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Abstract: Diabetes mellitus is characterized by chronic hyperglycemia with disturbances of carbohydrate, fat, and protein metabolism resulting from
defects in insulin secretion, insulin action, or both. The prevalence of diabetes is rapidly rising all over the globe at an alarming rate. There is an
increase in the prevalence of type ldiabetes also, but main cause of diabetic epidemic is type2 diabetes mellitus, which accounts for more than 90
percent of all diabetes cases. Future drug therapy of TIDM will depend on the success of ongoing and planned intervention trials. Immunomodulation
alone, or possibly combined with immunosuppressive therapy, seems to be promising in reducing the loss of C - peptides after diagnosis. Sudies of
the function of the human immune system lag behind that of the mouse and rat.Snce 2001, Trial Net, an international network of clinical research
groups supported by the National Ingtitutes of Health, has established an infrastructure for trials for predicting and preventing TIDM.

INTRODUCTION

Diabetesméllitusischaracterized by chronichyperglycemiawithdisturbances
of carbohydrate, fat, and protein metabolism resulting from defects in
insulin secretion, insulin action, or both. The prevalence of diabetes is
rapidly rising al over the globe a an darming rate. Thereis an increasein
the prevaence of type 1digbetes d o, but main cause of diabetic epidemicis
type2 diabetes mdllitus, which accounts for more than 90 percent of al
diabetes cases. According to World Health Organization (WHO) reports,
India had 32 million diabetic people in the year 2000%. The Internationa
Diabetes Federation (IDF) estimates the total number of diabetic subjectsto
be around 40.9 million in Indiaand thisis further set to rise to 69.9 million
by the year 20252 The mgjority of cases of diabetes fdl into two broad
etiopathogenetic categories now caled type 1 and T2 DM.

The etiologic classfication of diabetes mdlitus currently recommended by
WHO and the ADA in 1997.

DIAGNOSISAND CLINICAL
PRESENTATION

Typel DM: Typeldiabetesmdlitus, resultsfrominsulindeficiency following
destruction of theinsulin-producing pancrestic betacdlls. It most commonly
presents in childhood but one-fourth of cases are diagnosed in adults. The
incidence of type 1 diabetes varies depending upon various factorslike age,
family history, environmenta factors etc. Incidence rates in children <14
years ranging from 0.1/100,000 per year in China to 37/100,000 per year
in Finlanc®. The incidence of childhood type 1 disease is rising worldwide,
with reported annua increases of 2 to 5 percent in Europe, the Middle Eat,
andAustrdigt. Type1A disbetesmellitusresultsfrom autoimmunedestruction
of theinsulin-producing betacellsin theidets of Langerhans. In geneticaly
susceptible subject, this process is probably triggered by one or more
environmenta agents. Type 1B diabetes mellitus refers to non-autoimmune
idet degtruction.

Type 1 digbetes can present in severd different ways’. Classc new onsgt,
digbetic ketoacidod's or as asymptometic incidentally discovered digbetes.
Classc new onset presents as hyperglycemia without acidosis. Symptoms
are caused by hyperglycemia and include polyuria, polydipsia, and weight
|oss despite incressed appetite initidly. Children with type 1 diabetes often
present with diabetic ketoacidosis (hyperglycemia and ketoacidosis). The
International Society for Pediatric and Adolescent Diabetes (ISPAD) in
2007 defined the following biochemica criteriafor the diagnosis of DKAS
; Hyperglycemia, blood glucose of >200 mg/dL (11 mmol/L) a metabolic
acidos's, defined asavenous pH <7.3 and/or plasmabicarbonate <15 meg/L
(15 mmol/L). These abnormalities are accompanied by hyperketosis

(concentration of total ketone bodies >5 mmol/L) and hyperosmoldity.
Some children will be diagnosed with type 1 diabetes before the onset of
clinica symptoms.

Type 2 DM: T2 DM meéllitus (T2DM) is the most common form of
digbetes Itischaracterized by disordersof insulinaction andinsulin secretion,
ather of which may be the predominant feature.The risk of developing T2
DM increaseswith age, obesity, and physical inactivity. T2DM showsstrong
familid aggregation, so that personswith aparent or sbling with the disease
are at increased risk, other individuals with obesity, hypertension, or
dydipidemia and women with a history of gestationd didbetes are dso at
increased risk of developing T2 DM. T2 DM isnow congdered to beafacet
of Syndrome X (Reaven's syndrome) comprising of hyperinsulinemia,
dydipidemia, hypertenson and hyperglycemia.

