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ABSTRACT

Infection is an important cause of morbidity andrtality in diabetic patients. Chronic hyperglycaami
impairs host defense mechanism such as cell mediateunity, polymorphonuclear leukocyte (PMNL)
function, antibody formation etc. PMNL serves adibs first line of defense against various infeasioThe
present study was undertaken to establish a ctoelaetween impaired PMNL function, blood glucose
levels and its improvement with good glycaemic ocoinvith glibenclamide and glimepiride, with spdcia
reference to parameters such as respiratory bodsDa and HO, production by diabetic neutrophils.

Keywords: Type 2 diabetes mellitus (DM), PMNL function, regpory burst, @ and HO, production,
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INTRODUCTION

Once regarded as a single disease entity diabste®w seen as a heterogeneous group of diseases,
characterized by state of chronic hyperglycaemsaltimg from a diversity of aetiologies, environrhamd
genetic, acting jointly. The underlying cause cdlsites is the defective production or action ofiling
hormone that controls glucose, fat and amino aietabolism. Type-2 diabetes mellitus (DM) is a more
prevalent form of diabetes and its prevalence iemsing world wide due to change in’ life style.
Characteristically, type-2 diabetes is a long-telisease with variable clinical manifestations and
progression. Chronic hyperglycaemia from whatewaurse leads to a number of complications such as
cardiovascular, renal, neurological, ocular andrurrent infections.

Infection is an important cause of morbidity andrtality in diabetic patients. About 16.0% of pat&n
present with infection at onset. Infection is rasfible for 6.0% of diabetic deaths, is one of the
precipitating cause of ketoacidosis contributing2®0% deaths associated with it. Infection is s&ve
prolonged and difficult to treat in diabetic suligtc® Chronic hyperglycaemia impairs host defense
mechanism, such as, cell mediated immunity, polymonuclear keukocyte (PMNL) function, antibody
formation, decreased complement levels, along wattious factors such as drug induced hypoglycaemia,
ketoacidosis, decreased blood supply, capillaryemesnt thickening, neuropathy, malnutrition and
dehydratior. PMNL serve as bodies first line of defense agaimsading microorganism and an
abnormality of PMNL function may predispose to emsed susceptibility to various infections in dtaise
Chronic hyperglycaemia can impair a wide range wfcfions in neutrophils including chemotaxis,
adherence4 phagocytosis, intracellular killing, engxide anion @, hydrogen peroxide #D, and sorbital
production: The importance of several oxygen derived freecaldj Q’, H.O, and hypochlorite (OCI) has
been well recognized in the oxygen dependent baittel mechanisms. These oxygen derived free réglica
are produced during burst of oxidative metabolisatied the "respiratory burst". A major portion diet
increased oxygen uptake is used to forshvdhich is weakly antimicrobial in itselfHowever, it is a major
intermediate in the formation of,8,° which in turn participates in the well establistmadrogen peroxide-
myeloperoxidase- hypochlorite {8,— MPO - OCI) system having the most powerful oxidaactivity.”

Several reports are available regarding decreaségroductiofi’® and higher levels of Drelease by
stimulated diabetic neutropti:*? Various other researchers have demonstrated @4 ptoduction by
diabetic neutrophil is reduced on stimulatidii® in contrast, reports of increased@®4 production by
stimulated diabetic neturophil is also availalSiédowever, evidence of no significant differenceHsO
production by stimulated diabetic and control nephils has been documented.

Since 1960's oral hypoglycaemic agents have beet instype-2 DM to achieve glycaemic control. Most
commonly used agents are oral sulfonylureas (SCause of their better tolerability and side effexifile.
Second generation SU's are most frequently usédesisare dose to dose more potent and have lagser s
effect as compared to first generation agéhBlibenclamide is generally preferred second geitarssU
because of its low cost, high potency and longeatin of action® But its use is limited by its ability to



induce frequent hypoglycemia, which depresses thenomuclear cells and PMNL functidh®
Glimepiride, a new SU on the other hand, has betfigcaemic control and lower incidence of
hypoglycaemia due to lower insulin secretion everigh glucose _concentration because of its greater
insulin sensitizing effect in muscle tissue as cared to glibenclamid#.

