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The discovery of insulin by ﬁan@xaglanﬁ Beat
in 1921 was the climex of years of painstaking research
in diebetes and introduced a great era in dlabetic

treatment,

%htﬁ discovery mesai%éd_@araalg from animal
expspiments, It was found ﬁhat'gauevaatentamw in
ani:main produced diebetes (ven Mering and mn‘mwam
18689) end that insulin corrected the physioclogiesl
abn@rmaiﬁﬁy thus produced, It thus banaam'wiaaly
assumed that diebetes mellitus was due t0 @
.panaﬁeaﬁie islet abnormality with defective formation

(or production) of insulin,

As we began to understand more about dlabetes
however, it becams evident.ﬁhaﬁ the disbhetes 6f
panoreatectomy did net,raprésant the whole ap&éﬁrum‘ef
dlsbetes in mang thet in mun; the larger group of
dlebetics or the maturity<onset type, s they are called,
h@é insulin avaeilable in theiy piaﬁ@a {(Bornstelin and
Lawrence 1951).

Consequently, treatment by means other than

insulin in this maturity-onset group seemed logical

and the outcome was the advent 6f the sulphonylurea



~ and sintlor drugs of the lest decades mm, in turn,
bes led to ® a'ammcmm of s.n%mst in maemin @n the
mtﬂbcue lenion in diabetes, o

Xy own interest in the ??1'&1.‘ treatosnt of
diobetes conmenced in I9L7 (when I wes attached to the
 atabetio elinlc of Groote Schaur ﬁmmui) before the
Antroduction of the oral &ntte&hbwogmte agemﬁ now
| 1a surpent use, |

The majority of disbeties ottending the clinie
seomed to fell into the two wellerscognised groups « the
groutn-onset (or juvenile type) mé the maturlty-onset
typss ln apite of the faot that the two groups were
elintoally dletinet thepe was tho anomsly that both were
boing treatod with insulin. 1 ims a@t&wﬂﬁg; mé,
tbst insulin failed to influence the high incldence of
complicotions in this meturityeonset gﬁenp. |

To the clinfcal observor 1t was ovident that
{nsulin hed not solved the problien of ?umatmam in the
maturity~onset typas of dlebotes. Perhaps anothor
physiclogioel apont might prove m@»mi in osoting furthey
Agnt on the aatia‘ibgy of dlabstes in man and give a now
spproach to treatment in the meturity-onset groups



Towards this end, I éa&i&eﬁ @a 1nvast£gate ﬁhn
effect af & physaazaglaally a@eurrlng aganﬁ, niaaﬁtunmﬁ&e,
~on the anurﬂa ar azabateaa

Nicotinamide is the modt asctive constituent of
the coensymss which oceur in ail_%ivlaglaallsnt ﬁha‘»
boéy."Whﬁﬁﬁ‘aééﬁzymaé are af vi%al'mﬁﬁayﬁunce in
carbehyﬂvata matabolism, aaa 1@ haa been suggeste& that
n&eotinamiéa is the most valnerahla portion of the
@sanzyma molety.

Was khis. then, the point waere the metabolis

xaazan in éaabotea aceurreﬂ 4

Hy studles on the effect of nicotinamide in
ﬁiahe%aa led to an investigation of the naw
pharmacological antiaaiebetagaatﬁ agenta Hﬁiah cans inx@
vogue sbout this time,

¥y patients hed already been @baeréad ovey a
long perlod and they could now act es their own controls
in further investigations on the comparative effects of
vericus hypoglyénomic agents. | |

In this thesis then, the aabatangés chosen for

speaial\atudy;uve nicotinemide end the rge@gh&aﬁd oral



hypoglyoaemic agents,

The ra:at&anship‘af thette anti-diabetogenic
aubataﬁ#aa to the welle-recognioed dzaaefoganle agenﬁ,
eort&suna, &e also tnvast&gnﬁaﬁm

A'h&thﬁreu poorly véaggaiﬁea'ﬁheﬁwmenaﬁ |
became evident in this study: Several of the patients
under observation showed a pemisgion in diabetes.
'éaﬁiﬂ we got more information about thess pationts in
_'reﬁiss&én'hs'ﬁatlng the sffoct of cortisone ? Fajans
and Conn (195L) opened up an interesting new field by
using cortisens for enhancomsnt of the glucose
.méierahaa tosts Whaﬁ ﬁﬁﬁl@ %e‘thssiaflﬁanae‘of
cortiscns on the caabﬁhyﬁr&tﬁ_@é&@?@nee in these cases
she showed @pﬁnﬁa&eau&:ap;inéﬁaéa_rem&gsiéns ?

The wéﬁﬁg has been éxtended té include an
investigation of carbohydrate tolersnce in gout becsuse
of the bearing this disturbence nmey have on naturally
_oceurring dlabetogenic ageats. | o
1t has been suggested by Dunn et &l (i?kﬁ) in

thelir atuaiaﬁ on the d&ahaﬁégﬁn&e’aff@at of allozan that
thers may be & naturally occurring diabetogenic agent in



man, a&ﬁhcr 1n ﬁhe dieb or 85 @ reault of a &iaturbanoa
of inﬁernal netabolism, | |

- Allaxan meaeﬁblaa the pyrimi&&na pﬂrt of urie
a@ia Bna it has bean shown that unﬁer aertatn conditions
. an inja&tl@n of uv&c acza e&a praduqe diabetea ln
an&mals (@riffitns 19&8 and 19§a)a o

, Wauma & study af @arh@hgﬁrate ﬁolaranae in
g@ut givm eone eiua a8 to ﬂh@ﬁha? there is such a P
: fac@ar @pﬁ?&tiva tn man ?

Agpeets of 11tarntaré:aainvaﬁt-ta:tha ﬁheﬁié

. have been reviewed with ewmphasis on the possible
}@aéﬁﬁlaﬁiﬁn of the vorious agents discusged end the
possible light they might throw on the metabollc lesion
in Ginbetes. |

This thesis éegresanﬁﬂ the work of a lﬁng torm
studys It deals with fluctuations and remissions in

the diabetic state, unususl and rarely recorded.
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MATERIALS AND METHODS :

'THE_CASES STUDIED:

168 patients were investigated during the
course of this long term study at Groote Schuur
Hospital,

I. L6 ditabetic patients who formed the nucleus
of this study at the Diabetic alinia/of the Hospital
received nicotinamide,

As the investigation proceeded, new patients
were seen by me at the clinic and the following wers

singled out for further special study:

(a) Patients who could ect as controls of the

nicotinamide treated patients,

(v) Patients who would demonstrate the comparative

effect of various hypoglycaemic agents,

{e) Patients who might be latent or potential
diabetics,

| (d) - Patients who showed interesting remissions,



i1, i 86 gouty patients were investigated.

82 patients formed part of the investigation
of carbohydrate tolerance in gout and 4 additional
patients who showed the assoclation of gout and diasbetes
weres included. 27 non-gouty arthritic patients (not
included in the total 168) acted as controls in this

section,

All the diabetic patients in this study were
personally supervised by me with regard to their

treatment, their tests and all investigations.
METHODS OF INVESTIGATIOK:

The following tests were done on patients in

the various aeétions of this atudy:

1. 2ly hour urine glucose estimations in patients

admitted to hospital
24 Fast&ng'blood glucose tests
3. Glucose tolerance tests

k. Cortisone/Glucose tolerance tests.
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1. The 2l hour quantitative urine glucose estimation:
This i3 a very valuable method of sssessing progress of

a case of diabetes. Fluoctuations in the quantity of
glucose excreted in the urine reveal improvemsnt or

otherwise,

This is a relatively simple procedure but
careful supervision of the patient and constancy of
diet are nqvertholosa required. These estimations vere
done by me. Benedict's method was used for the

quantitative urine glucose estimationa.
2, Fasting blood glucose tests:

For the sake of uniformity all patients (except
a few on insulin) were asked to report to the Diabetic
Clinic after fasting for at least 12 hours. This
simplified the assessment of progress on some form of
treatment and acted as a preliminary gulde to necessity
for a more detalled investigation by glucose tolerance

test.

3 GLUCOSE TOLERANCE TESTS:

Preparation for glucose tolerance test: Two

points require special mention at this stage:



(1) Diet: Conn (1940) has shown thaet the patient
should be on an adequate oarbohydrate diet before the

glucose tolerance tesat is done.

Himsworth (1935) also showed that a severely

restricted dlet could impair glucose tolerance.

In a panel discussion Duncan (1955) pointed
out that s dlet containing 300 G. carbohydrate daily
for 3 days is an adequate preparation for the glucose
tolerance test. Ricketts stated ihat l_normal curve

was obtained if the dally intake was above 125 G,

Irving and Wang (195l) have concluded from their
observations on carbohydrate intake that the normal
dlet of an adequately nourished patient need not be

augmented before & glucose tolerance test is carrled out.

In my study the patients were allowed a diet
containing 300 G, carbohydrnto for a week prior to the

glucose tolerance test.

(11) Aectivity: It has been shown by Blotner (1945)
that prolonged confinement to bed is responsible for

an abnormal carbohydrate tolerance and that resumption

i
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of sctivity causes a reversion to normal,

In my study, the blood glucose tests were made
on ambulant out-patients in practically all cases.
Studles were conducted on & few ine-patients as well as
6.2+ those in whom the quantitative urine glucose
estimations were done, These patients were not confined

to bed.

Choice of Glucose Tolerance Test:

Of the tests, the 'Standard' cne-dose (50 G,
glucose) oral test appears to be the most valid, being
most specific and sensitive (Moyer et al 1950),

Attention was paid to the following conditions

in performing the glucose tolerance tests in this study:

(a) For a week prior to the glucose tolerance test
the patients were allowed a diet containing 300 G.

carbohydrate.

(b) = There was a minimum fasting interval of 12 hours

before the test was performed.

(e) Capillary blood obtained by the finger prick



method was used throughout. Blood was taken fasting,
gencrally at half-hourly intervals for 2 hours
aftervards, (Departures from this are clearly indicated

in the results).

(a) The Hagedorn - Jensen method of estimating
glucose was used throughout in all the sections of the

study (Hagedorn et al 1923),

(o) The same technician/s were as & rule responsible

for doing the test in any particular seotion,

To a very large extent this applied also in
the long term follow-up which proceeded throughout the
investigation., From the inception of this study in
19447 for approximately 10 years the same technician in
the Department of Chemical Pathology was speclally
assoclated with the estimations of the fasting dlood
glucose and glucose tolerance tests. This helped to
add uniformity to the tests. Glucose tolerance tests
and 2} hour urine glucose tests were done by the author
personally in the first year of the investigation (1947).

The glucose tolerance test is unnecessary for
diagnosis when definitely abnormal blood glucose levels
have been found but in this investigation the glucose
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tolerance teat was used as a means of assessing the
rluctuationa-ptoduoéd by various sgents., A normal
fasting blood glucose teat does not ne¢esaurzly moan

& normel glucose tolerance test and the glucose |
tolerance test was therefors a more sensitive method of
establishing whether thers were fluctuations in
carbohydrate tolerance; it gave information which a

fasting glucose test could not possibly give.

It acted as a natural bridge to the next test -
enhancement of the glucose tolerance test by cortisone
in patients who showed remissions in their dlabetes,

1.0, the cortisone tolerance tests,

Cortisone/glucose tolerance tests were cerried out ins

(1) Patients who showed spontanedus remissions,

(11) Patients who showed remissions while on

hypoglycaemic agohta,

(111) Patients who might be latent or potential
diabetics,

(1v) Selected gouty patients.



The Cortisone/glucose tolerance test is
discussed in greater detall in the section dealing
with Adrenal Cortical Steroids.

Interpretation of Glucose Tolerance Tests:

The generally accepted figures for the upper
limit of normality in the glucose tolerance test by
the Hagedorn ~ Jensen method (using capillary blood)
aro {Mosenthal et al 1950; Lawrence 1547):

Fasting Blood glucose 120 mg.
1 hour level 200 mg.
2 hour level 120 mg,

Moyer et al (1950) (using the FolineWu method)
consider & 2 hour level between 125 -~ 140 mg. as
presumptively abnormal., 140 mg. and over is definitely

abnormal or diabetic.

By our present day oriteria, the diagnosis of
diabetes would be untenabls in the presence of a normal
glucose tolerance test, i.e. where the fasting and 2 hour

levels are below 120 mg.

(S
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These figures are accepted as the upper
levels for a normal glucose toleraence test in this

investigation.

The border 1line between normal and abnormal
blood glucose levels varies within a narrow range from

one authority to another,

In this study when a patient i3 stated to have
a dlabetic glucose tolerance test, more rigid coriteria
for abnormality (than those genorally accepted) are used:
Both the fasting ond the 2 hour levels had to be abnormal,
The following figures would thorefore be considered

abnormal by all standards:

Fasting blood glucose 3 Greater than 150 mg,
2 hour level : Greater than 150 mg.
1 houy level ¢ Greater than 230 mg.

(The fasting and 2 hour levels are the figures
emphasised by most authorities).

There are various factors which influence the

glucose tolerance test,

In this study small fluctuations in blood glucose



levels are not relied on for the assessment of progress
of diabetes. Faotora like emotion or preceding
exercise, would not appreciably influence the assessment
of glucose tolerance test, Patlents with sepsis or
infection were excluded from the investigation. VWhere
an unpredictable faotor (like coronary thrombosis)

occurred during the course of tho study this was noted.

The age, sex and weight of the patients were
recorded in the results snd these factors need not

be discussed here.

Special attention was pald to activity and
previous diet, Iany of the inconsistencies in earlier
reports on glucose tolerance tests may be due to the
fact that the influence of theae were not clearly
understood before their importance was pointed out by
Conn (1940) and Blotner (1945) e.g. there is a much
quoted artlcle on a study of glucose tolerance tests in
an old age home when ths importance of both these factors

was not yet fully realised and taken into account,

in the long term study, each patient was

observed over a control period -~ generally for some

I



mbhth3u~‘and again during thé.trial peribda:with\“”v

various agents which agaiaJmigﬁﬁwiaéﬁifgglmphthg or
yoars. Thus the pattern of blo@é:ggucdseyfigctuapions
| at eéuialaét

'faf'eédh“paﬁiéﬁt"was En@ﬁn'and’aéch_“a%ie‘
aa his own. control, but attantion had ﬁa ba paid ca

effeats of change of body- weight.



IIIX,

THE ROLE OF RICOTINAMIDE IN CARBOHYDRATE METABOLISM
]

Nicotinic Acid and Nicotinamide
Coensyme Derivatives of Nicotinamide
Blosynthesis of DFN

Dietary Nicotinamide and its Relation to Tissue
Coanzymes

Nicotinamide,Coenz ymes, and Carbohydrate Metabolism

Biological Energy Transformations of the Pyridine
Nuoleotides

Cardbohydrate Metabolism and Fatty Acid Synthesis
The Importance of TFPN in Fatty Acld Synthesis
DFN, TFN and the Sulphydryl Groups

The Inactivation of DFN and its Prevention by
Nicotinamide

Kicotinamide in Alloxan induced Diabetes
Tryptophan and Nicotinamide
Anti-Metabolites of Nicotinamide

Summary

20
21

23

23

2l

25
29
29

33

35
26
37
29

1



. 20

PHE ROLE OF NICOTINAMIDE IN CARBOHYDRATE METABOLISM.

NICOTINIC ACD NICOTINAMIDE
‘ . i H .
: C. -
! y: . N

i HCS/ \3c-cdoH‘ : ‘HT/ ﬁ-coNug :

HC6 2CH . : T HG CH
% N

: PYRIDINE-3 - CARBOXYLIC ACID ACID-AMIDE

Fig.l.
Ficotinic secid or nicotinamide cccurs in all
living o0ells, mainly as constituents of certain cocenzymes
(Wardburg et al 1935 (a) ana (v); v. Euler et al 19355,

the liver containing more than any other organ. ©So far

as ie known, nicotinic acid has no metabolic_ function

other than that exerted through the coengymes of which it

ig part (Sebrell et al 1952) (Fig.I).



2/

The coenzyme derivatives of nicotinamide are
diphosphopyridine nucleotide (DPH, cogymase,
eodehy&ragenaae I, coeneyme I or Co I) (Pig.1l) end
triphnsphapyri&ine nucleontide (TPN, Warburg's cererment.
coﬂahy&rsgeaase II, Coenzyme II) (warburg et al 193%

(a) ana (b) ).

[  SH
Hc'/C *lcl_comH2
f ; :
- CH
1 HONA
NICOTINAMIDE . S
MONONUCLEOTIDE | o |CH2 '
| e e
|\l I/ |
: H H
- |
- O—P=0 OH OH
PYROPHOSPHATE I
LINKAGE - ? ‘ file
~HO—P=0 , NS
/ \C/ Ny
‘HC (l.l: |
\N/ .
| ADENOSINE-§'- S
*‘ PHOSPHATE sz o
J / \
! C\'f' HoC
: | E— |
1 H [ H
. ] L OH OH
Pig.1l.

Formula of ﬁiphoaphapyri&ine nucleotide (DPHR),
& key substance of bioclogiesl oxidations.
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The eoenzymes together with an apoenzyme are
the components of an enzyme system which cetalyse
éertain important mefabdlic reactiona. Thenapoenzyme
is a specific pro%eim,_which combines with and activates

substrate and coenzyme.

The,nﬁoleotide acte as a hydrogen acceptor, i.e.
it is reduced by the substrate and is then reoxidised
indirectly by molecular oxygen. This cycle of oxidation
end reduction occurs in the pyridine ring, i.e. in the. |
nicotinamide portion (Warburg et &l 1935 (a) and (b) )
(Pig.1I1),

1 .
X H H
H
¢ . Y
HC C-CONH, HC C-CONH
—_——
i Wk He Pig.III.
1 | +H*
R R
DPN - REDUCED DPN .
(DPNH or DPNH)

The nicotinamide portion is thus the mwost active
part of the enzyme system, in so far as it is the nicotinamide
portion which is involved in H. transfer

In this discussion it will be shown that the
reduced pyridine nucleotide formed by this transfer may
be looked upon as the fundamental fuel of biological

oxidationg.
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Ficotinapide mononuclectide (Wicotinanidew
| ﬁiﬁgﬁ@wpheaﬁhaﬁeﬁ can be pynthesismod by rod %Eﬂaé»@elaa_'
imcubated with nicotinamide and glucoee (leder et al 1951).

DPN can be formed biologioally by & reaction
botween nicotinic amide mononucleotide wnd ATP, which is
ﬁhe\ﬁyraghbaﬁhaté of adoa&ue'm@namne3aﬁﬁiaa, thus §

Ficotinie am&ﬁa manenueznatlﬁe + AP — DPH 4—&aergnni@
' , pyruphna@h&%e.

TEN san be onmymaﬁﬁeally farmea by gnaephat« transfer ta
DPE from ATP ¢ , -
B DPN + ATP —>TPH + ADP  (Baldwin 1957).

- Zhere ie a direct correlation between the tiossue
_@ien%ﬁm&a esid and the DEF contont of muscle and liver
and the micotinic moid inteke in the diet (anderaﬂn et &l
1944).

Anipale with a deficiency of nicotinic eoid ehow
@ marked decresse in the coensyme vontent of liver end
nuscle (Axelrod et al 1939).

The DPN level in the red ceolle of rata docreaccd



with restriction of rileotinamide and increased with

nicotinamide addition to diet (Bureh et al 1955).

When rats are fed a non-protein, nicotinamide-
free ration, the addition of increasing amounts of
tryptophan or nicotinic acid to the ration, causes an
increase in liver pyridine nuocleotide concentration

(FPeigelson 1951).

In man, too, the concentration of DPN and TPN can
be increased by the ingestion of large amounts of nicotinic

acid (Axelrod et al 1940, Kohn et al 1939, Handler et al 1943).

As the rate of any enzyme catalysed process depends,
other things being equal, upon the concentrations of the
engyme and its substrate (Baldwin 1957), it is likely that
nicotinamide by increasing the concentration of coenzyme
will accelerate its metabolic functions; that is, if

nicotinamide deficiency is the rate determining factor.
RICOTINAMIDE, COENZYMES AND CARBOHYDRATE METABOLISM.

Insulin has been shown to facilitate the entry of
glucose into the cells. However, once glucose has entered
the cell insulin is believed to have little or no further
action on its intracellular metabolism (Levine et al 1950;
Park et al 1955 (a) and (b), 1956 (a) and (b) ), which is
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facilitated or activated by enzyme systems.

These ensyme systens facilitate the complex
proeesses involved in the conversion of glucose for
storage as glycogen, or ite conversion to protein or

fat, or breakdown to provide energy.

This disoussion will concern some ©f the
processes of intracellular metabolism of cardohydrate
dependent on the funetional integrity of those ensyme
systens of whieh nicotinamide is an osiantial eomponent.
It will Decome olear that as carbohydrates, fats and
protsins all contridbute to a common metabolic pool, the
internediary metabolisn of all these substances is
interrelated. A disturdance of metabolism affeoting
ons of these groups will affect the others also.

The nicotinamide~containing coenczymes are of

importance in the energy~producing reactions of metabolism.

I0LOGICAL ENERGY TRANSPORMATIONS OF THE PYRIDIN]

All living cells require energy. This energy
is obtained from the dcgradgtien of foodstuffs. It is in
the tissues where the energy tr:nntornltion proper takes

plaee.
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Krebe (1954) pcints out that the striking fééture

 ¢£ the picture of emergy production in living matter is
the relative simpiieity of the basic principles.

i The ‘first group. of reaetions comprises these in
which the available material is incompletely burned, the
L endmproaucts being; : apart from carbon dioxide and water.
 hw,_,_one of .three substancesi: Acetic acid (OHB.QOOE) in the':
f@rm of acetyl eaenzyme Ay alpha-ketaglutarmc acid
(GOOH CHQ.GﬂchQ.GGOH) or Oxalo-acetic soid (a00H¢@H290.coaa)..i
The first of these three uontribntea the greater amounts |
twaathirds of  the oarbon of earbohydrate, g1l earbon atoms
lw?gfthegaqmmomgfatty« acids and approximately half the Qarban
..of amine acids yield acetyl coenzyme A, Alpha-Kétoglutaric
fTacid ariges from several amino acids {e.gs glutamic acid).

|  ;oxa1eacetic acid from agpartic acid (etc.)

N These three produets are metabolically elosely
. interrelated. ; They take: part in the triearbexylia acid
v,ngcle;,whiaharepresenta:thevcomm@n terminal pathway of

1 A_vggggaﬁignfog;all;gaaagggggg (5ee Pig. IV for Citric

Aeid Gycle). | |

... .The figure shows that ome of the results of this
.chle'iafthe'supp;y of ﬁaiié"éfihyérbgénléfoms'f%bﬁ'the,‘
organic molecules, = R R

&,
T
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The hydrogen is transferred to molecular oxygen
in & special way, the first step being the transfer of
hydrogen to diphosphopyridine nuclecotide (Sec Fig. IV
for Citric Acid Cycle).

The reduced pyridine nuoleotide formed by this
tranafér_may_be looked upon as the fundamental fuel of
biological oxidations., It is the further transfer of
hydrogen atoms from thies substance to molecular oxygen
vhich ocauses a release of energy. Therefore, tho main
effect of the metabolic reactions of foodstuffs, as far as
they serve to supply energy, 1s to reduce pyridine

nucleotide.

Green et al (1955) conmelude from the evidence

- now available that the pyridine nucleotide coenzymes are
indeed 'the work-~horses of blologlical oxidations'. They
list eamonget some of the reactions mediated by ome or other
pyridine nucleotide: Four of the five oxidative steps in

the tricafboxylic (or citric acid) eycle, the two oxidative
steps in glycolysis or fermentation, one of the two oxidative

ptops in fatty aclid oxidation, & key oxidative resction in

the pyrimidine synthesis (Lieberman et al 1953), all the
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:fexyﬁative atepa 1n the glucoae to tetrose sequeaae of

| ; reactiana (Raeker 1954)

, " By virtue ef their funetion in the triearbaxylie
'aeid ayele, 1t has been pointed out (Singer et al 1954),
. that pyriéine»nueleetiaes participate'in the complete
~}cxidatien. intereanversicn aad bioeyntheeis of earbahydrates,
 fate and emino aeiﬁs.‘ The fact that all known major routes
hﬁf aeetyi Ge A formetion ultimately 1nvelve pyriéine-protein
.catalyeia is a prime example of their impertance in |

. metaboliem.
| Fig. IV shows at whieh points in the energy-“f.
'pro&ucimg reactiens of metabolism the nicotinamide centaining

7

'fleeenzymee DPN and TPN operates

»,GLYCOLITIO PATHWAYS ANDVTHEIR RELATIOK 70 THE sywmaxsxs
"9@ FATTY ACID AND cﬁonﬁsmmaoxa

| , The addition of either DPN er TPN gtimulates the
: oxidation ef labeled glucose to coz.

| . It has been shown that DEN is actively involved
in the Embdeaneyerhof pathways, while TPN influences the
.hexaaemenapheephata shunt (Siperatein 1958).
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| CARBOHYDRATE METABOLISH end PATTY ACID SYNTHESIS:

.,imhe’im:ertaneevbf‘&PNvin fatt ,aei&na**ﬁheaia:

, o The HﬁP ahunt ie the anly reute which ean’ yield
| ;reducea QPRH% TV
B mhe TPN - WPKﬁ syﬁtem is knewn tm be requirea |
:ff@r fatty acid synthesis (Laﬂgdon 1955- 1957) . |

- . Caae TN T e e e
e The feeﬂing of excess glueeae to normal animals
f_is known to producea marked etimulatory effect on the_fgg
  synthesia of fatty acids (Ghernick et al 1950; Tepperman
';;et 2l 1957):' On the ‘other hand, it is pointed out %hat
]fﬁeprivatian of glucose oxidation as seen in diabetes’ or
é*in the fasting state réaults in a depression. of fatty
ff&?ié_ﬁynthesis (@herniek et al 1950§, Masoro et sl 195@};

) ‘ The impaire& synthesis of fatty acid which 19
f}éharaeteristie of diabetes ie ascribed primarily to ths
 ;defieieney in thie d&seaae of glyeelysis via the HMP .
‘iLShunt, leading to a lack of reduced TEN normally
}'Praduceé by this pa%hway. S



Reaestabliehment i3 gluease breakdown in either

’ fthe diabetic oy the' faated animal restarea te narmal the

,. *abus.ty to syntheeme both fatty aeida and cheleaterol
'f,:and katasis ie abaiiahed (Siperstein 1958)

| It is aagumea, from thie and othes evidenee.
. that in these metebelic states the ‘defects in’ lipid
: syn%hesia are aeeondary to lack of glyeelyeis.,' '

yf Ot

| | Ace%yl,eb;g,gcéupieara @énﬁnal pésiti@n«in tHe'35
me%abbiiam ai(carbahydfa%e-aﬁa:fati ngt only as a conmon
oxidation intermediate but also as an intermediate in the |

synthesis of fatty seids from éam%éhyﬁfate'(06&6&31954)m
o Qﬁé‘féliaﬁihg:rééé%ioﬂ‘aiéo deserves special_i
vﬁentinﬁi I R | o ”

Alpha ketoglutarate + NHy + DPNH +HK'e=1 - glutamate + DPNY,

This résction may be of grest biological
sigﬁifiéaﬁee since it provides s link in the synthesis
~ of an enimo-acid from a substance which can be deriwd
| .frem‘carﬁéhydrate or*céﬁvérsely, i%démonétratéé”hew |
energy may be derived fram pr@tein by converting the

protein to a glyeogenic fragment.
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From the diagram (Pig.IV), it may appear that
only the coenzymes DPN and TPN are operative at the
varioua points indicated with the enzymes of which they

form the enzyme aysten.

The diagram doem not represent the complete
picture but itsesrves to show the universelity of action

of the nicotinamide~containing coenzymes.

Thus the reaction which may be shown in its

gimplest form as follows :

DPN

Pyruvic acid.4~H20 ——3. Acetic Acid + 002-+ 24

appears to be quite complex . The pyruvate oxidation
system involves not only the participation of at least
two engymes, Co-A and DPN, but aiso that of
diphosphothiauine, magnesium ions and alpha-lipoic
acid (Ochoa 1954),

Purther amplification is requiredat another
point in glycolysis aé this may have an important

bearing on the problem to be discussed in this thesis.

3
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It now appears that the triosephospha"fe

dehydrogenase itself has glutathione as a prosthetic
group through the »S5H group of which it unites with

its substrate.

The aldehyde group of glyceraldehyde - 3 -
phosphate first condenses with the sulphydryl group of
the enzyme bound glutathione. Ti’xe condensation product
is then dehydrogenated to an acyl mereaptide or thioest'er
typé of COmpoﬁnd, fhe pair of hydrogen atomé Eeing |
accepted.by DPN,
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THE INACTIVATION OF DPN AND ITS PREVENTION BY NICOTINAMIDE.

The enzymatic inactivation of DPN has been known
from the early studies of von Euler et al (1937).

It wak noted that nicotinamide prevented the
inactivation of DPN im brain preparations (Mann et al
1941).

Other workers also demonstrated in animel tissues
a splitting of the DPN molecule at the nicotingmide ribose
linkage and that this splitting was-.inhibited Sy
nicotinamiée (Hand;er et al 1942).

The ability of the diphosﬁhopyridine
nucleotidinase (DPN ame) of beef spleen to catalyse
an exchange reaction between the nicotinamide moiety
of DPN and added nicotinamide has been reported (Zatman
et al 1953) and it has been suggested that this
phenomenon serves to explain the well known inhibitory

effect of nicotinamide on animal DPN ases.

It seems that nicotinamide can increase the
concentration of DPN in the animal and also prevent

inactivation,
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N NIGGTIHAMIBE IN ALLGXAN INDUCED DIABETES.

Aliexan has Yeen - repcrted %o @ampete with BPH

qﬂ;:in & yeast apozymase. enzyme gyetom (Kensler et a8l 1942)

f Lagarow et al (1950) deciﬁea to test the aompenenta of
_\;ﬁPN for their prateetive effeet againat alloxan-induced
lJtdiabetes. Thus they founa that rats were prcteeted N
Pi;against alloxan diabetea by "i, i,fe ticn of f
ﬁ53n1aotinamide‘ \ Banerjee (1947) reparted that niéotinamide

'i haa the aame prctective effect against alloxan diabetes

an rabbits.

- McDaniel et al (1955) reported that QQBVeraion
of trygtophan %0 nieatimamide appeara %o be ﬁieturhed
,_in ail@xan diabeﬁ&o rats. bnt allaxan treated animals

 which failed to beaome diabetie cenvertea tryptopnan~

‘ to nieotinie aeié as aza narmala.

. .
3 : .
3 - h



TRYPTOPHAN AND NICOTINAMIDE.

In man, nicotinamide cen be formed from
tryptophan. It 18 therefore important to oconsider
the metabolism of tryptophan (Garfield Duncan 1959).
Likely pathways are:

Tryptophan
Quinolinic acid <— 3Hydroxyanthrinilic acid .<— Kynurenine

Nicotinic acid Xanthurenic acid Kynurenic acid

In pyridoxine deficiency xanthurenic aciad

ie forred as an end product instead of nicotenic acid.
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| ‘m“xfammmmemms, OF NICOTINANMIDE

| DEF consists of & combination of one nieetinamide
,gr@up with one adenine, two pentose and two phoaphoric
aciad groupe (See Fig. II). TPN cen?ains an adaitional
phosphoric acid group (Warbung et al 1935)

e Substapnces similar in struetnre (but not in-
‘their physiologicel effect) can replace nicotinanide in

the molecule DPR.

Qhus it has heen reperted (Kapl&n et al 1954)

1 _that anlmal tiasue DPN aaes can aatalyae an exchange )

':'xeactxan bgtween the nicotinemide moiety of DPN and

compounds related to nicotinemide according to the

equation

'NRPPRA + X ——> XRPPRA + N

(N is nicotinamide, R is ribose, P is phosphate, A is
adenine, X'ia-ayridiae compound related té micotinamiﬁe)g-

The pyridine campeunds that have been found to

|  1underga exchange wiith nieotinamide are msanicotinamlae, IHE&

3eacetyl | yridine (Waoney 1945) and ethyl nicatinate; the
~ resulting DPN anqlogues have powhall been isolated. -
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3 - The gtructural formulse of some of the
nicotinic ecid entagonists are herecompared with
thoee of nicotimic acid end nicotinamide (See Fig. V).

5 NICOTINIC ‘ACID " NICOTINAMIDE
H
g S e
. HCS// \3C—COOH ) HC/ \C-CONHz
HC6  2CH . HC CH
| N\ TN
r PYRIDINE-3 -CARpoxvuc AciD ACID-AMIDE
| N
T H o 7 AN
C - G c C
; 4 V4 J
i H?/ \ﬁ-cocrc3 Hclz/ \T-SogH : T/ \i l ﬂ
‘ ‘ HC_  GH HG J G c-NH.ozs\\-c/
3-ACETYL-PYRIDINE  3-PYRIDINE SULPHA-PYRIDINE
SULPHONIKC ACID
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Mhe nicotinami&e portion of eaenzymeé; apart='

7';fram 1ts importance 1n carhqhyﬁrate metabolism, is

-probably then the mast vulnerable portion of the eeenzyme
'maiety - disturbanee at this goint may cauee a

widespread disruption ef eellular metabolism.

