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ABSTRACT

Linezolid is an empirical choice of diabetic methicillin-resistant Staphylococcus aureus (MRSA) soft tissue infections. The study
focused on linezolid therapy associated risk in type 2 diabetes mellitus. The type 2 diabetes mellitus was induced by a high-fat diet
(HFD-58% calories fat) for 2 weeks and rats were intraperitoneally injected with streptozotocin (STZ) 35 mg/kg. The neutropenic rats
were injected subcutaneously with 10° CFU/ml of MRSA. Linezolid was administered orally at a dose of 50 mg/kg twice daily for 14
days. At the end of the study of hematological, biochemical, enzymatic parameters, antioxidants and histopathological studies were
performed. The diabetic rats showed the decreased levels of intestinal alkaline phosphatase (IAP), elevated levels of blood glucose,
lipid profile, lactic acid, and alteration in hematological parameters, pancreatic damage, and oxidative stress. Linezolid treated
infected rats showed hypoglycemia, myelosuppression, decreased IAP, oxidative stress, increase lactic acid, lactate dehydrogenase
(LDH) aspartate transaminase (SGOT) and alanine transaminase (SGPT) Linezolid treated diabetic rats effectively (9.69 x 10° CFU /
abscess bacterial count) acts against the diabetic MRSA infections, but it causes anemia, lactic acidosis, hepatotoxicity, oxidative
stress, and pancreatic damage. While administering linezolid to diabetic infected persons might be careful and should monitor the

blood glucose, lactic acid, liver markers and RBC level.
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INTRODUCTION

kin and soft tissue infections (SSTI) have principal

problems of public health in the world. The most

important pathogenic agents are Staphylococcus,
Enterococcus, Pseudomonas, and Streptococcus. The
diabetic soft tissue infections such as foot infections,
cellulitis, lymphangitis, urinary tract infections, and
surgical site infections are due to methicillin-resistant
Staphylococcus aureus (MRSA), a predominant pathogenl"
3, SSTl-associated complications were more common in
diabetes because high blood sugar levels can weaken the
patient's immune system defenses. Patients with diabetic
infections were requiring prolonged hospitalization and
repeated admission. The antibiotics available to treat
MRSA infections are limited. Linezolid, tigecycline,
clindamycin, vancomycin, and daptomycin showed
efficacy, safety, clinical cure and eradication rates in
MRSA-caused SSTI*. The controlled trials showed linezolid
have superior over vancomycin in the eradication of
MRSA infections and clinical success™”.
Linezolid (LZD) is a synthetic oxazolidinone antibiotic. It
interferes with bacterial growth by inhibiting bacterial
protein synthesis at an early stage. Linezolid has 100%
bioavailability, when given orally and allows conversion to
oral therapy when the patient is clinically stable. It
reduces the length of hospital stay, cost, intravenous
infections and increased patient convenience®. Lzd has no
risk of resistance and adverse outcomes with concomitant
use of medicines. Linezolid is a relatively safe antibiotic
when given for short periods. It is well tolerated, with
myelosuppression, mitochondrial toxicity being the most

serious adverse effect’. So, our research elucidated the
LZD therapy-associated complications in diabetic MRSA
infection.

MATERIALS AND METHODS
Drugs and chemicals

Linezolid was obtained from Sigma-Aldrich Chemical Pvt
Limited, India. All other drugs and chemicals used in the
study were obtained commercially and were of analytical
grade. For estimation of biochemical tests, kits were
obtained from Ecoline, Manufactured by Merck
Specialties, Private limited, Ambernath.

Experimental animals

Wistar rats (120-150 g) were maintained in clean, sterile,
polypropylene cages with paddy husk as bedding. Animals
were housed at a temperature of 25 + 2 °C and relative
humidity of 30-60 %. A 12:12 h light and the dark cycle
were followed. The animals had free access to food and
water ad libitum. All the experimental procedures and
protocols used in this study were reviewed by the
Institutional animal ethics committee (688/2/CPCSEA)
and were in accordance with the guidelines of the IAEC.
Animal care is taken as per the guidelines of Committee
for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA).