Many workers have shown a correcletaion betweerairagd PMNL function, blood glucose levels and its
improvement with good glycaemic contfdf However to the best of our knowledge there has ez
many studies delineating the effect of glibenclaanahd glimepiride on PMNL function especially with
reference to parameters such as respiratory bogstand HO, production. Hence the present study was
designed to assess and compare the glycaemic taotmeved with glibenclamide and glimepiride atsl i
relationship with PMNL function.

MATERIALS AND METHODS

The study was carried out in the departments ofRaeology and Biochemistry, University College of
Medical Sciences (U. C. M. S.) and GTB Hospitalliendia. All the patients were recruited frometh
diabetic clinic and medical out patient departmehiGTB Hospital, Delhi, after obtaining their wati
informed consent. Sixty, age (minimum 35 years @aimum 70 years) and sex matched patients of type
— 2 DM were divided into two groups (A and B) eadmsisting of 30 patients. In group A, Glibenclaenid
(2.5-15 mg) and in group B, Glimepiride (1-4 mg)sveaministered.

IncIusLon criteria: All patient above 30 years of age diagnosed as @M by WHO criteria (WHO TRS
1985)7°
a] 1. Fasting plasma glucosel#0 mg/dl
2. 2 h post-prandial plasma glucos260 mg/dl
b] Patients who did not achieve their gycaemicdtrgfter 4 weeks of diabetic diet.

Exclusion_criteria: Patients with any history of acute or chronic atien, autoimmune disorder,
malignancy, liver disease, bronchial asthma andemist on nitrites, immunosuppressants, corticogtero
and antioxidants were excluded from the study; paegwomen and patient showing raised CRP, ESR and
leukocytosis were also excluded. Patient's name, a@gx, history and examination findings were
systematically recorded in predesigned proformadefailed clinical history was obtained and thorough
physical examination perormed to rule out any diseather than DM. Patients who were already on oral
hypoglycaemic agents, their medication was stoppethe period of two weeks. Newly diagnosed diabet
patients were given trial of diabetic diet for 4ekes prior to drug treatment. All subjects underwinat
following routine and special investigations:

a. Routine investigations:
1. Haematological: Hb, TLC, DLC and ESR

2. Biochemical: Glucose (fasting and postprandial)drely function test, Liver function test, Lipid
profile, Serum total protein and albumin.

Microbiological: CRP, urine (routine and microsagpi

Chest skiagram PA view

ECG

Fundus examination

Special investigations

Assay of respiratory burst by NitrobluetetrazoligiNBT) reduction
Superoxide (@) anion production

Hydrogen peroxide (HD,) production

Glycosylated haemoglobin (HR8

PONPTOOR®

The patients were followed up for 6-8 weeks. At émel of the study routine investigations such &sod
sugar fasting, and postprandial (FBS, PPBS), |ppafile and all special investigations were repdate

METHODOLOGY OF SPEICAL INVESTIGATIONS

Isolation of neutrophil: Neutrophils were isolated from heparinised vendasdafter erythrocyte gravity
sedimentation in 6.0% dextran follwed by ficoll-p@ocentrifugation and hypotonic ly&iand ceil viability
was assessed by trypan blue exclusion.



Assay of respiratory burst by NBT reduction: The assay represents a modification of quantéat3T
reduction assay for use in microplates. The amotireduced NBT is measured directly in the cellsspnt
in the wells, with the aid of an ELISA reader a058n fileter®®

Estimation of superoxide anion (Q): The assay is based on reduction of ferricytochr@gy Q. The
specificity of reduction being controlled by itiibition by superoxide dismutase (SOD).

Estimation of Hydrogen Peroxide (HO,) Production: The assay is based on horse-radish peroxidase
(HRPO) dependent oxidation of phenol red OHleading to formation of compound that, at an afial
pH, exhibits increased absorbance at 60GHhm.