 HICOPINAMIDE AND c@soammm)wmmzmsgg .
2o _Summarise:

| Nieotihémide ig the mcatvaétive part of %he s
coenzymes DPN and TPN. These coenzymes plaw‘a vital
role 1n the intermediary meuabalism of earbahydrate and

_ fa‘t. |
Anti-metabolites have been shown to replace
‘nicotinamide in the molecule of DPN. The nicotinamide
~ portion may be the most vulnerable portion og'tha coenzyme
. meietyq o o | |
Kicatinamide has ‘been repcrted to pra#emt

4allaxan induced diabetes.

f[mhe nex£ section will deal withs

THE ACTION OF NICOTINAMIDE IN DIABETES.
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HICOTINAMIDE IN DIABETES MELLITUS

Pharmacological agents like the sulphonylurees
have revolutionised the treatment of diabetes; their
impact on research and thinking in diabetes has yet to

be completely assessed.

Physiologiocal agents however, may prove to be
of even'greater significance than the pharmacological
agents in throwing light on the aeticlogy and pathogenesis
of diadbetes mellitus.

Ap early as 1914, Funk demonstrated that
vitamins in yeast exerted a favourable influence on the
carbohydrate metaboliem of pigeons {Punk et al 1914).
Collip (1923, 1925) and'Gaebler and Ciszewski (1945)
confirmed this action of yeast on other species.

Beckert (19%8) reported a favourable influence in diabetes

- in men in one third of the cases to whom yeast was given.

Although it had not been determined which
component of the vitamin B group was responsible for this
effect on carbohydrate metabolism, nicotinamide appeared

to be the most likely for the following reasonsi-

Nicotinamide is an important constituent of
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the coensymeas diphosphopyridine nucleotide end
triphosphopyridine nucleotide (Warburg et sl 19%5),
which are of vitael importance in carbohydrﬁte

metaboiism (as was pointed out in Sectiom IXI). In
man the concentration of the latter coengymes can be
incoreased by the ingestion of large amcﬁnta of nicotinic
acid or nicotinamide (Axelrod et sl 1940; Koha et al
1939; Handler et al 1943). HMoreover, nicotinamide

has been shown t0 prevent alloxan induced diabetes

(Lagarow et al 1950; Banerjee 1947).

¥hat is the influence of nicotinamide on

human diabetes?

The results of investigatione of the effect of
nicotinamide in diabetes have been inconclusive and
conflicting. Some investigators have reported
improvement (G&bell 1940; Marche 1943; Neuwshl 1943;
Unger 1957), but thie improvement has not been confirmed
by others (Banerjee 1949; Cumings 1947; Vade 1947;
Haller 1957). ‘These investigations were carried out

ovey & short period only.

I have therefore thought it important to repeat
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these investigations for longer perlods as 1t seemed
useful information might be gained from a prolonged
oomprehansi#e study of the effect of nicotinanmide

adninistration to diabetics.

HATERIALS AND METHODS:

THR CASES SPUDIED:

In this study the patients were limited to
those under my PERSOHAL SUPERVISIOH for some length of
time at the Diabetic Clinic. 'They were selected after
I had established that there was no precipitating ocause

for their diabetes, such as infection or injury.

46 patients were glven nicotinamide and
investigated for & sufficiently long period to enable me

to draw conclusions as to ite gffect.
METHODS OF INVESTIGATION:

FPasting blood sugar estimations and glucose
tolerance tests were the chief methods of investigation

in the majority of cases.

Prior to the administration of nicotinamide there
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was & gontrol period on diet slone during which time
fasting blood sugar tests were dome.  In some

_@atiemts~giuc655‘taléraﬁeé'@éaﬁé were déne'as‘wella

| mhe faating %1@0& sugar estinmations and

glue@sa taleranee ‘tests were repeated during the

”5; ,§ai1y7in divided doses;  in some ceses wmuch larger
. doses were given, é.g. 1000 mg, deily @rally plna o

| ﬂpareﬁteral nicotinamide as wall)a

These %esta were eentinued af ter nicatinamide

‘haé been stopped.
":Eﬁét reméiﬁéﬂjﬁbnﬁﬁant»thrgugh@ut;_

An additional metheﬂ of aasessing the value
of treatment was by estimatimg 24 nour quantitative
- urine sugar exeretinn in- thaae p&tients hef@re,»

'auring and after nicotinami&e‘

_ _' Ia pat;ents in'whem dietary reetrietian alane
 was eaneidereé to be the treatment of choice, &
fGraete Séhuur Hospital Step 2 diet was preﬂeribea

"f as the atandaré eemmencing diet a% the diabetic
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ciinica This is a 1150 calorie diet and is
ealeulate@ tm be compeaed of carhahyarate 97 G.,
:Pmtem 55 e., and Pat 61 6. |

| Befare atanting @atianta on thie triai they
we?e placed on a alet whzch had’ been indiviﬁualis@&

‘;err the patient cancerned - deﬁen&ing Gn the

‘iQBVerlty @f the Qiah@tas anﬁ with reg&rd algo to

'vjf%he pa%ien%’s ealerie requirementsi :

, | Thus to elimiaate the 1nfluenee ef aiet
on earbahyéra%e ?mleranee these patients were ag
A'a rule allgﬁed a fairly liberal earbaﬁy&raﬁe ﬁiet -

@f maﬁ&r&te caloric velue (carbohydrate 150 G,y
protein 75 Gy ond fat 70 0. = approximately 159_
calories)e . |

»‘-,mhe,@réparatién,fér the glucose tolerance

- tests and the‘ganditi@na‘abaerved ﬁré ﬂéseribeq in the
| SEGTION: HATERIALS AND HETHODS. -
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=\

. This etudy on nicotinamide commenced in
1@47. The initiel period camsisteﬁ of an intensive
f s%udy 0f yatients by fre@ment glucsse tolerance %eats.’;
In %hoae who were aﬁmitﬁeﬁ %o hespit&l, 24.haur urine _‘

- glucose aetimatiane were d@ne as wella_ Tne glue@se

v5tolerance te&ts and ‘24 hour urine glucaae estzmatmcma

' ;fwere aarried out by me in the firat year of this ‘_*W

~ stusy (47,

After ﬁhe iﬁitial perlo&s theﬂe patienta

oy

" were agein seen by me at.the diabetie clinic of

. @roote Schuur Hoapxtal where I was able to eamtinue

. _gbservaticna o

;'Aw,this.%ime tests were also carried out
in ‘the Department of Chemical Pathology (Prof. G.C.

. Linder) which enabled me to have & double check and

. more freguent tests on chenges in blood glucose
1 levels occurring at thie important stage in the
investigations.
' These patients who were placea on "

'nieatinamiae constitute the nucleas Qf the investigatimns
in this thesis.
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Thus the patients who were first seen
in 1947 were followed up for a variable periocd
and some are still being seen at the time of
writing in 1960 (e.g. D.R. case 127, G.S. case
136).

Subsequently more patiente were included
in this study {(e.g. J.F. case 47) and these patients
too, are ptill the subjecsts of study.

A further long term study was embarked
upon particularly in those patients who had shown
an interesting response to nicotinamide, The object

of this wgs twofold:
1. To provide a further contrel period.

2. To assess the subseguent response to
hypoglycaenic agente in relation to the

respounse to nicétinamide.

The effect of prior administration of
nicotinamide on cortisone enhancement of the glucose
tolerance test was elso investigated in a few cases,
and will be discussed under the section on
CORTISONE ENHANCEMERT, page
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IThe Safety of the Procedures used in this_sgtudy:

Nicotinamide:

Hicotinamide wae used in this etudy
boecause it does not produce the unplessant
slde~effects of nicotinic acid. However, the
phyeiological effect of both these substances is
identical and therefore in the discussion no
distinection will be drawn between them.

In spite of the unpleasant side~offects
of large doses of nicotinic acid there are now
several yeports on the safety of its use in large
dosesn, e.g. 3000 mg. (and more) over long periods
in man (Altechul etal 1958; Parsons et al 1956).
These doses are much larger than those used in

this study.

Can_glucose tolerance tests harm the diasbetic
patient? |

The administration of glucose in diabetes:
There is no evidence to show that glucose administration

ae in the glucose tolerance test harms a patient with



maturity-onget type 5& diabetes. In fact it
would be es incorrect as saying that oatmeal harms
 the‘&iabetia patient, and yet the oatmeal diet wag

s an eminently sueceasful form of treatment of

49

..diabetes in the yreuinsulin days (vﬁn‘ﬁaeraen 1903).

| FRR As glucose is hanﬂled im the same way ag
 f;zs aatmeal after ite digestion and ahsarptlan,

‘the afministration of glucoge for gluuoae taleraneé

‘tests in thia type of diabetio is probably harmlesaQ‘

. I have seen no aiugle instence of narm in a1l the

i'aaaea in whom glueaae tolerance teats were aana.

, j_ mhis stuay, howeVer, wag on the maturityu

. ,anaet type of diabatiea.“ In one ‘case whera the

- patient was considered to bel@ng %o the 3avenile

y tYPe {or growth=onset type of diabetia)-%he etudy
;ffwaaeonﬁuetea under observation im haspi%al as'a

T“?fyreaautianary*me&éure.




RESULTS:
.@he1fegulta in the Nigotinamide study

. cen be classified into 2 groupss

GROUP Az patients who 9hmwe& impravemanﬁ

aﬁter treatment with nzcetimamide ha&

been cammenced.

28_:atiants Wh@ ah@wed no imvr@vement _
after cammencing treatment with

nieatinamidea ‘ (2 of these patients

(PaKs 743 =;R@ 126) are also included

' in GROUP A because of their subsequent
© marked respomse with the addition of
" insulim to nicotinamide):
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GROUP A. (Total 20 : G.7.2.'s in 17)

The following casea showed improvement in blood

glucose estimations af%er Hicotinamide had been

commenoed:
Duration D.M. See
Age yre. before control Graph
Cage. HName. lst meen. period. ‘ G.T.T. Page:
3 J. A, 15 3/12 No 6l
2 M. A, 68 4/12 Yes 109

31 J. C. 65 11412 Yeos 12

32 ¥. ¢C. 35 1412 Yes 106

41 T E. 32 T yre. o —

47 Jd. P. 47 1 yr. Yes 107,103

80 M.La. 46 1l yr. Yeso 1o

82 M. L. 53 6/12 Yes 65

83 L. L. 58 1/12 Yes /03

86 J. L. 67 2/12 Yeas —

95 C. M. 51 18/12 Yea 1t
112 3. B. 55 2 yre. Yoo -
127  D. R. 43 4/12 Yes 55, (i01) 102
130 X, R. 67 3/12 Yes A
136 g. s. 53 3412 Yes IOk, 105
161 G. ¥, 50 1/12 Yes (3,197 206

5 Jd.Al. 50 1l yr. Ho —_

8l My.L. 48 3/12 Yeso 11

74 P, K. 37 2712 Yesn (13

126 ¥. R. 51 3412 Yoo 14, 1S, 206



The type of response seen in
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GROUP A can be further classified as followsi~

(1) Improvement to a normal glucose tolerance
test or practically normal glucose tolerance test:
Total 6.
Comments |
Case Fame (Lowest fasting and 2 hr Ueight
" gfigures of G.T.T's)
127 D.R. - FEormal G.T.%'s after Gain: 10 1bse.
0ssly abnormal G,T.T's. o

%; 8Tng.3 2 hr. llimg.)
161 G.v. Hormal G.T.T. Constant

(P 110mg.; 2 hr. 107mg)
83 L.L. (P 128mg.; 2 hr. 142 ng., Loss 2.4 lbs.

1% hr. 12lmg.)

32 H.C, (F 124 mg.; 2 hr. 147mg.) Loes 3 1bs,
2 M.A. Normsl G.T.T. t Constant
(P 118mg.; 2 hr. 120nmg.)

82 M.L. (F 119mg.; 2 hr. 142mg.) Loss 2 lbs.
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{11)  Improvement showing trend towsrds normal
glucoss tolerance test, but stopplng short of
complote remiesion: Totel 3.

~ Case &Wﬁﬂm
N
B T ¥
86 - Halee

(148} Eﬁgmii.ﬁagt&mg_hia@aﬂgi&m@aé lovels efter
perdod of estabiished abnormalitys  Total 6.

=mm@&

i Js Back to pormel , H
‘ - hir. = Hear gornal

| | {Low normals)
9% GuMs . Lew normmls

ow N m@'g-
1]
2
8
o

81 g olie | W Mz*mx,ﬁ

@

2 S, Low normsls ¥ = abnormal
{No.L23us.) | 2 nr. = obnormel

g6 Jelie - Low pormals F=normald (110 mge)
ﬁfso nmd 2 hp, = mmwmm
| 1195 mg)

230 KeRe - ¥ - normal
g ' &ﬁm=mmmmﬂ‘
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Somp. improvemont deusistrated while

%ﬁé%@iﬁ@ alootinaaidéor  Totel 3.

Qope
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Jebi s

Fuhds
Telie

«’.!"wmma Egpb of &mmmﬂ,
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DIABETOGENIC AND ANTI-DIABETOGENIC SUBSTANCES .

SUMMARY :

This is a long term study of the influence
of various substances, diabetogenic and anti-diabetogenic,

on the glucose tolerance of diabetic patients.

The effect of nicotinamide in diabetic
patients is investigated. These patients wefe
studied over a period of years and formed the nucleus
of the patients who weré further investigated with
other égents, i.e. the pharmacological hypogl ycaemic

agents: the sulphonylureas and the biguanides.

Carbohydrate tolerance was investigated in
a group of gouty patients. Gouty patients with
a diabetic or abnormal glucose tolerance curve

were followed up.

Cortisone/glucose tolerance tests were

performed on patients from the various groups studied.

In the discudsion of the thesis as a whole,
the interrelationship of the various aspects of

the study is pointed out.
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Glucose tolsrance teat (viil) on 20.6.50 could still
be consideprsd within the range of normal in spite
of the fact that her waight aow was 1735 1bs,.

A relapse to & 3Jiadetic type of glucose
tolarance ourve :‘mn osourred on 13.2.51 (vill). At
this time her welight was 202 1bss Disbetes is frankly
manifest in Hovember 1951 {(x} with & relapss to the
previously high fasting glucose levels seen in (1),
This is not influenced by a second course of nicotinamide,

Five more patisnts wers found to show this
type of pesponse, vis. L.L., G.Wey HaCo, Meh,, Hola

A trand tousrds a normal glucose tolerance
suPve, but stopping short of a complete remission was
sesn in GuSey JoF. and Hola.

This was regurded as a signifiocant response,
as an faproved curve wes sean 1o preceds a normal
glucose tolersnce test in GROUP A (1),

(1ii) Pour of the 6 cases whers low fsating blood
glocoas levels, {e.g¢ 90 mg.) were recorded might
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have shown response linim to those in (1) o
{11), had sufficient glucose tolerance tests
bsen available.

A A O A Al S o 00 A - N S i U e O OO W e

FOR THE ILLUSTRATIONS OF THE WLWIBG PATIENTS IN

GROUP A, BEE PAGE NUMBERS INDICATED, THESE PATIENTS

FORMED PART OF A LONG TERM STUDY AND ARE INCLUDED IN
SECTION Ve (in some cases)

Hame Cass Page

LeLe 82 103

GoW. 161 63, 197, 206
N.Co 32 106

M.A, 2 109

Mok, 82 65

GuSe 126 104, 105
JeFe W7 107, 108
H.la, 8o 110

D.RJ{Cont'd) 127 55, (101), 102



GROUP B,

(Total 28 3

G.TTu!'s in 1

=14

The fellowlng patients showed no improvement in blood

glucose estimations after Nicotinamide had been commenced:

Pole(T7h) and U,R, (126} 2lco tncluded in

CROUP A.

Duration D.M. See
Age yrs. before control Greph
Cese. Name, 1lst seen. period. G.JT.T. Page {fcing)
b S.A. 55 yrs,. No —
1 Re.B. Eg yrs. No S
2 L.C. 1l yr. NHo —
29 EJCo 55 1 yr. Yes na, 120
30 T«Co ZZ 6 Jye. Yes —
159 K.D, 18/12 Yos 3
5 EJ.F, 3 b of - I No —
Zg ReJde 22 12 Yes (4%
6 AJ. 29 No —_—
T I.K, 5 yra . No —_
39 g.g. 16& 15/12 gea —
de i . [ 4] -_—
85 H,L. sl 2 yrs. No —
18)-% gogo g 1 . - Yes 60
olie rSe o —_—
97 H.Mre 25 12 Yes 137
i(]).,i. Fo.il.B, 0 3/12 No —_
! Welle 0 1 Jr. No —
123 E.Pa. 8 10 yrs. No 62
gg E.;‘. 5; /12 Yes —
Y rs. No —
1231  {.R. 3 g 5. No —
156 1.U, 7 /{ Yes 2.1
158  C.v. L9 Yos 59, 16
15 8.V, 22 /12 Yes &7
13 R.S. 0 5 yra . Ho —
72 P.K, 27 Yes 13
12 WeRe 51 5/12 Yes (., 1S, 206



c.v. CASE 158
WEIGHT .
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50
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R - .
. ¥
. =
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! 148
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|
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: SO
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K RIBOFLAVINE (6-O5G. FROM 13956 oM CARBUTAMIDE {G. ONCHLORPROPAMIOE G sa
; 45 MG. FROM 6756 21156 - 5558 FROM B558 |O5G:JUNE 59 05 FROMIGE60
Vil vl X - X xi X X




In this group there were sufficlient dats
svaileble on 28 dlsbetic gutiéaﬁe who had received,
nleotinamides o state thet thess were not benefited.
Wheprs thers wap tm@ﬁwvamemﬁ in Sﬁat&a& 13va&n this
sould not be s@ﬁ@ﬁ&ﬂ&ad to u&aﬁe&uamxés. ﬂ‘%%a
ﬁnm&aﬁn ond 1&3&1313 @E these p&ﬁi&&ﬁa u@evliatné‘

Hont of (hese @#ﬁi&ﬁ%ﬁ'ﬂéﬁ& &a@n u#ny
a g&@iad.a@,yaurst | mn 1% patients @xuaoaa belorsnau
tests (ane or several) wers ﬂ@aaa

@y?i@ﬁl of ths method of iﬂ@@atig&%ﬁ@n
and pespones in thﬁs group 1& ¢,%. (Cose 15@3¢

{8ee Tselng pnge).
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PM. case 102 24 HOUR QUANTITATIVE URINE GLUCQOSE ESTIMATIONS
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_ﬂffﬁﬁéfﬁasﬁ o2 Pule {102}, 8 severe é@éﬁa@;cg
is also of gspecial intaﬁ@é%a '@his.ﬂéleureé‘man
aged 39 years was & easzo of 'gr@wthﬁunaeﬁ' typa
of. diah& .68 and. 41lustyates c@mplete laak of

P@ﬁ%@ﬁsé‘%@ ﬁ&e@tinamiﬂas»

- The patiant faiied to r@pﬁﬁt baak ta the B '4
Diabatic Blin&e afbev h&s first viaiﬁ anﬂ remainad
for ﬁ nonths on an Aneenbrollaé éxat, withmnt
trmaﬁmaﬂ%; ‘an inveat&gatinn, ugder @baervaEian
:&n‘huspitalg @rior to. etarting &naulin &njeaﬁiﬁns, ;
ahaweﬁ that glucose tol@r&n@e was net influenued by
the a&m&niatratﬁan of nicot&n&m&deg m@r was the glneese

Lmleramre ta&t &nflmenaed bg a ceursé of &nsulina"-

B 2l haur quantitativé urina giuc@ae ashimataana

| snowea ne app?eeaable éifferen@e in the quantiﬁg of

gluﬂbse axere%aa bafera or nfber nicatinamide

adm&niatratien. &imilarly, while on inﬁﬂliﬂg niuatinamide ;
«aémxnistratien orallg er paranteﬁally maae ﬁm appreeiabie

«éiffaranee o ﬁhe glncaae ax@retion.



The patients described on pages 61 - 68 apply
chiefly to SECTION 1V and illustrate the

different methods of investigation.

Illustrations of long term cases are included

in other Sections of the thesis.

(See index to illustrations)
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J.A. Case 3, a Coloured boy aged 1S years.

This was a case of severe diabetes in a young
boy -~ an acute onset with Ketosis and blood
glucose estimations often over 300 mg. He was
admitted to hospital for control.

With the diet and insulin dosage being kept

constant, there was a reduction in the amount of
gluagoso excreted dally in the urine - after commencing
nlootinamide orslly and by intramuscular injeotion.

His subsequent course continued to be that of the
growtheonset type =~ although his insulin requirement

wag lower.



E.Pa. CASE 123
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«EsPa,  (Case 123):

mhia patient was &n elderly European woman,

- No signifieant} reduction 18 shown in 24 hour
quantitative glucose exéretion in urine after
nicotinamide orally and by injection,



G.W. Case 161

WEIGHT

LBes. 210~-202 203 201 198 -202 200

4004

18-1-54-61-55
3001pce
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~Fe
17:355 .
[{ole l .
1o -
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i - ii S iii iv Y vi vii
ey
- - T g :
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. 5 5
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1 e
. -4
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ll \\‘ \ / 51058 ‘\
L] J .
! 26756 hd Foof” ;
' I
(]
100° .
50
cont‘c.n. GIT.8 coatgc.‘r.'r. CORTISONE /G.T.T.
TREATMENT 15 NO TREATMENT  |NICOTINAMIDESOO! NiL
FROM 27:56 FROM AUG.56 [Ir10-58-14-I0580NLY]

il ix X xi




@M. _ Case 161, European man sged 50 years.

This patigntualsawhgdqg@utg  Hyperglycaemle
”1eveisfw§bajgstablxahe&fcvef'g 5,”9935"33?19d°

" A glucose tolérands test after belng under
~obssrvation for 2 months was abnormal {ii).

Glucose tolerance . tests while on ni¢otinemide &
{118), (iv) and (v) became complotély normel. = -

“While taking large doses of riboflavine the ' -
feating glucode levels were olevated (vi) and

& glucose tolerance test showed suspidously high -
one hour (224 mjg.) and 8 hour (156 mg.) lovels..
A sortisone/
piboflavine

%ldcaagftﬁléramge;%eatawhilﬂ on .
(viit) showed no significant changs

‘from the glucose tolerance teat on 165.3.86 (vii)i

‘BGlucose tolerance teats performed subseguently {ix)
and” {x) showed comparable figures although those
of 165.10.68 (%) could be considered to be within
the diabetic rauge. A follow up in 1969 showed .
a tendency towards a rise in fasting glucose

levels..
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KR, case
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fK.R.', (oase 159):

'This patient uas an alderly Eurapean‘woman.,,

‘Bome raduation in the ‘abnormal levels of 'the glueose
tolerancs test 18 shown after ths previous
intravenous’ 1njaction of: nﬁcetinmmiﬁe K)o

Na further improVement ia shown 1n giucase tolerance
teats (i1) « (iv).



M.L. case 82°
WEIGHT
LBS. 152 150
4001
F -
3 300]
0
e
3
3
\n
& 200-
0 B
pn ]
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(V)
o
3
2 100]
50 -
NICOTINAMIDE NICOTINAMIDE |METHIONINE 6G.| CORT/G.T.T
TREATMENT 900 MG 450 MG. 450 MG. + CHOLINE NIL TREATMENT NtL
FROM 2455 FROM 25-2.55 TO 7655 FROM 8-655
i i in iv v vi




ean man aged 53 years.

M.L. _Case 82, a Buro

This patieht was found to hévefan hepatomogaly
:ﬁd glycosuria. There wes a family history of
abetes. . 4 ‘ AR

While on nicotinamide his glucose tolerance test
evolved from abnormal (1) to a practically normal
lucose tolerance test on 21.4.65 (14) and 7.6.56
{118}, L o
On lipotropiec agents the glucose tolerance test
agein showed a definitely abnormal 2 hour level and
& cortisone enhanced glucose tolerance test showed
considerable impairment of tolerance. A glucose
tolerance test on 14.6.57 showed a manifest diabetie
CUurve .. o . . . :
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R.J. CASE 67
WEIGHT 238 228 1234 243 240 -249
LBS.
4004
J
b3
8 %9 13405522259
= 4.855-159.55
]
2 Fe Fe
w
v
[o] Fe
]
=]
6‘ Fe Fe
8
9 Fe
[ie]
100
50 NICOTINAMIDE
TREATMENT CONTROL 600 MG.
FROM  16.9.55

Y v
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ETJ‘: (Gase 67)3
Th&s paﬁient was an elderly Eurapean man.‘~»

@lucoss Lolerance tests {4), (11), (441), show

a tendency towards remission but a relapse to -

?z.irglyaaemic levels is shown shortly afterwards
'9‘ [} C, . .

Eustimg 1ev@15 are . nat loweved by nicot&namide.



K-D. case 39
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S.V. " (Gase 3.5'?1*

Thia patiena was a middleaaged Galowa& womn.

Her glucose talerance tests emaim& eamplately
a.bnoz-ma‘i '

L "_'-1‘.’. o
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This 'patient wa# an elderly Eurcpoan womsn
with establllshed diabetes.

A alight reduction in the levels of the glucose
tolerance fest {111) -was Shown when & 8 ingle
intranmusscular injectlion of nicotinanide preceded
the glucose tolerance test, ‘ ' ’

69 .
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The following 2 ceases (W.R, 126, snd
P.K. 7h) were inciuded both in GROUP A and GROUP B 1
remissions aceurvﬁé after the soncurrent administration
of insulin and ulcotinanidi.

Mrs. W.R., aged 51 years, showed an initial
deterioration of glucose tolerance test while on
nicotinamide; Insulin was given in addition to
nicotinamide, and a rapid reduction in insulin
requiremunt ocourred. Insulin could be discontinued
li months later. Glucose tolerance tests done «t
this tims showed improvemsnt over previous glucose
tolerance test, A gain in welight was ocoupled with

an improvement in general condition.

After stopping niocotinamide, this patient
beliaved 1iks a 'maturity-onset! typs of diadetic and
later responded well to the administration of the
new hypoglycaemic sgents. (See pages 114, 115).

P.Ke (Cane 74), & man aged 27 years, failed to
respond to diet and nlcotinamide. Insulin waz given
for control and with nicotinamide, a rapid reduction



in Lnsulia was paasibla, until it could be amittéd.
'leluease coleranee aftor insuiin had haen a%@ypeé for
5 wesks showed conai&arable 1mpravamant¢ ﬁKia
subaaqnent SOuUrsde was more. suggesttva of the
juvenileatgpe of diabetea ana iasulin was »egﬁired

-again for control. (See page 113).

[DE_IN DIABETES:

VTh@ action of n&cotinam&dﬁ 1n diabetes nes heﬁa the

 eub3eet of past invaabigati@na‘v

Gobell (1940) fownd tat nicotinamide
adninistration caused a reduction in blood sugar tn man
0f é6-- s mg;%;’  An iﬁjeetzéﬁ‘éf'ﬁieotlnamiaa produced
e glucose teleranoa tost wﬁth lawer blood glacnsa levsls.
_Marahe ot al (19&53 and ?oumaandbélille ot al (19#5)
confirmed ﬁh&s\hgpoglycagmﬁa_agtggg in normsl human
aéui@s;.' Neuwehl xz9h§) nlsa.récééﬁeﬁ a fall in blood
giuéééavafﬁerﬂaémin&sttatiﬁn:af'ﬁiactia&c agiﬁxté

70 ;
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nﬁnuaiabeﬁia ﬁubséct@ aa& an imwﬁavamﬁnﬁ in aﬁ?bﬂhyaﬂaﬁﬁ _
teierance in @1&b@%iua. Unges fiﬁﬁ?) noted a B
econeldera bia ﬁail ia the blood giunasa af &1mbatiaﬁ in

& h hour p@rlﬁ@ afaam aé&tniaﬁratian of sodium nieotinate;
bnt no @f!@@% waz ﬁam@n&ﬁ?&t&ﬁ in normsl hnmaa adults.

aft%et,’h@naver, |

“h&@ biaaa gﬁucsso 1wsm?ﬂf*
Wos unt confirmed by other wwrkarﬁ {. Banerjoe ot al
wwgwmmammsm@;%Waﬁmrwazmwn

Bavorjee ot al (I949) found that the blosd |
glucose of disbetic and normal B&ﬁj@%%ﬂ was practically
unaffaa%ea hy the &;v. &nﬂemt&au of 500 mg. nicntimanﬁdaa
Gaminge (19%?} showsd that nl@ﬁﬁ&%&%ﬁém {e wiﬁhﬁuﬁ
effect on b&a@a sugar in noymal au%;aa%ai | Wa#a €1947)
t@aﬁﬂ no &@16&@@& thaa 600 mge ﬁiawﬁinnﬁtaa LB.8a for -
1 ‘days influenced the g&u@aea t@isranoa teats in 6
diababiaﬁ. Hore raaantly‘ Haller st a1 (1957) clatmed
that the fall 4in bleaé giuc@ee nwﬁa& by Ungar aauld be
reproduced in n&s_c@nxral sariaﬁ ﬁhanuﬁieatina&iaavuaa
entbteds D R o o

The resulis af these inv&at&g&ti&n& have been

iuaanaimslva and aantradxukery»
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It 18 to be noted that almost all thess
schaervations were mede in shoprbeterm studies of
the action of nicotinamide.

mwmnmi% ie a pnym@;@gmﬂ ﬁgmt of
~ prime importence in the norzsl physiology of
carbohydrate metebolism (Ses SBCTIOR 1Xi). If ik

has an sction on sbnormal carbohydrate metebolism,

- the benefit preduced may be expscted to be s long

lasting one. Short term studiss would not demonstrate

or give informaticn on this point, A long term study

is also more likely to {ilumine the role of nicotinemido

in dlabetes by giving inf@rm&tiaﬁ a&¢u%\%&é subgequent
progress of dlabetes.

As the study evolved &@-wgm‘r&aliﬁéa that the
sibsequent progress may be of greet signiflcsnce.

Dlscontinuance of nieotinomide did not imply
that the benefit which it wight have induced would
not p@?&iéﬁcv ﬁié@txnamﬁaé way heve %@rﬁ@ﬁ?a& soKe
iuﬁénmsnﬁai orpor ﬁf.ﬁﬁt&ﬁoiiﬁﬁm |

72.



dbuld we expect to seo o correction of the
most fundamental dlsturbence of cerbohydrate
metabolism viz. the glucese tolerance test reverting
to normal ¥ | | |

“BISCUSSION OF RESULTS:

The first snd a@aﬁ drametic msapamaa aeen in
@hia @%ﬁﬁs @n niemtinamias man that of the pemisaion in
&1&5@@9& to a narmal gluﬁéaa te&eranae test in Hrse D.R.
{Gaaa i&?}w |

This @gaa; Diltay wtis of g?&aﬁﬂiﬁﬁﬁﬁﬁéﬁi an

'ea%abliahaé case of mnderately severe dlabetes 1mproved B
te sush am ontent ofter ata@ﬁ%ng nﬁa&%ir&w&&a a&m&n&shr&tﬁmﬂ
thet our ot sﬁuﬁihave tost for ﬁ&abetua, @&z, gluecsa
tolsrance ﬁ@ﬁ%, feiled to show the pﬁﬁﬂﬁﬁ@é ef diﬂbaﬁas.
Thus there wee an epparent cure of e aataﬁliahné cate
of disboten. Wit the impr@vem&a% in glucoma toleronce
' thers was on accompanying lmprovemsnt in wellbelng and a
getn in welght, |



%% gears later wb&nwéhQ had7am@aedad ﬁﬁr
pros-disbetic hsaviéaﬁ'ﬁaighﬁ'ﬁﬁﬁﬁﬁ was & recurrence
of symptoms of diabotes. The aﬁﬁﬁatﬁa now was not
influenced by the administration of micotinamide,
atetary restriction or welght mﬁ.

. This trend towards 1mpﬁavemens followed by
ralapaa wos seen in praaﬁ&aalig a1l the cases who had
inttially rendtted and who uere sbllaaaa‘up‘avar_a
period of years. DuRe (127), LeLs (83), BeC. (52),
Hoho (2) Mol (82), 0.8, (136) 3Fs (W7

The most important outeome of this study was

the occurrence of remissions to & normal glucose
tolerance test in 6 of the cases studied with

nicotinemide.

It became importent to assess the part played

by nicotinamide in producing the remissions seen. The

problen was approeched in tw ways:

T4
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1. . Remissions of dlabetss in the world

1literature were reviewod.

s An attewmpt was mede tﬁ-ﬂﬁn@'aﬁhéﬂ cases of
vomiesions in our lapge dlabstic clinle (similar to
those who went into remission on nicotinamide),

) - 3n the 1&%eﬁaﬁﬁréa data on remissions were
faunﬂ to be iaadaqgato. for the rallowzng 1e8HONSG §

{a) The eaf&n&tian of romissions varied: some
aathara considered a wellmarked impravaméne in the

diabetes as & romission.