Microorganism

The clinical isolate of MRSA with positive in both Panton-
Valentine leukocidin (Pvl) toxin and methicillin-resistance
(mecA) gene was obtained from the ARM laboratory.
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Determination of MIC using broth microdilution assays

Microbroth dilution assays were performed according to
a Clinical and Laboratory Standards Institute guideline
(CLSI)™. A single colony was transferred and incubated
overnight at 37°C with Mueller Hinton broth. The diluted
culture was measured for the absorbance at ODg,, to get
a concentration of 1x 10° CFU/ml. A total of 100 of the
freshly diluted cultures and 10 of the serially diluted
antibiotics, ranging from 1,000 mg/liter to 1 mg/liter,
were dispensed into 96-well culture plates. The plates
were incubated at 37°C for 16 to 18 h. The last well in the
series without any visible growth was read as MIC.

Experimental design

The animals are divided into 7 groups (n=10).
Experimental diabetes was induced by rats fed with a
high-fat diet (58 % calories as fat) for 2 weeks. Then, rats
were treated with single intraperitoneal injection of 35
mg/kg of STZ". Diabetic rats were selected on 14 days
after STZ injection. Diabetic rats were rendered
neutropenic by intraperitoneal cyclophosphamide
injections given for 4 days and 5t day at a dose of 150
mg/kg and 100 mg/kg, respectively. This neutropenia was
maintained for 5 days. The neutropenic rats were
injected subcutaneously with 0.2 ml of the MRSA
suspension containing approximately 10° CFU/ml in 5%
hog gastric mucin®’. Animals received treatment of LZD
starting 2 hours post infection. LZD was administered
orally at a dose of 50 mg/kg twice daily for 14 daysB.

Group I: Normal control (N)

Group II: Diabetic rats (HFD+ STZ) (D)

Group llI: Infected rats (1)

Group IV: Diabetic and infected rats (D+l)

Group V: Infected rats treated with linezolid (1+LZD)

GroupVI: Diabetic and infected rats treatment with
linezolid (D+1+LZD)

GroupVIl: Diabetic controlled (glibenclamide 600 pg/kg)
and infected rats treatment with linezolid (D(c)+I+LZD)

The group Il and IV, VI and VII animals were treated with
HFD-STZ after the 33" day of induction animals were
infected with MRSA except for group | and Il. Blood
samples were collected from the tip of the tail on 0, 4, 8,
12 and 15" day after infection by without sacrificing the
animals, from the tail vein by snipping off the tip of the
tail and blood glucose was checked by glucometer. On the
48" day, animals were anesthetized and blood samples
were collected into EDTA added vials for hematological
study and into dry non-heparinised tubes for serum
biochemical profile, and the serum was separated by
centrifuging at 3000 rpm for 15 min. The abscesses were
excised, added to 2 ml of heart infusion broth, and
homogenized. The number of viable organisms in the
abscess (the number of CFU per abscess) was determined
by a standard plate procedure with mannitol salt agar.
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Histopathological studies

The pancreas was excised after sacrificing the animals
were immediately washed with buffer and fixed in 10 %
buffered formalin. They were dehydrated in graded
alcohol, cleared in xylene and embedded in paraffin wax.
Sections of 5-6 um thickness were cut using microtome
and stained with hematoxylin-eosin. The
histopathological changes were examined under the
microscope at the magnification of 10 and 40X.

Preparation of liver homogenate

The liver was homogenized in 0.05 M phosphate buffer
pH 7.4 by using a Teflon pestle. The homogenate was
used for estimation of a protein“, Malondialdehyde and
lipid peroxidationls. The remaining part of the
homogenate was mixed with 10 % trichloroacetic acid in
the ratio of 1:1, centrifuged at 5000 g for 10 min and
supernatant was used for estimation of Superoxide
dismutase  (SOD)', Catalase (CAT)", Glutathione
reductase (GSSH)'®, Glutathione peroxidase (GPx)®,

Peroxidase (Px)™.

Preparation of intestinal homogenate

The intestine was removed, flushed with ice-cold saline
and washed again. The mucosa was scraped off with a
microscopic slide. 10 %W/V of the mucosa was mixed
with 5 mM EDTA (pH-7.4) and homogenized with Teflon
pestle21. The homogenate was centrifuged and the
supernatant was used for estimation of intestinal alkaline
phosphatase.

Statistical analysis

Statistical analysis was carried out using one-way analysis
of variance (ANOVA) followed by Dunnett’s test. P values
< 0.05 were considered significant.