T2DM frequently goes undiagnosed for many years because the
hyperglycemia develops gradudly and in the earlier stages is not severe
enough to produce the classic symptoms of diabetes, however, such patients
are at increased risk of developing macrovascular and microvascular
complications. The classic symptoms of polyuria, thirst, recurrent blurred
vison, paresthesias, and fatigue are manifestations of hyperglycemia and
osmoaticdiuressand are present latein the course of diseese. Diabetesshould
be suspected in women with chronic candidd vulvovaginitis as well asin
thosewho have ddivered largeinfants (4.1 kg) or have had polyhydramnios,
pre-eclampsia, or unexplained fetal losses.

MONITORING OF BLOOD GLUCOSE

Blood glucose testing: The glucose con-centration is 10-15 % higher in
plasma or serum than in whole blood because structura components of
blood cells are absent.

Venous blood sample: The laboratory methods commonly used for
determining plasmaglucose utilizeenzymatic methods, colorimetric methods
or automated methods.

Capillary blood samples: Severa strip based portable, battery operated
meters utilizes glucose oxidase method. L atest generation devices represent
a noninvasive method relying on infrared absorption spectra

TESTING FORKETONURIA/KETONEMIA

Mogt strips utilize a nitroprusside re-action that measures only acetone and
acetoacetate. Although these tests do not detect B-hydroxybutyric ecid, the
semi quantitetive estimation of the other ketone bodies is nonethe-less
usualy adequate for clinica assessment of ketonuria.

GLYCOSYLATEDHEMOGLOBIN
The major form of glycohemoglobin (HbA, ) is abnormally elevated in
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diabetics. Glyco-hemoglobin generdly reflects the state of glycemia over
the preceding 8-12 weeks, thereby providing amethod of assessing chronic
diabetic control”.

DIAGNOSTIC CRITERIA

The diagnos's of digbetes mellitus is based on measuring venous plasma

glucose in the fasting state and 2 hours after a 75 gram glucose load

(recommended by the WHO). The details of the diagnogtic criteria are

given in Teble 18°°,

e All vauesarevenous plasmaglucose

e To convert mg/dl to mmoal/L, divide by 18.

e |n case of an abnormal test result, the test should be repeated on a
different day.

Ord glucose tolerance test (OGTT) is recommended by WHO and not by

ADA for epidemiological purposes.

Table 1:Diagnostic criteria for Diagnosis of Diabetes mellitus

Category | WHO | ADA
Impaired fasting glucose (IFG) BGF=100 to < 126 mg/dl BGF=100 to < 126 mg/dl

Impaired glucose tolerance (IGT) | 2 hr post glucose > 140 mg/dl | -
and < 200 mg/dl
BGF >126 mg /dl or BGF >126 mg /dl or

2 hr Post glucose > 200 mg/dl | Casual = 200 mg/dl + Osmotic

Diabetes mellitus (DM)

(OGTT) Symptoms
Normal FPG=100 mg/dl and PP < 140 | FPG=100 mg/dl and PP < 140
mg/dl mg/dl

MANAGEMENT OF DIABETES
MELLITUS

Diabetes mellitus is condition associated with number of complications
including coronary heart disease, retinopathy, neuropathy etc. It is now
clear that tight control of blood glucose significantly reduces the risk of
complications of diabetes. Therefore, multidisciplinary approach, involving
dieticians, endocrinologists /diabetologists, cardiologists, nephrologists,
ophthamologists, chiropodists etc. is needed for management of diabetes
mellitus.