(bét Some Eapcrta of ramisuiama wore bused on the
_pravi@ua finding of glycosuris nlche; or one abnormal
bloocd glucose test only. '

{e) The poriod of established dlabetes was often

. short, osgs One wesk only.

(4}  The follow-up was too brief.

(s)  Glucose tolerance tests were not done to
demonstrate the completeness of the remizsion.

(£} vnere glucose tolerancs tests were done those
 were often st11l grossly abnormal {Taylor 1960).
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Remiselons 1n my study are meant %o imply
en Luprovement. not oaly ¢6 & normel fasting blood
" glucose ie#e&.iﬁut alae in the g&g@aaa_ﬁéleraaaa-ﬁaﬁﬁ
to a normal f@ﬁm'ﬁalﬁégf'h@rmal forn after a period of
asﬁaﬁiiﬁﬁaa abnormality. @hﬁﬁé'aareﬁhé'nriﬁerie'
applied to @hﬁ 6 cases 1&‘@&@WFWA~éfjﬂha‘ﬁiaﬁﬁiaﬁmiaé
studyg. | o

In a aaabian tn the Wa&iaai Annﬁal 1959.
ramiaaiena of diabetes ape stated to be ¢ars TAYE .
"thore are 1ess than 20 cases on record” (The Hedieal
Annual 1959). | | |

In & rovicw of the Jigeraturo of reported .
ramtssiana of diebetes there arﬁ Bome re&aﬁk&ble.
cages {farwood 1957,. Peck et al 1998, Gheng st al
1953, del Oreco et al 1953, Johneon 1558). However,
:in none of these cuses hﬁﬂveﬁn period of established
éiaﬁeﬁaa.; lengthy one (Jositn (1952) stipulates |
ostablished diabotes of at loast one month's duration).
The follou-ap waeIusuaziy'n@%_ieﬁg»waﬁﬂgha Harwood's
case perhaps best fulfils the criterie demanded by |
Josline. Tho pericd of establiched dlsbetes wae brief



ané the rem&aaiﬁn ha& laa%éa for 2% m@ntha at tha
&ima ot pﬁﬁl&eﬁﬁiﬁﬁi

The cose of DR. would thus be slmoat unique,

Thers 18 &n adequate control pericd of en unremitting

established ﬁl&b&%asszliuwwﬁ by & proven rewission
confirmed not only by normal fasting blood glucose

tests, but normal glucose tolerance tests as well in &

@ﬁ‘@aeag. ﬁewbargh end Conn (lﬁﬁ?i rep@rﬁeﬂ that ﬁb&s
occurred when the patients had 1lost a considerabdle
proportion of the oxcess weight.

Thus 2 of the patients i& thelr zeries who
showed the serliest return of a normal response had
lost 35 1bse end 36 lbs. respectively. Some of these
patients later sbandoned the dlet and apain becams
obese; 1t wes a@@66 %hnt ﬁh@iﬁ,ﬁa@ﬁﬁhyérgtelgclagﬁﬁﬂa
‘was eventually lost ené that the dlabetic symptonms
pocurred. | | |

In & subsequent papep, 8ewba@ga €19k2) ravameea

-tha% 8 8mn11 percentage of hla obsse dlabetic pat&enta
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who oco-opsrated fully and succeeded in reducing
their weight to normal, gg;;gg‘to schieve normal
glucose tolerance curves - a finding that ocast some
doubt on his theory that the disbstes of obesity

Was a differsnt disssse from ordinary diabetes.

2 Would a search at a large dlabetice clinic
rsveal remissions sinmllar to those seen in these
patients while on nicotinamide ?

(1) Cases who showed a good hypoglycasemic response
judging from fasting gluccse testa and treated by diet
alone wers selscted from the Slabetic clinic. The
cbject uns to see uisther I could find responses %o
match those seen in the cases wbs had shown a resmission

uith nicotinamide.

In one such case which sesmed to fulfil these
eriteria best {C.G. Case S51), a glucose tolerance test
8111 showed a typical diabetic curve., (Ses facing page).

(1) The only 'renission' recorded in 210 patients
selected at random from the diabetic clinic for a special
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elﬁni@ai 68&63 {Mnrkman st al 1959). ﬁaa P pa%ieﬁt
of m&na f?;K. Gamw 7k)',' B

'(&ﬂﬁ) » n@m&aminns accompanied ﬁ@ waigh% I@ssv In
.ty aup&aﬁ of canes (not tr@a%a& %&ﬁh n&ﬁﬁtl&aﬁ&&e)@
| %he fa&law&ng wes | ths base @xamp&s x ceul& fiﬁaz

- an &beae m@man (BB o uaaa Lgﬁ? m&m hed hgan on fnsulin

. ah@we& a wemiaaiun in aiabetaﬂ af&ar &nﬂul&m wai ataggea. '
. ' yioht  wédug ﬁawever. the

'erigiaal glucose teleranae tﬁat uaa aaﬁ aanviaezngly

- abﬁarmax and 18 m&mbha lata@ thara seemed ea be a

ravernien to sn ahnormal 2 hﬁuﬁ £igu?e. in apiﬁe nf kha
.raat tha% the patient had maiﬁtains@ har ﬁeighﬁ ioaa_

iiv} l &nntz d&abo%ea a&iazn@ xmnm envabms eaasas:
| The failﬂaiag aase whiah was préhipiﬁaﬁed by SBauma
'.ahmwné a memiaaian in &tabateaw |

MD, (Cape 58l & haaithg leaking man eged

h@ yaam@, wes seen by me at the a&abab&a alinic when, he
waa waking £0 unite’ uf L@nﬁe in&@l&ng ﬂ&abatas bma fivat _
| a&n&r&ntad 1%3912 aﬂtﬁr en aaﬁiaenﬁal rupbura ar the |
- tendo Achiilaa. 1% wen paa@&MXQ to reduce inemi&n and

to @m&t it altogethor 2 manbha lahs@¢ Far 12 mentms

- nbis uvine remained sugar frae aaé then hyperglgeaamla
devoloped again, |



fo

b TR Mew&ﬁw&leﬁa wss found to have & beneficial
effvet on the carbohydrate tolerance in 18 patients
of the moturity onset type of dldbetes ef_’ retent

onset.

24 | The improvement aoutié m’b bo ascribed tc welight
1088 which in giany of these -‘é&ﬁéﬁ wes negligible.

This improvement was usually met menifest while the
patient wes regeining weight. |

By When thers was a relapss of the hyperglycaomia
this failed to respond to dléet or nicotinemide.

e  In 2 patients of the 'growtheonset! typo of
diobetes tme showed some imwﬁﬁmntg the other showed
5O TespOnSs. . |

5¢ In 2 patients of o intermediate type of
ambmg, there was a M?M réduction in insulin
ppontly with nicotinamides

 requiremsnt when given conew



Whils the observetlons on the action of
nicotinamide in diabeten Wéﬁalﬁﬁiﬁg made, other
ineldental points becamo evident. |

Boeme of the patianﬁa uhn hn6‘be§n t@kimg
niééttaamiéa fﬁ?fpr@l@ﬂgﬁd‘pﬁﬁlﬂéﬁ developed an angulnp
~ stomatitis. It was thought that this phendmenon
,.a@ulé bo &ue to & vitsmin imbalance produced aiéher by
‘tha-nieetinamiaa~aam$aiatrati¢n\by else oceurring in
dlabotes per se. | o | | ' \

~ Ribvoflaviae in hagge‘ doses (Seps 15 = 45 g
daily) wes prescribed, In the moentime, observations
on the blood glucose levels in these potients were
still being recorded. TR S

On examining these rosults rotrospectively,
it was found that in soms cases there had been a change
in blood glucose levels - usually & steady rise - after

riboflavine adnministration had commenced.

8/
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Iv wﬁa thamuﬁava ﬂaai&e@ to raanré
wbuerwat&ann mﬁﬂa on changes in binaﬁ g&uaana 1avulﬁ
" _fwmzng ﬁwﬁwim aduingotration.

s
1565
31

158

29
5
136

TOPAL:

, g}ﬂg
‘@ﬁﬁc |

ﬁ@ﬁt

%,

Oy

'ﬁ”ﬁvqi |

EeCo
£ 9
Beily

'iifﬁat&anﬁﬁvwar@ @%ﬁ&ﬁﬁﬁﬁi”

- mevmm in mats.ag m@aa uvm uﬂw |

a course of riboflavines

;:&gquwat&@n:ﬁ£~gku¢n&a-eaz@ranﬁe\ﬁadtaa
'Elavmaia& of f&&t&ng blood g&u&aan 1eve1na

o atgn&t&aant.@hanga ia g&nau&m ta&evnaa@"
taata. C

lﬁxan@£ elavu%tﬁn ia rasﬁang bloaﬁ gla@nao

loveloe

.‘ﬁbﬂﬁ%ﬂ&l~gl&&%&$~®¢lﬂ?tﬁcﬁ ﬁoﬁt dev&iep@&sjaf
’Emevnttan of foating blood glucose levgia

and development of abnormal glucose
tolerance tost,

Glucose tolerancs ﬁantu tlj E&avuﬁi@n af

ell levele, {2) Blevation of 1f end 2 hr,

lovels ﬁnlye

'ﬁlavnezan in raéﬁzng blood gianaaa Isva&a.

Glugose tolersance tests unchengeds
inconclusive,

11 patients: aievat&@n;@f blood suger 1evelae 8.

no chango ﬁw taﬁwaﬁlwaivaz Ze



tnation of the recults showed that.

fellsuiny séminiotration of sibaflevine ponms -
elovation wan shown in fasting blood glucose levels
er glusoso toloranee test/s or both in 8 of the 11
ptlents, | - |

The zﬁamiﬁa of this &a%a%igabim wum
mggm& that ribeflovine bad & Mabawgmm efi‘wﬁ
in the patients um@ma; This 15 8 point of great
interest, | |

¥ since oiloxen

it hins been suppested §

doler with L, & - dimethyl § « emine « § (€ « 1 riditylaming)
« benzens to form riboflavine the question hos been rataed
a8 to whother ths reverse reactlion may cosuy under certain

conditions (Denerjee et a1l 194%).

The studies of Diengobtt ot el (13359) are also

of great interest in this connsution. In enfmal studies
they have demonatrated thot o dietsry lack of pantothenio
seld or protein or riboflavine (but net thiomine) loads

to o dinminiched activity of hepatic insulinase.



o

This uﬁaﬁy mﬁgﬁa heip to ax@iniﬁ ﬁhﬁ f&nding @f
3@% 3&@@@% of %&@aﬁ ginﬁ@a@ sng muaala uiﬂﬁﬁaﬂn
in r%bafzﬁv&ne defielent onimals {?emkmr at al o

i@%}@

Za it possible that wﬁhﬁﬁiavzna in axcess
aey beve the roverse effect ¢

This bes besn & subsidiar

& point vhich stwuld bs elucidfated in further studies.

| Thave ie safftaiemﬁ @%&ﬂ@nﬁé available -
from these investigetions on riteflevise to anke 4t
appeor thad w&&aﬁiﬁ%ﬁaﬁ in lmrge doses mny heave &
&iéﬁa@u@@&@@ ﬁf@@gt@‘;;?ﬁ?ﬁﬁ@&,&ﬁ@é@%&g@ﬁ%@g.&g%@e~ s‘-=~’
this aspest 4 @aq§%§@ﬁwig« S
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It was reported thet potassium may mvé &
 beneficlal effect on carbonydrats metubolism in aterold
‘é&aﬁaﬂ‘wa (Xinsell ot al 1953}« ?l:% wee doolded to tsut

the affect of ;pwamtm'm‘lw ﬁéﬁ’&cma of 200 =y Eds

deily on the blood glucose in dlebeton. (Potessiunm
aq@taw and thloride &egaﬁhwg w potasstiunm acld maaphata
was used)s

&‘m mmmm T pm,mw Pusoived mﬁaaa&mi

m, {oane 29)3 R.Bs (case 13)3 Oats (case 51); &.@etawe ﬁma
3.8, lomee L7)s GeBe¢ (cuoe 136) end 3480, (onse 196).

3 of these patients were on insulin &t the time.

In 6 paﬂmﬁs + the only ohsnge. noticed wos a
light rise in blood glucose ovar & sbort term studye
(ﬁaa nmmmm page 7§ Cubs Case 51)s The natuve "
of roeponse was ‘not influsnced by chenging ‘M' phosphate

from the acotate and ohlorides

it seemed mgawmuhm to continue the
adminlstration of potassium, The results sre wswréeé ﬂ%ﬁ&ﬁ@

the sise in blood glucouvs was £'m1y uniformly &mumtmwm



The cormencement of my study in 1947
antedeted the introduction of the hypoglyenemic agents
in ouprent use. o |

One of these preperations, Disbstone¥,
vhioh was tho Lirst % become svalleble was tried in
& few patlients. :

Digbetons is & tablet composed of:

5 «» Hydrozy « entheinilic sefd ' 0s2 maze
Vitamin B6 - 2 nge
Vitemin C - | 20 mg.
DL « Nothionine | 20 nge
mémtm {a herbal extract) | 200 uga

Ao the Lirst 2 ingredients of this tablet

ure closely related to tryptophan wetebolism (and
nicotineolds can bs derived froa tryptophan) it seemod

that obmervations on this moy be of interest in relation

te & otudy of nicotinamide in dicbetes.

Thore seems to bd no loglenl basis for the
$nclusion of the other 5 substances in this teblet as

36



an anti~dighetogenic compound.

Thoe obsorvetions on the results of

adninistration of this tablet oroc lneludsd in this

study.

Resultss

(1)

{11)

(114)

(iv)

The resulte in I patients are availsble:

M.A. (Case 2) showed progressive improvement

tovards a normal glucose toleransce test.

M.la. {Case 80) showed improvement in first
glucose tolerance test & weeks aftor commencement
of Diabeton; bdut after a further 2 wéeks the
glucose tolerance test showsd some rogression

again and was abnormal in &ll rospscts.

E«Cs {Case 29) showed no improvement in fasting
blood glucose lovels {Note the insulin doses had

boon inoreased).

D.R. {(Case 127) showed & doterioration in glucose

tolerance test.

Discussiont

Since one of the components of DiabetonslN,

viz, Vitamin B6 (pyridoxine) is involved in the normal

7
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produstion of nicotinemide from teyptophen, ond

sinee snother semponent of the teblet, S - Hydvexy <
amﬁbr&a&li@ 8cid 15 known to bs & derivative of |
@wyﬂﬁﬂﬁﬁ&ui it 1e 1ikely that the mesh
of Diabotens# may be .«mﬂals related to that of
| mwti 48 ﬁﬂ'ﬁ%g '

‘fﬁam¢af action

' at abnat thia ﬁlm% ﬁhﬁ @ﬁﬁl hﬁp@g&ﬁ&ﬁﬁ&@
sgent, aaavbm:amzae. becane amimhh. Beoause of
Lte dramatio hng&g&um&e am:@w furthoy ehsewaﬁm
 on Pisbeton were %ﬁ‘&iﬂﬂﬁeﬁs | |
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ZHE ACTION OF THE -‘:mmwzmma_z.'ﬁmmmam;f
| AGENTS IN DIABETES.

INTRODUCTLON ¢

‘“?hﬁrﬁéaréh_fbr orally effective hypoglycaemic

agentélhaﬁapraeeeaga f@r'many yéahs.

Prior to the advént of insulin, WaSanabe (1918)
dam@nstrated that guanidine lowerad blood giuease :
lovels. A guanldina derivative, deeameﬁhylena
diguantdine » Was used 1!: the treatment of éia‘betes in
‘man (Fra&k et al 1926), but feil into disuse because
or its tezicity. ehiefly 11ver damaga {Greham and’
‘Linder 1928). | |

e | | |
’ ~ In the meantime the auecessful use of -insulin

had becors firmly established. = It was natural that this
gééat.diécovery by Bantlngﬂand Best %n 1921 would divert
researeh in the treatment of diabeﬁes towards tha nev

focal p@int » Yansulin.

| It now seemed thét‘ﬁﬁé finel enswer to dlabstie
tf@qtment was at hand, but as time wént-cn_it beeaﬁa
ciéér that insulin was neeessa?ﬁioniy in a proportion
| éfﬁdiabetics‘ . In the acutéabﬁaét‘ﬂiabebés of the



;3uvéﬁ23€fﬁypeg?aftan<asso¢iaﬁeé?@ith.ketaai@,“insuiin
vwénlé‘éorvec€5the7phyalﬁicgia&&=abnormality. ‘The
'maturitymanset typa of diebétic « who had been shown

to have available plasma-insulia (B@rustsin and Lawrence

1951 (a) and (b) ) « was not fundementally benef&tea,

‘as far as we knaw, by exogenous insulin.

A%témp%s.ta-édﬁf@@ﬁ €§€*%¥§&?&1§6§émia“1ﬁ*‘*

aiébéfééi%y-maaﬁa'éthéﬁ’ﬁh&ﬁﬁﬁﬁﬁ&iﬁn5yfpv¢éfunsuécessfu1'

:of‘impracticﬁﬁié'ﬁétii‘ﬁhé“éﬂvént*bff%héisuipﬁeﬁylureasa

i ‘ N
P

‘ - This new era in tha*%?aétment of diébeﬁés‘
fellwwea on. the incidemtal observa%icn hy Janbon et al
(19&2) (ﬁuring an 1nvastigatiqp on the acti@n of drugs
in typhcié}utuat the sulphonyiuprea I.Pii‘na_had 8
-hgpegzyeaamaa action. Loubatisres published the
"rQSulta of his axxansiva 1nvaatigati¢ns ‘on IcP.T‘§. s
(zgsg). , o |

. A graup of werkers (Franke at al 1955, Aéhelis
ét al 1955, Baﬁhﬂam et al 1955) raparted cn the

Oliﬂiﬁar use~of another salph@ﬂﬂluraa,-aarbuﬁamiﬁea“"‘

carbutamida (Ez 55) i& nou. ganerally ballevad

;to be tao taxie for routine usa. - Wiﬁh the replacemént

-



THE SULPHONYLUREAS

—C—~CH~CH3),
HzN“Q SOz—NH-QN N

-AMINOBENZENESULPHONAM(DOlSOPROPYLTHIODlAZOLE
- [P.T.D] . _ JANBON 1942)
-

C HN— &> —50,—=NH-CO-NH—=CgHy

P-AMINO-BENZENE SULPHONYL- BUTYL-UREA

[~BZ55, CARBUTAMIDE] . g T .(959),
HyC— &> —SO5NH=CO-NH—CgHy .~ ..
I-BUTYL-3P-TOLYLSULPHONYLUREA

[=ToLsutamioe, Dssc] . . ©«9s5)

" Cl— &> —S0,~NH=CO-NH—C3H5 -
. I-PROPYL3-P-CHLORBENZENESULPHONYLLREA

.[CHLorPROPAMIDE] : Cu9sey

N—N

CHyO @—soz—NH—g g:—cr—;2 CH/ CHa
\s/

CH3:

[SOBUZOLE
[=STaBNOL  FWH 14]




L 4(’: ,:;- :

v '.-wr,e

of the NHy group by the Ofg in tolbutanide the
texio effects ware greatly dimini&haé, but
’unfcvtunatély the hypeglyéaamie acmvi*ﬁy “ss a&&sa

'jaomewhat dae?aaseé.

In chlorprepamiﬂe the ﬁhloriné raéiaal.has

replaaeé thg RH or GH3 gr@upat"

An@ﬁhar hypeglyéaemia agent alsa incluﬂeé in
this study &a isobuzoie whxeh sh@wa an &n%erasting
relationahi.p ‘to the firat suiphenyiuwaa campeund

.P.?.D.. whieh was shown to be a powerful hypoglyoaamto R

| agﬁnt )

v The aimilazvit:y of tha chemieal atructure of
f.;ﬁhe sulphyonylureas Ls avidem% xram their formulae

'(See facing paga).

The éamanatration af ﬁh@ sueaassfui uso ot the

- sulphenyluraag Ln the troetmont-bfvéiabetes created a

resurgence of interest in th?;ﬁ or cempoun&s which had

bssn abéﬁ8$h88 ?'%ﬁgagg§ﬁiﬁiﬁégaarivatives;,,:v~

@hﬁ ﬂigaaﬁié&nes, aagaVéynthalin,7wdrq_tab

fg tax1e for use in the treatment of dlabetes. The

-diguenides, where 2 guan&dine moleeulas are . linked with
the el&m&n&tien @r an Nﬁ gronp, still retaina@ the

92



THE GUANIDINE DERIVATIVES
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hypoglyocsemic effect of synthalin (Slotta et al
1929), but the toxicity had been largely eliminated.

A natural outcome of this latter
observation was the re-appralsal of the action in
man of diguanide derivatives, the precursors of
which had fallen into disrepute after the advent
of insulin,

Phenethyl diguanide (DBI) was shown to be
an effective hypoglycaemic agent (Ungar 1957), and
free of any serious toxic effects. The high
incidence of gastro-intestinal side effects, however,
has precluded its widespread use in disbetes, Becsuse
of the side effects of DBI, another diguanide,
dimethyl-diguanide (IA 6023) has also been investigated.
(See facing page for the Guanidine Derivatives).

The mechanism of action of both these groups

of drugs remains obscure. Several suggestions have
been made as to their mode of action (Loubatieres 19L6),
Mirsky et al 1956), but none has proved entirely
satisfactory. Loubatieres suggested that the
hypoglycaemic action of the sulphonylureas was dus to

stimilation of the beta cells of the pancreas to greater



%

Insulin produotion. Mirsky et al showed that
there was inhibition of insulin destruction by

the sulphonylureas, Beringer et al (1956)
demonstrated an increase of liver glycogen content

in starving rabbits recelving carbutamide,

Recent work has shown that the suggested
concepts on the mode of action of the sulphonylureas

have to be re-evaluated (Weaver et al 19%58).

The sulphonylurea drugs and the blguanides
may prove to be a stepping astone towards the search
for the biochemical lesion in dlabetes and its
correction. The hypoglycaemic aotion of these drugs
18 undisputed but it is problematical whether the
other biochemlcal ahnormalxties'at diabetes mellitus

are correoted by these pharmacological agents.

In this age of}groat therapeutic advances we
are witnessing the apparent paradox of pharmacologlcal
substances (e.g. the sulphonylurea drugs) being used
for the correction of a physiological aberration such

as dlabetes, on the one hand, and on the other hand of
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& physiological agent, cortiscne, being used for
its pharmacological action in the treatment or ‘cure!

of & variety of inflammatory and allergic conditions.

There are many puzsling features connected
with the c¢liniocel applications of these drugs. If we
consider the maturity-onset type of dlabetes only -
why do some patients in this jproup respond to the
sulphonylureas and others not ¢ A proportion of the
diabetics who respond satisfactorily to tolbutamide
fail to respond after continued treatment, Why should
this secondary fallure occcur * Why may patients
respond to chlorpropamide when tolbutamide has failed
either initially or later * Is thoro a difference in
their action (or is the apparent difference merely one

‘of absorption and blood level) ?

Way do patients respond to the diguqnidol
when they have failed to respond to all the
sulphonylureas or, salternatively respond to a

sulphonylurea drug and fail to respond to the diguanides ?

These phenomensa that are still obscure and that

are poorly understood were singled out for study.
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MATERIAILS AND METHODS:
THE PATIENTS IN THIS STUDY were as follows:

1. Patients who were seen in the initial study
of the action of nicotinamide in diabetes and the
associated studies. Speclal emphesis was placed

on this group for the following reasonsi

(a) These patients had been observed over a long
period of time; the course of the diabetes

was already well knoun.

(b) The blood glucose estimations and the
glucose tolerance tests of previous

investigations were avallable,

(c) The response to hypoglycaemic agents could
be compared with the previous response to

nicotinamide.

2e Patients of the maturityeonset type in whonm
diet alone falled to control the glycosuria and

hyperglyceremia.

e Some patients on insulin who were probably of



7

maturity-onset type, and eeger to change to treatment

with teblets.

ko A feuw patients of growth-onset type who were
(a) elther taking large doses of insulin or (b) showing
poor control on insulin, were given additional
aedministration of the hypoglycaemic agent to evaluate
its effect.

DIET s

(1) Patients from prior studies who found their
previous dilet adequate were maintained on
that dlet,

(11) New patients, or patients who were already

on insulin were allowed a fairly liberal
calorle dlet (depending on their requirements)
6.8+ 2000 calories or more (and containing

200 G. carbohydrate or more).

(111)  Once the patient was on a trial of the
hypogliycaemic agents, no further dletary

adjustments were made.



9%

THE METHODS OF INVESTIGATION:

. These remained the same as in the precéding

study viz. Fasting blood glucose estimations and

glucose tolerance tests under tha_eonditions previously

 stated. A glucose tolerance btest was always
" preceded by & generous 300 G. carbohydrate intake for

oneé week before.



RESULTS ¥

The results of these investigations
are presented graphically in the following pages.

The comments on the 1llustrations in this
‘seotion deal chiefly with the influence of the
pharmacological agentas on the blood glueose levels.

and glucose tolerance tests,

Other features of the investigation are
elso shown in the 1llustrations to give a better

profile of the course of the case as a whole.

Cortisone enhancement of the glucose tolerance

teat 18 discussed in SECTION VII.

19
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PRESENTATION OF RESULTS;

Points to be noted pertaining to all parts

of the presentation:

1)

GLUCOSE TOLERANCE TESTS 1

(1) Glucose tolerance tests usually show
figures plotted at § hourly intervals.

(14) Where only 3 points are plotted, these
are Fasting, 1 hour and 2 hour levels.

(111) Where a glucose toleranoo test continues

beyond 2 hours, the 2 hour level has
been marked by a heavy dot.

(1v) The scale for the glucose tolerance tests
remains constant throughout both for the
blood glucose level and for the period of
time over which 1t is performed.

(v) Cortisone/Glucose tolerance tests are
distinguished by broken lines.

2) PASTING GLUCOSE LEVEIS (denoted by F), are given
consecutively, i.e. chronological order but the

3)

L)

5)

span of time between the plotted festing levels is
not to scale.

DOSAGE stated in illustrations refers to the

daily dose, e.g. Nicotinamide 500 mg. should be

read as 'Nicotinamide 500 mg, daily'.

Esch column in the graph is marked with a Roman
numeral .,

The AGE stated refers to the age at date uhen the
patient was Lirst seen.
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‘The marked hyperglycaemic fasting lovels and

;Aabnarmgl;gimadse'@elﬁréﬁéaftastu-ar$ éé8n‘in'(ﬁia

A remission in giuéose ﬁﬁiﬁﬁaﬂﬁé'tﬁéﬁa to normal:

) - teit)e

 The relapse of hyperglycaemta (z), (x1), (xii),
‘and markedly abmormal glucose tolerence tosts

 are shown in {xiii) and {xiv).
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(Cont'd).

An excellent response to tolbutamide is shoun

with low fasting levels (xv) and a premission

to 8 normal plucose tolerance test while on
tolbutamide {(xvi).

Relapse without tolbutamide (xviii).

Delayed fallure to tolbutamide (xix),

but an excelléent response to chlorpropamide (xx).
Another remission to near normal glucose tolerance
test 1s seen with chlorpropamide (xxi).

The response to chlorpropamide is maintained (xxii)
(Note no tabs. for l days).

(It 1s to be noted that an improvement in control

was accompanied by an improvement in well-being).
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LeL. (Case 83), s European woman aged 58 years.

A remission was recorded with normal fasting and
2 hour level (4iv) and (v).

Them & relapse to an abnormal glucose tolerance test

(Vi)-

Although the fasting blood glucose levels were
lowered by tolbutamide, & glucose tolerance test

is still grossly abnormal: (vii) and (viii),

later fasting levels show a tendency to rise on

tolbutamide {ix) and are lowered by chlorpropsmide (x).
Reversion to tolbutamide again causes a rise (xi).

Completesly unsatisfactory control qith isobugole is
shown (xii).
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8.8,  (Case 136

The reduction in the amount of glucose excreted .
daily in the inttial part of the study is
charte& on the faaing paga. ' -

An improvement in glueese tolerance tests is

shownt (11) = (v).

Hote: Glucose tolerance tests in (1%), (11i) end’

(iv) are charted over a i hour period.

As usual, heavy dot marks the 2 hour.figuré;j

Io4
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Maintenance of low fasting levels and & relapse in
the severity of diabetes and of the abnormality of

glucose tolarangé téste are shown in (vi);

A gacd hypoglycaem&c Qespcnse to carbutamiae is -

shown iViif)v

6 vest while on

‘tolbutamide {(ix),
Delayed ‘failure of pesponse is seen in }(‘x) . '

A'maderate fasting reepdnae*ﬁa'ﬁhlarprmpamide (xi)
is anhancad by the additi@n of toihutamiée but tha

glucoaa b@lerance teats (m&i) ona (xiﬁi} snﬂw &

aavarely abnormal farm. |

Elevati@n of raatzng ievels was notaé on the

suiphoaylnraa, iaebnzale (®iv)e .

"The glua@se toleranca tost (xv) un &im@thylbiguan&de
appeara slightly better tham nn ﬁhﬂ anlphanyiureas.

2
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NeCo.  (Case 32), a European man sged 35 years.

A remission in gluccse tolerance test to normal

is shown: (v).

The relapse in severity of dlabetes is seen in

the next glucnse tolerance test (vi).

A failure of rosponse to a hypoglycaemic sgent,
isobuzolo, is rocorded in giucose tolerance

test {711).

An excellent response to chlorpropamide and

dimethylbiguanide was noted (viii).

(Subasquently the urine remained sugar free on
IA 6023 1.5 G, daily alone; chlorpropamide alone
had falled to do 80).
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Improvement in glucose tolerance tests (1) - (111).

Glucose tolerance tests cdmplately aebnormal on
talbutamida_(vij and {vii) although satisfactory
tasting'iaéols are recorded {(vii) and (viii),

Moderate response only to chlorpropamide (ix).
Delayed failure of response to tolbutemide (x).
Further elesvation of fasting level on ifsobuzole (x1).

A good response to phenethyldiguanide anhﬁnéﬁa by
the eddition of ehlerprépamida {x11).

A

ormal glucose tolerance test on the combination
of guanide and sulphonylurea (x111). |
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Nét sudh a good glucoao tolerancé test en DBI alono
(xiv} @r wnen this is discontaanea (xv).v

,&he rosponse o anather aiguanide darivaﬁive is

shown by an unsatisfaatary gaucase tolerancb tost (xvi)e
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MA, (Cage 2),

(A pationt with gout and disbetes}.

The svolution of a remission in glucose tolerance
tost towdrds normal is seent (i) - (v),

The fasting and 2 hour levels are further
dopresssd with hypoglycaemic agents carbutamide
and tolbutemide while in remission (vi) - (ix).

Relapse in severity after being off tolbutamide

for more than 6 monthas (xii).

Delayed fallure of response t@ tolbutamide occurred
(x111).

Persistent glycosuria and blood glucose 32% mg.
on tolbutamide on 2L,.3.60 (not charted).
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(A ocase of geut and disbetes).

After a2 tendmoy to remission was noted, there i»
s further lowaring of the fasting and 2 hour figures

aiving rise to an glmost norpgl clucoss tolersnce
test {vl) on cardutamide.

[10



C.M. CASE 95

WEIGHT| - : .
Les. | 'eo-t62 165 —— 172 —=== - |78 — {73 179 175
4004
-
o
S 300
8 29.9.55-131055
g
b
g 200 19-5-56-12.7.56
3. 1542:65-12456 .../ - .. _.___9.2:56-19-456 19:7-56-26 756
2 Fo 19-1-56 Fe °F
Fe °
o Fe
8 Fe £
EJ. Fe oF Fe Fo L] Fe
100
50 _ .
; NICOTINAMIDE 600 MG. RIBOFLAVINE 45MG| CARBUTAMIDE
TREATMENT CONTROL . FROM 20-4:56 1G.
| FROM 14:10-55 FROM [B3:7:56
i ii il iv v vi -




i

Normal fasting levels are recorded during a

phase of remission (i1), (111), {(iv);

A glucose tolersnce test, though, shows a high 2 hour
level {(ii1). '

Fasting levels on carbutamide (vi) are similar to

those seen during the remission phase,
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dsC.  {Case 31)

An improvement to low normal fasting gluccse levels

is recorded (1) « (iv).

Then & gradual elevation in fasting levels is noted
not influenced by tolbutamide (vii).

Chlorpropamide has lowered the fasting levels (ix)
but & glucose tolerance test (x), in spite of the
hypurgiyaaemle agent, shows a higher rise and a
higher 2 hour level than tn (1) and (1iv).

Later fasting glucose levels 5h6w a rise (xi) and (xi1).
It is of interest to note that the fasting levels with
isobuzole (xiii) were no higher than with chlorpropamide.
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P.K, (Case 7h), s European man aged 37 years,

A remission occurred after insulin administration
had stopped on 15.10.55 and glucose tolersnce
test (411) is much better than (i). However, in
{v) a grossly abnormal glucose tolerance test is

recorded again in spite of a low fasting level.