Estimation of glycosylated haemoglobin (HbAc): Using haemolysed preparation of whole blood, total
glycated haemoglobin was determined by using &finesin that has affinity for glucose molecules
attached to haemoglobin. The bound glycated haevhagWas eluted and measured at 415°Hhm.

STATISTICAL ANALYSIS

The significance was obtained by using repeatedsuneaanalysis of variance (F-test) and multiple
comparisons. Significance was done by Tukey'saie5t0% level of significance.

RESULTS

The routine haematolgical, biochemical and micrlmgal investigations of the patients of both the
treatment groups were within the normal refererarege. No significant change was observed in body
weight, body mass index (BMI), HDL, VLDL and triglgride levels in both the groups. A significant
reduction (p< 0.001) in both FBS and PPBS levels whserved after treatment with Glibenclamide
(214.07+86.10 to 131.53 45.25) and glimepiride (229.3388.22 to 151.90 68.75). Similarly, HbA:
was significantly reduced in both the groups afteatment (P< 0.001). However, changes in overall
glycaemic control (as measured by FBS, PPBS and fjlwas found to be similar between the two groups.
Effect of glibenclamide and glimepiride on resporgt burst (RB) as measured by NBT reduction assay
before and after treatment in both the groups sbowgroved post-treatment RB in both the groups (P<
0.001) (Table-1). However, no significant differengas seen between the groups (P=.399).

The changes in resting and stimulated superoxidd (®oduction by glibenclamide and glimepiride as
assayed by Ferricytochrome-C reduction assay dedila significant increase in,Qproduction by resting
PMNL after treatment in glibenclamide group, wheregathe glimepiride group, no significant changesw
seen before and after treatment; on the contragypf@duction by stimulated PMNL was found to be
increased significantly in both the groups. (P<0Q)QTable-2, 3).

A similar increasing trend though not statisticadignificant, was observed in,8, production in resting
PMNL in both the groups, while in the stimulated RM H,O, production improved significantly after
treatment in both the groups (P< 0.005) (Table}4, 5

Studies to evaluate any correlation between imga#®INL functions, blood glucose levels (FBS, PPBS,
HbA:c) and its possible improvement with glycaemic cohhy glibenclamide or glimepiride did not show
any significant correlation both before and afteatment with these drugs.

DISCUSSION

Diabetic state renders the host more susceptibieféction and infection is found to be more comnion
poorly controlled diabetics® The defect in host defense leading to infectiomd$ understood. PMNL
function was believed to be at least parlty resfm@dor this as they play an important role in tnest
defense mediated through phagocytosis, respirdiorgt and oxygen dependent bactericidal activity. A
large number of studies are available that cleadicate PMNL dysfunction in diabetic stat&"?’
Sulphonylureas (SU) are generally preferred orgblgyycaemic agents because of their high potendy an
lesser side effects. Second generation compoumdsast commonly used, as they are dose to dose more
potent and have fewer side effects. Glibenclamgd¢he most commonly used and highly potent durg.
Glimepiride on the other hand is a relatively nelW, Svhich achieves same pharmacodynamic profile as
other SUs at lower insulin levels and thus prodgyciess hypoglycaemic episodes as compared to
glibenclamide. Many workers have shown a correfati@tween glycaemic control and improvement of
PMNL functiorf' %2 Hence, this study was designed to assess andacertige effect of glibenclamide and
glimepiride on blood sugars (FBS and PPBS) anddbgecondly to assess the PMNL function in both the
groups; thirdly to see if any correlation existéwren the PMNL function and glycaemic control acha

by glibenclamide and glimepiride.



Firstly, we evaluated the efficacy and safety dbgyhclamide and glimepiride as glycemic controlragdoy
assessing their role in lowering FBS and PPBS abd;H We observed that both the drugs lowered the
FBS significantly after the treatment. But no sigmint difference in degree of reduction of bloagyar
(fasting) was seen between the two groups. PPBSalgasreduced significantly after the treatmenthwit
both the drugs as compared to the pretreatmenesalBignificant reduction in HRA was seen after
treatment with both the drugs. Similar observatias earlier reported showing therapeutic equivaesfc
these two drug€ No appreciable increase or decrease was seen lin HDL, TG and total cholesterol
levels after treatment in the two groups. Comparisetween the two groups did not show any sigmifica
differences. Similar observations has already beparted earlief?

