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ABSTRACT

Screening of diseases in the medicine plays vital role in identification , treatment and management of diseases.
Though we have numerous methods for screening Diabetes Mellitus and each methods has its own specificities
concern with principles and technologies adopted. In this current research work, FTIR ATR techniques was adopted
to screen the Diabetes Mellitus along with biochemical and histological analysis as comparison and supportive.
Experiments were conducted on Diabetes Mellitus induced  Wister rat with alloxan for 30 days followed by
termination with analyzing Biochemical, FTIR-ATR spectral and histological studies . The results obtained were more
significant for glucose, Triglycerides cholesterol , HDL cholesterol were at p<0.0001 level and incase of TSH was
significant at p< 0.05 level , the other parameters studied were statistically not significant.

The FTIR-ATR study shows that successful spectral differentiation for control and diabetic sample
obtained between 3283 — 532 cm-' . The Significant elevation in the absorption peak ratio was documented in
(Protein )asymand sym t0 7oL/ HDL- cholesterol ester in diabetic induction on rat by alloxan. The slight variation peak
absorption ratio for Amide Il to Amide Ill and Nucleic acid-PO2 as well as Glucose Stretching to S-S stretch in
cystic acid were noticed. FT-IR spectral results in different tissues of Alloxan induced diabetes shows the

intensity of the band at 1040 cm™L, which is due to oligosaccharides,

Histological studies shows thickening of parietal layer of Bowman’s capsule of kidney, inflammation in thickened
alveolar septae and blood vessels of lungs but in case of liver muscle and heart no appreciable changes recorded
.The importance of FTIRATR spectroscopic technique in screening of Diabetes Mellitus is discussed and
recommended as diagnostic tool in medical field.
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INTRODUCTION

Screening identifies a possible disease or disorder and can be carried out by various studies. The procedure may
involve various techniques and procedures to identify the cause of an illness or disorder. Further, used to screen for a
disease or to provide early disease identification; to diagnose a disease; to provide prognostic information by
assessing the degree of disease progression or severity; to assist in selecting drugs or targeting medical treatment; and
to monitor the course of a disease or condition. Different studies were applied to study the nature of bio molecules
via spectrophotometer, electrophoresis, chromatography and immunoassay, enzyme linked assay etc.,. with its
respective principles, methodologies, reagents etc., and its costs varies accordingly. Further these conventional
methods were overcome with FTIR-ATR spectroscopy methods with greater sensitivity and also facilitate early
detection of diseases with viable as alternative additional tool in clinical analysis or screening of diseases

Diabetes Mellitus is caused by high blood glucose levels due to decreased secretion or effectiveness in function of
insulin and metabolic disturbances that lead to chronic, irreversible damage to vital organs and systems [1] .
Type | diabetes, the insulin- dependent diabetes mellitus (IDDM), is characterized by the autoimmune
destruction of pancreatic [ cells [2-4] and Type Il , the non-insulin- dependent diabetes mellitus
(NIDDM), is characterized by target organs, such as liver, muscle, and adipocytes. Complications DM
can give rise to severe damage to these organs with affecting the brain [5-7], eye causes diabetic retinopathy
[8-10], cardiovascular system , stomach, gastrointestinal, respiratory system, gall bladder and the reproductive
system [11-16]. Earlier literature studies focused on the quantitation of clinically relevant biomarkers
present in blood, plasma and/or urine including glucose, electrolytes, proteins, lipids, hormones etc., [17,18]
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and organ [19] .

The functional and pathological abnormalities seen in diabetes in clinical as well as animal experimentation continued
to understand the exact molecular mechanism of diabetes [20]. Previous literature shows that Raman and infrared
(IR) spectroscopy are powerful for medical diagnostics techniques was adopted for clinical diagnosis
[21,22].

Currently , FTIR together with chemo metric methods play important in the field of pathology and diagnosis of
disease . Since the pathological conditions induces changes in content , structure and function of bio molecules in
biological systems and these changes can be rapidly and sensitively monitored by FTIR spectroscopy in early disease
stage. The study on biochemical composition evaluation by spectroscopic techniques can be used not only for
understanding the biological nature of the disease, but also for the diagnosis of the disease. The constitution of
body fluids have highly specific functional groups and because of their molecular structure , analysis of these body
fluids/tissues helps in diagnosing mechanism diseases. The literature surveys shows that spectroscopic studies on
both blood parameters and organs in various disease are very much limited. To achieve this, current research study
focused on an animal model to induce Diabetes Mellitus and study the biochemical variations using routine and FTIR —
ATR spectroscopic study for control and management of disease.

Alloxan is non-toxic urea derivative with chemical name of alloxan is 2,4,5,6 tetraoxypyrimidine; 2, 4, 5, 6-
pyrimidinetetrone, which is an oxygenated pyrimidine derivative to the human f cells even in very high doses. It has
been widely used to induce experimental Type 1 diabetes in animals such as rabbits, rats, mice and dogs [23-25] and
causes selective necrosis of the - cells of pancreatic islets [26] .

MATERIALS AND METHODS

INDUCTION AND EFFICACY STUDY OF DIABETES MELLITUS ON WISTAR RAT

Alloxan was obtained from Sigma Chemicals Co., St. Louis, MO, USA and was prepared by the oxidation of uric
acid by nitric acid and the monohydrate form is simultaneously prepared by oxidation of barbituric acid by
chromium trioxide. Alloxan was dissolved in normal saline and always prepared freshly. The drug has been noted
to its diabetogenic action and the dose of alloxan required for inducing diabetes depends on the animal species
and route of administration [27] . Diabetes Mellitus was induced by using subcutaneous injection of alloxan (100
mg/kg) in 4 doses ( 0,5, 11 and 12" day) as per the procedure reported [28] . On 14" day of the experiment 3
animals ( 50% population) were sacrificed by decapitation from the induction group. The blood glucose
concentration was measured after collecting  blood samples from the tail vein once a day and checked for
hyperglycemic condition by accu check method. Animals with a blood glucose concentration 200 mg/dL were
considered to be diabetic [29,30] . The blood serum and different organs were collected for Biochemical, FTIR —
ATR spectral and histological studies

EXPERIMENTAL DESIGN

The wistar rats weighing about 100-150 g were employed in this study were housed and maintained at Animal
House of the Saveetha Medical College, Saveetha University, Thandalam Chennai, India. The experiments were
carried out with  the guidelines approved by Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) as well as Institutional Animal Ethical Committee. The animal house was

maintained at an average temperature (24.00Ci ZOC) and 30-70% RH, with 12hr. light-dark cycle (lights on from
8.00 a.m. to 8.00 p.m.). These experimental rats received humane care and were fed with commercial
pellet diet and these animals were acclimatized for one week before the start of the experiment. Wistar rats are
randomly divided into 2 groups of 6 rats each were housed in polypropylene cages (32.5 x21x14) cm lined with raw
husk which was renewed every 48 hours Group-1 will serve as the normal control and receive distilled water. The
second group ( Induction study), the experimental animals treated with Alloxan.