Glucose tolerance tests on oarbutamide {(vi) and

{vii) are still abnormal,

While taking insulin a trial of tolbutamide,
metahexamide, chlorpropamide and isobuzole falled
to influence the insulin requirement (viii) - (xii).

However, with the addition of DBI or IA 6023
( + chlorpropamide) the hyperglycaemia was not so

narked.,
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¥.R. (Case_126), s European womsn aged 51 vears.

The severity of the diasbetes is established by
high fasting levels and glucose tolerance tests
(1) - (111),

Then after the termination of a course of insulin,
low fasting levels are recorded, but the glucose

tolerance tests remain grossly abnormal (v) - (ix).

On hypoglycaemic agents low fasting glucose

levels are deronstrated (x) « (xii}); the glucose
tolerance curves vary slightly; low fasting levels
and near normal 2 hour levels while on carbutamide
(x) and tolbutemide (xii) but the pesk is raised with
tolbutamide,
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, KPR
» -y
. ) _ . ;
W.R. CASE 126 - . 4
WEIGHT)| ‘67 ' I ,
LBS. i b e W
! " 53
400- -
;
300- |
t
!
200-¢ :
i I
)
—_ |
|
100- ) i
A 1
i
50 EHIGRPROP STOPPE GT.T. & CORTGTT
TRearment| 9160 LA 6023 15G.

GT.T.ACORTIGTT: NIl FROM 17:60 |
X1% XX ‘




‘yggiﬁﬂ,gcaggyléé)ijwi(gpyﬁ!g);

E@ﬁ fastiﬁéjlevéié“@erﬁist"(xiv) - lﬁzx)i ba$,;] 

s

1nVsp1£é bf ‘the lﬁw\faatimg.leval on Ghlﬁ?pﬁﬂ?@ﬁiﬁﬁg

& grossly abnormel gluccee tolerance test (xviil)

is recorded. . -

After seappiaig'*’w.buﬁam-aaz“tmif). or ehlorpropamide .

(x&x) the glueoaa teleranae teate show further

elevatzan of ﬁna‘a.h;urTIevefs ahan eompare& with

the eerresponﬁing curveé an tolbutamide (xii) ané

cniorpropamide (xviii)-,‘_;:

Tho glueoae telarance teat'&s abngrmal zn all

reSpeets on dimathylbiguanlde (xx)¢ o



C.v. CASE (58

WEIGHT| 156 155 156 . 155
LBS.

© 4004

124-56

BLOOD GLUCOSE MG/IOO ML.

8

50
OIET - - [NICOTINAMIDE
600 MG.

TREATMENT| rpom 13455 CIET RIBOFLAVINE 45MG. .

FROM 8955 FROM 54-56

i i - iii iv v vi -

toe “ ’ . . - 2T L et T . -

C.v. CASE 158

1585 154 148 151 ) 150 1SO

Las.

400 A e ’ L

300

200

100
50 CARBUTAMIDE NIL RIBOFLAVINE |GT.T.& CORT/GT.T. GT.Ti 8CORYGT TS 155 FROM
RIBOFLAVINE 1G-0-5G. a 45 MG. CARBUTAMIDE (G, ON CHLORPROPAMIDE ~ Ui a8
45 MG, FROM 6756 | FROM 13956 | .56 5558 FROM 8558 |O5G:JUNESS | 056 FROMIO66O

v v [} X Xl : Xn Xt
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C.V, _{CASE 158), a Coloured woman asged L9 yeers.

A briéef remission to near mormal in glucose

tolerance test {(ii) 1s not mainteined (3il).

Abnormal glucose tolerance tests with.a return to

proeviously abnormel level (iv) =~ (vii),

Remission to normal glucose tolerance test soon

after starting oarbutamide {(viii).

Gradual aggravation of glucose tolerance test after

stopping carbutemide (ix) and (x).

Response to second course of carbutamide: this time
glusose tolorance test (xi) is not as good as glucose

tolorance test (viii) in spite of low fasting levels.

The responss to chlorpropamide is more or less equal
to that of carbutamide, Glucose tolerance test (xii),
5 months after commencing chlorpropamide, and glucose
tolerance test (xiii) one year after commencing
chlorprcpamide,'ahowa a normal faeting and near normal

2 hour level.



My.

L. case 8!

T :

WEIGHT ! - H 150 150
LBS 144 140 136 : 136~150 |
! |
; . !
. ) "t !
4001 ul " '
1 o i
. INSULIN20

l + Vo
- ! NICOTINAMIDE !
' 600MG.
3001 | FEBS6DEC 56 !
: '
| :
1 +
1 ]
o =

1 !
| i
1] t

BLOOD GLUCOSE MG. PER 100 ML.
N

1004
0 DIET + !
BEFORE ' ' TOLBUTAMIDE 1G. CHLORPROPAMIDE
TREATMENT ' ' q
TREATMENT NlCOTlNA;A.IlDoE'sésooMG.FROM i :‘ FROM 13-1-57 FROM- 507.59
i ii it iv v vi

e




"y

Myo.Lio . GCase 81, & European woman aged 45 years.

There was some reduction in the fasting glucose
level while taking nicotinamide but glucose
tolerance tests (11} and (111) were abnormal.

There was no appreciable difference in glﬁcogqv
tolerance teat whlle taking tolbutamlide or
chlorpropamide,



H-M CASE 98 :
T L —
WEIGHT T , -
LBS. 186 ¢« 178-174 Co174 :
[i I
1 [} T
H : '
400+ : : i
| TOLBUTAMIDE ! ;
© 26, . :
] -« JULYAUGUST 1958 teE
2 V- - vl
8 j Z FAILURE ~ | ! LA 6023 I5G.
g ! ] 1 +
g 3097 ' NICOTINAMIDE ! | CHLORPROPAMDH
= ( 90OMG. oSG,
w ! AUG.58-APR59 | e 1960
8 '-NO RESPONSE-! !
(5] | ——— : + = FAILURE -
3 Ll 1
@ ! CHLORPROPAMDE! '
& 2001 .
o 1 -FAILURE - :
el 1959 | |
.
3 ! ! :
@ ! INSULIN ! !
i 30UNTS :
8.459-JAN 60 | !
1001 : : :
T 1 '
' ' !
50 ; —_—
BEFORE DIET : 1 DBl 200MG. |
TREATMENT| TREATMENT | FROM 26756 | . 1 FROM 20160!
i . L

[ it ' i v v

B




g

HoMs (Gasa 98): .

Thie Foung Eurspéan man was agea 5'7 years at R
omet of dlabetes. . | ser

Failure @f ré&ponse tm &11 oral mﬁdicatxen ia
shown, .

{on DBI and LA 6023, th@ra waa A weduetian 1n
1n@u11n réquirement).v

4



EC. CASE 29
 WEIGHT
Les. | 168-172 17) =165 170 170167 165 166—160
, | {
i 400 |
!
oF 21-7.55-9-2:56 i
d - Fe . .
3 3004 17-54-10-2'55 Feo ro °F '
[%} oF ®oF
| le) oF
I = DIET . . . " oF
g ONLY re *F .
2 Fe Fe oF Fe of
w 3152 F, Foor Fe _ oF oF :
] F % Fe . .o
O 200 * Fo Feo : S F g
9 . 29-454-17654 -
3 Fe Fe 3355-23-655
Q Fe . . -
o 14:252-21-852 A . .
o . 3 23
: S 210-52-15-4-54 ‘
| © 1004 : .
| . ;
i 50 : _ — - : i
DIET + AP RIBOFLAVINE _ [NICOTINAMI |
| NICOTINAMIDE |PIET ONLY 300M NIL
+  TREATMENT £0. K. 15 MG. 300MGn23655
\ 300MGamla252| FROM 21952 | FROM i5:454 | FROM 1765% | coom 10255 |600MG, Fom 1855 ;
. .- ot
‘ i it i v v vi
; EC. CASE 29
| WEIGHT) \ o-168 167-166 167172 172 172-171 170 169 -170
‘ ws. |. )
|
| 400- 2012:56-21-357
\
! . Fe
!
300-
232567656
| of
I
| . oF Fo . 21056 . Feoor
L] L] L]
‘ F..; Fe N FQ.F : -
; 200- of seoF Fe
| Fe 1-10-56-811-56 o :
14-6:56-27-756 .ol Fo oF
Fe F
‘ fu oF 22.11-56-13-12-56
| 100- *
‘ 2:8:56-27-9-56
i 0 IDIABETON 3TABS TOLBJTAMIDE 1G.
INSULIN ] .| cARBUTAMIDE 16, [TOLBUTAMIDE 3-d]
; 2030 FROM 7-6-56 + o’:aggtMnmloe IG. CARBUTAMIDE G |+ NICOTNAMIDE |~/ o"Pe ™ 0 5? + NICOTINAMIDE
| FROM 23256 | INSULIN 30 275% MG Frx 4 6OOMG. From 131256
vil Vit X X . X1 XH - Xt
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E.C. Case 29), a European woman azed 55 years.

High fasting glucose levels are shown throughout
(1) - (viii) until carbutamide is started (ix), but
& glucose tolerance teat on carbutamide is abnormal

in all respects (x).

No reaponse to tolbutamide is sesn in (x1) and a
satisfactory response to onrbutaﬁido is again

shown in (x11).

On tolbutamide there is a gradual elevatioen in
fasting levels (xiii).



| EC. CASE 29
" WEIGHT|  (53_y70 167-173 172165 165 167
. LBS.
i
1 400-1.4.57 - 9557
Fid
Fe Fal3657 '
oF INSULIN 141-60-4:2:60
oF ONLY
oF of oF Fe -
. 300- 23557 '
' oF
Fe
FooF . . .
. Fe 167-59-110-59
f Fe ofF R .
: T e oF of : |§~IO-5~9-I2~H‘59 . o Feo
| 200- oF . . .
‘ . R . oF
475720258 oo L e e, Fe .
. e L% e « i - = -
: . . Fe -
24-458-9-759 - . M
100- : - . .
) 2611-59-1712:59
. .
INSULN20 + | INSULIN 25430 +|CHLORPROPAMIDECHLORPROPR 75G] CHLORPROR O5 .
NICOTINWEE  [TOLBUTAMIDE 16| TOLBUTAMIDE 2G|  0'SG. 1ETOLBUTAMIE 34 DBI 75MG, | ISOBUIOLE ISG.
FROM 21-357| FROM 13657 | FROM 21-258 | FROM 10759 | FROM 2I069 | FROM 131159 |FROM 7:-60
|
Xv XV XVi xvi Xvii XIX XX
(—(\ ." = N . ,X
E.C. CASE 29 :
WEIGHT 162 165 i
LBS. I i
" 400/ 9260 ,[
!
{ .
300- |
DBI ONLY
oF (82:60
L -
}
v 200- ‘
; ________________________________________
I
: |
'; |
N : F 31360 :
i 100- ‘
| |
50 . |
DBI 75MG.: 11260[GT.T.84 CORT/GTT. |GTT.& CORT/GT.T.
TREATMENT| ISOBUZOLE 1'5G. |+ CHLORPROR -5GIDBI 75 MG. -+ & "5'3%3
FROM 25260 |CHLORPROP. O5G. :
xXi xxii xxiii XXIV '

t
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20

E.C Cage 20)3 Cont'd

Ryperglycaemis levels are again shown (xiv); (xv),
(zvi) until a moderatoly good rosponse in fasting -
levels is seen with chlorpropamide (xvii) which

was not significantiy enhanced by telbutamide (xviii)
or DBI (xix).

Severely hyperglycaemic levels fasting and in
glucose tolerance test were recorded an isobuzole (xx)

and m)a

On DBI+ chlorpropamide (xxiii) and IA 6023+—dhlorpropaﬁ&de

(xziv) the glucose toleranco tenots were severely abnormal.



. e — e e memy % mirem o TDem e = e e s

wESHT! 180 178~179 (83 179-175 (74-178 175-i73 172-165 (53-150
4001 _ o ‘
P ’ !
) 171155-24.556 : S oo R '
o 14.858-16.4.
3 3091 e 0459-21'559
, 30459-2'5:
0 61256-20358 Fo
.2 )
$ Fo Fo  10458-3758 Fe ©eF 81059-313.60
: . |
. FeeF Fe - - Fe
§ 200y 201055 Foof FeeF . * .
. * <}
3 [ roef Fo "f 1HOS6 STt FeeF of : s FeoF
§ Fe FooF
-t
? 100/
so NICOTINAMIDE TOLBUTAMIDE ‘ LoRPROP
TOLBUTAMIDE (G. = - NIL
600MG. NIL NiL AMIDE OS5G :
TREATMENT CONTROL FROM 41155 14956 —224{56 | FrROM 21358 | FROM 4758 |FROMIT-4-59 FROM 110:59

i i iii iv v vi vii viii
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I,  (Cese 156), a European woman aged 67 vsars.

(A case of gout end dliabetes),

There was no yresponse to teolbutamide: glﬁcoae

tolerance test (1i1i) or fasting blood glucoss levels (v).
Chlorpropamide {(vii) similarly produced no response.

This patient however, did show a reductlon in fasting
levels at a late stage (viii) with loss of weight.



M.D.__ case 38

WEIGHT )
Les. 176
4004
_':
b
o
o
U]
b
4
o]
8
p]
[
[a]
©
o
)
a
100+
S0
RELAPSE AFTER GT.T.& CORT/GT.T |

TREATMENT

INSULIN STOPPED

ONE YEAR AGO

CHLORPROPAMIDE

0.75G: JUNE 59.—+O-5G. FROM DEC.59.

i

i

iii

-

Y

e A
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MeDo ase 38), a Furopean man aged ear

A progressive improvement is shown in 2 glucose
tolerance tests (i11) snd (i1i) following the
commencement of chlorpropamide (in a man who had
previously been recziving 60 unita of insulin and
had gome into a sponteneous renission followed

by a relapse of dlabetes).



1k]

E-N.  case

WEIGHT
LBs.

202

209

210

400

300

200

BLOOD GLUCOSE MG./iOO ML.

100

111056

50
TREATMENT

CONTROL

CARBUTAMIDE |G.
FROM 22656

NIiL
FROM 1.9.56

.



 Glucese tolepance test (1) wes done after o period

of entablirhed diebetes (15 months).

Clocoss tolerance teed {ii) is smuch Suproved on
¢erbutemide though of the skne forn as {4).

A tendency to selapus sfbsr -ﬁ%&@ﬁm sorbatanide
1o shoun in (113).

v'l.z‘3_-
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{W. CASE 162
WEIGHT .
LBS. 181 163 166 162 170
4001
21455
* PC. ,
o \ ‘
2 3001 .
o
o .
~
(V)
z.
[N
8 200
8
]
(U]
[«]
o
o
)
® 100
50
TREATMENT [ controL [REQUCING DIET | e ¢ RIBOFLAVINE 30MG.
FROM 22:4-55 : FROMI21:56 {CORT/GTT.
i i in iv v vi
e " - *
IW. case 162
WEIGHT| 169-183 178 -158 158-164 166 168 168
LBS. X
412:58-11-6-59 . . . s
400-
. Fe
ot
s
Q R
g 300
3 Fe
3
w 18-6-59-109-59
& 1810-56— 91058
é 200- Fe
L] il -
a *
g ¢ £ '?‘
o F “ece .";'
100-0 o¢
*
50 .
: mazlr?n ENT TOLBUTAMIDE 1G] Gg.%L goar/cgét GT.T.ACORT/GTT. | |50BUZOLE 1G
TREATMENT NIL . N UTAMI " -
FROM OCT 56 FROM 12659 |7 19.9.59.269-59 | TOLBUTAMIDE IG. FROM 8-1-60
vil viii “ix xi .l

. @
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88 bolersn, £t on tolbutamide |
;inate 1aw rasting 1eve1 ané n u,érmgifE“héﬁr”ievai;mlfx

wwwww

Hat such & good gluccse t@ieranca tast on another g
hypoglycaemie agent 1smbuz@16 (x&i). Note the low’
fasting level has been maintained but ﬁhé‘.
lovel is def; . -

2.bo e

nitely abnormals



R.L. case. 79

WEIGHT ,

LBS. | 170-163-148 153 152 152

4004
] .
3
o 300
5] 61055-12756 L
< g
g Fe ”\‘

4 Y

w v N
8 / : ‘\
8 2001 N
3 o F e T ) 24657 %
(V] ° '
o F® oF ’
[e] it
g \»‘I»

100 2241.56

50

IET CARBUTAMIDE 1G,| NiL TOLBUTAMIDE (G,
TREATMENT FROM (3756 [FROM 23856 |FROM 121086 |  CORT/GTT

v v




Normal fasting levels are not achieved with diet
and weight loss (i).

On carbutamide there is a marked reduction of the
fasting glucose level (i1).

The gluabse'tolgrgnce tests on carbutamide (1) and
tolbutamlide (16) are almost i1dentical: a low

fasting level but an elevated 2 hour level,

Off carbutamide the glucose tolerance test (144)

;p mﬁra_abnormml.

{257



J.G.  case 52
WEIGHT|  53_(84 ‘184 - - 185 — 190 8l — 177 179
400
J o
3 12.4.58-5259
o 3004 . :
Q 18:260-28460 -
g DIET Seee ‘
ONLY
ul oF
§ sase .
3 200; Fe 27-59-30759
o - .
a Fe -
8 Fe oF 27-859-7160
o " oF | F.F"F
100 e F
. Fe ) .
. . . ‘ofF
50— ‘ — : , i
TOLBUTAMIDE | GT.T.& CORT/GTT.. "CHLORPROPAMIDE O5G. 1 SOBUZOLE 1o, CA 6023 153
TREATMENTL _ 1-1-56. DE 'SG[+NICOTINAMIDE | ONLY 8160 — 28460 FROM 29460
| _froM 4458 [ FROM 2459 FROM 19659|. FROM 21-859
i i it v v vi Vil
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Js0. _(Case 52), & European man aged 5l years.

No response aa@ soanvto tolbutamide (L), but a good
response was recorded to chlorpropamide: glucose
tolerance test (11) and fasting levels in (1ii) and
(iv).

On isobuzole the glucose tolerance test response {v)
was rossonably good but there was an elsvation of

festing levels (vi).

An excellent response in glusoso tolerance test (vii)

was recorded to dimesthylbiguanide.



-

JR- casg 128
WEIGHT, e " 23 230
GHT 234-215 214 221 2
400+
91.56-9.8.56
g
3
o] o
g 300
S Fe
P4
g
3 2004
(U]
[]
S
F Fe
@ .Fo
1004
5 TOLBUT CHLORPROPAMIDE
TREATMENT| ODIET CARBUTAMIDE 1G AMIDE 1G] et ony .
FROM 108-56 | 14.9.56 — 41056 ROV T 19659
i i it iv v

LR

e
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J.R. _ (cese 128), s European woman aged 59 years.

Glucose tolerance curves (ii) on carbutamide and
{(111) on tolbutamide are practically normal apart
fror the high # hour figure in both instances.

(This perilod may correspond with a renmission in

diabetes due to welght losa).

Glucose tolerance test (iv) ies completely abmormal

again (after weight hes boon geined).

Glucose tolcranco test (v) on chlorpropemide is

mch improved,



M.P  case 122

WEIGHT ~
LBs. .| I155-141 144 139-145 150

‘400

i

2 3001

0

Q

3 |
3

]
: § 2004

a. 6.8.59-243.60
a .
8 F..F

@ Fo %o
2 100/ %

. 50 -
: GT.T.& CORT/G.T.T. | CHLORPROR
TREATMENT| . DIET TOLBUTAMIDE (G. 0O5-+025G.
FROM 15-5-59 FROM 31-7-59

G.T.T.& CORT/G.T.T.
CHLORPROPAMIDE
0-25G.

i i BT v




This patient showed a goud hypag&yeaemie reSpense

to tolbutamiee and ehlorpr@pam&de.,

The glucose ‘m’lemnaa test on chlorpropamide (iv)
was better tham that on tolbubamide. (11).

PR



G.H. CASE 55

WLE'BGS'." 146 141 —143 146—143 145 142 — 147 144 —143
4001
d
‘ g 3004 8.1156-22.11.56
a’ g | 20.4.58-9259
1 o Fo 22.4.59
i 2 Fe oF .
i w of
3 Fe
S 2001 2625916459
3 fe e e p Feo Fo
pur} Fe 5 : B
| 0 Fe T Fe of Fe
| a * e
J‘ =] Fe _ oF £ i
: 5'? Fe © Feef pe S ‘Fo 65 -
! 100+ Fe Foof Fe
Fe 14.559 —71.60
[ 5o TOLBUTAMIDE —
i 12‘3%% GC”:RO e osc, CHLORPROPAMIDE o5c ISOBUZOLE L5G. ;
EATMENT IG.FROM: 234! -5G. -25G. .5G. . i ]
| TR 1950 ~1'11-56| 2G. FROM: 2055HFROM20.259 FROM 8..60 |
i i [T v - Y vi ¢ vii
! ".
. I
CT GH. case 55 ’ »
| |
WEIGHT (a1 |
LBS. 38 .
400-

100~

SOTGTT & CORT/GTT |G 7 8 CORT/GTT.
TREATMENT DBl IOOMG., LA 6023 |.5-3G.
FROM 11360 FROM 5560

viii ix




A ‘good response to tolbutamide 1§ followed by

 doleyod fatlure (11),

An exaaiiann»rasybnsb\&nffasting levels to
_chlarpropamiﬂs 1s séen (1ii) bu% the glucase'
toleranﬁa ﬁ@at is gr@aaly abnarmal Kiv). |

Fasting lovels on éhlarprepami&e later (v) are

ﬂa% quite as gaa&.

On iscbuzole thers is the aavélaymenﬁ of grossly

‘abnormal fasting blood gluccse lovels [vi) and

glucose tolerance test, lviiEa

On DBI (vim) a.ms dime%hylbiguaniée u.x) the

respanse in gluaoae %oleran¢e tests wes aimiiar to that

,aeen wzbh chiﬁrprﬁpamiﬁ@ (1v). |
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- B, (Case 76), & Europesn

Glucose tolerance tests on tolbutamide and
after discontinuing tolbutamide are almost
identical. (See page 212).

130



K.v. L. CASE 87

WEIGHT
LBS. 190

400
J
3

. 8 3001 1012.59 '

B " l"“
s
w
(723
o}
E
3 2001
(V)
o
o
9
o

1007

50 o7 T :
TREATMENT N | L |GTT.8 CORT/GT. IS?SBléZ.OLE

A
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A gluease teleranea teat {1) in lﬂgh naa eetahaiahaa

previoua renal glyeosuria.-v

Glggmse_tgleraace tp@ﬁ,(ii)”ghéus‘a diobetic type of

curve 3 yeers _1&‘&@;‘ .

On &&Qbuzale ‘the glucose ‘tolerance test (i&&) is
praetica&ly unchangaﬁa '



WEIGHT
LBS.

163

168

168

4004

8

2001

BLOOD GLUCOSE MG./IOOML.

1004

14.5.56

5O
TREATMENT

CONTROL

CARBUTAMIDE 1G.
FROM 29.656

TOLBUTAMIDE IG

FROM

13.9.56

v
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The response as measured by*gluﬁusaitblaranae

test was better to carbutamide (111i) then to
tolbutamide (iv).



1
. S ‘“ ;
o.P. CASE 120 "
WEIGHT
Les. | 138-147 144 ‘
400+ !
26.5.59

w
[o}
o

BLOOD GLUCOSE MG./IOOML.

11.858-12359

PC* erc.

2001 '
Fo 26359-21559__§ ___ 27559
Feo oF
1001 co
Fe
50 '
TREATMENy TOLEUTMDE CHLORPROPAMIDE O'SG.
IG.  |rRoM 13359 | GTT.8 CORUGTT
i i it

3



There was failure of responSe to tolbutam&&é (1),

but an excellent respanse 1n fasting levels te
chlorpropamide (11). |
Glucose tolerance test though, was grossly
abnormal (1i1). |
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H.MR. CASE 97
WEIGHT - ; o
tae. | 190 186 196 : o
1 . -
; : a
4001 i INSULIN 20: . !
: ¢ 1950—195I. | :
] « INTERMITTENTLY |
s | TO 1956 !
Q bt !
e ! TOLBUTAMIDE | ~
& 300 ¢+ FAILURE H
2 poMsT L i
w ‘ :
8 | CHLORPROPAMIDE!
K i FAILURE |
a R 1
9 200 ] -
s ! GTT: 126.60: | -
e 7 NO TREATMENT !
pu} N 1
] - (
( [>1:1] :
! FAILURE :
1004 11960 ‘
. : 5
50 - i X
BEFORE DIET NICOTINAMIDE NIL ' I
TREATMENT 400 MG. ' «
TREATMENT FROAg VS a.50 , : :
i it I v v
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?rograsaiva warsening of gluaeae toleranee teatﬁ
are showa (11, (15.13. {iv}. “

No rgspona,e wes seen to ,gg;;mt@m% chloppropanide
or DBI, | « o



(This man, previously on insulin, failed to respond
‘to a triel of all the sulphonylureas: tolbutamide,
chlorpropamide, matahexamide. isobuzole ),

His control with chlorpropamide+ dimethylbiguanide
was good and the glucose tolerance test as well was

reasonably good. (See illustration next page).
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C.v-M. case 160

WEIGHT
LBS. 182

400"
=
2
8 300
=~
o
p
w
0]
o]
0
3 200
U]
9
@

KO

50 GT.T.& CORT./GT.T.

LA 6023 3G. +
TREAT MENT|CHLORPROPAMIDE 25 4

FROM 28.4.60

£ e e —— e e — e e

400

30071

BLOOD GLUCOSE MG./IOO ML.
N
Q
e

[{e]e]

50

ADS. cAasE 140

TREATMENT

GT.T.8 CORT/GT.T.
LA 6023 3G. +
CHLORPROPAMIDE 5G.,




(Th@éé wae & rdiiuf;-of rep6nsa to a trialudf“ali
the sulphonylureas: tolbutsmide, chlorpropadide),
metahexamide and isobuzole in this patient who was:
taking insulin 45 unite daily. Insulin could

be discontinued after starting the concurrent

administration 6f\L&_602§ an& ehlarpropamide)o
Glucose tolerance test showed &n excellent response
to dimethylbiguanide+ chlorpropamide.

On withdrawal of ehlerprﬁpamidé.he romained sugayr

free,

/36



5 - « . -
~ o I, . . .
PL cAsE 88 . g
WEIGHT i :
LBS. ' 196 195 190 :
T |
1 i
1 i
c
4001 ' |
! i . g
. . ,
] .
. ! '
3 INSULIN 4 '
9 60-80 :
2 3001 units
) FOR X '
2 | PPROXIMATELY '
w ONE YEAR
g !
=2
ot .
3 200
o .
Q )
a :
@
1
1
100 !
1
'
s0 M GTTS & CORT/GT.TS.
'DBI  1SOMG. DBI ISOMG. + | LA 6023 3G.+
TREATMENT D CHLORPROPAMIDE 025 G.
1 FROM 3360 FROM 7-4.60
{ t it v




{There had been poor contrel on insulin 60 - 80

units, On DBI or dimsthylbiguanide better bloed

glucose levels were recorded).

Glucose tolerance tests on DBI alone (1Y) or

DEI + chlorpropamide (11i) or dimethylbiguanide +
chlorpropamide (iv) were all almost identical and
equally abnormal.
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A.F case 46

GTTS & CORT/GTYS.

WEIGHT
LBS.

146

4001

300

BLOOD GLUCOSE MG./IOO ML.

100

Ele]

" 200{

TREATMENT

DBI

150 MG.
FROM 14.6.60 AND
ON DAYS OF TESTS.

17.3.60-12.6.60

e e e




This patient, with diebetes of 2 years! duration,

wes previously on inzulin, .

She showed &n ézceiléﬁt'?eﬁpaﬁsé'ﬁn‘ﬁﬂié fasting

and glucose tolorance tesh lﬁ.éwéﬁ. |
(This was dome when tﬁe @atiamﬁ @mi%taé aﬁl from

‘the. previ&us day)e

on, Eé&éaéﬁg'ﬁhe glucose tolepance teaé has been
lowered by taking DBI 50 mg. befbré glucose- on -

the days of glucose tolerance tests.
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agentm used. Thege paﬁimw arp & Mwasmhatwa
: ﬂﬁmﬁm of the tsotal amu;: studled, and have bem
seclected fop weamﬁakim as they tnzwtra% %M
' feuwmg foatures of partiemx' mwmet: in my study:

Respm&a &mi foi lzmé of w&gm@a to phsrmamgwal
Bmﬁﬁﬁ'ﬁﬁﬂi '

2, Remission,

3+ Comparative effest of. the various hymglyen;mgﬁ
agents and other mbwzﬂmés in this study. |
The hypaglymam&e a@tim M’ phamc@l.agwan.

' agmtﬂ has bwn £ Ay aa%ahusiw& in ma 1iterature
and these am&maﬁ amply cm!‘im this p@mm
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The Value of Long Term Studies in assessing Hypoglycaemic
Agentss ~

The value of the method of investigation
whlch I have used here in assessing the response or
fallure of response of a dlabetic patient to
pharﬁaoological agents over a long pabiod has been
demonstrated in my publication on chlorpropamide in
dlabetes with aspecial reference to tolbutamide=
failed cases (Harman et al 1960).

Patients ih‘whom primary or secondary
tolbutamide failure had been demonstrated were
treated with ohlorpropamide. Of 61 patients who
had previously had tolbutamide, 43 falled to respond
to this drug. 1In this latter group there were 18
primery tolbutamide failures and £6 secondary
failures. The test imposed on chlorpropamide in
this ¢rial was therefore a very stringent one. An
excellent response to chlorpropamide was obtained in
20 of the 43 tolbutamide fallures and a partial response
in a further l4. Chlorpropamide was often found to
be effeoctive where there was primary or secondary

tolbutamide failure.



The reporta on the aotion of carbutami@a_ .

| and tclbutamide in dlabstes by Jackson et al (1958
and 1057) tholude sois of the patlonts T had
’ L'stadiea ovar a par&au of yeare. The Value ef :
:_.fleng term asaessmant of hypoglycaemiu aatloh ;a,f'
.fagain ﬁeméﬁstrateﬁ. | : R

?h@ above reports aeal wiﬁh the effective

"hypeglyeaemic aetion of the aulphonylureas, carbutamide.

o talbutamide an& chlorpropamide.

_ Embbuzolé,‘v thiadiazole &erivative,

~ synthesised by Chubb et sl (1959) and rasemblinb the
.,ariginal praduot used hy Janbon'. (19&2)1m9re clesely

‘than any cthﬂr hypaglycaemi@ agent %1 preﬁert in’ uﬂe,

Was not f@und to be an effeetiva hypoglycaemic agenﬁ

' 1p the patienxs in whom % was used {&3rman 1960).

/

The guanidina derivatives might be. effective_

where tha sulphonylureas have failed to produee a
"aaﬁisfactary reaponseé. ths was well d@monatrated“
in Cw¥.M. (Case 160) an eiderly man on insulin who
failed to respond to all the available Bﬂlﬁhénylureés.
His response to both phenéﬁhylbigﬁaniéé and later to
ﬁiﬁéﬁh&lb&guﬂn&d@ was excellent and his control was



better than when he was taking 46 units of insulini

”@hﬁiféllawing'patiénﬁsg too; .wko had
Pailed %o reapand ta bha sulph@nylureaa. shmwed
satisfactory contrel on the aiguaniéase TR -
PuLs (Case. ag),‘ +Cu (Case 22), AP (Gaaé @s),‘,xf'

A few atn p&tients = an intermaéiate
: graup 6? éiabetiea -aged a@ to 40 years ‘at onget.

of diabetes - who liad falled to show & hypoglycaemic

Aresponso tc the ﬁulphanylureas, shawed thisv
-'unsatiatactory respanse tc ﬁhe biguani&es alse,

Qogo ? Ko (s&ae ‘?4)’ OMO (cas@ 93)5 BaMr (’G‘ase 97)0
_’Theee patiehta had been obaerved mver a long perio&'
of tima and resembled N.C. (Gase 32) 1n age of onsat"

anﬁ type or aiabetea, but nat 1n their type of
reaponﬂe to the gnaniﬂes.‘ :
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The Value of Glucose Tolerance Tests in sssessing

Hypoglycaemio Actiont

The action of the pharmacological
hypoglycaemic agents was put to the most stringent
test, the glucose tolerance test. Many of the

cases who were on the pharmscologlical agents nad
glucose toleranoce tests done berofe treatment as
well as when receiving treatment. Fluctuations
in glucose tolerance tests had alresady been noted

in many of these patients over a period of years,

The glucose tolerance tests portrayed in
this study have been a better index of the extent
of improvement than the fasting blood glucose levels,
Thus when a patient was thought to show a 'partlal
response' to & hypoglycaemic agent as judged by fasting
glucose estimations the glucose tolerance test often

revealed the grosa abnormality.