RESULTS
In vitro antimicrobial activity

The clinical and laboratory standards institute clinical
breakpoints were considered for interpretation of
linezolid MIC (sensitive < 4 ug/ml and resistant > 8 ug/ml)
Staphylococcus aureus ATCC 29213 was used as a control
strain for MIC detection. MRSA isolates tested, was
sensitive to LZD ranged from 0.5 pg/ml - 2 ug/ml. LZD was
showed well in vitro activity against MRSA isolates and
can be considered for the treatment of these infections.

Bacterial count

The number of viable organisms in the abscess (number
of CFU per abscess) showed in table 1. The infected
animals showed 4.20 x 10° CFU/abscess. Infected diabetic
animals showed 8.68 x 10° CFU/abscess. The infected
diabetic animals treated with LZD showed 9.69 x 10°
CFU/abscess.
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Table 1: MRSA count of infected and treatment groups

Group MRSA CFU/Abscess
Infected (1) 4.20 x10°+0.02
D+l 8.68 x10°+0.04
I+ LZD 7.22 x10°+0.01
D+1+LZD 9.69 x10°+0.06

D(controlled)+1+LZD 9.06 x10%£0.02

Values are mean £ S.D; n=10 in each group
Blood Glucose and Lipid level

Blood glucose level of different experimental groups was
shown in Fig.1. The glucose level was significantly (p <
0.01) decreased after 8" dose of LZD in group V and VI
when compared to control. The LZD treated infected rats
showed 72 mg/dl of glucose. The LZD treatment in soft
tissue infected diabetic rats showed 201 gm/dl glucose.
The glibenclamide and LZD treated infected diabetic rats
showed normal blood glucose level (82 mg/dl). The
cholesterol, triglycerides were significantly increased in all
groups except normal and infected animals. LZD
treatment does not alter in circulatory lipid level.
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Figure 1: Effect of LZD on blood glucose in different
experimental groups

Values are mean * S.D; n=10 in each group; # P>0.05, *
P<0.05 and ** P<0.01, when compared to normal control
(one way ANOVA followed by Dunnett’s test).

Hematological parameters

The diabetic rats showed a significant reduction (p < 0.05)
in RBC, Hb, elevation of WBC, no significant difference (p
> 0.05) in platelets (PLT) and prothrombin time (PT) when
compared to normal animals (Table. 2). LZD treated
infected diabetic rats showed a significant reduction (p <
0.01) in RBC, WBC, PLT, Hb, and PT when compared to
control.

Table 2: Hematological parameters of normal and different experimental groups

Group RBC (x10°/ul)  WBC (x10°/ i)
Normal 6.24+0.2 12.38+0.6
Diabetic (D) 5.32+0.1* 12.86+0.4*
Infected 6.14£0.3™ 13.02+0.1%*
D+l 5.59+0.4" 13.1740.4%*
1+LZD 4.93£0.1** 10.3240.2%*
D++LZD 4.7240.2** 10.96£0.2%*
D(c)+1+LZD 4.96£0.1** 10.62+0.5%*

Values are mean * S.D; n=10 in each group; ™ P>0.05, * P<0.05 and ** P<0.01, when compared to normal control (one

way ANOVA followed by Dunnett’s test).

PLT (x10°/ pl) Hb (gm/dl) PT (Sec)
8.28+0.1 12.1840.3 11.28+0.06
8.22+0.2"™ 11.84+0.1* 11.24+0.08™
7.94+0.3"™ 12.100.2"™ 11.32+0.09™
7.86£0.4* 10.57+0.3%* 11.30+0.08™
4.96+0.2** 10.030.1%* 11.4620.1%*
4.42+0.2%* 9.62+0.4%* 11.69+0.06* *
4.68+0.1%* 9.84+0.2%* 11.53+0.04*

Biochemical parameters

The LZD treated diabetic rats showed (Table.3) significant
(p < 0.01) elevation of SGOT, SGPT, ALP, LDH, and lactic
acid when compared to normal animals. The diabetic rats
showed the significant (p < 0.01) reduction in IAP (2.82

mU/ mg of tissue) levels when compared to control. The
LZD treated infected diabetic animals showed the
significant reduction (1.84 mU/ mg of tissue) in the level
of IAP and elevation of SGOT, SGPT, ALP, LDH, and lactic
acid.