BLOOD

At the termination of experiments, the wistar rats were fasted overnight followed by withdrawn of blood
samples and collected in plain and EDTA from the heart under mild anaesthesia before killing. Plasma and serum
were separated by centrifugation at 3000 rpm for 15 minutes. FTIR-ATR Spectral Analysis the serum samples
were properly preserved in ice bags and immediately transported to the wet lab for spectral studies .

Organs:

The experimental rats were killed for excision of organs like , Heart, Liver, Lung , Kidney Muscle, etc., and
washed with saline and refrigerated for lyophilization . Lyophilization of organs tissue were done by Scanvac,
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cool safe, 55-9 Denmark vacuum concentrator at Central Institute of Brackish water Aquaculture ,Indian Council
of Agricultural Research, Govt. of India , Chennai . Further, the freeze dried samples grounded to powder using
mortar and pestle preserved in desiccators containing silica gel till FTIR-ATR spectral analysis. For histological
study, the different organs were dissected out, washed with saline and fixed in 10% formalin for
histological studies .

BIOCHEMICAL ANALYSIS

The quantitative analysis of blood as well as tissues of different organs is a major field in the clinical chemistry, and
its composition is the preferred indicator with respect to the patho physiological condition . The blood serum were
analyzed for biochemical parameters including glucose, urea, creatinine, Calcium, phosphorus, uric acid, SGOT,
SGPT, total protein, albumin, cholesterol, triglyceride and HDL concentrations by enzymatic assay method
using respective commercial diagnostic kits and serum total T4 ,T3 and TSH concentration were determined by

ELISA method (detection kits provided by Transasia , Zemun, SCG) in a reputed clinical laboratory in Chennai.

FTIR-ATR SPECTRAL MEASUREMENTS

FTIR —ATR spectroscopic method gives more detailed information about the  structure of bio
molecules; and therefore, might be a promising complement to conventional in diagnostic methods.
FTIR-ATR Spectral Analysis of blood serum and lyophilized of different organs like heart, liver, lung, muscle ,
and kidney of healthy control and experimental wistar rat were carried out at Sophisticated Analytical
Instrumentation facility (SAIF-SPU), St. Peter’s University, Avadi, and Chennai-600 054, using PerkinElmer
Spectrum-Two FTIR Spectrophotometer with attenuated Total Reflectance accessory having highly reliable and
single bounce diamond as its Internal Reflectance Element (IRE). The ATR- FTIR spectroscopy is based on
the phenomenon known as Total Internal Reflection (TIR) [31,32] . This radiation strikes the interface between
the IRE and the serum and tissue sample composed of a lower refractive index. This internal reflectance creates an
evanescent wave that extends beyond the surface of the crystal into the serum sample and lyophilized tissue held in
contact with the crystal. This evanescent wave protrudes only a few microns (0.5u-5) beyond the crystal surface
and into the sample. The depth of penetration of infrared radiation from denser IRE into the test material depends
on refractive indices of the materials to be investigated and the wave number of the infrared radiation. As the
sample absorbs IR radiation at certain frequencies, the resultant totally reflected radiation (or) evanescent wave will
be attenuated (altered) in regions of the infrared spectrum where the sample absorbs energy [31,32].This attenuated
IR radiation of evanescent wave is passed back to the IR beam, which then exits the opposite end of the crystal and
it is detected by the detector in IR spectrometer.

Experimental serum Samples were analyzed for spectral recordings in the mid IR region of 4000-450 ™ as water is
a good absorbent of infrared radiation, it affects the actual spectral response of the test material and
dominated in the FTIR spectrum of serum sample. Serum sample was placed on the IRE crystal and the water
content on the serum sample is removed by air drier. FTIR spectral measurements were carried at room temperature
and each measurement was repeated to ensure the reproducibility of the spectra. These spectra were subtracted
against the background of air spectrum. After every scan, the crystal is cleaned with isopropyl alcohol or methanol
soaked tissue and a background of new reference air was taken to ensure the crystal cleanliness.

HISTOLOGY

Tissues Samples of Organs including Lung, Heart, Liver, Kidney Muscle, etc., after excision from the animals,
washed with normal saline to remove blood, fixed in 10%  buffered neutral formalin for 12hours. The
formalin fixed tissues were dehydrated in ascending grades of ethyl alcohol, cleared in xylene [33] and embedded in
paraffin wax. Sections of 5 um thickness [34] were cut by rotator microtome. At least 25 tissue sections for each
organ were assessed. The sections were processed and passed through graded alcohol series, stained with
haematoxylin and eosin [35] cleaned in xylene and cover slipped in DPX. Histological examination was done under
10 X magnification using Trinocular Reseach zeiss Microscope! (Gottingen, Germany) and further obtained from 10
random microscopic fields per animal at X 45 and X 100 objective.

STATISTICAL ANALYSIS

The statistical analysis were performed using Statistical Package for Social Science (SPSS, version 17) for Microsoft
windows. The data were expressed as Mean and SD and a one way analysis of variance ( ANOVA ) /Kruskal-Wallis
test with a post hoc Tukey HSD was used. Independent sample student t test / Mann-Whitney test were used to
compare continuous variables between two groups. A two sided p value < 0.05 was considered statistically
significant. The obtained data sets were statistically evaluated and focusing on the spectral ranges
that correspond to the structure and conformation of proteins and other bio molecules.
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Results and Discussion

DIABETES MELLITUS

Diabetes mellitus is characterized by hyperglycemia, glycosuria and hyper lipidemia caused by a shortage or lack of
insulin secretion or reduced sensitivity of the tissue to insulin and accompanied by a elevated level of blood
glucose, altered levels of other bio molecules , changes in the conformation of blood plasma proteins
etc., The effect of diabetes is seen on a variety of tissues leading to important secondary complications such as
kidney failure, liver dysfunction, cardiac disorders, etc.,. In the present study Fourier Transform Infrared
Spectroscopy was used to examine the effects of alloxan -induced diabetes mellitus on the structural
components at molecular level.