Next we studied the oxygen dependent bactericidathanisms as measured by respiratory burst,
superoxide, and hydrogen peroxide production. Ra&py burst as measured by NBT reduction assay is
measure of both the phagocytic capacity and oxidaburst of neutrophils. PMNL respiratory burst
capacity was observed to be about one-third in godlips of patients as compared to the normal vialue
our laboratory at the time of enrollment into thady. Respiratory burst improved significantly iotb
groups and the degree of increase in respiratorgt waas not significantly different in the two gpmu
(Table-1)

Production of superoxide and hydrogen peroxide NP was estimated to assess the oxygen dependent
bactericidal mechanism. PMNL on their encounterhwliacteria get activated and as a result their
membrane bound NADPH oxidase gets stimulated asultsein reactive oxygen intermediate production,
resulting in killing of bacteria. In this study,steng superoxide production by PMNL before treatimeith

the drug was found to be increased. The restingrsupme production increased further significantly
glibencalmide group but no significant differencasaseen in glimepiride group (Table-2) @roduction

by stimulated PMNL was also increased significantlyboth the groups (Table-3). The rise in post
treatment hydrogen peroxide production by restivtNB was significantly higher in glimepiride group a
compared to patient taking glibenclamide (Tabledhcrease in superoxide production and hydrogen
peroxide production by resting PMNL is an indicatdractivation of PMNL. Hyperglycaemia possibly
cause glycosylation of the PMNL proteins, makingnthactivated although the exact mechanism is not
known. This activated condition leads to reactixggen species which causes oxidative damage and is
believed to be associated with complications of DWArginal increase of resting reactive oxygen sgeci
production in our study is possible associated wWithdrug action. Reactive oxygen species produdiio
stimulated PMNL is an indicator of its bactericidativity. It is well known that there is less puation of

O, from PMNL in diabetic patientS:** Treatment with SUs (glibenclamide and glimepiritt#)6-8 weeks
improved Q" production by stimulated PMNL in both the grougscampared to their pretreatment values.
Similarly H,O, production by stimulated PMNL improved significgnon treatment with glibenclamide
and glimepiride. Our observation also corroborateslar findings of improvement of PMNL function thi
glycaemic contof*® and of bactericidal property of neutroptilSince phagocytic and bactericidal activity
of neutrophil is associated with respiratory bustl reactive oxygen species production, therefesylts

of this study provides a mechanism to higher phgigo@and bactericidal activity that is achieved on
attaining glycaemic control by use of SUs.

Finally, we aimed at evaluating any correlatiorwen the degree of increase in respiratory bursta
H,O, production by stimulated PMNL (responsible for coflling infection) with that of decrease in the
level of FBS and PPBS and HbA obtained as a result of treatment with either gidadmide or
glimepiride. With these pretreatment and post tneait values, attempts were made to see if anylatioe
exists between them. Though there was a defintteease in respiratory burst mediated by PMNL of
patients on treatment with glibenclamide and glimee, we could not find any correlation with inese in
respiratory burst, © and HO, production with that of change in blood glucoseels. This is probably due
to the fact that patients recruited were havindedeint magnitude of glycaemia control and variedatian

of diabetes.

In conclusion, our studies showed that Glibenelanaidd glimepiride have a similar efficacy in lovngyi
blood sugar and glycosylated haemoglobin levelss Tthproves oxygen dependent mechanism of PMNL
and thus reduce the number of infectious episadgge- 2 DM.

ACKNOWLEDGMENTS
We would like to thank Ms. Rusha Tamrakar for ebeselsecretarial support.

REFERENCES
1. King H, Rewers M, WHO Ad Hoc Diabetes Reporting @ypGlobal estimates for prevalence of diabetes iamghired
glucose tolerance in adulfBiabetes care 1998; 21: 1414 -31.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

30.