MANAGEMENT OF TYPE 2DIABETES
MELLITUS

Non-pharmacological Therapy : Non-pharmacological measuresincluding
diet, exercise and dress dleviation are as important interventions for the
of digbetes.
Medical Nutrition Therapy (MNT): A proper diet isimportant component
of therapy in all patients with diabetes. In patients with T2 DM
recommendationsfor caoric distribution isasfollows: 55-60% energy from
carbohydrate, 10-15% from protein and 20-25% from fats. This dietary
digribution is dso indicated in patients with type 1diabetes on intensive
insulin regimensin whom near-normoglycemic control islessachievableon
diets higher in carbohydrate con-tent.
Dietary Fiber: Fibers such as cdllulose or hemicdluloses, as found in bran,
termed as insoluble fibers increases intestind trangit time and may have
beneficid effectson colonicfunction. Solublefiberssuchasgumsand pectin's,
as found in beans, oatmedl, or gpple skin, tend to decrease gastric and
intestina trandt dowing glucose absorption thus decreasing hyperglycemia
Artificial Svegteners: Thenonnutritivesweetener secchariniswidely used as
asugar subdtitute. Aspartame may proveto be the safest sveetener for usein
digbeticswhichis180 timesas sweet assucrose. A mgor limitationisitsheet
|abidity, which predudesitsusein baking or cooking. These should be used
in moderation.
Fruits: Fruits (whole) should be taken in moderation .However, very sweet
fruits and fruit juices can be avoided.
Alcohal: Alcohol intekeisbest avoided and if used must bein moderation as
it may worsen the dydipidemia, neuropathy and glycemic contral.
Common Salt: Up to 6 gms/day of are permitted. Restrict pickles, papad,
chatni and salty processed foods.
Tobacco: Smoking and the use of tobacco in any form should be prohibited.
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Physical activity: InT2 DM exerciseprogrammeto achieveweight reduction
and calorie counting is central to the management. The best form of
exerciseisastepwiseincreasein aerobic exercises. All diabetics need to be
evauated to rule out any contraindication like CAD, proliferative digbetic
retinopathy, autonomic neuropathy etc. before any exercise programme.
Brisk walking for 30-60 minutes or equivaent should be enforced regularly.
Yoga, atraditiona Indian system, has been demonstrated to have beneficia
effect in digbetes. Some agpects of Yoga like, Asanas (involving postures),
Pranayama (involving breath), Dhayana (meditation) and Bhavana
(visudlization) are beneficia but need to be learnt under expert guidance 4©-

PHARMACOLOGICAL THERAPY

Ord agents for the trestment of hyperglycemia (Teble 2).

The drugs for treating T2 DM can be divided into three categories

1. Drugsthat primar-ily stimulate insulin secretion, known asinsulin
Secretagogues.

2. Drugs that sensitize tissues (primarily liver and adipose tissue) to
the action of insulin named as insulin sensitizers.

3. There are drugs that principally affect absorp-tion of glucose by
retarding the

Table 2: Characteristics of oral antidiabetic drugs

Sulfonylureas nly used, o

Glibenclamide 12520 mg OD / BID Up t0 24 hours
Gliclazide 80320 mg /BID Up 10 24 hours

Glipizide 75-40mg/ ODBID 612 hours

-8 mg /0D Up to 24 hours

60-240 mg / befo

125 g with meals / 2 or 3 times | 7-12 hours
daily

4-8mg/ OD/BID 24-30 hours

Pioglitazone 1545 mg /0D 30 hours

75-300 mg / in 3 divided doses with | 4 hours
first bite of food

Mightol

* Tolbutamide, chlor propamide, acetoheximide and tolazamide are no longer in routine clinical
use.

INSULIN SECRETOGOGUES

Sulfonylureas: The proposed mechaniams of action of the sulfonylureas
indude: (a) augmentation of insulin release from pancredtic b cells and (b)
potentiating of insulin action on its target cdls.

Pancredtic b cdlls have specific receptors, consisting of two proteins, one
that binds the sulfonylurea (SUR) and the other which is an ATP-sens-tive
potassum channel (Kir6.2). It has been shown that activation of these
receptors closes potassum channdls, resulting in de-polarization of the b
cdll. Thisdepolarization alowscaciumto enter thecell and actively promote
insulin release. Table 2, enlists various sulfonylureas along with their
characterigtics.