INDUCTION STUDY

The induction of diabetes mellitus could be achieved by alloxan to induce diabetes mellitus in this study due its
low mortality rate and high tolerance by the experimental animals than other diabetogenic agents [36] . Also, it
could be given easily by different routes and its diabetogenic action was rapid and permanent as it destructed the
beta cells of islets of Langerhans [37]. Several workers have reported that STZ and alloxan induced diabetes mellitus
and insulin deficiency lead to increased blood glucose [38] and association between specific diabetic
complications and disturbances in various tissues, such as diabetic nephropathy and cardiovascular diseases,
but only limited data is available on the possible association between diabetic complications and liver function

QUANTIFICATION OF BIO MOLECULES IN BLOOD SERUM BY ROUTINE METHODS

The current diagnostic tools are insufficient for the early detection of many diseases, including diabetes
mellitus. The findings of this study indicate that exposure to inducing agents are capable of inducing adverse
significant blood chemical changes in the disease induced wistar rats...The results obtained in this study also
support earlier literature shows that diabetes, and higher blood glucose levels ( 489 mg/dl + 8.48 ) than control
animal (112 mg/dl + 5.42). Models have incorporated these with other readily measurable features of
metabolic syndrome , low HDL cholesterol (58 mg/dl + 3.90), and elevated triglycerides (145 mg/dl £ 4.07) and
cholesterol (219 mg/dl + 3.82 , LDL [39-41] . Further parameters analysed were slightly high than control healthy
animal and found to be statistically non significant .

Alloxan rapidly and selectively acting on pancreatic beta cells [42] , to induce DNA strand breaks in
isolated rat pancreatic islets [43], also cause massive reduction of the betacells of islet of Langerhans
induce hyperglycemia and elevation of local free radicals in the cell after increasing free radicals in other
body organs [44] .

The variations in biochemical composition of experimental rats induced with alloxan is given in table 1.
The results shows that levels of glucose highly significant (P<0.001) among control and experimental animals. The
lipid profile is moderately and statistical significant values of TSH was obtained on control and rat induced alloxan
. The biochemical parameters like T3,T4, urea, creatinine, uric acid, liver functioning parameters shown in the table
1 are not significant.

FTIR-ATR BIOCHEMICAL VARIATION IN BLOOD SERUM

The results of this current study further revealed the sensitivity of FTIR spectroscopy in precise as well
as early diagnosis of diabetes. FTIR-ATR spectral variations (Table 2) and quantification of bio molecules among
control and experimental animals( Table 1) observed are statistically more significant. The IR spectroscopy has been
successfully attempted for characterizing bio molecules like proteins, carbohydrates, peptides, lipids, biomembrane,
pharmaceuticals products , foods , plant , animal tissues etc., Therefore, we investigated the blood plasma
samples of diabetic rat and healthy rats using FTIR —ATR spectroscopic method. FTIR Vibration Band
assignment of blood serum of control and DM induced by Alloxan in male wistar rat are shown in Table 2. For
blood samples , the glucose concentration was proportional to the difference between the values of the second

derivative spectrum at 1076 and the author report glucose spectrum at 1082 cm ' and 1093cm |
agree with present study[.45]

Present study shows that  successful spectral differentiation for control and diabetic sample between
3283 — 532 cm™ and recorded between 3050-199 cm™[20] .The results obtained shows that elevated
fatty acid types and its derivatives in addition to blood glucose level (Table 1 ) suggest that Diabetes
is not a single disease it’s group of heterogeneous syndromes [46] where the author stated the clinical features such
as heart attack, stroke and peripheral vascular disease in addition to diabetic condition
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In the average FTIR-ATR spectra of diabetic and healthy controls (Fig. 1), we can recognize that the
absorbance’s for corresponding wave length to diabetes induced rat is significantly higher intense
bands than control shows elevated levels of diabetic biomarker which support other
methodology adopted in this study. Apart from this , the spectrum obtained for control and
experimental model might be the additional supporting evidences to evaluate the bio molecule
qualitatively and quantitatively as diagnostic tool in clinical study. The trends observed on absorptions
of internal peak ratio of experimental and control wistar rat in this current study ( Table 3 ) support earlier
studies on different diseases like thyroid, Renal ,atherosclerosis, cancer and Hepatitis [48-54].

INTERNAL STANDARD RATIO PARAMETERS CALCULATION FOR SERUM

These spectra were used in Internal ratio Parameter calculation and analysis requires spectra with change in sensitive
peaks and no change in sensitive peaks for control and experimental. Internal ratio parameter is calculated to fortify
the results obtained from the FTIR intensity of absorptions. Internal ratio Parameter ignores the difference in the
amount of sample analyzed, it nullifies the contradiction in the quantity of the sample and gives measured out exact
deviations in ratio (lszs2/14s3, lage1/1743, lisszli2ss and  liorsfsi). The internal ratio parameter of basic protein, lipid ,
Nucleic acid and glycogen of control and diabetic rats given in Table 3. The results shows that peak ratio for NH
(protein and Urea) to Lipoproteins-(CH3) aymbending @mong diabetic status of rat induced by alloxan (0.9152 ) and
control male wistar rats (0.8707 ) is negligible .

Significant elevation in the absorption peak ratio was documented in (Protein )asym and sym t0 TeL /HDL- cholesterol
ester in diabetic induction on rat by alloxan and control healthy rat. Further , slight variation peak absorption ratio
for Amide Il to Amide Ill and Nucleic acid-PO2 as well as Glucose Stretching to S-S stretch in cystic acid were
noticed in control and experimental rats.

FTIR-ATR BIOCHEMICAL VARIATION IN ORGANS

This study reports the applications of FT-IR spectroscopy in diagnosis of Alloxan induced diabetes in
different tissues, such as rat kidney, Liver, lung, heart , muscle, etc., . The differentiation of diabetic tissues from
control ones was achieved using on spectral differences in different spectral regions. It is known that
pathological conditions induce significant alterations in macromolecular content, concentration, structure
and dynamics in tissues and membranes

From the mean spectra of diabetic and control experimental are illustrated in Fig. 2 (a-e ) one can easily observe

that, the intensity of the band at 1040 cm_l, which is due to oligosaccharides increases. This indicates an increase in
oligosaccharides concentration in diabetic membranes and similar reports was documented [55] where he observed

intensity of band at 1042 cmfl- The spectral parameters investigated that muscle, which is composed of a high
content of type | fibers, was found to be more severely affected from diabetes [56] which has disagreement with the
present study and this is because the current study did not focus on type I fibers.

