CONTROL OF DIABETES
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Since there iy growing cvidence that stricter control of dinberes helps in the prevention
and ireatment of dinkeric complications, sreatment in the Armed Forces is designed o
obtain, us far as  possible. @ physiclogicul control  ar dinberes,  without the
treatmenl being irksome or mmaccepiable 10 the patient in any wu¥, or coming in his wiy o
retention in service and perfarmance of duties. The patients are treated willy g low-tar,
high-protein diet in order of preforence with —

(A) Talbutamide, J'u}hul.nuid-;-bnn[—TD. anil
Tolbutamide | DBEI-TD | Inzulin,

{B) ﬁ‘hbcnc!:mi-l:,{ji}'hcn\:l.umde-l-ﬁﬂr T
and Glybenclamide + DRI-Ty 4 Insulin,

The net resulis wbtained in 123 aduls Indiun disbetics treated with regime  (A) Were
normul pre-prandial and post-prandia) blnod sugar levels under 1rewiment in 25 cases (20,3 per
cent), aormal 1000, plucoze ‘tolergce tesr under ‘tréatment in 74 cases (6062 per cent), and
normal cortisonc glucase tolerance 1est under trentment jn24 cases ((9.3 PErce
results: abtained in 26 diabetic coascs treated with regime (B were nornal
post-prandiol blood stigar levels wnder treatment ig 15 cnses (17.5 Pereenth, normual Widg, glucose
tolerance lest under irestment in 43 cases 1323 per cent), and pormal cortisone slucoge
lolerance iest under trestment in 26 cases (032 percontl. These results favour the View that
glvbenclamide is more powerful than tolbutamide in its antidiabhetic effect.
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All prticnts with normal coripsone glicose tolerance test
medical category A, those with normal X &, gluvose tolerunce t
citegory B, and 211 those with nornial pre-prandial and post-pra
iregiment qualified for medical category O

uider treatment qualified for
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ndial blood sugar levels under

Introduction elveaemia the patient is a potential or g

: - latent digbetic and gives 1 positive COoTt-

The progress of diabetes from its ineep- I i & P B ]
on to 13 {crmination in coma is as Sone glucose tolerance tesl. Since, how-
Follows, cver, diabetic complications have oceurred
Days eor years before the onset of

sympioms ke paticnt  develops hypergly
cacmia. Before the development of hyper- a0 dabnormal slage between the absalute
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narmal and the positive cortisone plucose
tolernnee Lesl,

Subseguently the glucose tolerance test
becomes positive. When the blood sugor
rises to levéls abour 160-2(0 me per
100 ml the amount  of glucase  filtered
through the plomeruli exceeds the capacity
ol tubules 1o reabsorb it and  glycosunia

Y resulis, Depending on the level of blood
sugarand the renal  threshold, the urine
sugar may vary from o inaee to 10 per cent
oreven higher.

Large  guantitics of wrinary  glocose
cause diuresis, dehvdration and  sal
depletion,

Due 1o ahsence of usahle plucose there
iz hreakdown of depot far and muscle
protein. Owing te increased conversion
of falwe acetyl coenzyme A and non-
availability of plucose to  facilitale
the recombination of acetyl coenzyme A
intg fatly acid, the net formation of
ketone bodies formed, are in execess of the
tissues ability o consume them. The
kelones consist of acctoacetic acid, bela-
hydroxybutiric acid and acetonz. Except
tor acetone they are acids. and behave as
such in the blood and Llissues. To begin
with they are neutralised by the phosphate
and bicarbonate buffers in the blood and
seriotis fallin blood pH i prevented.
‘This is further helped by the Kkidneys
conserving sondium.

. When kelosis becomes severe  these
defences break  down  and  sodiem,
potdassium  and magpesium care lost in
large amounts.

; -
With the onsgl of vomiting, the

lossof base, chloride and water becomes

exireme.
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Lactic acidosis may result from failure
of the triearboxylic or Kreb's cyele. The
condition is akin to a severe hypoxic
state. Mormally im the presence of oxygen
when the breakdown of glyeogen or glu-
cose reaches the pyruvic acid  stage, the
lutter enters the tricarhoxylic cyele to I'Iu'
oxidized to CO» und H, 0. In i hypuxic
stage the tricarboxylic cyele is blocked
and part of the pyruvate 18 converted into
lactate by the diphosphopyridine nucleo-
tide (DPN)-DPNH systent,  Since cell
surfaces are readily permexhle to both
pyruvate and lactate, these two ‘metnbo-
lites puss into the plasmn.’ When the
production of lactate exceeds the ability
of the liver to reoxidize il into  pyruvate
for synthesis of glycogen, the hlood laciate
levels, which in health and al rest do
not exceed 1.25 mM/L. may reach 20 to
0 mM/L. The normal levels of \:'Il‘cl-ﬂ'u!-'-
ting lactate and pyruvate havea ratio
of 10: 1. In lactic acidosis the ratio is
much greater than 0:1. Since both
lactate and pyruvate wure organic acids,
metabolic acidosis results. The plasma
bicarbonate and pH fall. The difference
between the cationicand anionic concentod-
tions, which is uwsually about 20mEq/L.
may rist as much as twofold due to
faclate.