Theearlier generation sulfonylured's, likeglibenclamideand chlorpopamide,
havealong duration of actionand high probability of inducing hypoglycemia
Glipizide and gliclazide have short duration of action and thus need more
frequent dosing. Glimeperide, is the newer generation sulfonylures, it is
given as monotherapy or in combination with other oral agentsor insulinin
asingledaily dose. (Max.doseis4 mg)* for each sulfonylureathe declinein
blood glucose for each unit increment in the dose is best seen till the half-
maximal dose of the drug isreached. After haf maxima doseis achieved,
further increese in the dose results in asmaller declinein blood glucose.
There has been concern of possible cardiovascular effects of sulfonyluress,
because the ATP sengtive K+ channdl, which is reponsive to sulfonylurea
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action, isubiquitousin its distribution. Some anima experiments and short
termhumean sudieshave suggested that earlier sulfonylured slikeglibendamide
and tolbutamide may have adverse cardiovascular effects but many large
trids using sulfonylureas have not provided any evidence for cardiovascular
risk. Since most sulfonylureas are metabolized in the liver and excreted
through the kidney their use is prohibited in case of liver dysfunction and
rend failure,

MEGLITINIDES

Thisis another class of secretogauges. They are smilar to sulfonyluressin
their mechaniam of action but lack the sulfonic acid-urea moiety products.
Repaglinideisgiventhreetimesaday 15 minutesbeforeeach medl (max.dose
of 16 mg/day); nateglinide is given 60 mg three times aday. The drug may
be useful for postprandia hyperglycemia, elderly and in patients with rena
imparment. There are less chances of hypoglycemiaand useful in patients
who have an inconsistent daily schedule with long gaps between medls @2-
Severd novel insulin secretagogues have been reported to act by dlosing the
K-ATPchannds. Themeglitinidederivativemitiglinide(KAD -1229) appears
to bind a the benzamide site on SUR1®.

INSULIN SENSITIZERS

Biguanides

Phenformin has been discontinued because of its association with the
development of lactic acidosis in patients with coexisting liver or kidney
disease. Metformin (1, 1-dimethylbiguanide hydrochloride) was introduced
in France in 1957 as an ord agent for therapy of T2 DM, either doneor in
combinationwith sulfonylureas. In 1995 FDA approved itsusein the United
States but has been used in most of the countries, including India, for over 4
decades The exact mecha-nism of action of metformin is not clear buit it
may reduce hepatic gluconeogenesis, dow down gastrointesti-nal absorption
of glucose and increase up-take by skeletal muscle. It can be used as
monotherapy, an adjunct to diet, sulfonylurea’s, thiazolidinedionesor insulin.
Metformin is relaively contraindicated in patients with cardiorespiratory
insufficiency, impaired rend function, any state likely to be associated with
tissue hypoxia, generd anesthesia, use of radiographic contrast media, and
age of 70 years. Maximum dose of metformin is 2550 mg daily. Common
sde effects of metformin are gagtrointestind symptoms (anorexia nausea
vomiting, abdominal discomfort, diarrhea. Lacticacidos's, though uncommon
withmetforminin con-trast to phenformin, isreported in caseswith associated
risk factors such as rend, he-patic, or cardiorespiratory insufficiency,
acoholism and advanced age .

Thiazolidinediones

These agents sensitize peripherd tissues to insulin by binding to a nuclear
receptor caled peroxisome proliferators-activated receptor-gamma (PPAR-
). Other effectsincluding, increased glucose trangporter expresson (GLUT
| and GLUT 4), decreased free fatty acid lev-els, decreased hepatic glucose
output, and increased differentiation of preadipocytes into adipocytes have
aso been observed. Troglitazone, was withdrawn because it caused acute
liver failure. Rogglitazone and pioglita-zone are used as monotherapy, or in
combination with sulfonylured's, metformin, and insulin. Common side
effectisweght gain, especialy whenthedrugiscombined withasulfonylurea
orwithinsulin. Thedosageof rosglitazoneis4-8 mg daily and of pioglitazone
15-45 mg daily. The Thiazolidinediones should not be given to petients if
ALT is 2.5 times greater than the upper limit of normal, and liver function
tests should be performed once every 2 months for the first year and
periodicaly theresfter’®. Recently Roziglitazone is withdrawn from India
and most other countries due to cardiac safety.