31.

Rayfield EJ, Ault MJ, Keusch GT, Brothers MJ, Netles C, Smith H. Infections and diabetes: the éarsglucose control.
Amer J Med 1982; 72: 439-50.

Wheat LJ. Infection and diabetes mellitDsabetes Care 1980; 3: 187-191.

Wilson RM, Reeves WG. Neutrophil phagocytosis ailéhg in insulin dependent diabeteSlin Exp Immunol 1986; 63:
478-484.

Babior BM. Oxygen dependent microbial killing byggocytesNew Eng J Med 1978; 298: 659.

Root RK, Metcalf JA. Hydrogen peroxide release fionman granulocytes during phagocytosis: relatignshsuperoxide
anion formation and cellular catabolism of hydrogemoxide: studies with normal and cytochalasirrdated cellsJ Clin
Invest 1977: 60: 1266.

Hampton MB, Kettle AJ, Winterbourn CC. Inside theutrophil phagosome: Oxidants, myeloperoxidase, lzacterial
killing. Blood 1998; 92: 3007-17.

Shah SV, Wallin JD, Eilen SD. Chemiluminescence suggeroxide anion production by leukocytes fronbdias patientsl
Clin Endocrinol Metab 1983; 57: 402-09.

Zozulinska DA, Wierusz Wysocka B, Wysocki é¢d al. The influence of insulin dependent diabetes usllduration on
superoxide anion and hydrogen production by polyhonuclear leukocytderoxide diabetes Res Clin Prac 1996; 33: 139-
41.

Sato N, Kashima K, Tanaka & al. Effect of ganulocyte colony stimulating factor ganeration of oxygen derived free
radicals and myeloperoxidase activity in neutrapfribm poorly controlled NIDDM patientRiabetes 1997; 46: 133-7.
Shurtz-Swirski R, Sela S, Herskovits AT al. Involvement of peripheral polymorphonuclear lecjtes in oxidative stress
and inflammationDiabetes Care 2001; 24: 104-10.

Freedman, Hatchell DI. Enhanced superoxide prooludby stimulated polymorphonuclear leukocytes inad model of
diabetesExp Eye Res 1992; 55: 767-73.

Noritake M, Katsur Y, Shinomiya & al. Intracellular HO, production by peripheral phagocytes from patieditssociation
between PMNL leucocyte and monocyt€En Exp Immunol 1992; 88: 269-74.

Wykrelowicz A, Wioerusz- Wysocka WB, Wysocki H. lmpment of the oxygen dependent microbicidal meigmas of
polymorphonuclear neutrophils in patients with t#diabetes is not associated with increased stisidigp to infection.
Diab Res Clin Pract 1993; 19: 195-01.

Inoue S, Lan Y, Muran & al. Reduced hydrogen peroxide production in neutteghom patients with diabeteBiab Res
Clin Pract 1996; 33: 119-27.

Cantero M, Parro T, Canejo JR. Increased hydrogeoxpme formation in polymorphonuclear leukocyté$OiM patients.
Diabetes care 1998; 21: 326-7.

Melander A, Bitzen PO, Faber @al. Sulfonylurea antidiabetic drugs an update ofrtbkmical pharmacology and rational
therapeutic useédrugs 1989; 37: 58-72.

Davidson M, Lewis AAG, De Mowbray RR al. Metabolic and clinical effects of glibenclamidiencet 1970; 1: 57: 61.
Buchanan BJ, Filkens JP. Hypoglycaemic depresdi®ES function AmJ Physiol 1976; 231: 265-9.

Thomas GA, Fisher BM, Gemmell CG et al. Attenuateditrophil respiratory burst following acute hypg@glemia in
diabetic patients and normal subje&sta Diabetol 1997; 34: 253-6.

Langtry DH, Balfour AJ. Glimepiride A review of itsse in the management of Type- 2 diabetes melluggs 1998; 55:
563-84.

Nielson CP, Hindson DA. Inhibition of polymorphorear leukocyte respiratory burst by elevated glacosncentration in
vitro. Diabetes 1989; 38: 1031-35.