Where patients had shown a return of the
fasting glucose levels to normal or near normsal
(e.g. 8 feature often demonstrated in the illustrations
was a dramatic fall in the fasting levels from
300 mg. to 100 mg. under the influence of the



ey

_ “hypagiyeaemié agent) the glucose tolerance tests
- showed 2_tyi '

1. A wellemarked lowering of the f&ating
blood glucose level but the rest of the curve

remained elevated and'aftan grcsaly.abnﬁrmﬁl.

2. Marked improvement or remission to a
normal glucose tolerance curve.

 The patients showing these responses are
. 113%6&0 | |
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1. A wellemarked lowaing or the tasting
glucose level but the rest of the curve remained
elevated and often grosaiy abnnrmal: 9 patients.

_ column no. Hypoglycaemio
Case Name 1n graph ngent,
85  L.L. (vi1) Tolbutemide
~ {=11)  Isobuzole
136 @.8. (xi4) chlorpropamide + tolbutamide
(x414) ~ Chlorpropamide + ‘tolbutamide
{xv) LA 6083 -
4 JF. {vil) ' Tolbutamide
120 0.P. _ o thorprapgmide N
31 J.C. {x) Chlorpropamide
126 W.R. (xvisl) Chloerpropamide
20 E.C. (x) Carbutamide
{xx11) DBI + Chlorpropamide
(xx1iv) LA 6023 + Chlorpropemide
1282 M.P. (11) Tolbutamide
56 G.H,  {(iv) Chlorpropamide
(viss) DBI

{ix) LA 6023
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Glucose tolerance tests showing markeﬂ
or pemissions to normal while being

“improvement
;rem,e_ with' hyp@gi§éaemic agamtaz

N&ﬁn :

in graph

Gol. n@._

Hypoglyeaemia
- Agent

14 patienxs.

@bﬁﬁahﬁ

16

8

80 -

126

 us

79

. 62
128
122

76
s

M,

E.N.

R.I‘.

d.G.

JeRe

G.K.
M.D.

(xvi)
N

f zm)
N6,

Y

(xili)
fax)
;4CV$} 

c{x)
(x11)

(1&3
(11}
{iv)

(11)
(vii)
{v)

(1v)

(141)

(vaii)

Tolbutamida

 6h1oryropam3de’;
__waibutamiaa |

na‘§a23.¢n-¢_*],“
jﬁhlbr@rgpam;daj

DBI +

‘ohlorpropamide
Carbutamide -

Tolbutamida s

Garbueamide"uﬂw

Garbutamide
Tolbutamida=u

carbutamidevL :

Qarhuﬁéﬁiaé
Tolbutamide

Chlorpropamide

LA 6023
" Chlorpropamide

:Ghlarpropam1§e

Toibutamide
@hl@rprapamxde

unear)narmal'G‘T

. Near normal G.T.T.,*

;?a'eomplately mnrmal

LN L J

NB&P nal‘ml ﬂ OTQT .

Near nnrmal G.T.T.

.w. .

Gomplately n@rmal -
G.T.T. _ .

* Norml s ‘\T OT .

Near norm31 §;$:T;~w

) Near normél' G QVTF;QO :

Near normal G oT o\T é

'7Impreved G.T.7,

{Form of G.T.T. re~
Bembles previous
.T.T. ) "

Near normal G.T.T.
(FOI*m ef G‘QT 'I'. ra".
sembles previous
GoT.’E.) N

G.T.Ts with anrmal
F and 2 hnilevele

Bigh peaks ~ but
g@-cci 2 hy, 19?915"

Lowv Fhatiag and
2 hro 19?910 o

Mildly abnorml ‘ G’ﬂ.y .
Much improved GiT.T.
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Examination of ﬁroﬁpa l_an@ 2 1nd;§atea
that 4 patienta had at one time shown a
remission in glusose tolerance test to normal
'or neér normal while being'treated/with_a:
B hypoglycaemic agént, and at another time had shown
severe impairment in glucose tolerance test in spite

of a good response judged by fasting levels only.
These 4 patients weret

G.38. Case 136
JoF. Case 47

W.R. Case 126
M.P. Case 122

DISCUSSION OF THE RESULTS?

The moat interesting outcome of the results
is that patients have shown improvement in the

glucose tolerance test to neer normal or normal.

It has been generally accepted that the
glucose tolerance test does not improve with the
hypoglycaemic agenti that there 1is merely lowering
otvths blood glucose level.



The 4 patients who showed both types
of response in glusose tolerance tests clearly
demonstrate that a change in the form of ths glucose
tolernnoo curve does ocour, and in several of the
patients listed in Group 2, the fasting and £ hour

levels were shown to be within normal limits.

If further evidence for remission to

a_normal glugose tolerance test on a hypoglycaemio

agent 1s required, Mrs. D.R. (Case 127) (See page 102)

demonstrates this phenomenon perfectly. !

On 11.4.57 a completely normal glucose
tolerance test (xvi) was seen after tolbutamide
had been given for one month. Herfasting blood
glucose before that was over 300 mg., and abnormal
glucose tolerance tests, (e.g. on 23,7.66 (xiv) where
the 2 hour level was near 300 mg.), had been
establishad over a period:. When tolbutamide was
omitted for 3 weeks, a glucocse tolerance test
{xviii) on 22.4.58 with a 2 hour level in the vicinity
of 400 mg. was noted. After this, another mush
improved glucose toleransce test on chlorpropsmide

{xx1) was seen at a time whsn shs had developed

g



4q

secondary tolbutamide failure with fasting glucose
levels again at 300 mg.

Thus fluctuations from grossly abnormal
to normal ocurves have been demonstrated in this

€as8eo.

It seema that we may have to alter our
previously held concept that an improvement in

glucose tolerance test does not oecur.

If a normal glucose tolersnce curve had
been recorded in patients who showed only a mild
aberration of the glucose tolerance test it might
be argued that this phenomenon was mersly a
ménirestation of the blood glucose lowering effect
of the drugy but the moat striking responses

were seen in patients with gross abnormalities of

the glucose tolerance test.

It 1a’poasible that the reports in the
literature of the type of ohanges secen in the
glucose tolerance tosts have beon misleading.,. 1In
8 report on the results of a joint investigation

of the oral anti-diabetogenic preparation, tolbutamide,



(SO

(D.860), held at Frankfurt/M on 8.12.56 and 8.3.56,
several workers (G. St8tter, G. Mohnike, W. Creuts-
feldt, R. Seus, 3t. Schlagintweit and H. Ulrich)
sontributed their experiences on the results of
glucose tolerance tests in patients with tolbutamide.
It was stated that with the Staub-Traugott toleranci
test the trend of the blood glucose curve was
practically identical in dilabetes with and without
tolbutamide; only the level varied.

Granville-Grossman et al (1969) reported
their experience on glusose tolerance teats in
11 patients who had been treated with chlorpropamide
for 6 weeks. The first glucsose tolerance test
was done before the course of chlorpropamide unq

the second some weeks or months after completion

of the course, when the patients wers well

controlled on diet. TheYy reported that all the
blood sugar levels of the glucose tolerance test
had fallen after ehlorpropamide, but that the surve

was still abnormal.

Duncan et al (1956) earried out oral

glucose tolerance tests before and during treatment



with carbutamide (BZ 65) in 10 successfully treated

cases. They reported that carbutamide was without

effect either on glucose tolerance or on the rate of
its absorption. Thus, the mean of the oral glucose
tolerance curves obtained in 10 responsive patients

before and during treatment with carbthmide show 2

parallel ourves throughout thoir whole extent.

It is diffioult to reconcile my findings
on changes in the glucose tolerance test with the
reports of the German workers on tolbutamide, and
the work at Edinburgh on BZ 565 (Duncan et al 1986},
and of others, (Granville~Grossman 1969) and also

with the generally aceepted view,
Some commpnts can be madet-

In thie study a long term observation of
individual dlabstics was undertaken and the course of
fluctuations in glucose tolerance test of each
diabetic was well-known. 1t was therefore not
neceasary to give an average of results obtained
in a group of patients. Inclusion of eall
diabetics with varyling responses and giving the
result in the average may be misleading.

51



Was 1t poasible that tha.inclunion of
patients showing 2 contrasting types of responses
in glucose tolsrance test (like those seem in this
investigation) would obscure the results seen, i.e.

Af Groups 1 and 2 were averaged would this not obssure

Is2

the result seen in the group with remissions in diabetes ¢

The report of changes in glucose tolerance toati
observed besfore and during BZ 56 therapy by Duncen et al
(1956) was based on the changes produced in glucose
tolerance tests after a § to 10 day period of treatmsnt.
In the reﬁort by Granville-Grossman (1959) the second
series of glucose tolerance tests was done after the
completion of a 6 week course of treatment and 1s thus
nof comparable to my group where patients were still
being treated at the time of the glucose tolerance tests.

It is possible that the presently held concept
that there is no improvement in glucose tolerance is
based on short term studies such as the one by Duncan
et al (1966). It seems that this may be the very
significant point of difference between my study and

those of otheras. Whereas most reports of this nature

were made on short term studies only, my study was
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conducted on patients, many of whom had had
investigations on flustuations in glucose tolerance
tests over a perlod of years (e.g. In the group
showing remissions in glucose tolerance tests there
were 6 patients whose course had been observed by

me for § - 12 years),

The Infiuence of WICOTINAMIDE on the FASTIRG blood
GLUCOSE level of patients on Pharmasologicel agehtss

The administration of nicotinamide concurrently
with a hypoglycaemic agent was not found to enhance
its hypoglycaémic.action; on the contrary, an examination
of the results seemed to suggest that an elovation in
fasting glucose level might have been induced when
nieotinamidg was administered as well as a sulphonylurea
drug. | |



A | o | o Isg

jﬁ'z*,ne,;meqﬁ&m&:@a Response in Relation to the Response

_ Tolbutamida-——~ :
, R _ , 2ndary | Chlorprop. = =
Hame Csse | Response  Fallure . amide Response _ Comments,

DB. 127  Excellent ¥es  Exoellent
G.S. 186 Satisfactory Yes  Sabisfactory
M. 2 good Yes lot tried

" ‘LJL. 88 Setlsfactory Yes  Satisfactoby
g.F. 47 ‘Savisfactéry Yes - Satisfactory
 §.6. Bl  Satisfactory Yes  Satisfactory .. .-

NG 52 N6 vresponse .~ . No response. . Biguanide
Lo ' respomae good

M. B0 0 & UL carbutemide
L L e . .. :. . response good

@M. 95 e . e . .«’ Cerbutamide
o _ response good

‘An aﬁaljéi.-a' of the réspemeé to hypoglycaomie
agents in 9 aasea ‘who had shown & aatiat‘aes@y remi.aaion'
wwh niaatimmme revealeé that 6 of these cases tw.u.' ,
shown an initial response to eo};butamida and £ to aarbutgmwe‘
 NeCe (Case 32) had failed to show any response to ths |
”..,_':sulphunylureaa, but aubsaquem:ly showed a good mspame to



Iss

dimethylbiguanide. o RN

| All'éf the 6 cases who showed an initial
response to. tolbutamide and were followed up for a b
period of years showed a secondary failure of

response to tolbutamide.

Thus 6 gaeien%s who had shnan & remission
fdizaweé by & fé&&pae 1n,6xabeteé'(ﬁefvre the
_pnarha&eiegieai agents had haaﬁ p?aaa:1béd)'§haweﬁ
a ﬁakiaragtﬁry or ek@ellanﬁ reépbﬁée to talbu%amiéé.
initlally. ?hﬁé raapoﬁsa gradually gave way to0 .
éemgieee fallure of réspéﬁsa;wiﬁawa progressive rise

‘in fasting glucose levels, sometimes to 300 mgs or more.

This finding may be significant: a remission
and a relapse of disbetes has been noted twice in the
same patients. Has the diabetes changed in some way,

1.6, towards the severe type or juvenils type ?

This does not appear to be the likely
explanatibn’beaauga 5 of %hése\patiﬁnta who were tried
on enother sulphenylures drug, c¢hlorpropamide, showed ®

response which oould be olassed satisfactory or excellent.



SUMMARY :

1. - In this section the hypoglycaemic action
of the various agents has been demonstrated. The
following were found to be effective hypoglycasmic

agentss

(a) Tolbutamide
(b) Carbutamide
(¢) Chlorpropamide.

Isobuzole was not found to be an effective
hypoglycaemic agent in the patients in whom 1t was

used.

2. The guanidine derivatives may be effective

where the sulphonylureas have failed.

B Chlorpropamide may be effective where there

was primary or secondary tolbutamide faillure.

4. The fasting glucose level, although &
very good index of whether a patient showed response
or not to a hypoglycaemic agent, was not as-good an
index as the glucose tolerence test of the extent

of improvement.

(sé6
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5. In the glucose tolerance tests it was
seen that the hypoglycgemic agents produced a
change when compared with glucose tolerance tests

done previously. Where a good response in fasting level

was seen : .
(1) In 9 patients there was merely a lowering of

the fasting blood glucose levels, the later
figures of the glucose tolerance test remaining

elevated.

(14) In 14 patients a marked improvement in glucose
tolerance test was noted to normal or near

normal.



1S§

V1.
A STUDY OF CARBOHYDRATE TOLERANCE IN GOUT
prere e e e s ~— e o ——
. GOUT AND DIABETES MELLITUS 159
MATERIALS AND METHODS 160
Criteria for Abnbrmality of the Glucose
Tolerance Test 161
RESULTS IN THE GOUTY PATIENTS 162
RESULTS IN CONTROL GROUP 16l
DISCUSSION OF THE RESULTS 16l

A DISCUSSION of tho PATHOGENESIS of DIABETES |
IN GOUT | , 172

SUMMARY | 177
ADDENDUM 178



159

A _STUDY OF CARBOHYDRATE TOLERANCE IN GOUT.
GOUT AND DIABETES MELLITUS:

There exists a large group of diadetics in
whom the disturbance of carbohydrate metabolisn
i3 not dependent on insulin lack (Bornstein et al
1951 (a) and (b) ), Recent advances in our
knowledge have felled to throw much light on this
group, and the metabollc lesion in diadetes-mellitus-
without-insulin-deficiency atill remains unknown,

The discovery of nlloxan-lndﬂéod diabetes
(Dunn et al 194,3) opened up a new field for
investigation and acted as a stimulus to research
workers in their attempt to discover some naturally.
occurring diabetogenic agent sither in the diet or

as & result of a disturbance of internal metabolisnm,

The formula of alloxan resembles the pyrimidine
part of the uric acid molecule and it is possible that
& substance such as alloxan or one closely related to
it occcurs in man as a result of nucleo-protein

breakdown (Loubatieres 195l).



It sesms reasonabls to expsct that such e
product may ocour to sxcess in a derangesmsnt of

nucleso-protein metabollism, e.g. as in gout.

Accordingly the following investigation
is concerned with the siudy of carbohydrats

toioranot in goub,

MATERIALS AND METHODS :

Patients who were known to have gout were
asked to report for a blood sugar test after a
12 hour fast. At first a modified glucose tolerance
test, (1.0, fasting, 1 and 2 hour levels) was also
done on all the patients. Subseguently only those
with a suspisiously high fasting blood sugar level
were asked to report back for a modified glucose

tolerance test,

82 patients who were ambulant reported for
a fasting blood sugar test, snd 46 of thess had a

modified glucose tolerance test done as well,

The control group was made up of 27 ambulant

non=-gouty arthritic patients attending the

160
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Groote Schuur . ﬁasptﬁai ﬁatﬁpuﬁiants' @aguﬁtmant.
Thess pﬁti&&ﬁS'wawe a&m&lﬁﬁly aﬁkaa %u veport ra?
fuaﬁing blood glanﬁae oat&muﬁi@nna

' The same téahniaian a&a the hasei on the
gouty and gontrol gwonpa.‘_ | o

-@&ﬁ'ma%had'uaad‘tﬁr@ﬁﬁh@n& was the
_'ﬁagaéarnﬁﬁenaan gethod ﬂatng %&a&@ ebtaiaaé rrom
‘the ﬂﬂg&rﬁ&&.

‘{This tnvastigation of @mrbamgﬁrata '
tolerance in gout wne condusted aﬁﬂng the paﬁiaa
October 195% te June 1956. ‘

Patients wiio wers E@ﬁn@ to have dlsbotes
were roforred to the disbetic plimic where they
vore atudied further and were st1ll the subjeots
of further ohservations which have enntﬂnnaé to
the time of writingl.

The generally aecapueaﬂflgu@as for the

upper 1limit of normality in the gﬂunaae'tﬁ&gﬁamaa test
by the Hagodern-fensen method (using capillsry blood)
are (Mosenthal et el 1950, Leﬂvﬁnea 19&?3 1=

?&ae&ng bl@né gzmanae" 120 ng.
1 hour level - 200 mga
2 hour level | 120 mg.
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To allow for the puaaibla presance of
reéuetng uubatances other thaen glucose in genty
patienta (vide ﬁIS@W&ﬂzﬁﬁ page I70), & hnvc uﬂeﬁ
avun mope riglé eriteria of ubnarmalxuy ﬁhan |
 indiecated abﬁva, viz ]

Fﬁitiﬁg hleaa gluooses gvaater thﬁn 15& age
1 hour level: = = greater than 230 mg.
2 nour level: greater than 150 mg.

~ There were Ia'aéfin@ﬁa diebetics (1.0 12%)
la the group of 82 gouty patianta (by: all tha |
sbringent erlﬁerta)o '

"Bl alevﬁteﬁ rnﬁting bl@éﬁ giueosa'ieVél e
prohdbly the most comclusive ﬁest for dinbosae
mellitus imagant&al et al 195@).

,Faﬁﬁiﬁﬁvhlééé glucoss levels of 120 « 150 mg.
have to be conaidersd praaﬁmpﬁivélj atnormal eand 1t
48 imteraating £6 rocord that the ras%lng blood sugar
was aver 120 mg. 1n 52 patimmtﬁ (39 %3 of the gouty

gvaupn



.GLUCOSE TOLERANCE CURVES IN GOUTY PATIENTS:
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| “ﬁap.fézlaw&ng 3@-@a,m&a1yﬁia of the
re8Ults of the tests in these 32 patlents who,
acaapdibg~t9 our uaﬁaily-aaa&pﬁaﬁ.ﬁﬁiﬁaﬁia, nave
ﬁB‘Bé‘aenéiﬁéﬁeﬁ dlabetic or pre«dlabetic:

10 (as stated amaveé wore dotinite aiahetaes.

of the remeining - 22 @ahieﬁta with faﬁﬁlﬁ&
'.&1&9& gﬁa@@ﬁa values over 120 Mﬁtg 2% peationts had
& high one hour level fagpmwximae$1s 220 mg. ) ané
o fupther 2 &nd 2 high 2 hour 1eve1 (185 nge aﬁﬁ

11{6 mgd)o

, Two more patients utth £aa§ing blood
glaﬁaae &u:p&azuasly high (268’ mg, and 15& mg.)
fuilcd to vap@rt baek for & @Eﬂnﬁsg 6@1@?&&@6 beat;

~ Thus by less ﬁﬁgﬁﬁ’@r&%&@ia, there may he
en additional 7 dlabetics, mﬁking a totel of 17
dlabetics (21 %) out of 82 geuty pat&aats* the
-r»ma&ning 15 gouty patienta mag be iu a prawéiabee1¢

phase »

See facing page for glusose tolerance tests
obtained in L6 of those gouty petients.
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In the control group or nrﬁhrieiu patients
(exgluéing gouty patients), only one patient but
of .27 had & fasting blood sugsr valus over 110 mg.
&h&% patient was found to be diabetic.

A somperison between the fasting blood
sugar values of both groups ahowa clearly that the
gcuty group has highepr faating blead sugar valuea
than the apthritic group (See rigp facing page).

There are 3 possible explenations for this
htgh inoidence of abneamal oavbahydrato tolerance

in goutie
1. that 1t is purely coincidental end not

reiateé.ha.gont per se,

2. that an intermediary product of.nucleuvﬁéateih |

broakdown resulting fbcm‘thb disturbance of metabolism
in gout acts ss a diabetogenic agent or thet the
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metabolic aberration responsible for gout is also
responsible for a subsidlary abnormality in

carbohydrate metadolism,

3. that gout and disbetes are gene-linked,

In discussing the fiprst of these possidble
explanstions for the high incldence of abnormal
carbohydrate tolerance in gout, vis. that it 1as
pursly coincidental, the effect of variocus factors
influencing glucose tolerance must be investigated.

These factors will be considered under the
following headingsi-

(1) Activity.

(14) Diet.

(111)  Obesity.

{1v) Sex.

{v) Age.

(vi) xﬁaluaion of nonsglusose reducing substances,

(vis) Trsatment with cortisons,

(1) Activity:

It has bsen shown by Blotner {(1945) that
prolonged confinement to bed is responsible for an
abnormal carbochydrate tolerance and that resumption
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FIG. 3.

A COMPARISON OF F.B.S. LEVELS OF

A -GROUP OF AMBULANT GOUTY PATIENTS AND
A GROUP OF AMBULANT ARTHRITIS PATIENTS AND

A GROUP Of BED-RIDDEN PATIENTS.
100 ' :

ARTHRITIS .° |
(OTHER THAN
DUE TO GOUT.)

% ‘, feLotners
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“of activity dsuses a reversion to normals

made on ambulent .

I is lnzereak&ng to compare the fnattng
blood sugar values in Blotner's %ea-rxéaeu pntlencs
with those of nmy 2 groapﬂ of patiénta (S0e Fig.
faelng pegel.  Although the majfority of Blotner's
‘pationts had m abnormel carbohydrate tolerenee, the
:fiﬁﬁﬁné‘ﬁlﬁ#ﬁ-ﬁﬁgﬁ? ®éEt§3u0r6 normal. | |

(1) Dlet:.

' It s geﬁarally_aecop§§ﬁ~that & severely
pestricted diet can impair glucose tolersnce (Conn
1940, Himsworth 1935). | |

?he daily aarbahyarats 1ntnka aaad not be
8o htgh as auggaﬁeaé by ﬁann; i.as 300 Ga ﬂruaial
f&gurea rar aaily carbohydrate inteke ere probably
between 50 G, = 125 @.. (Mosenthal et al 1950, Irvfma
ot 21 1954). | |

- It seoms likals that the normal diet of an
adaqnatalg nourished patient (aﬁ@h as those in this
. 8tudy), need not be augmented before d01n3~a.gluo¢ue



”’7. .

tohran&e test, Btme%r, where an abnormal
.. glucone tolﬂraaca teat was bbt&lﬁﬁé, the patzent

- wap asked abantwhﬁa,atati The @arb@hydrata inﬁake
was found te be well above 125 Gf-and usually in -
the reglon of 300 G o |

, {Couty petients who wore found to have
Q 6&@5@%&@ gluccse tolerance téat-ﬁara‘rafeﬁraé-eé
%ﬁ@ diabetic clinic for followsup. Qtasotes was
confirmed end several eflthGSQ‘patianta‘haa glucose
tolerance tasta_?ﬁp!ﬂ%éa {one or more), one week after
being on a diet @@ﬁta&ﬁiﬁg 300 Gﬁ @ﬁ?hé&?é?&ﬁ@“ﬂ&iiﬁ}sv

(L;&)

Gouty petients on the whole beldéng to the obese
group.e.

- The mn;er&ﬁy of arth»itias in the c@ntrel group
were of tho obeno typd also. R

Xﬁ za a wail au@wn faat zhat ehé maﬁariby of
ﬁlabatza pagiaats of Eha matmratgaéns&t typo are (et
have bsen) obege (Jesiin 1952).

Rasp&t&l‘repcrea on the incidence of dlabetes
‘ia.ebeaiﬁs_ave_ganflzettng and very @fﬁ§a4niqiaa&&ng



l6g .

because aqam mﬁimts memaaa in tsi:m @baaa gmup
‘ mas coms to hosplial mtiy baeanaa mgw is fmmé
_4in thslr urine (Embl&%en 1938) SRR

(iv)__dﬁéng

| After the age of 45 years, the incidence
of diabetes mellitus in females 1s about twlee that
in males {Wational Health Survey TeS.Ae 1935 = 36),
; @af‘@ré that &gé » 88% 18 not an laportent factor.

| ~ Gout affects males mainly, end thus. the

" finding of an inoreased inctdence of abnormal
carbshydrate tolepance in a predominantly male group =
wnhances the aigniﬂeanee of t‘hia ‘mﬁéﬁa@ |

Thé go&ty group eenn&sted @f 7l males and
8 temaloa. The number of definite dlabetics in
thisc group was nads up of 9 mzles and 1 female, L.6.
sex did not reallg have nny alginifxaant 1nt1uénce’ '

| in the arthvitic group, there wero h
males and 23 females, The eax\btas, such as 1t is,
was therefore in favour of more diabetics in the _

. 4

control group.



The following table shows the age
composition @f'thé gouty and the arthritic groups.

AGE

| @mm @mm || amrEmresc emour

: %f‘; Disbstiv

"';ﬁ_‘lHV“

Under 30 | 2
31 « 4% 1 13
b ese | 23
51 - 60 | 23
61 « 7@3“ Y
& ovex- 7

WE | -
2 5
2%

1% |

I B R
B AR S N g

7%

{1b.82] 1
125.9% | L
Uy BF |
BE| e

A comparison of the 8gés of the 2 groups
" shows & f&iﬁl& aimﬂluraagnaﬁistfﬂ§ﬂtﬁéﬂ"ﬁﬁeﬁémﬁw

youngexr pors

of glucose tolerance.
»bsiiats,fwk&éh.havé'beanaiavgaiy'baéea'én nospitalised
tnasvidusls "

ﬁaaenbhal et al (1950) feuna ﬁhat sugar
e@ierance in old age d1d not differ from thaﬁ in ’ _
ens: "In %ha,ngaé there wes no lspairment

(Compare Blotner 1945 .

 This L& contrary tc acsepted
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_ponsgiucoss reduoing subat

v,%w&@jaa&d_@pﬂ‘areatkﬁige ia#e1é aﬁ%&hkﬁug

be rained in gout would produce an insignificant effect

on the deternined blood suger lovels.

Thus 1t was found thet ?.& mgs of urie ae&é
praﬁaceé & ﬁedmatng value whiéh was negligivlie, wiz.
1 mg.% by the Hagodorn-Jensen math@a. 1546 ng.
¢roatinine produced e reducing veluve of enly 9 mgaﬁ
"6311162. Iinder and van Elyke 1925}.

This has sgein been confirmed raéénﬁig:-
The reducing valuz of uric acld agud creatiniae in the.
~ambulant gouty pﬁﬁiaﬁ% would @kuﬁ'na@ Bo gore then
S mgms. &s 4 1iberal estimate (a,c. Zinﬁer - Pevsanai

commanication, 1956).

?ﬁtlentu with arthriﬁié anﬁ gaut areé @t%an
tremﬁaé aith ngrtﬁa@nﬁm" '

Some of bhe‘aréhritia ?ﬁtiaﬁta:in‘éﬁé‘qéntroi

group had coptisone without any obvious impairment,
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of ﬁ&?b@h?@fukﬂ tolerancs ae gaagéﬁ by faatiﬁg
,biwcd amg&% leveis.

I? seéms pnﬁsiblm &hat gouty g&t&ﬁnhs
are na&u&y suaaepﬁlbla to the diabstogenic effoct
.@f‘ﬁartlaﬁne,  PE-I hmat the gouty group mag be

pre-dlebetic. This e siseuaaaa further &n the

?hﬁkﬁgamsaia wf ﬁﬁah&%&ééinw&aue. .

Evau when all ahaae m»éifyimg fna%wr&
are taken @n@a acoount, they at&ll do. n@t explaan
this incroased incidence of sbnormal carbohydrats
taieranﬁq a§é high festing bloed sugar values in

goudts v'%huag #one fe@%@r.'aﬁee&fzaally related to |

g@aﬁg way be rasp@nﬁible rav ﬁ&ia ﬁhmmfmnmiﬁy in
aayhansa@aﬁe mabahaiiama- |

It Lo to be moted that the veport by .
Weles et sl (1%573 Pt 2 high @%&@ﬁﬁﬁﬁg& of gouty

patidhte have olevatsad blood suger levels, edds
support to the finﬁinga of my invsmtigaticn. o
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The structural formuias of uric aeid and

alloxan are\ahawné

N T
o=C C—NH 0o=C C=0
| | _Jc=o | |
HN— C—NH - HN—C=0
URIC ACID ALLOXAN
2456 TETRA-

OXYPYRIMIDINE

Alloxan is ono of the best knoun and moat
studied of diabetogonic sgents in animals (Dunn et al
1943), and it bas been clearly shown that man is es
susceptible ao othey speeies {Conn et al 1948),

The difficulty in detecting alloxan in
human plesma may be due to 1ts sxtreme resctivity
{(Loubatieres 1954).

It hes been suggested that alloxan or 4

related substance may occur as an intormediary product
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5

in mﬁ&&h&i&e& t&uzqéaw ishs);"

} ﬁh&‘pyrtmtéiﬁe ring ﬁf;n#&c acid rcnamblesff
alloxen structurally end may be disbetogenic by
virtue of its configuration nt‘pbsikiona 1, 2 ané 3.

Diabetes mellitus has besn induced in
glutethiono deficlent rabbits by injecting them with
urfe acid (Grirfiths 1948 and 1950),

A pemarkeble correlation between gout &nd
diabetes oxists in the pigeon whers the injestion
:at ailﬁk&n wis shown to cause ﬁhe'éavéiepmant of
diabetes mellitus and an intense foym of viscsral
\gau%,ﬁGoiéna? oﬁﬁul‘iehs, Gelﬂnabvighs).

| Iﬁ maagn%kaamammé§ @f?§§§&&n§s with gout
aecﬁmrlng ia'as§ociatioﬁ‘ﬂ%ﬁﬁvaﬁﬁﬁﬁteﬁ mellitus was

found by Joslin (1952) to be smﬁilw,viz» less than 1
1n-15@¢. (See Addendum at end of this'saeﬁion‘feé
further oxpaﬁiénee at our &1a$e%£§fﬁiinic).v However,

e high 1a¢;éenee-o£ alnbétaw melii%uﬂ_hnarbéan'faye?%aé
in the faétiiéa of patients with gau@y aéﬁhﬁitis {Ishmael
1945). | o |



i

Apart from the fact that gout and dlabetes
mellitus are both disturbances of motabolism, they
share sertain other foatures, vist Both conditions
ocsur more commonly in association with obesity;
their late complications too are similar, o.g. kidnoye
disoase with the emphasis on vascular sclerosisj;
there is an increased incidence of hypertension} and
there 1s & high incidence of hypercholesterolaemia
with aoccompanying ocoronary atherosclerosis in doth
conditions.

The features that are common to both gout and
diabetes can be shown dlagrammatically as followas

Family history of Diabetes Mellitus

o Obesity ,
Nephropath \
DIABETES //H;pex'glycaemlah aouT
\\\\\\\*\\\\\ (Atherosclerosis) .
| Hypercholesterolaemia

|
"Ron-gout ///

|
hyperuricaemia® ' L
[

Hyperuricaemia
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A fonw-up of thow paﬂeaw in t‘.ha gouty .
greupﬂah@ were found to be éiabaﬁiu. &hawaé thet
eheg belgngaa to the maﬁufity~anﬁat~typ§,¢£~a&abﬁtﬂﬂpf»
All But one respondsd ta~@ﬁe azuel forms of zﬁéaﬁmSﬁt.
vizs dlet or oral hypogiycaenie agents. - Fhe one
exception ﬁhﬁ roqpirea fnsulin was & Bantu,  The
oecurrenca of aither gout op &iahaﬁea in the Bantu
raaavia saiafto be rare; the f&nﬂing of the two tagcthér
is therefore surprising end perhaps significant.

_ Preliminary ebaurva%tﬁma”iSee‘&EG?&G&QV&&? by
the author aaem‘tq'aagasﬁﬁ that @ﬁaﬁy'@aalﬁﬁesxmﬁx be
unﬁdlg prone to the disbetopenic sffect of cortisone.
This does not appear to bo ao in %ho arﬁhriet& gvoup, aome
“of uham had cortisone, | -

Conn et al (1948 (i) énﬂ‘(&) ) have supggested
that the sbnormality of carbohydrate metabolism

fbllav&ng cortisone adminiatrubibn parallals the lncreasad
production of uric acid (Forsham et al 191;8), and

~ presumably, also an inoreased production of intermediaries
in uric acld metabolism,



This would add support to the hypothesis
éﬁat soms intermediary product of purine metabolian
in gout is responsible for the development of the
sbnormelity in carbohydrate metabolism. Cortisone
may acoentuate this edtnormality. -

Conn et al (1948 (a) and (b),1949) have
shown & redustion in bdloed glutathione during A.C.T.H,
adninistration. Alloxan also produces a prompt and
severs redustion in glutathione (Leevh et sl 1945).