INHIBITORSOF INTESTINAL
CARBOHYDRATEABSORPTION

Alpha-Glucosidase Inhibitors
Acarbose and miglitol are competitive inhibitors of intestind brush border
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apha-glucos dases, thusdd aying theabsorption of carbo-hydratesand reduce
postprandia glycemic excursion. Both of these agents are po-tent inhibitors
of glucoamylase, a-amylase, and sucrase. They arelesseffectiveonisomaltase
and are ineffective on trehalase and lactase. The common ad-verse effect is
flatulence. Troublesome diarrhea seen in 3% of cases. The starting dose of
acarboseis 25 mg twicedaily and can begradualy increased to 100 mg three
times daily. A dight rise in hepatic aminotransferases has been noted in
clinicd trids (5% versus 2% in placebo controls, and particularly with doses
greater than 300 mg/d). Migli-tal is structurally similar to glucose, is
absorbable and is smilar to acarbosein terms of itsdlinicd effects. Miglitol
should not be used in rend failure since its clearance is impaired in this
Setting?s.

INCRETIN MIMETICS: Insulin has been shown to be released more
effectively through an oral glucose load than intravenoudly and this is
known as the incretin effect. This incretin effect is mediated by number of
peptides released from intestine. Insulin stimulating benefits of peptides
suchasGLP-1 arergpidly diminished asGL P-1israpidly metabolised by the
glycoprotein dipeptidyl peptidase (DPP-IV). It ispossbleto enhanceincretin
effect either by increasing the effect of GLP-1 or by dowing its breakdown.
Glucagon-like polypeptide 1 analogues. Exenatide is the first synthetic
agent belonging to the class of GLP-1agonigsIt augmentsinsulinrelease in
response to ingested glucose. In addition, GLP-1 suppressesingppropriately
high glucagon vaues which in turn suppress hepatic glucose output. It also
reduces the rate of gastric emptying, thus promoting satiety, resulting in
reduced caoric intake and weight reduction15pmj.It has aso been shown
that GLP-1 analogues may preserve [ call reserves. The recently published
dataon subjects completing over 2 yearsof treatment with exenatide showed
asugtained reduction in HbA1c and weight after 104 weeks of treatment.
Dipeptidyl peptidaseinhibitors Thisdassof drugsact dowing breskdown of
GLP-1 andogues. These agents works by enhancing the sengttivity of
cdllsto glucose, which causes enhanced glucose dependent insulin secretion.
Many studies using sitagliptin and vildagliptin done or in combination have
shown a postive effect on vaues of HbA1cY.

Phosphodiesterase inhibitors and other and approaches: The B - cell
expresses severd phosphodiesterases (PDES) that degrade cCAMP and s0
reduce insulin releese. Trangent inhibition of these enzymesin - cdls,
especidly isoform PDE - 3B, which exertsmost inQuenceon glucoseinduced
insulin secretion, could be a possible intervention®®.

Peroxisome proliferator activated receptor agonists: current,
thiazolidinediones (pioglitazone and rosiglitazone) exert their “insulin
sensitizing” effects largely by stimulating the peroxisome proliferator
activated receptor y. Stimulation of these receptor increase adipogenesis,
enhanceinsulin sengtivity. Additiond thiazolidinedionesthat simulate PPAR
v are being developed (e.g. rivoglitazone), and non thezolidinedione PPAR
v agonists have been reported™.

Other peroxisomeproliferator activated receptor agonists: Totakeadvantage
of the blood lipid lowering and anti-infleammatory effects of low aftinifty
binding to PPAR«. various thiazolidinediones and non - thiazolidinedione
molecules have been described with binding affinities for both PPAR aand
PPAR o 50 caled dud PPAR o./y agonigs(glitazars). Thetwo glitazars
(muraglitazar, tesaglitazar) were discontinued because of side effects. Pan
PPAR agonist or SPPARM sdlective PPAR modulator) could offer therapeutic
advantages®.

Vitamins and Minerals. Whether supplementation of the antioxidant
vitaminsC (ascorbicacid), E ( o.-tocopherol) and 3-carotenecan measurably
benelit insulin senditivity and reduce cardiovascular risk isnot clear . Vitamin
D3, appearsto be necessary for norma insulin production and secretion, and
may berequired for normal insulin action. Diabetic patientsareoften deficient
in circulaing vitamin D3 and preliminary data suggest that vitamin D
supplementation in delcient individuals might benelit glycemic contral.
Insulin like antidiabetic effects has been reported for zinc, lithium, sdlenium,
molybdenum, tungsten, mercury and cadmium®3,

Other potentiators of insulin action: Bromocriptine: The dopamine D2
receptor agonist bromocriptine, used in the trestment of Parkinson diseese,
gaactorrhea and prolactinomas, has long been known to improve insulin
sengtivity and glycemic control in T2DM.Bromocriptine as monotherapy
or an adjunct to other antidiabetic agentsfor up to 1 year hasreduced HbAlc
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by 0.5—1.2% reduced triglyceride, reduced some cardiovascular events, has
not caused serious hypoglycaemial®.