Internal peak ratio absorbance of (Lipoprotein)sym; and HDL choletsreol ester ( 1 2931/ 11742), (Lioprotein)sym.Vvib
Mucopoly and Glu-str. ( I 2879 /l 1040), Amide Il and (Lipoprotein)asym.vib. (I s3s1/ | 14s3), Mucopoly-Glu-str. and
(Chol.estr)asym-PO4 (l1240 /1 1165) are clearly shows that there is marked improvement in the chemical composition
changes as a result of silymarin treated compare to alloxan induced DM wistar rat organs like kidney, liver, and
lung of experimental animals and statistically these values obtained are highly significant . But the heart and
muscle does not show any significant FTIR-ATR spectral changes on the chemical composition among DM
induced and treated and indicates muscle and heart are not affected much during the experimental period ( Table 4).
Though the slight FTIR —ATR variations observed in this study might be due to prolonged exposure of both alloxan
and metformin for the male wistar rat.

HISTOPATHOLOGY STUDIES

FT-IR spectroscopy together with microscopy has been used previously to study diabetes-induced
alterations in tissues of animal models [57] . The results reveal the power and sensitivity of FT-IR
spectroscopy in discriminating diseased and healthy tissues, which will further contribute to the use of FT-
IR spectroscopy in disease diagnosis in the field of diabetes (Fig 3 a-e). The earlier literature studies shows that
the effects of diabetes on different organs and tissues for longer periods of time (up to 18 months) using
other methods than FT-IR spectroscopy [58] and is contrast with current study which demonstrates the
effects of a relatively early onset of diabetes with FTIR ~ATR method.

The results of both Hypercellular glomeruli with sclerosis , mesangial proliferation.distal tubules showing
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vacuoles in cytoplasm of epithelial cells and thickened blood vessels also noticed . Further Thickening of parietal
layer of Bowman’s capsule observed ( Fig. 3ai- a vii) and these results were support the earlier findings of early
and late stages of diabetes mellitus 59-61]. But .the other studies shows that the neonatal STZ- (100 mg /kg)
induced type —Il diabetes alteration in the structural integrity of the apical membrane of proximal tubules of the
kidney tissue in the diabetes rats were observed [62] . Further these authors documented in their study about the
fatty liver and altered liver microsomal membranes [63-65]. The present study, a yellowish brown color of the
liver was observed which could be due to the fatty liver formation which support earlier research finding [66] and
he reported that fatty liver and hyperlipidemia in IDDM of streptozotocin induced. Further, findings of present
study are in agreement with the findings showed dilatation of veins, loss of usual concentric arrangement of
hepatocytes, liver fibrosis and decreased in glycogen activity in their study [67, 68]. Current study observed
accumulation of lipid droplets in the cytoplasm of hepatocytes and fhis change was reminiscent to the formation of
fatty liver. It could be due to the increased influx of fatty acids into the liver induced by hypoinsulinemia and the low
capacity of excretion of lipoprotein secretion from liver resulting from a deficiency of apolipoprotein B synthesis
[66] Hyperlipidemia could be another factor for fatty liver formation. Our findings of fatty liver-formation are in
agreement with the findings of earlier study [66 ].

The present study observed that the lungs of diabetic rat induced by alloxan shows inflammation in thickened
alveolar septae and blood vessels (Fig 3bi-b iv). Similar observations documented by other author who found
alterations in the lung ultra structure when treated with streptozotocin.

The impact of DM on the respiratory tract is characterized by abnormalities in pulmonary function, such as a
reduction in lung elastic recoil and in lung volumes, as well as diminished diffusing capacity .Further The earlier
research [63-64] documented in their study about the fatty liver and altered liver microsomal ( Fig 3. ci-ciii) and
similar observations were noticed in this study The other organs tissues like muscles and heart does not show any

histological changes with control and alloxan induced experimental wister rat.(Fig 3 d and Fig 3 e)

CONCLUSION

The obtained results suggested that subcutaneous administration of alloxan induces diabetes mellitus with
clinical and complementary signs, this experiment being useful in experimental studies regarding diabetes
mellitus. The analysed blood serum and different organs samples by FTIR-ATR spectroscopy and Histological
study might approach the qualitative and quantitative evaluation of bio molecules to assess biomarker for DM.

Diabetes mellitus has been induced by administration of Alloxan in dose of 40 mg/kg, subcutaneous
administration (0,5, 11 and 12" days) for four dose. . Biochemical blood exams showed an increase
of Total cholesterol triglyceride , TSH etc.,, The obtained results suggested that rat subcutaneous
administrated alloxan gave diabetes mellitus with clinical and complementary signs, this experiment being useful
in experimental studies regarding diabetes mellitus. We have analyzed real clinical blood serum samples by FTIR-
ATR spectroscopy and identified spectral regions that are most likely revels the qualitative and quantitative
evaluation of bio molecules. The subsequent multivariate analysis of spectral data proved that the FTIR-ATR
spectroscopic methods are able to detect more complex signal of serum bio molecules than conventional methods.
The results obtained suggested that FTIR —ATR spectral evaluation might be an additional tool in clinical diagnosis ,
prognosis and disease management. The best predicting model included adiponectin, Cross reactive protein (CRP),
ferritin, interleukin-2 receptor A (IL2RA), glucose, and insulin, with area under the a receiver operator characteristic
curve may be suggested for future study.

ACKNOWLEDGEMENT

The Authors would like to  thank the Saveetha University for providing Animal House facility
to conduct experiments and the Dean ,Sophisticated Analytical Instrumentation facility (SAIF-SPU), St.
Peter’s University, Avadi, and Chennai-600 054, using PerkinElmer Spectrum-Two FTIR Spectrophotometer with
attenuated Total Reflectance accessory. Authors would like to thank Dr. Kanchana for technical assistance and advice
with tissue preparation and sectioning and Director, CIBA(ICAR),Chennai  for processing the lyophilisation of
tissue sample.

CONFLICTS OF INTEREST
None

http://annalsofrscb.ro 6791


http://annalsofrscb.ro/

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 6786 - 6802
Received 15 December 2020; Accepted 05 January 2021.

REFERENCES

[1] StapletonS.R. Cellul. Molec. Life Sci., 2000; 57, 1874-1879 .