Table 3: Biochemical parameters in control and experimental groups

Group SGOT U/L SGPT U/L ALP U/L LDH U/L La::/:‘l"d . /m'gA; fissue
Normal 62.8+2.6 46.2+1.3 151.245.2 389.2+10.6 12.640.4 4.49+0.08

Diabetic (D) 86.2£6.8** 82.0£2.4**  236.4+7.6%*  582.8+13.5%%  153%0.6%* 2.82+0.04**
Infected (1) 63.1+2.5™ 48.6+3.6* 154.8+5.8™ 396.1+9.2"™ 12.8+0.2™ 4.54+0.07"™
D+l 84.2+6.4** 86.6£5.2%*  251.0+8.2%*  549.249.2%*  17.140.4%* 2.46+0.04**
1+LZD 82.9+7.2%* 89.7+7.2%*  392.8+6.8%*  650.2410.8%*  21.6+0.6%* 2.19+0.06**
D+1+LZD 90.4+4.7+* 94.2+3.4%*  402.4+9.9%*%  708.6+14.5%%  22.3%0.5%* 1.84+0.02%*
D(c)+I+LZD 85.8+6.1+* 90.4+4.6**  362.6+7.6%*  640.9+8.9%*  20.4+0.6%* 1.99+0.06**

Values are mean * SD; n=10 in each group; ™ P>0.05, * P<0.05 and ** P<0.01, when compared to normal control (one way
ANOVA followed by Dunnett’s test).
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Lipid peroxidation
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Diabetic rats, LZD treated rats and LZD treated infected diabetic rats showed (Table.4) a significant (P < 0.01) decrease in
the level of total protein and an increase in the level of lipid peroxidation markers malondialdehyde (MDA) and lipid

hydroperoxides (LH) when compared to normal control.

Table 4: Liver protein, MDA, and LH in control and experimental animals

Group Protein '
(mmole/g wet issue)

Normal 191.446.2
Diabetic 122.4+4.6**
Infected 184.816.3™
D+l 116.8+5.6**
I+L 152.1+8.4**
D+l+Lzd 104.446.2**
D(c)+l+Lzd 148.7+7.8**

MDA LH
(nmoles/mg protein) (nmoles/mg protein)
0.78+0.02 0.62+0.01
1.16+0.04** 0.9610.02**
0.91+0.03** 0.68+0.04"™
1.24+0.04** 1.02+0.03**
0.96+0.02** 0.84+0.02 **
1.3240.03** 1.1440.02**
1.1440.02** 0.9410.04**

Values are mean + S.D; n=10 in each group; "™ P>0.05 and ** P<0.01, when compared to normal control (one way ANOVA

followed by Dunnett’s test).

Figure 2: Histopathology of pancreas

Fig. 2 (a-g) showed histopathology of the pancreas. Fig.
2a control rats showed normal islets of Langerhans. Fig.
2b diabetic rats showed necrosis and shrinkage of islets of
Langerhans (arrow). Fig. 2c Infected rats showed normal
islets. Fig. 2d infected diabetic rats showed cytoplasmic
vacuolation (star) and blood vessel congestion (round).

Fig. 2e Infected rats treated with LZD showed
inflammatory accumulation in the Langerhans Fig. 2f
infected diabetic rats treated with LZD showed blood
vessel congestion and cytoplasmic vacuolation. Fig. 2g
LZD treated infected diabetic controlled rats showed
shrinkage of islets of cytoplasmic vacuolation
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Enzymatic antioxidants level

The changes in the levels of enzymatic antioxidants SOD,
CAT, GSSH, GPx and Px in the liver of control and
experimental animals are shown in Fig. 2. A significant

Enzymatic antioxidants
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decrease in the levels of these radical scavengers was
noted in diabetic, LZD treated, diabetic and LZD treated
infected rats.