Lipoicacid, isoferulic acid and angiotensin-convertingenzyme inhibitors:
The antioxidant o - lipoic acid, used in some countries to treat digbetic
neuropathy, increeses insulin sensitivity and improves glycemic contral.
|soferulicadidincreasesexpressonof GLUT -4 and decressesgluconeogeness
Modest improvements of insulin sensitivity have been seen during trestment
with angiotensin converting enzyme (ACE) inhibitors, possibly because of
improved hemodynamics resulting from increased bradykinin®®.
Anti-obesity agents. Severd centraly acting appetite suppressing and satiety
inducing anti - obesity agents dso exert peripherd effects that improve
some actions of insulin and assist glycemic control in overweight patients.
Shutramine and Rimonabant: hasaready been withdrawn because of side
effects®.

> 3Adrenoceptor agonigts: Various 3-3 adrenoceptor agonists have been
showntosimulateinsulin release, improveinsulin mediated glucosedisposa
andimproveglycemic control in obesediabetic rodents, but adequateef icacy
have yet to be demondrated in humans's.

Sodium glucose cotransgporter 2 inhibitors: Glucose is Qltered through the
rena glomeruli and all that has been (ltered is resbsorbed in the proximal
tubules. Regbsorptionismediated mostly viathesodium glucose co -trangporter
2 (SGLT2) systems. Thus, speci(ic inhibition of these trangporters reduces
hyperglycemia by elimination of excess glucose in the urine. Selective
inhibitors of SGLT2 (termed “(iozins’) have been developed recently?.
Possible adverse effects of osmatic diuresisduring SGLT2 inhibition include
risk of dehydration and eectrolyte imbaance, as well as infection in the
urinary tract and urogenital region.

Srtuins Sirtuinscompriseagroup of seven enzymesthat are nicotinamide-
adenine-dinucleotide(NA D)-dependent-histone deacetylases and/orADP
ribosyltransferases. Sirtuin SIRT L iswidely expressed in mammalian tissues
including liver, muscle and fat, and appears to promote mitochondrial
biogenes sand activity in sometissues, increasing thermogenesisand reducing
susceptibility to weight gain, diabetes and cardiovascular diseese SIRT1in
pancregtic B- cdlsmay dsofadilitateinsulin secretion. Severd smal molecule
activators of SIRT1 have been studied in anima models®.

COUNTER REGULATORY HORMONES

These hormonesincreasesblood glucoseby simulating hepatic glycogenolys's
and gluconeogenesis. Agents that interfere with the secretion or action of
counter regulatory hormones could potentialy be thergpeuticaly useful®®.
Glucocorticoid antagonists: Increased glucocorticoid concentrations can
result in truncal obesity, insulin resistance and hyperglycemia, any gpproach
toreducetheglucocorticoid actionwill reducetheseadverseeffects. Sdective
inhibitors of 11 B - HSD1 have been shown to improve insulin sengtivity,
glycemic control and plasmallipids in obese diabetic rodents™.

Inaulin: Insulin is required in patients with T2 DM who have developed
sulfonylurea failure or those who are undergoing an acute infective or
operative event.

CONCLUSIONS

Previoudy availabletrestmentsfor T2DM haveimproved glycaemic control
but have been accompanied by weight gain and increased risk of
hypoglycaemia. T2DM is a progressive disease and more conventional
agentsdo not addressthe decline of acdll function. Newer agentsthusadd to
thechoiceof treetment optionsaready availablefor T2DM and arewelcome,
especidly in light of the recent safety concerns with some of the more

modern agents.
Management of type 1 diabetes mellitus

Insulinisthe only therapy available for patients with type 1 diabetesInsulin
replacement in patients with type 1 diabetes has been less than optimal
because it is not possible to completely reproduce the norma physio-logic
pattern of insulin secretion into the porta vein. The problem of achieving
optima insulin delivery remainsunsolved with the present state of tech-nology.
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Immunogenicity has been markedly reduced with the use of highly purified
hu-man insulin preparations, thereby reducing complications associated
withimpureinsulins,