Disbetes has been induced with urlc neld
in glutathione deficlent rabbite {(Goriffiths 1948).
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A possible mochanism of productién of diabetes
in g@ﬁﬁ'eaaié'bg‘aiagrammatiégﬁiy shown thuss ¢

Gim AL
\/ -

Upic neid 1neermsd&ury
(? substences relatsed to,
| alleoxan) ,

Reduction in bloed glutathione

© DIABETES MELLITYS

A nigh tacidense of abnormal carbohydrate
tolerance m_- found in a group @ffi 82 ambulant gouty
patienta; 'wﬁa faat&ngvbléed aégar'zaﬁalﬁ'were
aignirieantly'h&ghar in the gouty patients as compared
with the cantvéi graﬁp'mf‘arﬁar&%iaﬁa |

 The sxga&faaeaae of this and the pathaganetia
of azabntas in gaut are diaaysoaﬁ in ﬁhis arﬁ&elea

(Séﬁ ﬂdaanaum on next page).



_ m eur dlebetic elinic there were @ further b
ceses of asabamﬁ in ammm’c&w uith @mt. mmea
mm mka@ after tho mmpxaﬁm@ of W study of
aazﬂmwmta mlwmee in gfmh md amn mt; ;mmaea
.&n the ﬁggm‘a& in this ﬁtwﬁg’).

e). ) @mt s@m-m. & Golo ‘ﬁfe@ e mea 51 yoars.

178

Glucose tolepanso %sm 3&@, 5'55, uaﬂ, h@g, 5 P

(m HeWe ’{&ma 1641, vﬂ? Bapspoan mun ug—eﬁ 69 yoors.

{Discussed in Sestion VIi)e.
%E‘wateﬁ mm maz-ge &em @t mm:m.

{434} \&a@‘rﬁ. {Gaw %}, o %%’m%wm usn agaé h? yonrs.

Clusbans wm:'an@a tosts

F 136 %,.g 1 bour 226 mges 2 hour 3.?@ gige
{This patient hed previousiy had dlabetic
fasting levels am‘i mﬁ m trested as &
diabetic).

v} HBa mﬁaa 155}, & Ew@mmw@m.

(Maﬁﬁw eatablished for 2 yoara. iﬁ”'iwt
attack of typliesl scude gouty arthribis in

matotarsoephnlangssl joint et age of 72 goars

geeaxﬂg;sd while rma&v&m the m;mw uren
PUEB ie
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CORPICOSTRROIDS AND DIABEWES IN BM
VATERIALS ARD METHODS
Patiante in this Study

- of STUDY

, ce&rm@mﬁ/&w@%ﬁ IOLBARANCE TRET
Proparation for 1
Shjeet of these tests
\CGRT,IGOE?S'-I‘ER@I?% I8 Gour
introguction
Gortleonc in the Gouty Patients of mm Study
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Hicotinanide amﬁ Sorticones Unhancement
- Discusnion of Results (4, By -m)
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Hitherte we have beaﬁ,ﬂaal&ug with the
offects in nan of phyaiﬁlagiaéi'aryharmhualog£¢a1~
agents which ape belleved to improve carbohydrate
tolerance by v&?tuy'¢f~€hsir»ﬁ§@ég1y¢namte &ati&n@

. ¥e now come to the adrenal cortical

| a%@fﬁlés@ Their effect on eﬁéﬁéhyéyata metabolism
hes been axtanaivexy,aﬁﬁ@leé:injﬁﬁtr@, in intect
ekpar&mﬁﬁtsi animals end in;nmn,..Tha‘eartiﬁesterotés
kﬁve‘%éen shown ta’hﬁ'éaabetﬁgénibilﬁrgbly bé‘virﬁue
of eh@iéxﬁbtiity to stimulate inereased hepatic
gluconeogenesis (Thﬁ?ﬁ et el 1957)e

| The time lapse betwesn the administration
af the hormonés snd the first appesrance of .
evidense suggesting increased giucwnoag-naﬂie is
spproximately one to throe houps and is the same
i1 the intect human uﬁgaﬁiam\@nﬁ'in‘tiasuaﬁ
1s0latod from treated animals, |
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fPhorn et al (1957) have 11@%&6 sons
“efracta of glnuaeorticaﬁés én ﬁiasuuaz

{1) ‘inareaaaé gzyeagon dagas&%ian {lsvey),

{21) zncraauod glocose aasguk (mivav)..

(iii) Increased glueeaé ﬁynﬁhss&a from: ggruvcﬁa {1iver),

!iv) Xnereaaeﬁ 9315&9@ of amino-acide (muscle, liver),

(?@ Decraased 1iposenoain €lavem, mammary glend,
o - ~ garcase)a

wngua &mﬁhors p@int au% ﬁhau ﬁhey are
as yet anable t@ aaslgn 6&&@&5@& matﬁﬁalxa attaa
to nna of these offeccs, Iet clane suggeut ' prlmavy
ei&ﬁ of ﬁortzcas%arulﬁ acbiaﬁ ﬂhdan could account
f@r nll tha&? known mntahnlﬁa arfeats.

The high iﬁeﬂaaﬁéﬁ-ﬁi»éﬁnﬁwmai\glﬁgaa@ |
tolerance in patients w%ﬁn-auﬁﬁimg'd syndrome
(whish 4s nesocinted uiih giua@»anrﬁlacid excess)

is wail Knovny

| ¥Fa jans and @ann (195&) hnve reported
bha% 31uc¢ae %elevancé tests eumriaé out shnrﬁly
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after ﬁhé‘aaﬁihisﬁratiéﬁ"of gimtéﬁé@rtieaiﬂa'mayn,;._
uninask a group af pota&tl&l diabetic pat&anba, o

as yet eompeuaateé bgt appﬁaaemimg dscompensation,

i.0. thﬁﬁ have used the d&aba%@génia effect af
eartisana _a8-a means ef test&ng whathar diabehea

w@uld d$@ﬁlﬂp 1n the Eutures Thzs meﬁhoé of.
eatabliéh&ng whather a Subject 13 ’p@e-diabet&a'

has 3timuia$eﬂ-gmea$’imbarssb<and;ax&engivs,ataﬂiesg

on’ théss lines have been uadertalten in various centres.
ﬁann nimse1s has stated thet 1t would taite meny years o
v%@ aatablish shether subjects dlagnosed as. baing
pra*ﬁiabetia by this test wpalﬂ &n faet davelep
élabstas later. |

- | 1n ﬁhia theaiﬁ, the abject was nat te
rapeat tbe work that has hean éene by Genn an tha
snhanmemant of tha glusese tolerance test in. narmal
fsubsaats, bug rafher to use. cnrtiacne es 8 mesns ot
furthey eluﬂiéating certain problams whteh aeeurreé
:1n the course of bhis atu&y ¢ ‘

ffhﬁs;,in the in#e&tig@%iéné.éarrﬁéﬁV@ut”ﬁn

the present study, thévemﬁ%iﬁaﬂe/giucﬁab't@laranéa'
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tent was used os & means of fupther investigating
carbohydrate tolerance in the following types.

A gw@ﬁ@ of g@uts pﬁﬁiaﬁ%@ wara b@sﬁeé |
in this wnys S

ﬁemm of tha pravan &&ababias showed &
,,,”f in almhataa u&ieh p@raisﬁeﬁ in sp&ta of
Awiﬁhhaiﬁang traatmﬁnt £er éi&%@tﬁn, ine. e
apanﬁanaaus reaiaﬁ&ﬁa; in aﬁh@%ﬁ, e r@miaalaﬁ
uos indused and m&&mﬁa&u&d‘hw using B&@ﬁg&f@ﬁ@ﬁ&% o
.ag@at@. Wh&@ wau&ﬂ t@ the. a;5~u&uee e ﬁarkiﬁawa
4.¢m the g&w&@a& t@l@ranc& teot in %hsaa cases ¢

Se411 others ﬂarb rafawwwé to thn
étéhatlc uiinio who haa &aaﬁ pﬁﬁ@i@usiy eana&éarod
él&hﬁk&aa (a&ﬁ %r@ataa a8 &uﬁh, Bege with 1@5&1&&3.
Howsver, in the eeﬂrsa of the &nwwgaigatiena a |
"nnwmal alﬂa&sa t&leﬁanea ﬁast waa r@ecrﬁeéa Cin ﬁhe
| wullﬁﬁ-up @tad&@a, aar%i&anﬁ wﬁ@ naaﬁ to taan whether
thoy were mura&g in @ ﬁa@@nﬁ:?hﬁﬂa>af the diseass.
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The- Patients in this Stadys

%Bawemma m She ae%@n M‘ N
eﬁﬂi@ewatamiéﬁ on aerbawﬁz*%e %ﬁ‘iex’ama usre
mée in the :allming groups iaf iﬁ%i@nﬁé e

I+ Acgpoup bf gmmy pﬁﬁifm&s (11 pmtianta).

31+ Patlents wh@ wﬁa found to.show
o mmasim in ﬂiﬁ%&éa. M%her i.nm:cad
e by hgpngiwmmic &gazw@ o
SR _smﬁnmﬁwslm |  : & ’_
»{mmw in ﬁiﬁa group were & i‘w |
patients -ﬁh@. migh._ﬁ;._ be considersd to
 be M%aﬁ% ‘- ;ﬁ? M@nﬁia& diebetics, .
 for vessons stated in the text)s

. &@Me@a&/ﬁi@wé ‘ wiém'ab tosts 'iié*r'o
pex*formﬁ on - an patients in ﬁwnp I md Group 1T
(excapa one gmﬁy paeiem (K.w, case 15&) who hed
ranéwqa sortisons as a thérspeutic measurs aanly.
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Breparation for Cortisome/glucess tolerance test:

| Pationts mrawep&m& for the stendard
giméfa‘ia -%?.afmm teats as @‘@awmw in SHCTION IX
of %’M thesis. Aftor £he mnzaimw 5%&@3@
tolopance test, an augmented '-‘;*;éw wae perforiued
ﬁhé’nﬂx&\ﬁay,'as a,géﬁ@ra1-ﬁﬂiﬁ§ rlﬁﬁwﬁiﬁaaa a@éﬁaﬁé
" was given orelly in doses of 50 fig. or 245 wg.

{if the putient weighod more tnan 1 O 1vs.) B and

f half knuﬁw and ageln 2 hours Bﬁf@»e the second
sﬁmaura giueusa talaranm %sew;

mzm mm m%&anm were m&ng mmw wuh
hﬁma&ﬁe&mﬁe agentssi %hem@ ww &mit‘:%ud on the
ﬁﬂmni&g vf the test onlys k o

The dates of the giaﬁaﬁs-taléﬁénce tests
ere W@aweé in the illustrations (pﬁgaa 1a3-222')
<) %haﬁ the fou Gapwtweﬁ frm She pat%m of
gmeme tolerance tests on é@ﬁéﬁﬁu&i’v& ﬁaya ia
elars,fs,eﬁ. | |
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In & few of the patients with gout and
a few patients with a previously suspicious
glucoss tolerances curve cortisons was used to test ‘
vhether a frankly abnormsl or disbetlic glucese
tolerance test would be pravbk.d. without the prior
repetition of the standard glucoss tolerance test.

INTERPRETATION AND PURPOSE OF THE CORTISONE/GIUCOSE
TOLERANCE TEST IN THIS STUDY:

Interpretationt

The stringent oriteria used for the
diagnosis of dlabetes Dy the standard glucose
tolerance test have been discussed in SECTION I
of the thesis. Emphasis was laid on the fasting
and 2 hour figures shich had to bs over 150 mg.
(n the standard glucose tolerance test) for the
diagnosis of a diadetic curve,

As several of the patients in this study
were knoun to have had a dlabstic curve on & |

previous ocoasion or ooccasions, the cortisone/glucose



tolerance test wae not used as a method of
dlagnosing diabetes, but rather to study the
influence of Lts diabetogenic adtion on: the farm

of the glucose tale?unea tonte

Gonn {2958)- has Bﬁuﬁaﬁ«that'his eriteria
(4n thé enhanced glucose teiaﬁuﬁaﬁ test) for the
diagnosis of 'pre-dlabeteéd! cannot be regarded as
a definite method of early dlagaseis of dlabetes:

only time would tell whether dlabetes would evolve.

In tais etudy, no dsfinite clessification for the
abnopmal 1¢§d&a of the @aﬁﬁisﬁﬂé'anhﬁngad glucose
télaran¢c §eﬁt are glven. l_hﬁﬁ@ paid attention
to altorations produced in each individuel curve
by cortisone and hgve'deiuaﬁaﬁfﬁh@m separstely.

The Object of these Testst

{a) In the gﬂuty.graap.ﬁhﬁFnbjéét was t0 see
'ﬁho@hﬁﬁ‘caﬁﬁiaan@'waaaﬁ pveda@a-éansi@arabis |
enhancement or whether fvankiy disbetic ourve
asuia be produced in those in whem @ pravieusly
abaarmal glucose tolaranca test had not been

&em:matm tad,

AS

1$7
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{b) In the patients in témimlén the object

was to ses vhether s definitely d
could be induced with cortisone.

(¢} 1In the patients @Qﬂﬁé@ with hypoglyocsemic
sgents, the cbject was to see how the hypoglycsemic
_agents influenced the form of the ewtuané/gmweao
tolerance test, Some of the sams patients also had
owtlaene/glziaoté tolerance t@hm done when not

z"ac'ozﬂﬁg the hypoglycaemio uganta
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In the preceding section, s study of
carbohydrate tolerance in gout showed & high
inoidence of diabetio gluccse tolesrance tests (12%)
by the rigld criteria used in the atudy.

217 of the gouty patients studied would
have been sonsidered dlabstic by generaelly sccepted
criterie for the diagnosis of diadbetes,

It is noteworthy thet 9% of the patients
had a fasting glucose level above 120 mg. (the generally
socepted figure for the upper limit of normal) as
compared with L% in a control group of arthritic patients.

Would the use of cortisons in gouty pa&imﬁa.
reveal that an sbnormality in cerbohydrate tolerance
could be esasily provoked in thils gz’-mp $ Vas there
merely a narvow dividing line betuwesn noprmil and abnormal
carbohydvate metabolism in patients who shou the
sxistence of the error of mstabolism of gout ?



Adronal coprticsl aew&t@e oould Yo expected
to potm‘bﬁatﬁ the abaoprmalitios aﬁ‘ the glucose
tolemea curves of mm ana latent diabetes in’ gaut
and &0 p@ssmxy help to sonfirm @ barewxme tase, of
to predict the later developmont of overt dlabetes.
%‘rm ﬁbjae% was fée see whoether gouty patients were
pams.cumw suswpti.bh to the éia’batoganie effect
of’ em’tiém@‘ | - - | |

9o



’,Ei g6@@3 pﬁ%&ﬁﬁt&szfa'aﬁaﬁ%ﬁag' ‘%ha-f@liawihg
ey nf the renalta fauﬁﬁ in t&gaa
pa%tanta and is fullaweﬁ by zlimstraetcns @f

is a summ

the glucone %al@ganaa tasta anﬁ eartisana/klnzaae

taleramas ta&eaa

al
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JeBs (12)s Cortisene had induced dlabetes.
{3e0 illustraticn and case report
page /93 showing G.TTs during snd
to&lowing Cortisone Therapy).

HoWe (36L):  Diabetes was aerbinaneaﬁmauaeé or
: i enhanced,

Wels {96):  Moderate agg@avabi@n of dlabetic curve,

Hels {66} {a) Hoderate enhoncement whan in a state
of yerisatons Diabetic curve.
{b) A paradoxical curve when further
woight ia lost,

G0, (166)s Diabetic typs of curve in & patient whe
, _ ‘hed previcusly been found to have a
tﬁsggng g&m@aua loval 121 mg.

As {145)1  Hoderate enhancomsnt ta a diabetia type
y . . of eurve.

VB, (22)s ;ﬂbdératﬂ anhanaemﬁnt with eoptgaon@ bt
. ciirve Lo not diabetic,

Jebds (7)s Milé ephancemont.

- JaLe (91)2 Mi14 enhancement.

Gole (161)1 Mild enhansemsnt in a pationt who
proviously hed an abnorml gluaaae
%ﬁlemma %Qﬁta o

Helte {111): Hid4

%ﬁk?fﬂﬂnﬁﬁﬁ:&ﬁ a sase of hyperuriosemia,

ILLUSTRATIONS AND CASE REPORPS POLLOW



J.E.  casE 42
WEIGHT 140
LBS.
400+
J
3
o
9 1300 ‘.
= £ 291054
(L]
3
o .
3
£
3 2004
ol
9 . 11355
o
100
50 ON . GT.T.A CORT/G.T.T.
STEROIDS . NO STEROIDS |G.T.T. T
NO STEROIDS 1 NO STEROIDS ) STE :
TR AN | R ur | FROM JaN 55 | FROM 20385 FROM 67:55 FROM 6-7:55 | TOLBUTAMIDE IG.
i i 1] iv v vi
- .
3 J.E. CASE 42 ‘
.‘ WEIGHT ' , :
: LBS. 144
|
. - N
400-
. ) ’
300 35558 '

FF
3959¢ ¢ (7.9.59

100-
5
GT.T.& CORT/GT.T. CHLO
TREATMENT| CARBUTAMIDE IG. NIL 0-5G.
FROM _ 14-5:58 FROM 21-8-59
vii viii ix
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'(wh&s case Lllustpates the svolution of diabetes during
eorgicosstorold therapy)s

This young, heslthy looking carpenter had severe gout.
© for which he received meticoptens ﬂa-éevelbpea-symytems
of dlabetes end & high festing glucose lovel (29.1045h4)
whils teking meticorten. A glucose tolerance test in
Hapch 1955 (14) aftér-mat&aartaﬁ‘ﬁna been discontinued
showed & mild abunormality only of glﬁeasa tolorance eaéﬁg
7hms following steroids for 3 momths o markedly abnormal
glucose tolerance test agein doveloped (111) (147.55).

/

able romiss

When sterolds were stopped, a renme

normel glucose tolerance test (iv) on 25.8.55 1s moted.

on 845456, in spite of the fact thut sterolds are withheld
a grosaly ihnaﬁﬁﬁl glucose tolerance test (v) has
sponteneously evolved. {Tha4ﬁﬁn§rga11ty of ﬁhﬂ glucone
‘tolerence test is not much influenced by the administration
of ‘tolbutamide or carbutemide (Compars vi, vii, viil).
Coertisone has produced only & moderate enhancement of the
glucose tale?#ﬁcé test in (vi) ond (vil), ihen the patient
was being treatsd with hypoglycaemic agents). -
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HoWs  Case 16Li. This elderly Europesn man aged

69 years was first seen in April 1957 with a history
of disbetes of 9 montha'! duration., He had been
receiving treutment with meticorten for gout whioh

had become manifest one month prior to the onset of
diabetes. The ﬂllbetii was relatively resistant to
insulin and control on 80 units insulin was poor

@B3lood glucose estimations: 315 mg., 18l mg., 186 mg.);
while he was taking % tablets meticorten daily. On
discontinuing ateroids his disbetes raplidly improved and
insulin could be stopped., Sterold therapy, in this
gouty patient, hed brought on diadstes or caused an
exacerbation of a previously subelinical dlebetes.

When last seen he was being satisfactorily controlled
with one of the sulphonylurea drugs.

(Patient HW. uas not included in the figures of the
study on carbohydrate tolerance in gout ~ see Addendum
to that Section). |



W.-M.  case 96

WEIGHT
LBS.

197

BLOOD GLUCOSE MG./IOOML.

100

SO

NO

CORT/G.T.T.
TREATMENT

[ORN VR .3

M.1.

CASE 66

WEIGHT
LBS.

352

230 220

- 400

300

BLOOD GLUCOSE MG./IOO ML.

100

S5

TREATMENT

GT.T & CORT/GT.T

DIET —

GT.T.& CORT/G.T.T.
ONLY -~ DIET




R 195

This patient has GOUT, On 22,3.,56 there was

a diabstic curve and following cortisone thers
was marked enhancement of the glucose tolerance
test. A glucose tolerance test in 1957 atill
showed a considerably elevated 2 hour figure, in
addition to a high one hour level, slthough the

fasting level uwas normal.

This patient was s very obese men end an -
exoessive sater who haéd GOUT,

A glucose tolerasnce test showed asversly
hypsrglycaenic levels (27.3.56), With diet

and weight loss, & glucose tolerance test on 9.2.59
was within nsar normal limits. A cortisone/glucoss
tolerance test showed moderate enhancement at this
stage (a peak wyalue of 260 mg. at one hour),.

With further loss of weight the glucoss tolersnce
test on 18,7.60 showsd completsly normal fasting
and low normsel 2 hour level but & high ene houp
level. Eis cortisone/glucoss tolerance test
sradoxically showed a lonie: AL
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G.J.W. case

4
4001
J
3
8 3004
-~
(4]
b ,ﬁ\
w N
0 PO
e 200 PN
= T ' 1958
] Lo $ 7770 Neom--
(V] ’ \
Q / .
O Pl - ]
9 Fe26356
® 1004
50
CORT/GT.T. '

I

: As CASE 145

400/
4
2
2 3001
[C)
b
w
8 20657
8 A
3 2004 l,‘ \
Q foommems 1‘ T \\: ------
8 II ‘\
a f ! “»
241155 29556
100
, 50
' GTT.% CORT/GTT. | 4
} -
‘ L]
[
[ TEE g
V.B- CAsE 22
§
' 400+
¢ ;3001
b5
N
b=
[
| ¢
. 2001 21.657
i [/ 2 S e e oo
' g .
3 l’ ‘\
{0 5 /! Y
I a 44185 { AN
8 1001 —,
toa 29.3.56
i 50
Vo G.TT.& CORT/GT.T.
{
il
I
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Corvisene has produced modorate cnhancement
in 3 gawﬁifén%; BeBe Cﬁaae 1!@), @..&'.m {Case 166)
WQ.V=33‘~ i@&ﬂ@ 22)0 ' ' C

In M&. and ﬂ.J.’d. 2 ﬁiumtw hy:ae of curve
$8 wa&%&g. | o



3001

BLOOD GLUCOSE MG./IOO ML

4001

J.L. case 9l

G.T.T.& CORT/G.T.T.

BLOOD GLUCOSE MG./IOO ML.

H.N. case |l

400

300

GT.T.& CORT/GTT.
NO TREATMENT

J.AD. CAsE 7
4001
o]
2 1 0
8 | i
2
S 3001 "
g ’
w Ty
v &
, 0 »
Q
2
3 « :
[a]
8
-
[++]
sc ’J
G.T.T.& CORT/G.T.T]
y )
1
' G-W. case 16l
w .
] MG 194
400 pissss: GT.T.
| (2) 25.9.58: CORTGT.T]
’ (3) 154058 CORT/GT.T)
by
3
8 300
=
)
q 2 R
] ' "
S
v 3 200 t
b3 !
l 8 : e
| ¢
v®
100 .
P
! !
(182% NO _TLAUG. |
| TREATMENT [ ¢3," NICOTINAMIDE
; - |scome:iti0 s ‘ 3
l : | P
- -+ J .



Cortisone hae prodused only mild enhancement
in the 2 patients J.L. {Case 91)p and J.Ad,
{Case ?)w

Holl,  (Cwpe 211)%

This pationt was g young Eurcopesn man, sged 33 years,
with urlc &oid galoull and hypsvuriceeais dut no
symptons of gout. '

A cortisons/glucose tolerance test showed oaly mild
snhancement ovar ths standard glucose tolerance iest.

Beither of the glucose tolerance tosts was abnormal,

This petient, £ Eurcpesun man aged 50 years, had GOUT
and was also a nild diabetio.

A cortisone/Glucose tolerance test (2) produced
practically no enhancsmant over the normal glucese
tolesrance test.

Prestreatment with nicotinamide for Ui days bsfore
the next cortisone enhanced test soemed to Lo
responsibie for slight enhancement in the glucose
tolerance test. (3).

Qa1
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CORTIGONE/CLUCOSE TOLTRANCR THSTS IN PATIENTS

NOT ON HYPOGLYCAEMIC AGENTS:

At Patlents with a HORMAL gludose
tolerance test, |

(Mmm Qgrﬁama/gmwe |
wumm& tost)s

JHe

Daby

AR,

LKy

. Case 5@.
 Case 11
~ Case 7
" Gave 298



J.H. case 58 - oo D.B. case Il
WEIGHT o
’ LBS. 132
}
4004 I 400

W 26858:GT.T
(2) 39-58: GT.TAFTER gORTISONE.
(3 249-58:GT.T. AFTER CORTISONE

200! . "+ - FOLLOWING NICOTINAMIDE
_ 300: 90OMG.FOR 4 DAYS.

200

BLOOD GLUCOSE MG./IOO ML.

100

. 50

TREATMENT NI L I 1 TREATMENT| -~ |
" .
- : AK. case 77.  GITSECORTL.GITS. . - -
i
i
400 , ;
. - . P >
1
§ - .
o 3004 : . . L . i .
§ i
2
V] H
= -
W .
g .
3 20071 ____ osuseA | [
' i g »‘J/ \
- 8 / - % . ! o
, a ¢ ‘ : -
" . . - - ..’ .
- 100} 244159
. . 50 . - - . T +
PREGNANT I 9 MONTHS
TREATMENT| 36 WEEKS AFTER CONFI N 1
NO TREATMENT : .
S . . . R w} ) »




199

J.He (Cuse 58):

This young Eurcpean man aged 18 years was referred
in April 1960 because he had shown persistent
glycosuria following a car acocldent 2 months
previously.

D.B. _ (Case 11)1 a Europesn man aged 32 years:

This man waz referred to the dlabetic clinic for
glycosuria in 1958, The standard glucose tolerance
test (1) was normal, <Cortisone produced mild
bnhancement only (2). Pre-treatment with nicotinamide
produced cortisons/glucose tolerance test (3) which was
better than either of the preceding glucose tolerance
tasts,

The glucose tolerance test repeated 2 years later
(10.5.60) was normal. The cortisone/glucose tolerance
test showed a slightly enhanced but completely normal
glucose tolerance test., These results were an almost
exact reproduction of the findings in 1958.

In these 2 patients with renal glycosuria there
was no enhancement in oorttsonazgluoosa tolerance test,

L.K. (Case 198): 1Identical twin bpother of P.K.
‘ (Case 7l4), one of the long term
study cases {page (13 ).

P 1 hr. 2 hr,
G.T.Te (13.7.57): 103, 221,157, 107, 89, 152

GortiﬂonO/GanTa '
(27.7.57)¢ 99, 204,13k, B8l, 95, 9%

Fo enhancement of glucose tolerance test by cortisone,

AJK. (Case 77): & young pregnant woman aged 28 years:

This patient had a strong famlly history of diabetes (her
mother, fathsr and brother were seen with diasbetes).

(a) Considerable enhancement of cortisone/glucose
tolerance test to a dlabetic type of curve,

(v) Ten months later glucose tolerance test still
normal., Cortisone/glucose tolerance test still shows
considerable enhancement.
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B, PATIENTS WITH DIABETES 1IN REMISSION

EdSes
Mol
Bels
oW

Case 137

Case 135
Gage 162

th).

200



E.SE- . CAsE 137
. 400 ’ !
, |
3 - ly '
: e
300 .
8 ] "y
= " .
: N
g 200
. o
q o )
)
[}
100
'
50 CORTIGT.T. : :
TREATMENT 1L N “
N -1
_ ] .
ES. case 135 ML case 82 o
WEIGHT . ¢
LBS. lea
: - '
] . Aow s T
400 ¢ . aoof - : : 2 '
3
J .
z L8 v 8 . . {
0 . - A 4
2 300 : pg3° A -
" b 1 \
(V] i - ! L}
= 7956 : w !, \
ul b 8 /- K
[ /s ! Q
g AR 3 ! 15856
2200 /N i © 200/ R i
k] ¢ i a S . !
§
. 3 /
9 a |
[++]
- 1
LR®
[ 100 * !
GT.T 8 CORTIGTT, . | eoRrwerT 1
TREATMENT| RIBOFLAVINE 30MG. NO TREATMENT )
23.12.55-30.956 | = i
| .
| e J
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» T&tﬁ patiene & Eupopaum man aga& 55 geara. WeE &
mild d&ahatio in remission.

A sortisone/glucose tolerance eesb on 4.8.56 was -

prastically the same as & standard glucoss %alerinco
test done on 21&7&55 .

A standard glucose tolerance test on agilé.sﬁ shous
that the patlent 1s in & phase of remission,

mhxu putitnt, an azaarly Buropetn women, hed been

troatod with fnsulin prier to Eaing seen at the
ﬁiubatic clinic,

She was grossly averwotghﬁ and subseqaent glucose
tolerence tosts when of insuiin were normel

A gortisone/glucose tolerance test done et a time
when the 2 hour lsvel was elevated, showed moderato
enhancement walnly of the peak one hour figure,

(Case 82):

Thﬁs patient, a Buropean man agaé 53 genra, has e brother
who is diabetic.

?hia patient Had an sbhormal gin@aﬁe teiaranee taat - an

elsvated 2 hour figure; his glaseac toleprance taat rovarteﬁ
to normel.

A eprtisana/éluee&n tolerance test on 15«8.56 showsd markeé
enhancenent and an abnormal curves

On 1446457 1t 1s seen that a diabetic type of cupve is gevgzﬁpﬁﬁgbi



LW, CASE 162

IGHT
wLEBS. 181 163 166 162 170
400+
21455
e PC.
2
2 300
Q
Q
) .
s
u’ .
8 -
E
o 22-356
o
g
©
50 RIBOFLAVINE 30MG
REDUCING DIET .
ONTRO €T .
TREATMENT | © L | rrom 22455 °'€ FROM 12156 ICORT/G.T.T.

it

v

vi

oo
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Hild enhancamaﬂt by eertisana/@lunaaa
tolerance tost while in e phasa @f

remiﬁaion (i? 7&5630 §



© WeRae fﬁ'ﬁag 126)

Kov.L {Cass 87)

103



1W.  case 162.

GT.T'S & CORT/G.T.TS.

WEIGHT
LBS.

163

166

168

400+

300

200

BLOOD GLUCOSE MG./IODOML.

100

50

TREATMENT

RIBOFLAVINE
30 MG.
FROM 12156

OFF TOLBUTAMIDE.
19.9.59-26.9.59

TOLBUTAMIDE
1G.
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- After dfsbieton hns relapaed this patient .
shows a paradoxical response to cortisone
(Lees glucose tolerance improvement)s 25.9.59,

.although the poalt of the curve L8 still high.
{1t &s to bo poted that this respomse pocurred
- vhen tolbutamide was stopped, ia erpory for
ons week )« o L



"W.v.H. caAsE 159 KvL. cAse 87
i
WEIGHT ! WEIGHT
: i
LBS. 201 ‘ i LBS. 185
400+ ' \ 400
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. . j
)
3 b
g ¥° 2 300 101259
¢ .
s ! -
g L
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] @ 200
) 8
(U] . g-
a pur}
8 o
1 o
@ 8
1004 ‘ .. &8 100
: ¥ ! o wo S,
SO 1 . s0
Lo NO o
TREATMENT| DIET ONLY "t TREATMENT
L}
) Y .
W.R. case 126. GT.TS & CORT/GT.TS.
WEIGHT 7
L8S. 139 |6§
WGTT
(2)CORT/G.T.T. .
‘400 (ICORTGT.TAFTER T Ll )
' NICOTINAMIDE 9OOMG. R L LAREA B
FOR 4 DAYS. <
aN3N58
H . ®,
3 0] A7,
[} N ‘»
o Y.
U]
b
w
8
[}
2
-
(V]
8
2 100
50 - i
TOLBUTAMIDE  |CHLORPROPAMIDE  |CHLORPROPAMIDE LA 6023 15G
TREATMENT | STOPPED 05G. STOPPED FROM 17.60
9:10-58 FROM 18659 91-60 -60
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.v.ﬂ.. tcaae 159)3

.This patient, a Europesn man agaﬂ 49 yaara,
was a mild dlabetic,

The cortisons/glucose tolerance tasﬁ shoyed
_no enhancemsnt, the 2 howr figurs being lower
than in the s%andawﬂ gluﬁosa tolarance taat.

'K;viﬁa (@aaa 87);

This patient,a European man eged. 51 years s showed
considerable enhancement of the 1atter half of
ﬁhe gluc@aa tolerance %ést;»- N

W.Rf (Gase 12622

Bath,diabetie cUPrves shaw milé to m@aarata .
- enhancement on cortisones 30,10:58 and 20.1.60,
whent pattan% has dxaeontinuea hgpagly@aem&e agenta.,‘




BLOOD GLUCOSE MG. PER 100 ML.

D8,

CASE Il

250 1

Y]
Q
0o

150 A

M 26.858: G.T.T .