CAT micromoles/mg protein
SOD nmoles/mg protein
GSSH nmoles/mg protein
Px nmoles/mg protein

GPx nmoles/mg protein

Figure 3: Effect of LZD on enzymatic antioxidants in different experimental groups

Values are mean + SD; n=10 in each group; *P>0.05 and ®
P<0.01 when compared to normal control (one way
ANOVA followed by Dunnett’s test)

DISCUSSION

Hyperglycemia causes immunosuppression and increases
the susceptibility to bacterial infections. The poor
glycemic control in diabetes may considerable risk factor
for infections and infections themselves may also cause
hyperglycemian. The epidemiological and microbial
pathogenicity analysis showed that MRSA seems to be the
predominant pathogen to induce infections. LZD is a
relatively safe antibiotic when given for short periods. In
diabetic infections require prolonging treatment of LZD at
least 2 weeks and cause serious side effect such as bone
marrow suppression, hepatotoxicity, and mitochondrial
toxicity. As chronic hyperglycemia cause alterations in
biochemical, metabolic, and vascular abnormalities in
diabetes.

Our study indicates the LZD treated infected rats showed
hypoglycemia because, LZD has weak reversible
monoamine oxidase (MAO) inhibitory properties,
contribute to hypoglycemiaza’24 LZD treated infected
diabetic animals showed hyperglycemia, But LZD and
antidiabetic drug-treated infected diabetic rats showed
normal sugar level. So clinician should monitor blood
glucose level while prescribing LZD to diabetic patients to
avoid the dysglycemic complications.

HFD and STZ induced obesity model mimics to type 2
diabetes mellitus; alter the lipid profiles, increased lipid
peroxidation, increased incidence of atherosclerosis, a
major complication of diabetes mellitus. An enhanced
oxidative stress has been observed by increased free
radical production, lipid peroxidation, and diminished
antioxidant status®. In our study, there is a significant rise
in serum cholesterol and triglycerides levels in diabetic
rats because of high-fat diet.

Diabetes causes anemia because it decreases the
production of erythropoietin hormone, which leads to
decreased RBC count in the bodyzs. The high WBC count
in the T2DM group increased oxidative stress triggered by
the high levels of hyperglycemia. LZD treated infected
diabetic rats showed a reduction in blood cells count due
to myelosuppression.

HFD and LZD treatment induce severe hepatic damage
and alters their membrane permeability and transport,
cause leakage of enzymes from the cells. So, the
increased release of SGOT, SGPT, and ALP from the liver
into circulation indicates severe hepatic damage. LZD
administration to T2DM infections increases the liver
damage.

T2DM cause development of lactic acidosis by tissue
hypoxia leads to alterations in pyruvate metabolism and
increase the blood lactic acid level. LZD causes
hyperlactatemia by inhibiting mitochondrial DNA
ponmorphismsz7. The hyperlactatemia induced by both
diabetes and LZD could damage the organs such as liver,
kidney, and pancreas.

IAP is an important brush border enzyme expressed
highest in the duodenum. IAP binds to intracellular
proteins and decreases the movement of the fat droplet
across the enterocyte. The IAP plays a crucial role in
decreasing the rate of fat absorptionzs. Studies were
reported IAP levels are low in T2DM patients; High IAP
levels prevent the development of T2DM even though if
the person is in obese, deficiency of IAP can increase the
incidence of T2DM”. Our study showed decreased IAP
levels in diabetic and LZD treated rats. LZD treated
diabetic rats showed a low level of IAP and increased to
cause changes in the microbiome, intestinal
inflammation, and intestinal permeability and increase
the risk of disease.

Free radicals are formed in diabetes
autoxidation, polyol pathway, and

by glucose
non-enzymatic
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glycation. The high levels of free radicals and the
simultaneous decrease of antioxidants cause damage to
cells and enzymes, increased lipid peroxidation,
mitochondrial dysfunction, and development of diabetic
complications™.

The present study states that the LZD treatment also
induces oxidative stress. It was confirmed by increase
lipid hydroperoxide, MDA and a significant decrease in
SOD, CAT, GSSH, Px, and Gpx. Lipid peroxidation causes
oxidative deterioration of polyunsaturated fatty acid. The

concentration of peroxides increases, it initiates
uncontrolled lipid peroxidation, thus cause cellular
infiltration and islet cell damage confirmed by

histopathological studies. It may be due to free radicals,
STZ, high-fat or lactic acid deposition. The oxidative
damage was high in LZD treated diabetic animals than
diabetic animals.

CONCLUSION

Our research elucidated the LZD therapy may increase the
diabetic complications such as oxidative stress, anemia,
lactic acidosis, and organ damage. But LZD has better
efficacy against the diabetic MRSA infections. So we need
some protective agents to avoid such complications while
using LZD to diabetic patients.
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