Human insulin is now been produced by recombinant DNA technology.
“Purified” insulin is defined as containing less than 10 ppm of proinsulin,
whether extracted from animal pancreas or produced from biosynthetic
proinsulin. All human and pork insulins currently available con-tain less
than 10 ppm of pro insulin and are labeled as “purified.” The more highly
purified insulins currently in use preserve their potency quitewell; therefore,
refrigeration while in use is not necessary. At present, insulinsin the USA
are available only in a concentration of 100 unitsml (U 100) whilein India
both U 100 and U40 are available and dispensed in 10-mL vids. Four
principd types of insulin are available: (8) Ultra short-acting insulin, with
very rgpid onset and short duration of action; (b) short-acting insulin, with
rapid onset of action; (C) intermediate-acting insulin; and (d) long-acting
insulin, with ow onset of action (Table 3)*.

Table 3: Characteristics of currently used preparations of human
insulin and insulin analogues

Type of insulin Onset of Peak effect Dosing interval Time point to

action monitor effect
Mealtime (min) (min)
Lispro (rapid acting) 5-15 30-90 At meal 2hr
Aspart(rapid acting) 5-15 60-120 At meal 2-3 hr
Regular(short acting) 30-60 120-240 30-45 min | 4 hr

premeal

Background (hrs) (hrs)
NPH(intermediate acting) 2-4 4-6 Twice daily 8-12 hr
Ultalente (long acting) 3-5 Limited peak Twice daily 10-12 hr
Glargine (long acting) 2-4 Peakless Once daily Fasting glucose
Detemir 2-4 Peakless Twice daily Fasting glucose

Ultra-short-acting and short-acting in-sulins are digpensed as clear solutions
at neutral pH. All other commercid insulins have been specifically modified
to obtain more prolonged action.

Rapidandlong-actinginsulinanalogs. Rapid-actinginsulinandogs, suches
insulin aspart ,insulin glulisine and insulin lispro have a faster onset of
action, sharper and earlier pesk activity and more rapid return to basdine
levels than regular human insulin. Given before the evening med, large
doses of regular insulin increase the risk of nocturna hypoglycemia. These
problems are reduced with rapid-acting insulin analogs™.

Long-acting insulin analogs, detemir and glargine, the Orst soluble insulin
anaogs have a (at and prolonged time action prolle. Bolusbasd thergpy
that combines premeal agpart or lispro with glargine or detemir insulin has
emerged as the ‘gold standard’ for intensive injection therapy provided
through multiple daily injections (MDI) in adults withT1IDM?,

METHODS OF INSULINADMINISTRATION

A. Insulin Syringes and Needles
Single unit syringes (those with a needle fixed to the syringe to
minimize dead space) are available for injection of insulin. 27- or
28-gauge, and more recently even 30- gauge attached needles have
greatly re-duced the pain of injections. Disposable syringes may be
reused until blunting of the needle occurs (usualy after threeto five
injections).

B. Pen devices
Pen devices contain cartridges of U 100 regular human insulin and
retractable needles.Cartridges containing insulin lispro; regular
insulin, NPH insulin and pre-mixed insulin are available for use
with these pens”.

C. Sites for Injection
Any part of the body covered by loose skin can be used as an
injection site, including the abdomen, thighs, upper arms, flanks,
and upper outer quadrants of the buttocks. Exer-cise facilitates
insulin absorption whentheinjection siteis adjacent totheexercising
muscle. Rotation of sites is advised to avoid delayed absorption
when fibrosis or lipohyper-trophy occurs owing to repeated use of
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asingle site. For most patients the ab-domen is the recommended
site for injection, since it provides a considerable areain which to
rotate sites and there may be less variability of absorption with
exercise than when the thigh or deltoid areas are used.

NEW AND IMPROVED INSULIN
DELIVERY DEVICES

Advances in diabetes technology have helped to improve the outcomes of
management of T1DM in last three decades.

Intranasal: solubleinsulinadministeredintranasaly israpidly absorbed when
given dong with a detergent sub-stance to facilitete adsorption. Preiminary
clinical trids have demonstrated its efficacy in reducing post-prandial
hyperglycemia in subjects with type 1 diabetes. However, its absorption is
limited to lessthan 10% of the administered nasal dose. Thisreducesitscost-
effectiveness, and most manufacturers have dis-continued clinica trials
until more progressismadeinimproving itsbicavailability. Inhaersthat can
provide more precise ddlivery of drugs have been de-veloped, and inhaled
insulin is currently in phase 11 trids.