@ 3.958: CORT/GT.T

¢3) 24.958: CORT/G.T-T-
FOLLOWING NICOTINAMIDE
FOR 4 DAYS. {900 MG)

OO . ]
50 o v A i
%, I % 2
HOURS |
!
,
e ——— — r -
Wwi.R. Case 126 G.W. case 161
X r , " WEIGHT, .
WEIGHTH{ 30 . } esy| | 194 ;
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@OGTT. .- _ )
) CORT. GT.T. " el Lo
400- JCORT SL. T 16958 GTT.
AFTER NICOTIN )
AMIDE FOR 4 DAYS e .. |@25958: cormeT
. \ R SR 11058 CORTGY.TY;
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o
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(182> NO TLAUG.
FROM 94058 TREATMENT [ (3)” NICOTINAMIDE
; . FOOMG:I110.58

xXvi

A
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Htcotinanlde prevents alloxen fnduced diabeles (sﬂnawoa
1947, Lagerew et &l 1950). Would prior a&mma.%mﬁm
of nlcotinanide in lurge doses m@vaﬁt cortisone
@aﬁaacemont of the glucose tolsrance test ¥

‘ﬁ.ﬁ; i@uxc 11} hnd « narmnl g&ueaﬁa @aﬁaranaa tost.

G.W, {(Case 161) wes & diabetic in pemission and hud
~ previcusly received large doses of n&emt&n&mﬁ&e.

WeRe (Came 126) wae a disbetis sho had slso been

. treated with nimttmmée in t&aa pas‘h
Thess patients each had 3 glucoss tolerance tests:
(1) Stendard glucose tolerance test |
(2) Cortisene/glucose telsrance test

(3) Cortisons/glucose tolepaice best after maawmg
- nicotinamide in doses of 90O mg. for L deys.

m_rez 1&3 Jwere :

DeBe (Came 11)2 Cupve (?;) was botter than (1) or (i’.)a

G, (Case 161) and W.B, {Case 126): Gurve (3) wes wb?aa
- then sither (1) or (2). “
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of 11 gouty mﬂmﬁs m whom thu effect at‘
oarsiaem wed etuéiaﬁ, i emw hava beén aenﬁweme te
show ewﬂam enhiancement to dlabetes, ;tjw & dlabetic
type of curve, B

s‘@w ahwaa mﬁx& mimmemmﬁ mﬂg,

38 2 sases of rensd gwﬁ*"ﬁ@“*
- Js8s (Case 58) end .
DB {Cane 1‘&) |

in .- 1 Pro-diabetic H) man g
LeEs {Cnse 198) (Identlesl twin ?dﬁh (@nw ?M
o . dm‘bﬁbieh :
and in e

l; patients with éia‘wtéa in vremissions

BsBes  (Case 37
IMe  (Cese 162)
Wev.H, (Cass 159)

Gy {Cago m) {*.Ms pems.ent w aut. |

_ Ho 1g included &n this
‘section as woll mmaa the
cortisene test was done
whilst his Giabetes wen in
wamwa&m)o |
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This was a surprising finding, as thess }
patients vwers known to have had an abnowmality of
glucose tolerance omrve or & diabetic ourve before.

It the cortisone/enhanced test is to bs of
value in predicting diabetes, it seems ressonable to
expect a frankly disbetic curve in these cuses.

Enhancement to & more sbnormal fOrm of curve
vas Seen in 2 cases: E.S. (Case 135) and Mle (Cose 82).

In these 2 cases it may dbe sald that the use
of cortisone had confirmsd tho susplolion that thess
patients were tending to develop diebetes.

The glucose tolerance curve hecams more abnormal
after cortisons in 2 diabetic patients: W.R. (Case 126)
and Kuv L. (Case 87),

In one patient with a normal glucoss tolerance

Jest thers was a considerable snhancement with cortisonet "

AK. {Case 77}, s young pregnant woman with a strong
§am£t§y l’uuory of diabotes (Mother, Father and
rotheris

This is 1in kesping with reports on this typs of case.
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Nicotinenide taiiéé- to prevent sortiséne
enhanosment of the glucose tolerance test in 2 patiants
_ Who had prav&uaa&y nad abnormel curves (Go¥s and Welts)e
In ana patient, D.B. (Case 11) wit& a normal glucose
ﬁaieﬁune§=@§w%g prior treatment with nicotinamide
. pesulted tn a cortisone/gludose ﬁiéﬁﬁﬂ#ﬁ test whish
~ was better %han the provious giﬂé@aa tolorunce tosta.

It 48 of groat m%z*éﬁ to compare the results
in the gouty group with & non=-gbuty group of 11 patients
compooed of ¢ ) ‘

 §1¢5¢%1&5 (knﬂun to have diabewﬁe pglucose tolerance
o %ﬁ%ﬁ)% 24

Pﬁavmualy known to hwa q Slabati@ or éiautie b@pe
' T oF curve: S5,

ngmm +8tyong family history of ﬁinbeten (i'Pre-v
o éiaggkic‘)zg = .

: &wwswim B 8s

A Wraﬂiamfb&a 4 (wm‘tma& ﬁﬁsm 8 diabaﬁeé 2
™

~ Five of the u patients ahweﬁ emaeamnt
ﬂim ﬁ@ﬁ‘kiﬁ@ﬁo



| 7 of ﬁha 11 gauty pnﬁiauma ﬁhoﬁeﬂ abraisane
eﬁhangemantu : o o

mnzn aﬁn&d ﬁuggeae éhat the gouty - 5reup ave

at 1aaat a8 anaaaptibie o ﬁhe &1nbaﬁegan&¢ afreet
of cortiscne as & strongly auupa@s ﬂinbet&c @? o
_pra-aiabetae BEOUD. -

CONCLUSIONSE

o %hasa resulte would suggest thﬂtvtké‘goﬁty
group may be unéaxy susceptible to the aznbeaaganae
. affeét of corilsone,
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OP case 120

WEIGHT| 144 f_
LBS.

4001 B I' ) N .
U
4 i T e
S 300 v » -
0 - . ~ : - “
g . . .
d -
b
u‘ 3
8 2001 : :
+
§ ! o
(U] 3
§ |
3 .
@ 00 X
SOt gTTs cortleTT. o
TREATMENT |CHLORPROPAMIDE *5G .
FROM 12359 |
tlm, "GK. _case 76 » L
kY T . ’ S
WEIGHT| . - . . . -
‘tes. | i85 183 !
. & 2 ] X
ii ;
o 300 v i v ot iy
o - > i
4
O 200
B
3 oo
a . IR
. § I o
’ (-] ‘ B .
100 . . | : [N wed
50T 5T 8 CORT/GTT Yo : S

NO S
TREATMENT| TOLBUTAMIDE IG TOLBUTAMIDE : . LR
FROM (9.9.57 FROM 259.58 :
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This ancps&n woman agaa éﬂ yoass, showsd & gaud

hygaglsancmic rogponne %6 chloypropamide, but
ilucoss tolepance test while still tsking

¢n orpropamide uss aam@latelg af,ﬁ?maz, :

The auxtisanaxgimaaae tﬁl&r@n@s &aaﬁ. it aayﬁh&ns,
wes improveds |

%hia ?urnpaam‘maa & aﬂ 18 y&ar&a was o mild dlabetic
treated with tblhuﬁam&ﬁe singe %aptaa&ar 1957.

A cortisons/glucone tﬁlaran@@ toat wes aiﬂasﬁ
identical to the standard glucoss tolerance test «
both thess tests having besn dons while ths pntiﬁnt
was being treated with tolbutamides

Tolbutamide was discontinved on 3§w9.58 aﬁuer his

fosting glucose levels had beon rban&  be
consistently norméloh '

A atan&ard glucose ta&araaca téae é@na & manehﬁ 1atar
wes sinilayr €0 theose done uwhile toking tolbutamide,
This patient may have gone into a Bpantnnoaua remission.

In éanuary 1959 glyansnmia had »eappenraa gndé the
§:a§§§% g&a@@Za'lavax (158 ma.) wWes cuggsativoly
& @ @ :



W.R. CASE 126
WEIGHT 160 164
LBS: 163 156 139
®WGTT.
(2 CORT. G.T.T.
G)CORT. GT.T.
400- AFTER NICOTIN-
AMIDE FOR 4 DAYS
131158 ()
[ 20l 4
300-
200- Fen )
‘a857.8558 . 29558-9.1058 TToTTtnTTT :
o Fe S o
. of 23759-27.859 g
F' Fo ; Fe
- L4 F
100 Ff.F. F'.:. oF FO"F.
oF
50 [FOLBUTAMIDE 1G. LORPROPAMIDE | GT.T. AND CORT!
TOLBUTAMIDE X NIL 05G. "' SONE GT.T
1G. +IPRONIAZID  [FROM 91058 |FROM _ 18659 [CHLORPROR O5G.
Xiv XV XVi XVii xviii
N T
. W.R. case 126.
waGHTM
ws || ,
|
400
3 300
o) '
o
S~
g
z i
N w
i v
o]
)
2
-
(U]
§ i
@ [ ‘
100]! ;
) | ‘
50 | TCHLORPROPAMIDE |
TREATMENT | | S oap ROl LA 6023 I56G. ,
9160 FROM 1-7-60
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W.R, _ {Case 126)1

The cortiscne/glucose tolerance test while the
patient was being treated with the hypoglvoaemic

agents , orpropamide {(xv ‘ , (XX},
sﬁow only mild enhancement, but eonggdovgblo
enhancement is shown while this patient was

reated with tolbutamide (x11l). {(See page /i




GT.TS 8 CORT./G.T.TS.

cV. case 158
. i
WEIGHT !
e 154 150 :
i
400 !
a ) '
s 4
] 8 300 i
~
Q.
E i
wh
(72
§ N
3 200 N
o 1
§ 1
|
a 1
100 [
50 . !
CARBUTAMIDE {G. CHLORPRGPAMIDE
TREATMENT 5. 0-5G. FROM JUNE 59 |O-125GMARCH 60
FROM 8.5.58 lo~s<;= IARCH < r
N,
J.R case 128 | ’
WEIGHT : . a
1BS. 232 1230 P P ”
. i o3 ”
400 . } s
. 1 . | e
. 1
i 300
s
=
¢ 4659
gég 200
3
(U]
8
& wo
0 GT.T.& CORT/GT.T. :
NIL | CHLORPROPAMIDE 5G| ‘
TREATMENT RO IBES \
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| ?his Qﬁiau&ﬁé a@mﬁn tzged L9 yoovs wts & mild
dlabotie mmd nod beon observed at ﬁ&e diebetic -
elinte. sinece §auuamy 1@95:»

Q@rtizana/@lueasm tolopance tests ahgwaarnai |
mild enhancement on carbutemide ané no enhanaam@nt :
on ah&arprammm&ﬁa &ﬁ»ﬁﬁﬁtﬁm@ﬁﬁ &95? and Jenuspy 19&@:

Th&s @ﬁt;anﬁ was en a&a&a~e&de§®§ Earopesn womans

The eartiaéna/gxuuase tolerance test while baﬁ

treated with ﬁhl@?pvep&mido aﬁﬁﬁéﬂ ﬁraaﬁieaiig
no enhancements ,



J.E_case 47

GT.TS & CORT/GT.TS.

- i \ i
WEIGHT -
LBS. 193 184 180 . .
\ . ot
400 H -
. 20252 . -
-
. b |
8 300 ' ‘ -
3 .
Q
2 :
w -
[72] fy
9 10260 - 1 ‘
" - s -
3 200 - !
] . ~
g P
S ¥
-] . . i -
100 ;
SO I aeroRe 581 TOOMe. ¥ — ! Lt
. ; _ ; ..
TREATMENT} TREATMENT | CHLORPROPAMIDE [ 146023 1'SG. )
N 0:125G. * +
[N
s ——— ——y l = —
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P.L. case 88. GITS8&CORT/GITS. i l NC. case 32 f
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400+ . Coe 400
! i . _
s : 'y ) .
N y ' -3 . N
ii } ‘ I .il - PR - {
o . o}
S 300 i f g 300
= A ' -
[V] b (L)
3
= | 2 .
9 | ' 2 )
9 5]
3 200+ 1 l 3 200 .
(U] ()
8 ( T8 ;
Q o | o)
a 'i | a . !
100 4 i 100 ot
. )
o ! ’ 50}.GTT8 CORT/GT.T !
DBl 1SO0MG. + LA 6023 3G. + s ‘ REATMENT| CHEORPROPAMIDE
TREATMENT| CHLORPROPAMIDE 56| CHLORPROR 025G ] TREATM G+
FROM _ 3.3.60 FROM _ 5.5.60 ! &
L
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@his am&mm oty m& been mesé over & ﬁﬂ&*ﬁ&é
of 8 yoorss

The avﬂmﬁm nt the glueﬁas %wrmeu %asm i.a |
.nlm dicousnsd On PUELS (07 and Io%’

'. The wig&mi aladette sugve mc@a@%m 16 tneerted.

nta pemls 80 in gluesae tolerance
OGS “while tae patient wos beinz tresobed
' with & cﬁmb&natﬁan ot yhnnathyxdx usnide and
chiorpropamidoes - The oortisons/zinscoe %lemmb
koSt anmwa mild enbencement, Wit s n%iﬁl nopmale

A &ubsaauaat aarﬁiaaﬁgfklﬁaasm tolerancs test while
on dimathyiriguonide shows uo sohonoonest mm» Lhe
stondard glucose tolerange tesbe

?m@e diabe%&@ @aﬁﬁaatn an alé&#ls>ﬁaa ggnn men, was

et ons tims poorly wmwlma on 6 mﬂ.ﬁe @t
insuline

On DBY + ahimwpam%; and agﬁm on azmmngumwa |

+ chiorpropanide he phowed o good hypoglycasnic vesponse
but & definite dlabetic curve.  The @oriiaana /glucose

%I«.amée t}wha anwaé prmmm&w 710 mhmeammm

E’Ma Eump&m man: ageﬁ 55 yam 4t matz of as.ataems in mhﬁu

& @ezmzsmaj@v:mm& tolerance test showed only mild
enhuncoment over the standard glucose tolerance test
while the patient uas recelving tho hgpﬁg‘iyeumm ngwwg

~ ch&étpmmmwu and atmthym&gmww



JG. CcASE 52 GT.TS8& CORT/GT.TS. .

CASE 42. GT.T'S & CORT/GT.TS.

WEIGHT
LBS.
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300

200
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TREATMENT
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JE.
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4001
o
2 1
[e] '
2 3001
Y]
b3
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v
8 )
3
© 2004
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g
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50
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- - e ) -
i
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i ‘
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S
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! .
s
' g 0 23759
. ' =
' (Y]
: 3
' 2
! ' 8
‘ 9 200
N =4
! (U]
| g
' 4 o
100
6023 SO eTT s comeTT
LA 60 TT. oT T
1'5~+3G. : TREATMENT | CHLORPROPAMIDE
FROM 29.4.60 : ‘ 256,
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This Wﬂams was & @aimmea man a%aé 42 years.

He M@ GO and was of grwc m&mae m t”m%
eewiemtowm therapy m S Shs!

The eartiamefglmmu t@lamw ima%s «shama o
only mild te moderate onhencemont while the
,mtim% was meahmg %Ammﬁﬂe - cwmmmeu |

?Eﬁ%i -paﬂmﬁ wag A Eppopsan men aged 52 ge&rﬁ; |

m owemma“%imaw ﬁe‘ie&auw %eﬂt amwaa 5o
enhancsment while on chlorpropamide, egd mtld

enmwmnt m‘w on dimeﬂmgngumis&a {ra 6025) .

This ﬁmian‘t vas @ Europsan m aged L2 yg,,»,;m_

The cw%!ezm/glmme mzarmm »i;m&: showed only -
gneé snhsngement oveyr the gam’v&oua glweae wxax'm&a
88 g _ o v



LW,  case 162 d ‘
WEIGHT| 169-183 1782158 - 156-164 - & ° 166" 168 168
LBS.
- 412:58-116-59
400- -
3 S % Fe ., ¥
pu} - -
s
o -
g 300
< Fo
(V]
2 .
w 18-6-59-109.59.
& 1810-56 — 91058
S 200- Fe
- N
O T~ .5 -y . . -
g ] .
*
. Fe
= " o F ,.F.. A
(1 ]
100-¢ “g0
L ]
50 _
TRE:% ENT TOLBUTAMIDE IG|{GT.T.& cont/GgE.T. GT.T.8 CORT/GTT. |SOBUZOLE 1G
TREATMENT NIL cso INO TOLBUTAMI : g
FROM__OCT. 56 FROM 12659 |7 19/g.59 2649-59 | TOLBUTAMIDE (G, . FROM 8.-60
vii viii ix X Xi it
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‘ﬁhis gaﬁism; was a Empaan nm me& 58 yaws. o

In Dosenboy 19*’3 thers was aa exaserbation of
the disbetes m@ the patient ah@ueﬁ & vory ,
emismatum &3@5&3@%@%@ gesponss o ‘mlhu%xaﬁm :

This patient mmﬁaa taking %iba%mwa m 2YPOL
feﬁv aaya pricp to the gluccone toleranso test
he septlssne/plucoss tolepranve test on 249459
anes 25.9@59 respoctively.  Thé giucose tolerance
test showed & savws&{ sbnormil dlabetle euprve on
lh?iB?o " Pﬁt‘ﬁﬂmﬁ.@a 3@ tha gmmm tolerance Lont

on mummiﬁa the 5&&@@% mxﬂm ce tost was
improved egaih undé the soptisone/gluoose miepme
teat chowail & m@waw M wmm %%mmm
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CoveM, Case 1603

This patient, an elderly Furopesn man, vas
previously on insulin, He falled to respond
to any of the following hypoglycasnic sgents?
Tolbutamids, chlorpropamide, wetahexumide and
fe0buzole, ,

He showed an excellent response to a

combination of 2 hypoglycaemie agents, dimethylbiguanide

and chlorpropamide, Thers wers low fasting blood
glucose levels. The glucose tolerance test, too, vas
& moderately good one.

There was moderats enhancement with cortisons.

(Subsequent response to dimethylidigusnide alone
was good).

ol o8 O’a _ D.

This patient, s European man aged 52 years, had
beeni on insulin, He falled to show any response

te tolbutamide (Blood glucose 300 mg.). Response

to metahexanmide was unsatisfactory. On chlorpropamide
he showed sn initial response bdut failed to maintain
this after 4 months. Isobusocle produced no
response., Phenethyldiguanide 125 mg. produced
11ttle response, but when shlorpropamide was added
there was & good hypoglycaemic response,

On dimethylbiguanide + shlorpropanide this

response was maintained. Even aftsr glucose, the
tolerance test did not show gross hyperglycaemis
levels. Certisone produced modersts enhancement,

2/8
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'i'hw pati@m was sn olderly Mr@pﬁm woman «
She was a mild diebetic seen since 195h;

%gﬂﬁlehﬁeﬁ showed en exaaerbati on in

On em.zwpmp&mi&e there was mﬁemte _
enhansement ag compared with the
stendard gim@ae tolerance tosts

?hia eiam: a %Wpam wm ngaﬂ 53 yaaz-s
19&7’?“ . ‘.

was followed up sima the r.maaﬁ of
d&nbatses in. ish.?- A

She aham moderate ammamtm @n ﬁartiwns -
while takting chlorpropamide + tolbutemide
- and again ﬂzwr; ’t@kmg dzmmyibmumme (m 6@23)»
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This - aztenﬁﬁ an ai&arly Rur@pann woman,
s 8 m&l& dtabotic but pooriy controlled -

on &1} hypoglycasmioc agents which were -

tr&aa. Bho ves relatlvaly inauiin
‘resistant %@@a .

Theps was markea @nhanaamﬁnt ﬁn @a&t&aano
whils tolkzing DBI +ohlorpropanide unﬁ aiso

ahzlo taking ﬂimethylblguaniée {14 6023)
ehiarpropam&éo.

This gablone, an alﬁerls Coloured wonan ,
w8 woll-controlled on pheneothylbiguanide
(DBI 150 mge)s A cortisons/glucose

t@lernnec test on lhaé.éa ahewe& aaaei@arﬁbia

enhanaamanhn,

A wesk laiar ﬁha proeedura wes ragamﬁeé

exactly except that the patSent took 50 mg.'
- of DBIL on the morning of the plucose tolaranea

tedt ao viells Although the %osts were at &
lower level, thare wes aczxz considerable
erhencement following acvtﬁaane¢
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M.P.  CASE

{22. GITS & CORT/GTTS.
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This petient, an elderly Eurﬁgéan_wammu,
showed nerited enhancement following cortisone
whiles on tolbutamide. On ohlorpropamide,
howeveyr, thero was no enhancement,

R,L {Case 7

This patient, an elderly Buropsan women,
showed a near normal glucose tolerance test
whilo toking tolbutamide.

A sortisone/glucone tolerance test on 2i.,6.57
showed oconeiderable enhancement.

22|



DR. case 127
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The course of the diabetes of this patient
was ¢losely follemed eince onset in 1947,

when she wes aged 43 years.

There was a nowsal glucese tolorancd test

on tolbutamide on rsﬁtzgha;g? but ¢ vortisone/
glucone toleprance test 2 monthe later (25.6457)
showed coneiderable enhoncénents. On 17.6459
8 plucoss tolorance test while taking B
chlorpropanide was agein practically normal
{excopt for the pebound of the 2 hour figure),

a'caﬁﬁiaaﬁé/glucqsu~tﬁi¢@aﬁaa test on chlorpropamide
showed considerable enhencement,

Thare was only oild enhaoncement wbile on.
chlorpropamide (April 1959), and on phenethylbiguanide
{Apr13 1960}, but modérats to marked ephancement when
on dimethylbiguanide (L4 6023} tn June 1960,
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 ANALYSIS OF RESUNNS: GO
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;;mm@j@m@am TOLERANCE 2ESTS

%@ Pationte:
11 tests)

Ho enhanaeaanﬁa ? paciancas
(ﬁtf'n, GeHoy MaPs

ﬁild aahaneemaaﬁe g putienﬁa (6 tonta)i
(CoVe (a taabz}, m ss Fubsy JeRey w.&.)

Moderate enhnneement: 1 patient:
‘Jﬁcb)

Marked enhancement: 1 petient:

(Buﬁo)

' Patients
9 tests)

m&ld sﬁhanaemantz 3 paetenta (L taata)c

‘ m.e.. Peby (2 wszu),, 3. F .J

Mhdarate oﬁhancamaa%: 3.§ntient§t

: {G.vdﬁ.g nd»&ua GQSO)

Harked aahancemaae! 1 patient (2 tests):
(Bvec, ) ' ' ‘
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¥o erhencement: 1 patient,

[ O §

dells.

zma ammemnw 1 patimﬁ.,

Mederate enhancement : 1 patient,
{IsWs)

Marked enhancement: | patients
; , ﬂ.ﬂ.g ﬁc?f. Relis W Ro (xiii) See
) page 114 SECTION V),

Moderate enhancement: 1 patient

¥M114 enhancement: 2 patiento.
( Ovs“ J, ﬁ?‘t)
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Wo enmhancemont: 1 patient.

Jefe )

1114 enhancements 1 patient
SR v’WoRm"
 Hoderate enhencement: 1 patient.
oL 68
Harked enhencement i 1 mtimt

ol

hancement:  Hil.

ﬁil@ enhnnegmtn?z 2 pakienza* -
i o ‘PO&" E‘g';

Hodorate onhencement: 2 patian%a.
‘ : e (Qt?ﬂmh'«ﬁﬁétat)
Marked prhencement: - 1 patient

p@.



Mapked enhancement: 1. o
(AFe 2 testn)s IR

ts.on DEL ; CHIORPROPANIDE S .3

Hild enhsncement: 2.
(JeFay Pols) |

Harkted enhancement: 1.
(Eale)

226



227

o @gmv
Gase Wgme uged - Gommentoe
7% . GuKe m:wmmma | Ix@re«ve& GuTeTse mmismﬂ
' : M’%w ﬁoihutmﬁde Mwmﬁﬂm&aw '
158 G.Ws  Chlovpropamide Perveistancs of low z‘aatmg |
. - Jevels on amall doses for
-1 year; lou fasting level
after omitting mﬁarpmmuwa
| | | . fop 2 weeks.
128 FRe Chlorpropsmide Low fosting levels *pwstama
S . for seveprsl months after
- ‘ - ;ﬁﬁmmﬁ&mlng miamopam&m
38 MDe Chiorpropomide ff‘?em Ts 1 goor aftep »
wr . s D comont of amgwapamma
' ‘ ' @i‘mus further luprovement o
 towards normal. (Previously
. pemission pecordad sfter
- &mnitn discontinued ),
58 Jebe Chlorpropantde Near normal G.%.0%s and
_  nownsl festing levels on
various sgents « T in
_ v o ~ pemiosion. : ‘
122 Hels Chlorpropenide Poveistently low matmg
. : 1svels on small dose. of
,  dhlorpropamides _.
b7 FaPy QMW@rspamxda Low fasting levels persicted
- +DBI for % mon t after stopping
S ;hgmglyana" @,gam;s;
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Fa%&enﬁa with & near noﬁmaz g&ﬂﬁ@aﬂ %mlurauce test
mm a&w&é mm, tloone snhenssmant of

" Gase

" Agent

used

Tolbutomide
’f.@azﬁrﬁﬁmy@ﬁgﬂg

nr

DaRe:

- Welly

Tolbutontds

ﬁ‘ﬁl‘bﬁ%m&

Tolbatamids

(=18} poge uy

%ﬁq&‘ﬂ* ¥ &@mmmz++ after

%‘.ﬂmtmma stoppede

£ﬁ@ onhendemsnt waan ﬁreneﬁﬂ -
with ohlorpropanide).

Bropping hap@glm&mm agent

previcusly mﬁﬂmw amm&
‘Q? ﬂh ‘

Previous and mhuqamt
GJE4T's when tolbutenide
Btopped show GaT.Ts

L aanedmal + e

{814 «mxnmamnﬁ with

- ghlerpropanide slthough

surve remains nbnormal).

Feovious G.T.7. ﬁbmmh
disaTe59) s ,
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An ml”u of the results shouws thwt the
least ephancement was produced by cortisons whers the

patients had besa treated with ghl panide alone.

This effect was less well sesn where
ehlormpnut was used in oonjunsiion with another
hypoglyomemic agent to control ths dlabetes.

Thus § patients (of & total 10) who wers
traated with chlorpropanide slone showsd either no
{or »814) enhancement. In the tolbutamide treated
group eu the other hand, 5 patismts (of a total 7)
showed moderate to merked snhancement.

| This differenss in rssponss was atrikingly
shoun in the patient M,P, {(Case 322):1 While treatsd
with tolbutamide (1 G. dsily) the cortisone enhanoewant
of She glucose tolersnce test wes eoonsideradls, but
on eulorpropsaide (0.25 G.) the same patient showed
no enbancemsnt. A similay typs of result m.th tolbutanide
and ehlorpropanids was sesn in WeR, (Case 126).
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Gortisone anhanssment while patisnts were bsing
treated with shlorpropanide wes found to be lesa
with the other hypeglycasmio sgants.

Possible sxplenations fer this sotion {which
wan well exemplified in ocsses treated with doth
ohlorpropanide snd tolbutamids) ars te

X, Ths duration of sction of chlorpropanids is
longer, The halfslife of ohlorpropamide is 3L.5 hours
(Btowers et sl 1959). The halfelife of tolbutamids

is only 2 « 5 hours.

| In this eonnection, it is to be noted that
in A.F. (Case LE) the tests were carried out in the
usual way snd wvers repsated after & preliminary dose
of 50 mg. of DBI on ths mornings of the second aeries
of tests, The level of the glucese tolerance tests
was lower in the second series bHut sahancemsnt was
atill marked, L.¢s i apite of the feasd that
concentration of the guanide in 4he patient's blood
had influenced the hvol of ths bleod glucose, it
414 net significantly change She type of enhancement
produced by cortisone.



&. _‘ ﬁmﬁwmaww a&m A wa povwerful
hypogl; ;atm"ia sftect,

mezamgh @mmpmw ms found to be
6 me hypoglycnsnloe agea% mﬁs ﬁmu mtz mms |
to b6 & ltkely explasationt *xm m D.Rs (Cave 12?)
in whon its bypoglycssmio effsct whs dpamatie,
éoptisens caboncoment wos stiil oonsiderable; in
.o {0ase 326), 1n waon the coptisons enhancement
: was ¢hly olight, chilorpropamide 884 not produce @
 strlking taprovement in the glucone tolerance test.

/ | | »
- Thus the type of enhancérent was oot an

 inges of hyposisesents effectivaneses

Y.

An onalyeis of the mwm of m type
of wrusmﬁ enhmecnent of the: @MW tséZ,m@ﬁ

‘tost seen in pitients with neee sormel gmlma wiamaa

testy showed that these fell futo 2 mw {Boe GROUPS
2 and IX PREGE 227 aud 228 )8

2. fie lor only a1le) covtioans enhonosnent ma
seons in 7 patbente {5 Ercated with shlorpropemide, 1
lorpropamide + DBL, and i with telbotemidels

23] .
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+ SR ﬁamﬁé sohiencement wan semn m 5 -@Wimﬁi&u.
{The 5 were treatod with tolbutanide; ¢ne of these
patients rospended siotlarly when reated with

x. 2 - In the m%@m@ ";c‘ﬁb m«m& only :smgm:
eshancements 1 meinteined en Smproved glucose tolerance
towt aftor trsotuent wse otopped iﬁm;. Cane 76)3 anothep
patient maintained the bam&ﬁam& in Pasting levels

(3uRe Case 328)  In o231 the oths
Caod ;7)) the subssquent yesponse
agent remeined excellent (or Lupp

' cosen (except JoPe
to the hypogiyoasnte
ved further) and it
was vory suggestive that these patiante too wers in

ITe in those who showed i ‘f,,%aé enhancement of
the glusone t@%mm zmﬁ with cortieoner

{a) D.A. {Case 127) ehowod a séversly abmormal
glmmm tolerance uat when the %mgiya&mm ngent
woe awmtma;
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(b)  Rels (Case 79) had pravicusly siown a grossly
gbnériial glucons toledence Lest hen oarbutamide -
was amm%ﬁ for & whilep

o} ’H&ﬂpiﬁﬁﬂ&mﬁ shewed & ¢ iﬁémjﬁ amwmx

curve when tolbutomide wes stoppeds

e Iie (Gone 162) aleo showed & considepably stnormel)
surve when tolbutemide was um@w for I wesk (2L49459).

| An outoome of the findings in Oroup T end xx
is M the eaﬁismfgm&ma tolopance tewt in patients
treated with hype giymmie agents wdaht prove to be an
index of um%; pipght Gosuy: :.f s &:Waglycsmu agmt
wers m be. mwnm ‘

mm& & vmmtm op mmﬁ gmm&a
tolepance test (withodt treatwmont
glucons tolepanse test of e@rﬁit‘f‘f?‘i
sgent wos seen in the following pat

Rebe
Do
GoRo @ﬁ&@ 76

T4,  Case 162
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An inspestion of individusl results iu
the pationts who chowad only mu@ﬁ ammam% A
s&&h corticone seemed %o mggoﬁ% &m @i’ the remsining
6 patientn, 5 were in & state of pemission. Thus in
5 patients cortiscne bad reprodussd ¥he expested changs
in zlucoss %aamw tost m& in & Aurther § there '
was mgga&i:ﬁ% avidenon mw M& wma;d. .