[2] Kanazawa Y, Kawakami M and Kawano M . New classi~cation of diabetes by ADA and WHO
with special reference to pathogenesis. Nippon Rinsho,1999; 57, 551-555.

[3] Puavilai G, Chanprasertyotin S., and Sriphrapradaeng, A. Diagnostic criteria for diabetes mellitus
and other categories of glucose intolerance:1997 criteria by the expert committee on the diagnosis and
classi“cation of diabetes mellitus (ADA), 1998.

[4] Thomas W. H. K., Helen E. T., Leonard C. H., and Janette, A., The beta cell in autoimmune
diabetes: many mechanisms and pathways of loss. Trends Endocrinol. Metab., 2000 ; 11, 11-15

[5] Brands A. M. . Henselmans,J. M. de Haan, E. H and Biessels, G. J. Ned Tijdschr Geneeskd.2003; 147, 11—
14 .

[6] Chu C. Lin M. T. Shian L. R. and Leu S.Y. Diabetes, 1986; 35, 481-485.

[7] WahbaZ.Z. and Soliman K.F Experientia,1988; 44, 742746 .

[8] Cunha-Vaz J. G. Faria de AbreuJ R. Campos, A. J and Figo,G. M. Br. J. Ophthalmol, 1975; 59, 649-
656.

[91 Enea N. A Hollis T. M. Kern J. A. and Gardner T. W Arch. Ophthalmol,1989; 107, 270-274 .

[10] Klein R, Klein, B. E. K. MossS. E. and Crus- cishanks, K. J. Ophthalmology, 1995; 102, 7-16.

[11] Grossman E. and Messerli F. H. Ann. Intern. Med. 1996 ; 125, 304-310.

[12] Thomson A. B. Diabetes, 1983; 32(10), 900-907.

[13] Schiller L.R. and Feldman M. in: Gastrointestinal complications of diabetes, edited by K. L. Becker, Principles
and Practice of Endocrinology and Meta- bolism, (Lippincott, JB, 1990; , pp. 1144-1147.

[14] Atkinson M and Hosking D J. Clin. Gastroenterol.1983 12, 633

[15] Goyal R. K and Spiro H. M. Clin. North Am., 1983; 155, 1031.

[16] Hassan A. A, Hassouna, M. M Taketo, T. C. Gagnon and Elhilali, M.M J. Urol, 1993 149(1), 148-54.

[17] Ollesch J, Drees S. L, Heise H. M, Behrens T. Bruning T. and Gerwert K Analyst, 2013; 138, 4092-4102.

[18] Barman I, Dingari N.C Kang J.W. Horowitz G. L Dasari R. R. and Feld M. S. Anal. Chem., 2012, 84, 2474
2482,

[19] Olsztynska-Janus S, Szymborska-Malek K. Gasior- Glogowska, M.  Walski T, Komorowska, M. Witkiewicz W.
Pezowicz C.. Kobielarz M and Szotek S. Acta Bioeng. Biochem, 2012, 14, 101-115

[20] Feride Severcan, FTIR spectroscopy as a novel method in characterization and diagnosis of type | diabetes in rat
animal model and the protective role of antioxidants. J Diabetes Metab 2013; 4:6

[21] Lasch P and Kneipp, Biomedical Vibrational Spectroscopy, ed. J John Wiley & Sons, Inc., New York, 2008.

[22] Petrich W. Appl. Spectrosc. Rev., 2001; 36, 181-237.

[23] Eizirik D L, Pipeleers D G, Ling Z, Welsh N, Hellerstrom, C, Andersson A. Major species differences between
humans and rodents in the susceptibility to pancreatic beta-cell injury. Proceedings of the National Academy of
Sciences of the United States of America 1994; 91(20): 9253-6

[24] Tyrberg B, Anderson A, Borg L.A. Species differences in susceptibility of transplanted and cultured, pancreatic
islets to the beta-cell toxin alloxan. General and comparative endocrinology 2001; 122(3):238-51

[25] Iranloye B O, Arikawe A P, Rotimi G, Sogbade A O. Anti-diabetic and anti-oxidant effects of Zingiber officinale on
alloxan- induced and insulin-resistant diabetic male rats. Nigerian journal of physiological sciences : official
publication of the Physiological Society of Nigeria 2011;26 (1): 89-96.

[26] Etuk E U NJ. Animals models for studying diabetes mellitus. Agric. Biol 2010; 1:130-4

[27] Federiuk | F, Casey H M, Quinn MJ, Wood M D, Ward W K. Induction of type-1 diabetes mellitus in
laboratory rats by use of alloxan: route of administration, pitfalls, and insulin treatment. Comparative medicine :
2004;54(3):252-77

[28] Katsumata K, Katsumata Jr., K and Katsumata Y. Protective effect of diltiazemhydrochloride on the occurrenceofalloxan
or streptozotocin-induced diabetes in rats.Hormone and Metabolic Research, 1992 ; 24 508-510.

[29] Tranquilut N C, Tranquilut M A C, Torres E B, Rosario J C Reyes B A S. Hypoglycemic effect of
Lagerstroemia speciosa (L) Pers. On alloxan —induced diabetic mice . J.Med. Plants Res., 2009; 3
,1066-1971.

[30] Saud Alarifi , Amin Al-Doaiss , Saad Alkahtani S A, Al-Farraj, Mohammed Saad Al-Eissa B, Al-Dahmash ,
Hamad Al-Yahya , Mohammed Mubarak . Blood chemical changes and renal histological alterations induced by
gentamicin in rats, Saudi Journal of biological sciences, 2012; 19,103-110

[31] Katon JE, Micro, 27 1996; 303-314.

[32] Baulsir CF, Simler RJ. Advanced Drug Delivery Reviews, 21 1996 191-203.

[33] Krasilnikova O A, Kavok N. S, Babenko N. A. Drug-induced and postnatal hypothyroidism impairs the ac- cumulation of
diacylglycerol in liver and liver cell plasma membranes. BMC Physiol., 2002; 16, 2-12

[34] Palmero S, de Marchis M, Gallo G and Fugassa E. Thyroid hormone affects the development of Sertolic cell function
in the rat. J. Endocrinol., 1989; 123 (1), 105-111.