In seyere uncontrolled dehydrated
diaheric. coma may result, from extremely
high levels of blood glucose in the absence
of ketoacidosis and laclic acidosis. The
hlood sugar levels vary from 400 ‘to 2200
mg per 100 ml with an average of about
1000 mg per [0 ml. The serum osmo-
larity is increused. The serum sodium
is often more than 150 mEg/L. The serum

_potassivm is nornmloor ow.

‘The immediate treatment of diabetes
nieilitus depends on the stage at which the
paticnt is first seen, with the ultimate
ohject of eslublishing as far a8 possible



16

ﬂ‘———__dt

Jo A ML Ko OF MDA

& physiological control, if not a remission
with the hope that complications will be
prevented and existing ones will regress.
When, potential diabetics and lutent
diabetics should be treated, merits consi-
dereration. Asymptomatic diahetics,
symptomatic diabetics without ketosis or
with compensated ketosis require routing
reatment, and patients in  ketoacidosis,
lactic acidosis, hyperglycaemic hyperos-
molar coma require the most vigourous
measures to save life. Pregnant diabetics
4re a problem in themselves, In this
Paper I shall restrict myself to the routine

trealment of a case of diaheles in the
Armed forces,
Girades of contral

Although there are differing wviews

regarding the degres 1o which hypergly-
caemia should be controlled, several
surveys have shown that there is an
undoubted correlation between the control
of diabetes and the incidence of its
complications, There has also besn evi-
dence of reversal of dizbetic complications
with stricter treatment. Although these
findings do not necessarily mean a “cause
and effect’ relationship, they suggest that
a careful control and aggressive treatment
of the disorder over the vearsisa most
important lactor in the postponsment and
probably in the prevention of complica-
tions, Thkere are indications that if the
normal physiologic status is restored in
diabetic patients the complications may be
altogether  prevented. Thus. although
women with abnormal corlisone plucose
tolerance test, untreated with oral hypao-
elycaemic compounds, are prone  to
obstetrical complications, the incidence
of these complications in treated overt
diabetic women under adequate but lesser
degree of control than indicated by a

nermal glucose tolerance test is reduced
o zero.  Similarly we find diabetic pati-
ents who have continued to have & normal
glucose tolerance test under tolbutamide
treatment  have been spared  diabetic
complications aver the past 11 to 12 years.
However, it is possible that the beneficial
effect in these observations was not entirely
due to normoglycaemia but had also been
contributed by associated normalisation
of blood lipids and blood glycoproteins.
Oral hypoglycaemic compounds are known
to have a beneficial effect over these. 11 is
logical thercfore that the aim of treatment
in diabetes should be to restore the man to
absolute normal. The criteria for likely
fesponse Lo treatment in lerms of normal

rhysiologic status have therefore been laid
down as following :

Grade IV control with abnormal prepri-

ndial and postprandial blood
sugar levels,

Grade TII control with normal prepran-
dial and postprandial blood
sugar levels,

Cirade TT control with normal glucose

tolerance test.

Grade |  control with normal cortisone

glucose tolerance test.

The norms for blood sugar levels in
these Grades of control are as follows ;

Preprandial less than 100 mg. and posi-
prandial léss than 140 mg. per
100 ml, of blood.

Gilucose tolerance test - fasting less than
108 mg., peak less Lthan 160 mg.,
and 120 minutes less than 120 mp.
per |00 ml. of blood.
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Cortisone glucose tolerance test (with
prednisolone 10 mg. given 8 hours
and 2 hours before the glucose
tolerance test) - fasting less than
140 mg., peak less than 200 mg.,
and 120 minutes less than 140 mg,
per 100 ml, of blood.

Trentment

In planning ireatment the poinis given
altention are the patient's weight, his
exercise, diet and treatment with oral
hypoglycaemic compound ur both hypogly-
enenic compounds and insulin,

Weight

The uptake ef glucose by muscles is
progressively impeded as obesity increuses.
The reducnion and shedding of obesity are
associated with marked improvement in
the uptake of clucose by muscles. This
reduction is attributable to a reduction of
the clearance of insulin into the muscles;
rather than ‘a reduction of the metabolic
response of the muscles to insulin {Butter—
fleld, 1967). It is estimated that for each
insulin molecule leaving the circulation
for musele, two million glucose molecules
follow. Overweight patients should be
reduced to normal weight at the pre-treat-
menl stale and treated if necessary, It
should be borne in mind however that
when overweight patients return to normal
weight; their glucose tolerance may return
to normal, but in about 90 per cent of
them the cortiscae glucose folerance test
remains abnermal (Navarrete et al, 1966).

