptioa as well as 10w: )
voltage for desorption. Luereus the maximuw uepression op -
capacity is 56 45 with insulin, it 1s only about 46 . wigy thi
mixture. This indicates that the adsorbiiity of the Couplex )
is less than that of insulin. This gives risc to the proninence
of an interesting conclusion whether in diabetes, the rise in
concentration of ketone bodies like Letu~hydroxybutyrate can
i{nfluence the wode of action of insulin, In cuse such type of
insulin-beta«byuroxybutyrate complex could be possible in a
biolopicel systen, it would imlluence the aotivity of insulin

in bringing about the cells in wore intimate contact with the
substrates.

. comparison of l'ig. 2 with I'igs. 5,6 & 7 shows

ghat sodium isccitrute, sodium citrute and sodium succinate

re also capable of influencing to some extent the behavioupr

of insulin on UME., It 1s evident Cfrom these figures that the
desorption peak as forieu in the case of beta-hydroxybutyrate
case of these TeCota members whioch

observed in the
f sone different type of effect on

is not
g the possibility 0

guggest
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insulin,

Iie occurrence of adsorption by way of decresse 1in the
double luyer capacity is shown in this study. The magnitude of

alternating current in a.u. polafhraphic curves is a weasure of

thiis adsorption,

fo expluin the foruation of desorption peak, there are

Soiwe rocent observations. The peak capuacity at desorption

potential attains a value which can be very such higher than

the capacity with pure electrolyte at that potential. The

enorinous peaks observed in the differentisl capacity have been
explained as prouuced by the excursions of Lhie potential due to
the superimposed ..o, ripple causing sorption and desorption
process, which are supposed to cause & high dynenic capucitance,
ilecently, .0ss and Venkatesan (1959) have observed that there
is no difference in the capucity ut the desorption potentiul of

pure indifferent electrolyte which was stirred and tihe surface

active substance under stirred conditions. YThey concluded that

surface active substances nsy be cuusing soue sort of directed

movenent of the liquid near the mercury drop. This they actually

observed tu be so by a simple optical arrangement, These

authors on the basis of their findings conclude thet the polare-
graphic mexiuwe &8s well as the desorption pesks in tensuusetric
curves are caused by electrocapillaryphoretic wovements nuinly
due to the effect of fresh surface emerging from the capillary

The non-ocourrence of desorption pesks in the case of’

aused DY e

e |

tjpo
1nsu11b, ag noticed in the present study, might be o©
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relative {fumobility of the interfaciul luyer whezn it is having
surface active substunces of high woleculur weight. Gupta

(1oc. cit., also proposed the slugegisimess of c.acronolecules

for sorption and desorptiun,

If lowered values of hydrophobic groups could lower

down the "Squeezing type of forces” in bilological systewus too,

observutions of lalli et al (1¥55) regurding the lowered
concentration of sulphehydryl groups in diabetes would be of

significunce, thereby, sugpesting & derangemcnt in the role

of insulin.
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A BSTRACT

iffects of a few metabolites on the chromatographic
behaviour of insulin have been studied. iHesults obtained have
been discussed im the light of difficulties involved in The
chromatographic study of insulin.

INTRODUCTION

The biologicnsl methods of insulin assay are much
cumbersome and costly. There had been attespts to replace

biological methous by simpler uund nore convenient ‘in vitro!

methods,

The need of & non-biologicul assay method is &ll the
nore necessary when many sauples containing micro-quantities

of insulin are to be estimated.

The fibril-precipitution wethod was devised by Waugh
et 81 (1950) and this method was further wodified by Crodsky
;Igﬁﬁ) roster at al (1951) reported the failure of fibril

thod in the cuase of low potency insulin solution.
me

tte.pts of devising 1in vitro assay methods of insulin
s —— T

b considered to be worthwhile by adapting chromato=-
had been



93

Dickinson (1956,, Hobinscn and Fehr (19G2), Crodsky and

iraver (1..0), Light and simpson (1956), all devised chromato-
graphic netihods for insulin sssay by making use of colunn or

pPaper chrouatographic techniques.

Light and sinpson (1066, found that the biologicul
activity of insulin 1s associated with & specific spot on the
paper chromatogram and that the staining dye bound by this
spot under specific conditions is in linear relationship with

the concentrution of bilologically active insulin. Keeping

these views us the basis, Ienton (1050, devisod a method «fby

tihe estimation of insulin potenay by paper chromatography.

such a wethod could be of great use in determining
directly the effoect of any substance on the potency of insulin.
In this method any nen-proteinous substaence would not interfere

with insulin asssy ag the staining agent wonld sp::?ff&ﬁliy

stain only peptides or proteins. 50, it was planned to study
the effects of metabolites on the insulin potency by chromato-

graphic method by following the wethod of renton (19389) with

the modification that instead of ascending, descending chronato-

greaphy was made use of,

gxperimental

1in used wAS erystalline zinc insulin (Lilly) U.S.F.
(n) Iinsu

with a potency of 40 units per ol.
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(b) substances waich were used to study their effects

on insulin poteney were :

1) Clucose (Deiaii,)

2) wlesod, beta-hydroxybutyrate (Light & Co.)