[35] Luna L G. Manual of histologic staining methods of the Armed Forces Institute of athology, 3 edn. 1968; New York Mac

http://annalsofrsch.ro

Graw Hil

6792


http://annalsofrscb.ro/
https://www.researchgate.net/publication/19648247_Alterations_in_Physiologic_Functions_and_in_Brain_Monoamine_Content_in_Streptozocin-Diabetic_Rats?el=1_x_8&enrichId=rgreq-177e9cf764fedfd0fba7e2389d7c603d-XXX&enrichSource=Y292ZXJQYWdlOzQ0Njk5Mjk1O0FTOjEwMzA3Mjg1NjU0MzI0NkAxNDAxNTg1ODkyOTE4
https://www.researchgate.net/publication/19739324_Effect_of_diabetes_on_the_enzymes_of_the_cholinergic_system_of_the_rat_brain?el=1_x_8&enrichId=rgreq-177e9cf764fedfd0fba7e2389d7c603d-XXX&enrichSource=Y292ZXJQYWdlOzQ0Njk5Mjk1O0FTOjEwMzA3Mjg1NjU0MzI0NkAxNDAxNTg1ODkyOTE4
https://www.researchgate.net/publication/19739324_Effect_of_diabetes_on_the_enzymes_of_the_cholinergic_system_of_the_rat_brain?el=1_x_8&enrichId=rgreq-177e9cf764fedfd0fba7e2389d7c603d-XXX&enrichSource=Y292ZXJQYWdlOzQ0Njk5Mjk1O0FTOjEwMzA3Mjg1NjU0MzI0NkAxNDAxNTg1ODkyOTE4
http://dx.doi.org/10.4172/

[36]

[37]

(38]

[39].

[40]

[41]

[42]
[43]
[44]

[.45]

[46].

[47].

[48].

[49].

[50]

[51].
[52].
[53].

[54].

[55]
[56]

[57]
[58]
[59]
[60]
[61]
[62]

[63]
[64]

[65].

[66].

[67]

http://annalsofrsch.ro

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 6786 - 6802
Received 15 December 2020; Accepted 05 January 2021.

Bell R H,Hye R J (1983) Animal models of diabetes mellitus physiology and pathology,] Surg Re.,
1983; 35, 433-460

Mahay, S., E. Adeghate, M.Z. Lindley, C. Rolphand J. Singh, STZ induced type 1 diabetes mellitus alters
the morphology secretary function and acyl lipid contents in the isolated rat parotid salivary gland.
Molecular Cell Biochemistry, 2004 ; 261(1): 175-181.

Syed M, Mark C and John FD .Management of dysliidemia in adults . The Am Fam Physiol.2000; 1;1--12

Stern A: Drug-induced oxidative denaturation in red blood cells. Semin. Hematol. 26:301-306, 1989.18.

Wilson P W, Meigs J B, Sullivan L, Fox C S, Nathan, D M, D’Agostino R B S. Prediction of incident diabetes mellitus in
middle- aged adults: the Framingham Offspring Study. Arch Intern Med., 2007;167:1068 —1074

Schmidt M.I, Duncan B.B, Vigo A, Pankow J, Ballantyne C M, Couper D, Brancati F, Folsom A.R. Detection of
undiagnosed di- abetes and other hyperglycemia states: the Atherosclerosis Risk in Communities Study. Diabetes Care
2003;26:1338 —1343.

Elsner M Tiedge M, Guldbakke B, Munday R, Lenz S . Importance of the GLUT2 Glucose Transporter for Pancreatic
Beta Cell Toxicity of Alloxan, Diabetologia., 2002 ; 45 (11), 1542-9.

Akimitsu Okamoto , Taku Kamei and Isao Saito . Genotyping with hole — transporting DNA self assembled mono layer ,
Nucleic acid symposium series, 2005; N0.49 227-228 Oxford niversity Press

Muruganandam A , Drouillard C, Thibert R J, Cheung R M , Draisey T F, Mutus B. Glutathione metabolic enzyme
activities in diabetic platelets as a function of glycemic control. Thrombosis Research, 1992; 67, 385-397

Shen Y C, Davies A G, Linfield EH, Elsey TS, Taday, P Fand Arnone D D.. The use of Fourier-transform infrared
spectroscopy for the quantitative determination of glucose concentration in whole blood, 2003; July7,48 (13)2023-2032
Patel D, Kumar R, Prasad S, Sairam K, Hemalatha S. Antidiabetic and in vitro antioxidant potential of Hybanthus
enneaspermus(Linn) F. Muell in streptozotocin-induced diabetic rats. Asian Pacific journal of tropical biomedicine
2011;1(4):316-22

Kamatchi S, Gunasekaran S, Sailatha E , Pavithra R, Kuppuraj P . FTIR-ATR Spectroscopic Technique on Human
Single Intact Hair Fibre -A Case Study of Thyroid Patients, International Journal of Advanced Scientific Technologies in
Engineering and Management Sciences (IJASTEMS-ISSN: 2454-356X), 2016 ; Volume.2, Issue.5,pagesl-6 ,

Renuga Devi T S, Gunasekaran S, Wesley HJ , Sarone AJ." Analysis on renal failure patients blood samples:
characterization and efficacy study”. Indian Journal of Science and Technology.2009 ; 2,0974-6846.

Haas S L, Méller R, Fernandes A, Dzeyk-Boycheva K, Hohmann J, Hemberger S, Elmas E, Brok- hmann M, Bugert
P and Backhaus. J. Spectroscopic Diagnosis of Myocardial Infarction and Heart Failure by Fourier Transforms Infrared
Spectroscopy in Serum Samples. Applied Spectroscopy, 2010 ; 64, 262-267.

Dimitrova M, lvanova, D, Karamancheva I, Mileu, A and Dobreu I. Application of FTIR Spectroscopy for Diagnosis
of Breast Cancer Tumors. Journal of University of Chemical Technology and Metallurgy, 2009 ; 297-300.

Mackanos M A and Contag C H. FTIR Micro Spectroscopy for Improved Prostate Cancer Diagnosis. Trends in
Biotechnology, 2009; 27, 661-663.

Gunasekaran S, Renuga Devi T S and Sakthivel P S. Efficacy of simvastatin on chronic Renal failure patients- A
Spectroscopic Approach, Asian Jornal of Chemistry.VVol.20.N0.1.2008; pages 167-476.