It 15 tenpting to mwwwo after 8o
‘inspeotion of the rosults seen fn Oroup I vhethep
these patients wers in o phese of wenlesion when
the cortisons/glucoss tolepancs kest wen dones ’mé'
results seen mggnﬁw thet ono patient on eseamwamma |
mﬁ § potients on um«smémmn had gone into @mmmxa |
Fapthe a%sxﬁy on ﬂﬁs m&tﬂs is M&Mﬁ@

(In this connestion &u is w&wwﬁng to note |
m&s GronvillesOrossnman st el !3@%) had reported |
thet & glucose tolerance aalﬁ %%ﬁ sy blovd Mﬂu
| wsum for wesks or months &Cter & 6 week cousse of
’Wﬁﬂ)a : '




m&wa the a&m&ﬂ@«w of thie finding
vhich oonid e ammw g6 follges ¥

Glucose tolersnoe %cﬁﬁ (aﬁ#ﬁaﬁw + wmxyemm&e
ggmt)—%ama e@xema mg lwmﬁwﬁ a%mmh

 Thie u a pe&nt af eumsiderable mgemgt
in this sestion ma w am iﬁw&w&yﬁng the
tisnts ubo are belng

cﬁrmm m gwwaiw muma o m:mm
glwmmgmwiﬁ hy e!m liver by mm&t&m in m o
k novense in diver ma: | _v:"“m mmvﬁty. Increased
lver transaninsce sotivity has bees demonstestod in
enimals o8 & presult at sortisons a@m&n&@mmm {Bein -
et al 1%&%, Gevesto et ax 195?% v

This has aleo been confivmed by Boven ot &1 (1958)

who suggost that the @%ﬁaw}ﬂ ﬁm% thely gluconsogenetic

eotivity by vistus of thelr offect on Liveretransasinase.
Patetok ot a1 (1955) pointed out that verteus

conditions « glusccersieold sdministration, high protetn

dlet cad stopvasion - which ape Sssocleted with
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tuerensed Iiver g&mmwgﬁmaw@ azm m@mie@
by &6 1656850 ia %'_’f’.f’f"»" ,;?f‘tnm ﬁé%ﬁi%ﬁa |

| it tas been WW%@ to that in elloxen
 Glabstic vats thers L& & dlstinet lnow
itver trensaninese aamvthy w_; iauer ot ax mﬁm

of the cases of dlabetes they mwmga%m. the

~ rtx»ma@mﬁw activity of ths 1iver cell 14 reduced
by traatnent of the dlabetlc stats « pogerdless of
the type of dlabetes and mﬁﬁ@? treatuont was w
dtet alune or losulin as wells

Bernotetn (1957) hue doncnstrated fuhibition
of alanine trenssminase by the two subphonyluren
ompounds cerbutenide and tolbutosids end has suggested
that. theve sompounds anert w&m’&awgiwgmw offect by
&aﬁ&ﬁm_x@g transanination in vives It is sugeested
that by inhibiting transenination sush compounds
awﬁﬁau o mﬁa of mﬁ@i&é@g@a@@@a snd honey. lower
the blood mgim _ Incressed hepstic gluscncogonesis
1o the most vesdily demonstrated metabslis effect of
the steroide and has besn esteblishod in lsoleted liver




 an well a8 1o the Intsct enimel and
{Zhorn ot al 1957}

Do the hypoglyoaemic sgents fohibie
- glusonvogencais ex has been sugee

 goud
‘the opposing sffects of hypsglge

seule agent and

sertisone be used an svidence that the hyposlysesmic

agents vob, 29 suggested by Boristeln, by ishibition
of alanine transsminased |

| Whsye corticcne bay Falled to produes
snhinsenent doss this oignify that tus hypeglycasmic
agont has producsd its effect ﬁz? &m%rmg e
astion of govtieone {i.00 by mmam hepatie
gluceneogenesis or alantne trenvaniness eotivivy) ¢
It ths w@&giymm sgent produses 1te effect in |
this way 48 1t that severe subagement is seen in
gome taBSH WO Ere well é&z&m&%ﬁ with the
bypoglyeasuie sgent T o

Stod by Somstoln
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 ths results found in this study of
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This would suggest that in these cuses
at least, the hypoglyoaenic effect in achieved by
8 mochand  other than by clenine transorinase
m&iﬁtm& : o a |

In the teses @aﬁﬁrm'aﬁf mmﬁ section, the
tisone enhensement mey be oo index of
the subsequent couras of the patier

bypoglysaeale effoctivenses of thi agents.

ts ot ROt of the



A, o 2o
Discussion of the
- THESIS AS A WHOLE

r

A UNIFYING GONGEPT

CONCLUSIONS.
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DISCUSSION OF THE STUDY AS A WHOIE:

From the available evidence &b the present
time 1t ceems that the suggestion made by Levine
and his collesgues {19k ‘sénaf 1950) that the key point
in the action of insulin is on tha parmeabllity of

the cells to gluaose. is the carracb one&

This sugg@atian‘has‘aiﬁﬁ been supported
by the work of Park (1953) and by Drury et al {1952).
Insulin aeceleratea the transfer af glucose from the
blood or exeracellular rluid into the fized tissues
of the body. Its princigai aite of aation therefare, 7

is. 3he cell membrane. 

| There 18 now no real svidence to suppert the
previmusiy held view of an aeceleratimg effeet of

insulin on tha 1ntracellula? eatabaiiam éf glucose.

 The work of vmme, et al 19&9) on the
intpecelivler action of insulin in 4n vitvo

. prepurations, haes net been supported by the results
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of experiments on intact llving sanimals where the

rate of disposal of pyruvate and lactate did not

seem to depend on the presence or absence of

insulin (Flock et al 1938), More recent experimental
work on completely diabetic animals (Ingle 1951) has
demonstrated an increased utilisation of glucose by

muscle during muscular exercise in the complete absence of

insulin.

In discussing the mechaniams of insulin

action, Stadie (1955) has indicated that the possible

blochemical lesiona in diebetes may be concerned with:

(1) the permestion of glucose through the cellular
barriers to sites of enzymatic action,

(2) the activation of glucose by reaction with adenosine
triphosphate to form glucose-b6-phosphate,

(3) the production and storage of highe-energy phosphate
compounds such as ATP and creatine phosphate,

() the defects in the oxidative reactions particularly

of derivatives of glucose.

Whereas the action of insulin on the cell



22 .

e .

. mombpane aésms'uell osteblished, the sugpested
action on the hexckinaae‘r@&etien‘ia) aa-ﬁeil is
atiil uncértain'- it ‘Booms 1ikaiy then, that aftepr
gluenaa hasg antar&é the aeli it 18 not dﬁpmnéent
on the astion of 1n3u11n.

xnaida the call, gluaaaa f%iluﬁa one of
% main p&hhaz

(1) Gonﬁansion inte glycogen

(1) Ganvergiaﬂ into fat or pro%ain
ana (1£11) Oxidation to COp and Hp0,

The present evidence for the existence -
of 2 m@in‘tygea of diabetes in men is considerable,

and probably ganerally aaceptedo

Two elinical types of diabati¢a have
long bean recognised: '

: 15 | The young diabetic who rapidly loses

velght and becomes ketotic without insulint the
sowcalled Juvenile type or 'Growtheonset? ty@e?‘
(T&La.%ype docurs aﬁ’anyxgge?'hug magﬁly in the ?ﬁung')
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2. The 'Maturity-onset' type of diabetic:
obese and of an older age group who can generally

be managed without insulin,

According to their mode of response to
insulin the 2 types have alao_sometimee been classified
as the insulin sensitive group (the juvenile type)
or the insulin resistant group (Maturity-onset type).

Pathologists had noted that in a large
percentage of diabetlies they were unable to detect
any morphological changes in the isleta of the
pancreas at autopsy. Warren (1938) reported that
26% of the nutopsies in his series of diabetics
revealed essentially normal islets, VWrenshall et
al (1952) found that whereas the growth-onset type
of diabetics have practically no 1nsuiin in the
pancreas, the insulin-content of the pancreas of the
maturity-onset diabetics was approximately half that

of non-diabetics.

The final evidence in support of the
¢linieal subdivision came with the report by
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Bornstein and Lawrence (1951) that thers was no
available Insulin in the plasma of the jJuvenile
type but that the plesma of the maturity-onset
dlabetics contains available insulin (roughly 70%
of normal controls). The 2 groups can therefore
be broadly divided into:

(a) Diebetics with insulin deficiency and

(b) Diabetics-withoute-insulin-deficiency.

From the available evidence it might be
deduced that an insulin lack is probably not the
factor responsible for the maturity-onset type of

dlabetic.

Prom this, it would appear that while
diabetes due to insulin deficlency will be corrected
by the edministration of insulin, diabetes-without=-
-ingulinedeficiency will not be fully corrected by the

administration of insulin alone.

| The metabolic lesion in this type of diabetes
seems to ocour in the intracellular metabolism of
glucose, Is it due to an interference with the

enzyme aystems (l.e. the snzymss or coenzymes) which



are concerned with activities of &nﬁeﬁm@&iary‘metabelism
‘such as oxidationabeauctien, aleavage¢ graup'tranafer
and ram@val @r additien of watar, phﬁaphate, 062 and
ammenia? Is such an interference inaepandent of

,hermcnal control? N

The intraceiluiar matabslﬁam cf 51ueese is
.depenﬁent on the integrity of various enzyme»eoenzyme
aystems‘ In SEﬁTIQR III of this thesis the importance
of the coanzymes DPN and TPN in intermeaiary metabeliam
was discussed. Does the metabolip 1esion in diebetes =

the earliest deviatieh from ﬂefmgl b,accuf'in these

coenzymes?

A &efeét in the'ceénzymes'wbuié;prodﬁge_a
widespregd;aerangementléf_cérbohyarate metﬁﬁelism~anﬁ
| of the inéefeénneated p?éiein ana faﬁ ﬁetah@liam.as
is apperent &f&e? tha censidematicn af ;ts multiple
functions 1n interma&iary wetaballsm previoualy

;discussea (SEGTTOﬁ III paga 26 ;5

That 4 block in 1mtermaaiary.m&tabeziﬁm'
can produce widespread effecta,'fr@mﬂa ﬁisturbancé of

function to death of eells, is seen in sodium
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fluoroacetate {'S8FA') poisoning.. Thus in sodium

" fluoroacetate poisoning (the toxic principle of the
S8outh Arrie;n plant, ?gifblaar'), Peters was able to.
demonstrate that fluoroacetic acld was transformed to
fluorccitrate and this jammed the oxidation of citrate
leading to abnormal accumulation of citrate (Peters

1954, Liebecq and Peters 1949).

In 'SFA' polsoned rats diabetes was noted
(Engel et al 1954). The hyperglycaemia and ketonaemisa
of the 'SFA' poisoned rats was 1htarpréted.aa
representing diebetes mellitus secondary to the metabolic
effect of 'SFA' on the tissues in general, of to & more
specific effect of 'SFA' on insulin production by the
beta ecells of the pancreas, The metabolism of both
carbohydrate and fat within the cell is !'jammed! at the

elitric acid stége and metabollsm is slowed or stopped.

This is an excellent example of a purely
biochemical lesion in the cell producing a widespread

disruption of cellular metaboliam, OCan diabetes be
similarly produced by an interference at the
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engyme-coenzyme~substrate level?

DFN is of vital importance in carbohydrate
metabolism, Does the metabolic lesion in dlasbetes

occur at this point?

Disturbances of DPN (See also SECTION III pages 37- 39 )3

DPN may be interfered with in various ways.
Nicotinamide is its most active component. It has
been shown that a variety of analogues of nicotinamide
1.6, anti-metabolites can replace nicotinamide in
the molecule of DPN (Woolley 1945). INH is one such
anti-metabolite of nicotinamide (Zatman et al 1954 (a)
and (b)) and there have been reports of aggravation of
diabetes and a disturbance of carbohydrate metabolism
in ndn—diabotic tuberculous patients treated with'INH
(Luntz et al 1953), Whether a mechanism similar to this
oceurs naturally is still problematical. If such &
mechanlism were shoﬁn to operate naturally, it would be

of great interest.
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In man, nxe@tinamidq is farméd'frém tryptophan;

" In SEGTIQﬁ IIX iﬁ was steted bhat xanthurenic
| acid can ba formad rrcm tryptophana Its.fermatien can

‘be diagrammatically shownvaa,follawaz_v

. Tryptophan
Normal metabolism . Paulty metabolism
Nicotinamide : 7 Xenthurenic acid

fBiabeEagénie ?)

. This mey prove t@ be a product of great 1ntarest
~in studies of dlabetes, Kataka (1955) has summariseé

& series of exparimenta aarried out by him ané his
asaoeiates which 4ndicate that xanthurenie acid eausea |

diabetes in rats and that it may ba & factar which is

operative in man as well.

Animal expefiments indisate that tryptophan
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appeared to be more important than nicotinamide in
maintaining 1ivar pyridine nucleotides sven though
nicotinamide is present in these nucleotides (Williams
et a1l 1950 and 1951).

fyridoxine has been shown to be necessary
for the conversion of tryptophan to tissue pyridine
nuoleotidas‘(xring ot al 1952) and for the conversion
of tryptophan to nicotinic scid (Sarett 1950, Sarett
et\al 1950). When there is a pjridoxine deficlency
xanthurenic acid is formed inatead of nicotinic acid,

An incresse in xanthurenic soid exoretion
uli found after high doses of INH when tryptophan
wes administered (Biehl et al 1954 (&) and (b)),
(Compare the finding of Luntz et al (1953) of an aggravation
of carbohydrate tolerance when INH was given to

tuberculous patients),

Xanthurenic &cid has been found to be
present in the urlhe of dlabetic patients in greater

quantities than in normal man {Rosen et &l 1955).

Xanthurenic acid has a structure similar
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to oxine (8-hydroxyquinoline) which has been shown
to be dlabetogenic in rats (Kadota 1950).
The structural formulee of oxine,; xanthurenic

acid and nicotinic aqidAgggwshawng

o OIH
'/Q\g‘\I
I
-C -COOH
N\
"OH '
XANTHURENIC ACID

{ ?/C\ﬁiqccOH
. C\N/C, o
NICOTINIC ACID

6

78N /\?;
C

I
NN
oH

r

OXINE {8-HYDROXYQUINOLINE)

|
I

Are the substences, xanthurenic acid end
oxine, diabetogenic by virtue of an action which
interferes with nieoﬁinamide in DFN, i,e. are these

substences antie-metabolites of nicotinamide?
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Kadota had attributed the dlabetogenic
effect of oxine to its chelating action; but subsequently
(Kadota 1951) he has found that several related products
did not produce diabetes in gplite of the fact that they

wore equally or more effective as chelating egents.

The chelating action doos not seem to be
the likely explanation, therefors, and we are left with
the previous suggestion that xanthurenic acid and
products similar to it may be diabetogenic by virtus of
e possible anti-metabolic action in relation to

nicotinamide.

It has been pointed out that a low concentra-
tion of a critical enzyme or coenzyme iIn the beta cells
may be responsible for the production of diabetes
(Lazarow 1949). It has been shown (in the production
of diabetes) that the interference of cellulaer metabolism
neod not occur only in the beta cells, e.g. SFA diabetes
(also, in view of the faot that the diabetes of maturity
onset is not dependent on insulin deficiency are we perhaps
not overstressing the part played by pancreatic
destruction when considering the diabetogenic activity

of a substance?)
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The question for consideration here is
whether & low concentration, or a qualitative or
quentitative alteration, of the coentymes DPN and TPN

are responsible for the production of diabetes?

An anti-metabolite could bring about such
an alteration in the coenzymes and it is very
tempting to postulate that substances like xanthurenic
aclid and related dlabetogenic products act in this way.
Up to the present time there has been no evidence

that this actually ocecurs.

It hae already been stated in SECTION IIIX
that nicotinemide has been reported to prevent
alloxan induced diabetes in animal experiments

(Lazarow et al 1950 and Banerjee 1947).

In view of the importent role of nicotinamide
in the coenzymes DPN sand TPN, it was decided to test
the sffect of nicotinamide administration in large doses
over & long period to patients with diabetea. {In man
the concentration of DPN and TPN c¢can be increased by
the ingestion of large smounts of nicotinamide (Axelrod
et a1 1940, Kohn et al 1938, Handler et al 1943).
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Blood glucose levels and glucose tolerance
tests were used as the index of progress in these
cases. It was found (see SECTION IV) that several (20)
of the nicotinamide treated group showed improvement and
in some of these patients a remarkable improvement in
glucose tolerance tests was noted to normal or near
normalj in the majority of the treated diasbetics (28),

however, no change was recorded.

It is difficult to assess the part played by
nicotinamide in producing such complete remissions as
seen in some of the cases of the study. There is a
dearth of such long term studies of diabetes in the
literature; but remissions in diabetes are recorded.,
These reported cases of remission have not been studied
as comprehensively (with records of glucose tolerance
tests before and after remission occurred). It is
possible that if there were reports of similar long
term studies, remissions similar to those demonstrated
in this thesis may be recorded in the natural course
of the disease. At present there is suggeative
evidence only that nicotinamide may have pleyed a part

in producing the completeness of the remissions seen.
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It seemed pasaibla that nicatinamiﬁe may

- have faveurably influeneed the eaurse of the diabetes_
in some of the diabetic patients of the atudy, but

it must be pointed out that a failure of responae

to ninatinamida administratian does not rule out the

" possibility of the existence of a mechanism of
production mf~éiabetea=dapendant on ihtérfarence

with the coensymes DPN and TPN;;eggg iflirreveraible
'1ntraeé11u1ar changes hava»alreaﬁy!accurre& a8 & réesult
of the changes ?rodneed.‘ In this cénnaeticn it may be

" pointed out. that there is evidence of a ehange in
'diabatie rasp@nsa (to troatment) with the passage of
time, ©.8s | | | |

(1) Remissions have been noted to ocgﬁr'iﬁ_aiabetaa {of
recent onset) ahbrtly'hrter the aommsauament éf ﬁraatmant
with insulin = 1.@. the 1nsu11n rgqairement may dearease
far a while. | »

(2) Remissions in éiabetés can be indﬁaad;by ﬁeight
losa - 1f these patients have & rélépseyin diabete§
after regaining weightva second attempt at inducing

a remissien by weight loss will not 8uccaeﬁ. This

 was pointed out to me by Prufessor Linder (195&) and
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since then I have been able to confirm this in

patients observed at the diabetlic c¢linic.

This latter type of response was seen in
other instances as well. Remissions seen in the
nicotinamide treated patients lasted for & variable
time (in some for years) and were then followed by
& relapse of disbetes when theres was a fallure of
reapongs to nicotinamide treatment. These same
patients in whom there waas this relapse of diabetes,
when treated with tolbutamide, showed an excellent
remission - in some to @& normal glucose tolerance
test. After the passage of a variable time, this
response was followed by 2 relapse in the disbetes
once again {or the recurrence of grossly abnormsl
carbohydrate tolerance) in spite of continued tolbutamide
sdministration (secondary tolbutamide failure).

At this point it might have been thought that
these patients had developed & more severe type of
diabetes (e.g. the juvenile type), yet clinically,
they were still behaving in the same way as the

maturity onset diabetiocs and this was confirmed by a
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good hypoglycaemic response to another sulphonylurea
drug, chlorpropamide.

Riboflavine in Disbetes:

A point worthy of mention was the incidental
cbservation that in the patienﬁs who recelived riboflavine
(15 « 45 mg.) over a long period of time, there seemed
tc be some elevation of the fastihg blood glucose levels
and of the glucose tolerance test. Thus, riboflavine
may have seemed to behave as a dlebotogenlc agent in
these patients. It is of interest that some workers
should have suggested that in the metebolic breakdown

of riboflavine, alloxan may be formed (Banerjee et al

19k5).

Potagsium Salts in Diabetic Patientst

The observations on the effect of the
administration of potassium salts (300 m,Eq., daily)
were continued for up to 2 menths., It was found
that potasslium produced a uniform elevation of the

fasting blood glucose level in these diabetic patients.
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The most striking outcome of the long term
stuﬁy'en‘these patients was the demonstration of .
remissions in glucose tolerance test to normal or

near normal after administration of these agents.

This'Sﬁué§1shaﬁe&_that.théra'were'grogsi
‘fluatuati@ns in glucose téleranca'ﬁests ﬁnﬁerkﬁhéx_
1nf1ueneé of various agentea', Patienﬁs who had beenﬂ
shown to heve severe abn@rmalities in glueesa talerance
teat were ahown to remit to the extent of having &
normal glucose telerance tests In the sama patient |
thélfénm of the curve was shown to vary considerably
from time to time@  This &aul& best'hé'seen“by an
examination of tha-iiiustraﬁiana_iagthm iﬁdiV1du§1 cases.

It was possible to classify the patienta

who ahéﬁed a‘;acd_fas%i5~ By Pos

ilycaemic reésponse into

2. typgé: )

(1) those who had a n@rmﬁl er'aimost normal’

during treatment,
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(2) those who had a low normel, & normal, or

near normal fasting level but gonsiderable

elevation of the rest of the glucose

tolerance curve,

This long term study of fluctuations in
glucose tolerance tests during diabetes showed that
the previously held view that thore was merely & general
lowering of the curve &fter treatment could not de

applied to the results seen in the patientsvof the study.

Although 2 cases in the firat group may have
demonstrated this effect by merely a gensral lowering
of the curve, the majority showed & change ln form of
the curve, oe.g. low fasting and 2 hour levels were often

demonstrated in the glucose tolerance tests.

The Hechanlsm of Action of the Hypoglycacmic Agentaj

This isstill not understood, Various
suggestionas have baen made for the mode of sotion of
sulphonylureas, Loubatieres had suggested a stimulation

of insulin secretion, Pancreatectomlisgsed animals showed
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no fall in blood sugar f@liowing'iffﬁ but'paftially'
p&ncrea%e@%omised animala did sh@w this re&penae _

' {Loubatieres 19&& anﬁ 19&6). Miraky (1956) pastulated
 that they aeted as '1nsulinase inhibiturs', 1,84 the
»'aetien af insuiin was enhﬂnced by inhibitian of its

- destruﬁtien‘

These are the views most generally held at
present, i.e. the sulphonylureas act by inercesing the

amount, or the affectiveness,-@f insulin.

It saems 1ikely that their effeat is
independent of inaulin. Tha diebetics who are benefiteé
by the sulphanylureaa, have been shcwn to have plasma

insu]im, ‘the sulphonylureag do. nat enhanee the aetion

of &gministarediinaulin_invthe_?uvenilewt 6s It seems
far more likely that their action is on tﬁeaintracalluiag'

metaboligm of glucose, 1.6. beyond the insulin level.
In this study'the’biguaniﬁea wqré shown to .

be effective in & group of diabetics who were not

benefited by a'trialfofvgll the sulphonylurea drugs.
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These wore 811 of the maturity onsot. ¥ith
%hﬁ exaeyﬁ&an of one, whna@ scrmencement wee under L0
goars, all were alﬁn;ly diabetics. Some of them, howaver,
© were belng oontrolled with &ms&iﬁnApr&ar to the |
ﬁnnﬁiﬁ#@iﬁn @f‘ﬁh@‘kigmam&ﬁa thorapy. ' |

1& maa found vea, that in & fow or the gounger
’axaaeexms, who had severs juvenile type uzamutea
{eatablished for some years) and ﬂh@»?ﬁﬁ%ﬁﬁeﬁ lerge
doses of insulin, the biguanides improved ﬁi@batﬁ&
control on & susller dose of insulin. This effect was
nover seen in osteblished Giabetes of the Juvenile type
with the sulphonyluroa ﬁrm@s¢ The biguenides schieve
their nfruuh in e differamt way from the suxphaﬁyturena.

- bEx lmwapﬁ the blood sugar iﬁ,axzaxam -
éiabat&e (Utgar ot &1 1957), and hepatectomised {(Nielsen
et 8l 195&% animals, the degrae of &nsp@n&e %@Sng

preater in mha intaet animel,

@aa;xaﬁﬁar workers suggest that'ﬁﬁz éaar@aaes
glueuna@gamaaza, and that ﬁh&a may be ono uey in which
it aeh&avaa ita affaat; -



Both DBI and gumnidine s&ppear partially
to inhibit, within the tricarboxylic acid cycle, the
energy transfer dependent upon the coupling of

oxidation with phosphorylation (Hollunger 1955).

Regarding the mechanism of action of the
hypoglycaemic agents: 1t was hoped that interesting
information might be obtained from a study of the
cortisone enhanced glucose tolerance test particularly
in the patients who had shown & good hypoglycsemio
response to & pharmmacologlical agent. It was suggested
by Bornstein (1957) that the hypoglycaemic agenta

produced thelr effect by an inhibition of alanine
transaminase, i.e. that they inhibited hepatiec

neoglucogenesis.,

Would they inhibit this action of cortisone

264

(see page 223 ) if cortisone were givon? It was found

that some of the cases who showed a&an excellent response

to the hypoglycaemic agent (e.g. with & normal glucoso
tolerance curve) showed marked enhancement of the
glucose tolerance curve when cortisone was given as

well, In these cases it seemed unlikely that there
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b T e

was an inhibition of neoglucogenesis by the
hypoglycaemic agenﬁ. |

The use of cortisone in these agées asd
revaaz an interesting point‘ it was fcund that'the.
cortisone test enabled a predictian of the further
course or-éiabates were the hypoglycaemie agent ta
be amittea. The response seen could be equatad thusst
G.T.T. {Cortisone + Hypeglycaemia agent) = G T T. {without
either). |
In %h@se'patienté in whom a good remission in diabetes
was seen (e.g. a normel glucose tolerance test) and no
enhancement was produced by 3orti§ene@ wag it passible
to prediet that tha diabotos was in vemission? ?ha}'
svidence was suggeative but more obssérvations would have

to be made.

It eaul& be apeculated whethar the hypoglycaemic

agent had in fact achleved 1ts effect §3

the'e.caae

by an inhibition of hepatic neoglucogenesis.

&auﬁ:;

Carbohydrate tolerance in

In a study of cerbohydrate tolerance in
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gout 1t was found that there was a high incldence
of abnormality of glucoss tolerance. 12% of the

cases showed a frankly disbetic ocurve,

This study on gout was undertaken to see
whether & product of intermediary metabolism - of
normal or faulty metabolism « might play a pert in
the pathogenesis of diabetes.

In discussing the significance of the high
incidence of abnormal carbohydrate tolerance in gout
in SECTION VI, it was suggested that this finding was
related to the faulty metabolism in gout itself.
(Herman 1958). This would imply that naturally
occurring substances might interfere with intermedliary

metabolism of carbohydrate in mane.

IHe Adrenal Cortical Steroids and Diabetes:

The effect of the cortico-asteroids on

carbohydrate metabolism has been extensively studled.

Cortisone is now known to have a diabeto~
gonlc action in man by virtue of its action on

hepatic neoglucogenesis, It has become &n important
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research tool in the discovery of potential and
latent diabeﬁQSa'-Ite offgect in pradueiﬁg'enhancement
- of the glucose %elarance test in diabetes has been

o extensively stuﬁied by Fajans and Conn {195h) and

thip type of work has been.carried out in varioua centres

now,

_ In'this study the inrluance.af cortisone on
the glucose telerance test of gouty patients nhes been
investigated, The raaulta have auggeated that the T.
'gouty patients are at 1eaet as susoeptihle to the |
d&abetoganic affeets @f cortismna aa ara & gr@up of
patiemts who were seleeted because tnmy Wwere conaidered
to be latent diabetics or- who were known to have haﬁ

a diabetic aurve or an abnormal,aurvevbafareg-

?hia cauld be cited as additional suppart '
for the suggastien that some inherenh éefaet of |

aarbahydrate motebolism exists in gnut, y

" A& supprising fiﬁﬁing'ﬂ&ﬂvﬁhéﬂfﬂilﬁﬁ@wﬁf'4

@artisena»ta'pfaénue significant enhancement in more

of the patients who WBre‘praviouslﬁ-knéwn\te have had.
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- an enhanceé curve; ir these patienta wera mefely 1n '
a 1atent phase of &iabetas (dur&ng thair ?@MiBElOHBJ

Jit wns ta be auspeateé that cortiaona w@uld prevaka a

maaifestly diabetic curve,

Althaugh nicatinamide hed been shcwn in -
nnimal axperiments o prevent allcxmn &nduaed aiabates,
tha aamin&atratx@n of n;eatinamida faileﬂ to prevent

e@rtisom " enhancement in 2 patxenta (mﬁ@ who hna e

d&abatie curve an& the nhhar who was in a stata of

ramisaian)a In one patient thmugh, wiﬁn 8 ﬂarmal curve,

vthe aertisene/glucoae toleranee eurve f@llowing

nic@tinami&a was bettar chan the ? preceding curves

(i,e, a precedxﬁg standar& gluause %eleranae test and
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A TURIFYING CORNCEPT

26
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A UNIFYIRG CONCEPT:

My study of diabetes mellitus over the
years has proved fascinating. In the beginning
certain questions were posed and yet more have

arisen as the study has progressed.

There are still meny unsolved problems
in diebetes. Some of them are connected with
the most fundamental aspects of tho disease, o.g.
we s8tlll do not know where the metabolic lesion
in dlabetes lies; we do not understand fully the
mechanism of action of insulin in diabetes; what
was the significance of von Noorden's (1903)
provocative,but universally confirmed ,finding of
the beneficial influence of the catmeal dlet which
was destroyed by the addition of protein foods ?

There seems to be little doubt that the
campogition of the dlet particularly with reference
to 1ts protein content may influence the development
of diabetes in man (Minkowski 1892, Allen 1913,
Marks and Young 1939).



zkﬁ'

What factors in man lead to the
production of dlabetes ? Alloxan 1s the best
known diabetogenic agent. Does a substance
reiembling alloxan occur as an tntormodiary'xn
metabolism in man. Loubatieres (1954 ) has done
interesting work on this aspect but the final

answer is not yet known.

Xeanthurenic acid too has been reported
to be diabetogenic. This substance is related
to nlcotinamide and both are derived from the

sane parent substance tryptophan.

In my studies I have sought those factors
occurring in the errors of metabolism which may

influence the development of diabetes.

I was struck by the many interesting
correlations in the 2 most studied metabolio
disturdbances, gout and diabetes, The experimental

ovidence in animals made me go on to a study of
the interconnections of thwse conditions in man as
well.
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Tha prgduation of  the' 2. matabel&c |
dlsturbanaes, gouz and diabetas by the same egant
allexan in ﬁns pigeen is of fascinat&ng-reievancex
Was this to-presage & camman underlyzng maahanism of

predustién ef %ha 2 disturbaneas ?

'”"whsée'aﬁéréther‘reétﬁr&é*whieh'ﬁﬁéée 2
distirbsnces 6f metabollsm also share: obesity,
hyperdhvlaateralaemia, atheroselerﬁsia. nephropathyi
ete. (It is interesting to compare the 1nciaanco
cf‘ﬁheae~assaeiated-metabelia-ﬂi&%urbanaes With
that fauné 4in’ the ‘South Africen Bantu people in wham
several studies have sham the m:rikingiy lew i.ncldenao
of dtabetes mellitus’ (Pél&tzer ot al 1960)‘ -‘ﬁ‘low
1neidonea nf aiabetes, 1ew 1n¢id§nc§ of gcut aﬁé‘éf
‘atheposclerosis. Their serum éholesterol is low and
" there is & iﬁﬁ,sernm»u&ie}adia {Mibashan 1959)).

| 1fhﬁ*hi@h"inéxééﬁéé @f'ﬁiﬁbetéé ané'dbﬁérﬁal
aarbdhydrate toleranca inﬂg@ut_fauna 1n my stndy may
be ‘considered a further iink in the asseeﬁation of ﬁhese 2

matabalic aisturbances.

| ‘i‘he esortiwna enhanced test in a group of gouty
patients in this stnas'suggestaa_éhat the geuty-patienta



may be unduly suscsptible to the diebetogehic
effects of cortisone. ~ fhis point roquires further
1nvestigatiom. 3 | SRR o

R The a&miniatratian of &OG,T.H, causes an )
_upneaVai ef purins matabglism anﬁ &t has béen
suggeete& bg Cann (19&8) ﬁhaﬁ & purina matabel&ta
exarﬁs an alloxanulike effeet ana is raspensibla
for reaueing tho: intraoallulaw avaiiab&lity of free
aulﬁhydryl graups an& this- leads 36 the aevalepmant
of 8imbetes. Both giutaﬁhiane (Gann ot nl 19&9)
and nicotinamide have besn shown to afford protection

against di:iﬁ:ﬁaﬁ-iﬁ&weaw a@abae-e-é manamm '

) Ba allaxan-lika substanaas axert ﬁheir :'_
inrluen@a by an effeah on nicutinami&a (Racker 1955)
and glutath&qna,?

xuexa@pretains may sepve as a resarvoir
of reaﬁily available ma@erial f@r use as coenzymea
(soodak 1955). , mn u-. ba Mwwn %mt the adenme '

eamponsnt @f the eeﬁnzymes may be disturbed 1n the‘:
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same way as tha nieetinamida molety can (weellay 19hs) ¢
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,Ia ,t’_at'e an intemenneah”j L.

) thaae ﬁiatu&bancas? LWl ﬁt be ghown e.ga ﬁhaﬁ tharé

ts gome fauiby diversion in Qroﬁein,metabelism {e.gs at

the Kreba drea cyele > & meoting. paint of earbehyarate,
app@tein, and parane metabolisnm « } towards ‘inereased
. production of pyrimidine {or asacciated allaxanulike

: substmces ¥

o ln ehza thes&s I nave peintad out the very
vinteresting assoeiat&en @f the two met&bslﬁc
disturbaaeas; g@ut &nd ﬁiabetes meliﬁtués

_ Cortlsone haa haen uﬁea as a meana af

"further invastigating this aaeaeiaﬁinn and algo’ f@r
studying its affect on the aaﬁian of the hyPOglgeaomin
‘agents in diabetess B ,‘ SRR

| Phyaiolegicai ana pharmuualog&ﬁal »

'hypegiycaemie agants have been 1nveatiga%eé. ij 



CONCLUSIONS :

The most significant outcome of the Study:

1, In the study of the influence of
nicotinamide on the glucose tolerance test, it

was seen that patients uhé had grossly ahnnrmal
glucose tolerance curves developed glucose tolerance
tests which had reverted to mormal. This remission
in diabetes lasted in some cases for & period of

years,

24 Patients treated with the phermacological
agents showed considerable fluctuations in their
glucose tolerance curves, Glucose tolerance curves
during treatment differed from those before and after

treatment. Some patients developed a normal curve.

3, A coneiderable proportion of the patients
with gout showed diabetic glucose tolerance curves,

or other abnormalities of the glucose tolerance curve.

L. Patlients with gout were found to be more
susceptible to cortisone enhancement of the curve

than a comparable group.

272
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5 Cortlsone enhancement of the glucose
tolerance curve was less pronounced with chlorpropamide

| thaﬁ with any of the OEhaf‘ﬁypéglye&em£e ag§hta uged.
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