J3)
4) 50d. Citrate (o, Herck)

50u. Jsocitrate (Nutrition & Liochem)

5) sod, suocinate (iue Merok)

(c) Preparation of solution:

Uo5 mi. insulin U.5.P. (Lilly) was directly

1}
taken into eaoh of & nuuber of Pyrex tubes
with glass stoppers,

2) 5 wg. of & metabolite (listed above) was usdded

to one tube and the tube sheken S0 a8 to

dissolve the substancs.

0.1 ml. of this insulin metabolite solution S0 forued

was applied on the starting line of & Lhatman Filter Faper

No. 1 (Chromatogrﬂphic grade), The size of the paper was

(45 om, long X 23 cu. wide) and the spots were applied at
from each other. These spots were

- Qie
distances of 3 4
by blowing eir at room temperature with the help
jed DY

hair drier.
pght free foom for 6 = 7 hours so that the

. r
purtly d The filter papers were left

of an electric

i &
Saxsi-undcu' in Lhe dr

insulin spots® were dry.
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Jeveloping soly s ; «Zw c
ping solvent: Hutune2«01 (i.. Herck chromatographi
p

ae i '
etic acid (L.u.i.) were wixed in the

(01

érade) and 1 .

ratio of :
1 :1 (v/v), shaken vigorously for several

minutes in a _yrex separating funnel. This mixture
was

lef't in & separating funnel for 24 hours after whioh th
e

lower aqueous phase was discarded,

(e} staining solution: .cetic acld (LeD.H.) 12 ml. was

diluted to 2 litres and 125 mi, of 0,1 N NaOH was
0.4 ge of Lromocresol green (L.u.id.) was

added to 1t,
The pll of this solution was

dissolved in this solution.

Jd.U. This staining fluid was prepared every fortaigit.

(f) Lluent:  Lgual parts of U.1 N Ka(d and 95 % aldehyde
free ethanol were uwixed Jjust before slution.

(&) Assay? The paper on wuich the spots of insulin were
@pplied was fixed up in the descending chromatographio

glass chamber and was brought to equilibrium with tne

vapours of developing solution, a suall quantity of which
The

was kept in & beaker at the bottow of the chamber.

paper was lelt overnight in tnis positioan for attaining

riws, and the assay was done at room teuperature.

equilib
The ohroiatographic chauber was covered with a glass

plate with the help of silioone grease,

d and sufficient tiwe

Next day, the solvent was adde
t to travel to & convenient

was given for the solvent fron

distance.
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"a 2 ¥ vr 42 '
i
& ! l cll&l-jb l m
1 b

10 mi
minutes £
o« ufter th '
al the puper wus inmerseu 1
n the sta
ining

Solutio
a ior 1L howr
8. Faper was washed in 1
~ (v/v) a
cetic

acid for
Jd winute
8
three tiwes and then pre
sped in bl
otting

further dri
e
in wara air and returned
ned to an

er au’dé‘ 'y
The c

olour of tihe insulin stuin

8

Oven at gué:, Lor d¢ winutesd.
vas further intensified by @Xpos’zc te tie va

pours of sawonis,

(hy Leterain g yalues: It was deterined by

noe travelled by the soiventl front

ing tne dista
& the distance of the centre of

tion oOf

mensur

the gtarting | iue &b
gpot from the contr

of the stain fron the 9 ot spplied
e y Lthe so!vcn% Pronsi'g‘

Hiﬂtﬂnoa
= HB ance RS

f'rom
e of Lthe insulin

the stuinoa 1nsu11n

apot applieds

HEF value

of traunsuiission: The

”“tion ol ~
{th pencil go a4s Lo cover equal

gifferent tubes.

n sud Jctl!l':.i

(1) plutio
gpots were uutlined W
cut out

To each

gdded and the tubes agitated

arsssS,
then percentage of

“'o" 30 l!iinlltaf‘
a8 ¢ 1
in w On.piired w th

at qniervals
he stand

ggion of *
» spectrophotometor

s 10 o cells. For

g2s ou 1

, stains gpots ¥ R,y

Procol'
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~uCl experiment of ohromutographic 8388y had 1ts oyn

W
Slandard insulin 6)0¢sF » 3o: were always the outer-most on th
e

corners of the filter paper,

Hesuldts

wifects of these metabolites on the A" value of

insulin are given in Table iXIV.