Gunasekaran S, Uthra D, Sailatha E and Anita B. FTIR Spectral Study on Jaundice Blood Samples before and after
Treatment. Asian Journal of Chemistry, 2010 22, 51-56

Sankari, G, Krishnamoorthy, E, ,Jayakumaran, S, Gunasekaran ,V, Vishnupriya, V, Shyama Subramanian, Subramaniam, S
and Surapaneni Krishna Mohan. Analysis of serum Immunoglobulin’s using FTIR spectral measurements, J. Biology and
Medicine , 2010 ; 2 42-48

Liu K, Bos R and Mantsch H H. Infrared spectroscopic study of diabetic platelets, Vib. Spec. 2002 ; 860 .1-6.

Ozlem Bozkurt, The effect of diabetes on rat skeletal muscle tissues at molecular level.. A Thesis Submitted To

The Graduate School Of Natural And Applied Sciences OfMiddle East Technical University. 2006; Pages 1-86.

Lin K. Bos R and Mantsc H H. Infrared spectroscopic study of diabetic platelets, Vib. Spec. 2002 ; 860 .1-6.

Hsiao Y. C. Suzuki K, Abe H and Toyota T. Virch- ows Arch. A Pathol. Anat. Histopathol.1987; 411, 45-52
Huang H C and Preisig P A. Kidney Int., 2000; 58, 162-172

Hirose K, Osterby R Nozawa M. and Gunder-sen H J. Kidney Int. 1982 ;982 21, 689-695

Steffes M W, Osterby R. Chavers B. and .Mauer S. M. Diabetes, 1989 38, 1077-1081

Bolkent S, Akev N, Ozsoy N, Sengezer-Inceli M, Can A, Alper O, Yanardag R. Effect of Aloe vera (L.) Burm. fil. leaf gel
and pulp extracts on kidney in type-11 diabetic rat models. Indian J Exp Biol. 2004 Jan;42(1):48-52

Kotronen, A. and H. Yki-Jarvinen, Arterioscler Thromb. Vasc. Biol., 2008; 28, 27-38.

Wolf G. Chen S and Ziyadeh FN. Diabetes, 2005; 54, 1626

Mahera and Al - Shaikh , Histological and Histochemical changes in diabetic male rat liver and intestine: and
protective effect of cinnamon oil. Fac Med Baghdad, 2010; Vol. 52, No. 3

Ohno T, Horio F, Tanaka S, Terada M, Namikawa T, Kitoh J. Fatty liver and hyperlipidemia in IDDM (insulin-dependent
diabetes mellitus) of streptozotocin-treated shrews. Life Sci. 2000; 66 (2):125-31.

Das AV, Padayathi P S, Paulose C S. Effect of leaf extract of Aegle marmelose (L.) Correa ex Roxb. on histological and
ultra structural changes in tissue of streptozotocin induced diabetic rats. Ind J Exp Biol. 1996; 34:341-345

6793


http://annalsofrscb.ro/
https://pubmed.ncbi.nlm.nih.gov/?term=Elsner+M&cauthor_id=12436338
https://pubmed.ncbi.nlm.nih.gov/?term=Tiedge+M&cauthor_id=12436338
https://pubmed.ncbi.nlm.nih.gov/?term=Guldbakke+B&cauthor_id=12436338
https://pubmed.ncbi.nlm.nih.gov/?term=Munday+R&cauthor_id=12436338
https://pubmed.ncbi.nlm.nih.gov/?term=Lenzen+S&cauthor_id=12436338
https://www.researchgate.net/publication/20484871_Mesangial_Expansion_as_a_Central_Mechanism_for_Loss_of_Kidney_Function_in_Diabetic_Patients?el=1_x_8&enrichId=rgreq-177e9cf764fedfd0fba7e2389d7c603d-XXX&enrichSource=Y292ZXJQYWdlOzQ0Njk5Mjk1O0FTOjEwMzA3Mjg1NjU0MzI0NkAxNDAxNTg1ODkyOTE4
https://www.researchgate.net/publication/20484871_Mesangial_Expansion_as_a_Central_Mechanism_for_Loss_of_Kidney_Function_in_Diabetic_Patients?el=1_x_8&enrichId=rgreq-177e9cf764fedfd0fba7e2389d7c603d-XXX&enrichSource=Y292ZXJQYWdlOzQ0Njk5Mjk1O0FTOjEwMzA3Mjg1NjU0MzI0NkAxNDAxNTg1ODkyOTE4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bolkent%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akev%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ozsoy%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sengezer-Inceli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Can%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alper%20O%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yanardag%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15274480
https://www.ncbi.nlm.nih.gov/pubmed/15274480
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohno%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10666008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horio%20F%5BAuthor%5D&cauthor=true&cauthor_uid=10666008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10666008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Terada%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10666008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Namikawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=10666008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kitoh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10666008
https://www.ncbi.nlm.nih.gov/pubmed/10666008

Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 1, 2021, Pages. 6786 - 6802
Received 15 December 2020; Accepted 05 January 2021.

[68] Degirmenchi I, Kalender S, Ustuner C, Kalender Y, Gunes V, Unal N, Basaran A. The effects of acarbose and rumex
patientia on liver ultrastructure in streptozotocin- induced diabetic (type-I1I) rats. Drugs Exp. Clin. Res. 2002;28:229-234
Table 1. Changes in biochemical composition levels in Blood serum of healthy control b and Alloxan
induced male wistar rat