Exercisc
Muscular exercise increases the utilisa
bion of glucose by skeletal muscles baoth
in the normal and the diabetic mdividuals.
mechunism by which  thisis
accomplished 15 not clear.  There 15
no evidence that this is the result
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of increased insulin secretion,  since
the serum insulin-like activity and the
immuno-reactive  insulin levels  during
exercise have been found to be, eithes
decreased or show no change atalls It
seemy likey that an exercise metabolite
is involved which increases the clearunce
of insulin into the hyperaemic muscles
(Devlin 1963 ; Cochran et al. 1966). Even
modernile exercise intreases the glucose
uptake by the cxercising muscles two 10
threefold, ‘The increased insulin ¢learance
into muscles during cxercice may moerc
than compensate the diminished insulin
clearance in an ohese individual and
prevent him from becoming o diahetic.

Diet

A low-fat high-carbohydraie high
protein diet is used with advantage in the
treatment of diabetes mellitus,  Fat
depresses the insulin mechanism, where as
a high carbohydrate dier promotes the
development of the islets and increases the
sugar Lolerance. A combined low-fat
high-carbohydrate diet helps in the reduc-
tion of blood triglyceride levels (Louis,
1968). 1t seems likely that a high profein
intake favours increased insulin synthesis,
as well as the synthesis of promotors of
insulin sceretion (Berger et al. 1964; Floyd
el al. 1964 : Berger and Vongaraya 1966).

The relationship between the carbohydr-
ate ingested and the insulin necessary to
metabolise it is approximately logarith-
mic. Hence the strain on the insulin
mechanism resulting from high-carbohydr-
ate intzke is relatively small, and in actual
practice . s more than compensated by an
improvement in the insulin mechanisn,
There is no experimental or clinical prool
that prolonged use of a high carbohydrate
dict will exhaust the islels of Langerhans.
We have ourselves used such a diet
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successfully in diabetics over the pust
12 years.

The cwloric value of the diet should
cater for the requirements of a fighting-
fit soldier, The calories for underweight
patients should be initially adjusied so as
e bring these patients to normal weight.
A sucrose-free diet which provides 3000 -
3500 ecalories normally  suffices for a
soldier.  Our practice is to make up this
dict with fat 50-75 g., protein 120-140 g.,
and carbohydrate 520-570 g.. 'with appro-
ximately [f5th, 2/5th and 2/5th of the
otal caloric requirements provided at
breakfast, lunch and dinner respectively.
This distribution of calories facilitics
control of postprandial blood sugar after
breakfast, which in many cases is more
resistant to control than at any other time.
The patient's cooperation is ensured by
his adhering to diztetic habits within the
composition and the caloric requirments of
his diet.

Treat ment Regimes

The pancreas normally secretes about
25 1o 40 units of insulin a day. When
insulin enters the liver via the porial
vein part of it is trapped and the rest of
it ‘enters the general circulation, The
amount of insulin trapped in the liver
depends on the rate of its secrction. Thus
when insulin is slowly secreted under the
influence of sulphonylureas, il is almost
vompletely trapped in the liver and little
or mone enters the general crrculation:
The action of insulin in relation 1o hyper-
glycaemia. as far as the hepatic cell is
concerned. s 1o prevent the release of
glucose mto the blood. The action of
insulin in relation to hyperglyvcasmia at the
periphery, as far as the muscle is concer-
ned, ix to prevent  the reiease of glucose
mto the Blood. The action of insulin
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in relation to hyperglycaemia at the peri-
phery, as far as the muscle is concerned,
i5 1o aceelerate the transfer of glucose from
plasma to the inter-cellular water.

Diabetic hyperglycaemia can be there-
fore treated by a drug which has an insuli-
nogenic eflect on the hepatic cell, or by «
drug which will accelerate the transfer of
glucose from the plasma to the intrucellu-
lar water. The drug with the former
action 15 tolbutamide or glybenclamide
and the drug with the later action is

phenformin,  When tolbutamide/glyben-
clamide and phenformin, singly or in
combination, are inefective, insulin

provides both effects.