Insulin pumpsand continuoussubcutaneousingulin infusion: insulinpump
devices have become smdler and increasingly more sophidticated in their
functiondity. Insulin is ddlivered through a cannula placed subcutaneoudy
and replaced with a 72 h frequency. A continuous basd rate is programmed
into the pump and additiona boluses of insulin can be administered ‘&t the
push of a button. Smart pumps have a more sophisticated computer
incorporated into the insulin pump. The delivery of CSlI through insulin
pumps has been extensively investigated in the paediatric and young adult
population?®.

Continuous glucose monitoring (CGM) systems.  This system, through
which a subcutaneous, glucose oxidase coated sensor meesures interdtitial
(Ouid glucose concentrations and convertsthem to aplasmaglucose estimate,
provides a promising moddity for future management of type 1 digbetes. A
plot of plasma glucose concentrations over a 24-h period are produced and
can enableinsulin adjustment to identify episodesof hyper or hypoglycaemia
that may not have been identiCied using conventional capillary glucose
monitoring. More recently, red-time CGM and CSlI technologies have
been combined in asingle device and thisexciting technology may represent
a step towards an ‘atilicia pancress ®. However, despite advances, this
technology isin itsinfancy and its current role in the management of type
ldigbetesisunclear.

Other modes of therapy in T1dm: Amylin anaogues. Pramlintide is a
synthetic analogue of amylin, a polypeptide hormone, co-secreted with
insulin from pancreetic b cdls. It is injected pre-prandialy in addition to
insulinand hasshown modest improvementsin post-prandia hyperglycaemia
with20-30% decrease of insulin dose®. Treatment of type 1 didbetes with
pramlintideis associated with fewer hypoglycaemic episodes and Signilcant
weight loss. Itsuseislimited by nauseaand additional prick required besides
insulin.

Pancreaticandidet trangplantation: Whole-organ pancrestictransplantation
for the trestment of typel diabetes has largely been reserved for those
undergoing rena trangplantation for end-stage diabetic nephropathy. While
normalization of glycaemic control is achieved following successful
transplantation, but this thergpy carries the risk of pancregtic graft rejection
and sde effects of immunosupression®™.

Idet cel transplantation provides a promising trestment option for type 1
diabetes. f-cdlsisolated from a donor pancress are injected into the porta
venous system where they then lodge within liver sinusoids. These b cells
remain glucose sendtive and secrete insulin into the portd system, in the
same way as occurs in the physiological Stuation®. Variable B-cell yield
using thisisolation technique requires harvest from more than one pancress
to provide sufficient tissue for successful transplantation. Nonetheless, with
the future promise of engineered b cells using stem cell differentiation
methods, this technique of cell delivery/transplantation may provide a
successful long-term treatment of glycaemiain type 1 diabetes.

IMMUNOTHERAPY

Pancrestic B-cdll preservation usingimmunesuppressionor immunetolerance
has been disgppointing. When used as secondary prevention of type 1
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diabetes, cidogporin and anti- CD3 antibodies reduce the required insulin
doseand prolong b-cdll survival, asassessed by fasting and stimulated serum
C-peptide concentrations™ However, both of these treatment modalities
have unacceptable side-effect prolies, particularly given the age of the
target population.GAD-alum immunization in an attempt to promote
immune tolerance in subjects with diagnosed type 1 diabetes did not
signiGcantly reduce there quirement for insulin or improve fasting serum C-
peptide concentrations™. The use of these therapies requires more research
before their introduction as mainstream approaches to prevention of type
1 digbetesmellitus.

CONCLUSION

Future drug thergpy of T1DM will depend on the success of ongoing and
planned intervention trials. Immunomodulation aone, or possibly combined
withimmunosuppressive thergpy, ssemsto bepromising in reducing theloss
of C - peptidesafter diagnos's. Studies of the function of the human immune
system lag behind that of the mouse and rat. Since 2001, Tria Net, an
internationa network of clinica research groups supported by the Nationd
Indtitutes of Hedlth, has established an infrastructure for trids for predicting
and preventing T1IDM.
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