Table XXV gives the i values of insulin as affected
by the rest of the metabolites; in this cuse the solveant front
had woved slightly less Uhan the distance travelled by the

solvent front in values given in Table XXIV.

Tables XXVI and XXVII show the effeots of these

metabolites on the percentage transuission of insulin.



ifeet of dil'ferent m

: atabolites
on iF velue of insulin,

Metakolite

Ho. added,

AF value (average of

< PeadiHSS) .

- (Insulin only, 0.38
2. ~0d, betshydroxybutyrate

trace in 4 units insulin UVedd
Jd. Glucose 6 mg. in 4 units

insulin, 0,28
PRI ER RS N PR e g > Ry POP PO RO TR £ I ‘ LR U™ I R S 467 g 26 |

T ADBLk MYV
vffect of the rest of metabolites
on the RF value of insulin
NG Metabolite added(S wug. HF value (average

in 4 units insulin)

of 2 reuadings).

i.

2.

3.

4.

g, Isveitrate.
s0d. ©1 trate.

sod. Succinute.
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I A DL L AAV]

A fect of metalbolites on the colour
vevelopuent of insulin spots,

NoO. v ey Percentage Optical
higtabobite: nided transmission vensity.
1. - (insulin only) 30.6 0.515
2. OOd. heta-hydpoxy-
butyrate, 23.6 0.630
3. Glucose 21.9 0,660
DA PPV INVI VIV IVY VLI PR DI G I I PP PP PRI BB isId s AP ' e
T A BL ix XAXVII
gffect of metabolites on the colour
development of insulin spots
NO e« Metabolite added, Percentage Optical
transuission. Lvengity.
2 sod. Isocitrate. J6.1 0,442
3. boa. Cj.tlrat'. 33.7 0;46‘
" 0.470
4 sod. Luceinate 33.8
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Y 1scussion

It is noted that the RF value of insulin 1s directly

proportional to the distance moved by the solvent front,

similar observations have also been made by Light & Simpson

(1956 and | 'enton {1959).
Lowering of iF values of insulin in the presence of

metabolite fndicates that in some way the mobility of insulin

could be affected by these metabolites.
The steining technique is non-specific os 1t stains

all types of proteins and so, in the present study though the
y the wetabolites

peroentage transmission of insuiin is affected b
4t is difficult to say on the basis of ohromatographio study

only that the potenoy of insulin is also affeoted.
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ABsTRACT

Behoyviowr of insulin on the enpueity of dropping moveury eleetrode has heen studied It
; : : “urther
A possible explnation of this behaviour has

ellect of plueose v tns hebavionr has also heen studied.

Feers puat Coeward,
IsrronverioN

Levine and others (1950) on the basis of experimental data sugeested that the maode

of action of msalin may be explained in terms of glucose transport across the cell
Insulin is a macromolecule with high molecular weight.  How, and wiether

membrane.
& peptide molecule of this size conld penetrate the cell membrane within which it appears
It is quite pertinent, there.

to perform its unique function, is a matter of conjecture.
fore, to think of some physico-chemical phenomena which play an important role in

the macde of action of insuiin.
Sinee insulin bas got a good number of hydrophobic groups, one should expect
Surface active sub.

sueh @ molecude Lo possess spreading poser and surface activity,
stances show adsarption and desorption ander different conditions, These subsiances
Frumbkin and Progskurnin

can alter the capacity of dropping mercary clectrode (D.MLE.).
(19:35) were the first to make a detailed study of the effects of surface active substances

on DAL Doss and Kalyansundram (1952) have reported the effects of a good number
of organic substances on the capacity of D.MME.  Depression of the capacity in the neigh-
homrhood of the electracapillary zero has been observed in insulin by Gupta (1954).
But there is no report so far on the effects of medicinal insulin and how this behaviour
eould he affected by different metabolites.  Preliminary observations on the effects
of medicinal insulin on the capacity of DMK, have been reported in this communication
o been made to detect the possibility of any glucose-msilin

aned further, attempts hay
complex formation by this method.
MATERIAL AND METHODS
solution was zinc erystalline medicinal type product of Lily (E. I.

(i) Insulin -
U.8.A.) and was of U.S.P. specifications; potency of imsulm beig

Lilly & Co., Rochester,
40 units per ml.
i (NS nf Panjab University, Vol. 11, Parts I-If, pp. 155-158, June, """

[ ftesearch Bulle
o ‘\'u\-: in the Dept. of Physiolegy, Medical College, Bikaner,