World Health Organization: Diabetes mellitus: Repgira WHO study group, Genevprld Health Org; 1985 (tech Rep.
Ser No. 727).

Boyum A. Separation of leukocytes from blood andémarrowScand J Clin lab Invest 1968; Suppl 21:1-89.

Pick E. Microassay of 9 H,O, NO and nitrobluetetrazolium reduction using anyemz immunoassay macroplate reader.
Methods Enzymol 1986; 132: 407-42.

Willey DG, Rosenthal MA, Caldwell S. Glycosylatedagmoglobin and plasma glycoprotein assays by &ffini
chromatographyDiabetologia 1984; 27: 56.

Delamaire M, Maugendre D, Moreno élal. Impaired leukocyte functions in diabetic patieliab Med 1997; 14: 29-34.
Draeger KE, Wernicke Panten H, Lomp HJal. Long term treatment of type -2 diabetic patiewith the new oral
antidiabetic agent glimepiride (Amarys): a doubiadcomparison with glibenclamidelorm Metab Res 1996; 26: 419-25.
Rosenstock J, Samolis E, Muchmore 8Bl. Glimepiride, a new once daily sulfonylurea. A tieublind placebo controlled
study of NIDDM patientsDiabetes Care 1996; 19:1194-9.

Macrury SM, Gemmell CG, Paterson KR, Maccuish AGa@e in phagocytic function with glycaemic confroldiabetic
patients.J Clin Pathol 1989; 42: 1143-7.

Gin H, Brottier E, Aubertin J. Influence of glycaEmormalisation by an artificial pancreas on pl@ages in insulin
dependent diabetic patiendsClin Pathol 1984; 37: 1029-31.



Table-1: Effect of glibenclamide and glimepiride on respwrgtburst

Group Respiratory bust ODsso 10° cell Change after treatment
Pretreatment Post treatment
Group A 0.48 £0.10 0.79 + 0.25* +0.3117 £ 0.263***
(Glibenclamide)
Group B 0.46 +0.11 0.72+0.15* +0.2617 £ 0.186 **
(Glimepiride)

* Pretreatment vs Post treatment P < 0.001, ** @lean respiratory burst P =.399 NS

Table-2: Effect of glibenclamide and glimepiride on supeidex(Q;) production by resting PMNL

Group O, production nmol/10° cell/30 min.
Pretreatment Post treatment
Group A 2.24 +0.98 3.58 + 1.00°*
(Glibenclamide)
Group B 3.76 + 1.33* 3.40 +0.86™
(Glimepiride)

*2 Pretreatment vs Post treatment P < 0.00Prétreatment vs Post treatment P = 0.013 NS, *ttwBen
the two groups P < 0.001

Table-3: Effect of glibenclamide and glimepiride on supeidexproduction by stimulated PMNL

Group O, production nmol/10° cell/30 min.
Pretreatment Post treatment
Group A 7.75 +1.96 9.93+1.94*
(Glibenclamide)
Group B 7.11 £ 1.55** 9.45+2.28*
(Glimepiride)

* Pretreatment vs Post treatment P < 0.001, ** Betwthe groups P= 0.013 NS



Table — 4. Effect of glibenclamide and glimepirideon hydrogen peroxide production by resting
PMNL.

Group H-0, nmol/10° cell/60 min.
Pretreatment Post treatment
Group A 411 +1.57 4.23 + 1.29*
(Glibenclamide)
Group B 439 +1.17 4.93 + 1.08*"°
(Glimepiride)

*a Pretreatment vs Post treatment P = 0.160 R8gtween the two groups P < 0.045

Table-5: Effect of glibenclamide and glimepiride on hydrogeroxide production by stimulated PMNL

Group H-0, nmol/10° cell/60 min.
Pretreatment Post treatment
Group A 10.96 + 2.45 11.83+2.04*
(Glibenclamide)
Group B 8.97 +1.77 11.21+1.12*
(Glimepiride)

* Pretreatment vs Post treatment P < 0.001