The treatment regimes used in order of
preference are :

A) Tolbutamide, Tolbutamide-DBI-
TD, and Tolbutamide | DBI-TD+-
Insulin,

B} Glybenclamide, Glybenclamide |

DBI-TD, and Glybenclamide+DIBI-
TD - Insulin

The choice 1s made in 3 phases. In Phase
I. all cases are treated wilh tolbutamide
.5 to 1.5 g/,Glyhenclamide 5to 15 mg.
given usually in a single dose with break-
fast. 1f there is no significant improvement
with  tolbutamide/Glybenclamide in 6
weeks, in Phase 11 DBI-TD. (Time-disin-
tegration capsules of phenformin) 50 mg.
is given in addition o tolbutamide/Gly-
benclamide with one or all meals aceor-
ding to requirement. Il there is no
mmprovement with the tolbutamide/Gly-
henclamide plus DBI-TD combination in
12 weeks, in Phase 111 insulin is added 1o
the treatment,  In our experience prota-
mine zinc ansulin once a day at 10 P, M.
t caler for the control of fasting  hlood
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sugar und subsequently throughout the
day, on as required basis gives most satis-
factoey results,  The duration of phase |
anif weeks and of phase 11 as 12 weeks iy
not arbitrary, but is based on experience
of treadment of a large number of cases,
and represents the peried in which at any
time the paticnt may start responding 1o
treatmient.  The aim of using a particular
dose i5, on one hund, nol Lo precipilate
hypoplycaemic reactions and, on the other,
o maintain the blood sugar within normal

levels as already defined.  Normoglycae-
mia  seems to Dbeget normoglycaemia.

Thercfore when grade 171 control (normal
preprandial and postprandial blood  sugar
levels) is oblained with any of the 1real-
ment regimes, the regime is continued
and further improvement in (Grades of
carbohvdrate tolerance is assessed. 10 at
any time; improvement ceases short of
a higher Grade of contral with the tolbu-
tamide /Glybenclamide or the tolbutamide]
Cilybeclamide plus phenformin  rezime.
treatment with the next regime 1% insti-
tuted till a finality of response is reached.
A normal fasting blood sugar favours a
higher grade of contrel. 1In abour 5 per
cent of cases @ selective adjusiment of
dosage and time of administration to
control high fasting blood sugar mizy be
required, Some patiénts may require
maintain
Grade | conirol,

There iz usually wide warianee in the
rate of improvement from case 10 case.
Thus  wilh  wlbulamide/Glybenclamide
Grade 111 control s oblained in 2-20
weeks, Grade I control in Subsequent 4-36
weeks, and grade Teontrol in 12-48 weeks:
and in cases requiring treatment with
Tolhulamide/Glybenclamide DBI-TD

gratle | contral is ohtained in | 1047
weeks and Grade Il control  in 4-8
weeks
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The overall resuliy obtained by us al
the end of 12 months treatment in 123
adult Indian diabetics treated with regime
(A) ure: normal Pre-prandizl and post-
prandial blood sugar levels under ireat-
ment in 25 cases (20.34), normal 100g.
glucose tolerance test under treatmént in
74 cases (60.2%) and normal cortisone
glucose tolerance test under treatment in
24 cases (19.5%). Tn comparison. results
obtained in 86 diabetic cases treated with
regime (B) are: normal preprandial and
post-prandial blood sugar levels under
treatment in 15 cases (17.5%) normal
100 g, glucose  tolerunce test  under
treatment in 45 cases (52.3%), und normal
cortisone glucose tolerance test under
treatment in 26 cases (30:24). These
results favour the view that glybencli-
mide is more powerful than tolbutamide
in its anti- diabeti¢ effect.

Grade | control caters even for strésses
involved in major surgery under general
anacsthezia as the following case record,

All patients with normal cortisone
glucose  tolerance test under treatment
qualified for medical category A, those
with normal 100 g. glucase tolérance test
under treatment for medical category B.
and all those with normal pre-prandial
and postprandial blood sugar levels under
treatment qualified for medical category C.

Case Record

A. S.. male. 38 years old who had
worked upto Grade 1 contral with tolbuta-
mide, 1.0 g. at breakfast between |8 OCL.
67 and 28 Feb. 68, was operated for
indirect inguinal hernia on 29 Mar 68
after an overnight fast. Pre-medication
of pethidine 100 mg. and atropine 0.6 mg.
was given af (0845 hours. Anaesthesin wag
induced with thiopentone 250 mg. intrave-
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nously at 0915 hours, and It was maintain.
ed with minimum quantities required of
nitrous oxide, Oxyeen and ether. Muscle
reluxation was obtained with gallamipe
60 mg. The Opcration ended at 1030
hours, The indyction, Maintenance and
recovery from annesthesia were absolutely
uneventful. Ie hyd g Smooth posi-apera-
tive phase on a.normal  routine without
4Ny particular management referable 1y
diabetes mellitys. Blood sugar levels on
the day of operation. in the fusting stage
and just before induction of anaesthesia
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