Biomolecules Control Alloxan induced | Statistics
T3(ng/dl) 161 + 15.87 178 + 8.19 NS
T4(u/dl) 59+ 1.20 6.9+ 1.09 NSs etc.,
TSH (m1U/dI) 4.8+ 1.33 52+3.11 P<0.05
Plasma Glucose (mgs/dl) 112 +5.42 489 £ 8.48*** P<0.001
Total Cholesterol (mgs/dl) | 167 + 3.10 219 + 3.82** P<0.01
Triglyceride(mgs/dl) 120 + 3.89 145 + 4.07* P<0.01
HDL Cholesterol (mgs/dl) 47 + 3.87 58 + 3.90* P<0.01
Urea (mgs/dl) 30+7.10 33+£7.20 NS
Creatinine (mgs/dl) 0.7+04 0.76 £ 0.5 NS
Uric acid (mgs/dl) 48 £1.1 49+13 NS
Calcium (mgs/dl) 7.9+1.4 8.0+1.7 NS
Total Protein (gms/dl) 7.1+2.89 7.3+2.96 NS
Albumin (gms/dl) 5.1+2.11 5.3+2.02 NS
Globulin (gms/dl) 2.0+1.0 2.3+1.09 NS
SGOT (1U/) 55+5.1 58+4.8 NS
SGPT(U/) 61+7.5 60+11.4 NS
SAP(IU/) 121+12 133+15.1 NS
Table 2. FTIR Vibration Band assignment of blood serum of control and DM induced by Alloxan in Male
wistar rat
S.No | Wave Number | Vibration Band assignment
(cm )
1 3283 N-H stretch due to protein and Urea
2 3071 Amide B band due to overtone of Amide | band and olefinic group C-H
stretch Lipids of Unsaturated fatty acid
3 2961 C-O-C Asymmetric / Symmetric stretch vibrations of Methyl group of
Protein and C-H Lipids ( Fatty acids and TGL)
4 2931 Asymmetric stretching vibrations of Methylene group of protein and lipids
5 2879 Symmetric stretching vibrations of Methylene group of protein and lipids
6 1742 C=0 group of cholesterol ester (HDL)
7 1634 Aryl substituted C=C Amide | band mainly due to C=0 ,C=N and N-H
stretching
8 1538 Amide Il band due to NH vibrations stretching  coupled with C-N
stretching vibrations in protein.
9 1453 Asymmetric bending vibrations of lipids, proteins of CH3 groups.
10 1395 Free Amino Acid and Fatty Acids
11 1313 Amide 11 erythrocyte
12 1240 Amide 111 and Asymmetric PO2 stretching vibration mode of Nucleic acid
13 1165 Ring vibrational mode of C-O-H and C-O-C bonds (CO-O-C) asymmetric
Cholesterol ester; Phosphoric acid
14 1115 Stretching vibration of glycogen
15 1076 C-O chacterization stretching of glucose
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16 1040 Primary alcohol C-O stretch glucose-Muco Poly saccharide
17 934 Ribose , Phospholipids
18 532 Polysulfidic S-S stretch in cystic acid

Table 3 Internal Standard ratio Parameters calculation of Lipids, Proteins and Glucose between control and
Diabetic blood serum of male wistar rat

Peak ratio Wave Absorbance
Number Control Diabetic
(cm ) Rat
NH (protein and Urea) / Lipoproteins-(CH3) aym.pending l3282/1453 0.8707 0.9152
(Protein )asym and symand oL /HDL- cholesterol ester lo961/1743 3.8586 4.1585
Amide Il / Amide Il and Nucleic acid-PO2 l1537/1238 2.0555 2.1695
Glucose Stretching / S-S stretch in cystic acid l1075/516 0.4609 0.5727

Table 4 The changes in the FTIR-ATR band internal peak ratio calculation for various molecules in the
lyophilized organs of control and induced DM experimental rats

Peaks | KIDNEY | p | LIVER | p LUNG 0 HEART o | MUSCLE | p
atio =0T D |1 YA eo Tom | YA [cont. T oM | VAU [Cont. Tom 1| V31 [Cont DM | V&
e e ue
MI |1 | . |
I | 277 | 3.2 | 000 | 21 | 2.56 | 0.00 | 2.538 | 2.92 | 0.000 | 2.861 | 2.873 | 0.390 | 2.42 | 2.32 | 0.3(
(Lipopro | 38 | 98 | 1 |52 |08t | 03 | 9+ |07+ | 0000 | 1+ | 2+ | 4 | 29+ | 13+
teinsm/ |y | 7 2t 011 0013|001 | ° | 0215 | 0.164 0.10 | 0.21
015 | * %.?? 7 61 2 | 1
722 1 |01
HDL 16
choletsre
ol ester
Lers | 056 | 0.8 | 0.00 | 0.7 | 0.87 | 0.00 | 0.411 | 0.54 | 0.000 | 0.445 | 0.463 | 0.363 (06103
(Lioprot | 65 | 94 | 01 | 48 | 03+ | 000 | 4+ |83+ | 007 | 5 ax | 2 25+ | 12
e'”)gm-"' + |0 1001 1 |oo12]001 + |o0025 004 | '
+ 00| 5 13 0
0.01
2 |0l 20 0.022
l1040 16 '
Mucopol
y-Glu-
str.
lsss | 0.80 | 1.1 | 0.00 | 0.9 | 1.26 | 0.00 | 1.555 | 1.87 | 0.000 | 0.971 | 0.955 | 0.350 1] 1.00 | 0.3
Amidell | 24 | 34 | 01 | 52 | 74+ | 000 | 0+ | 31+ | 0000 | 8t | 6+ | 5 04+ | 45
+ | 6 5 1 001| ° |o0o012]001| 2 | 0017|0012 008 | °
002 | * (i.;) 4 29 1
(Lipopro | 3 0.0
tein)asym. 14
vib.
lmo | 112 | 1.3 | 0.00 | 1.L | 1.28 | 0.00 | 1.085 | .15 | 0.000 | 1.050 | 1.004 | 0.455 | 1.06 | .00 | 0.1
Amide | 78 |66 | 01 | 72 |02+ | 13 | 5+ |10+ | 3 7+ | 6x | 9 | 48+ | 12+ | 20
- . |7 3% | 001 0.012 | 001 0.084 | 0.087 007 | 0.09| 2
asymPO2
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Fig. 2 (a) FTIR-ATR spectral overlaid pattern of kidney of healthy control andalloxan induced diabetes mellitus in
experimental male Wistar rat
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Fig. 2 (b) FTIR-ATR spectral overlaid pattern of liver of healthy control and alloxan induced diabetes mellitus in
experimental male Wistar rat
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Fig. 2(c) FTIR-ATR spectral overlaid pattern of lung of healthy control and alloxan induced diabetes mellitus in
experimental male Wistar rat
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experimental male Wistar rat
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Fig. 2 (e) FTIR-ATR spectral overlaid pattern of muscle of healthy control and alloxan induced diabetes mellitus in
experimental male Wistar rat
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3(aii)Kidney showing mesangial proliferation H&Ex40 3 (aiv) Mesangial proliferation H&Ex100

( Induction) ( Induction)

o

o Sl - 6‘."‘ [ QS TS U '
3(a-v)Distal tubules showing vacuoles in cytoplasm H&Ex40 3 (a-vi) Blood vessels with thickened wall H&Ex40
( Induction) ('Induction)

3(a-vii) Glomeruli with sclerosis H&Ex100 3(a-viii)  Thickening of parietal layer of Bowman’s capsule
H&Ex100

( Induction) ( Induction)
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3(b-i) Control group : Lung 3(b-ii) Lung shows thickened alveolar septae (S)

with inflammatory reaction H&Ex40 ( Induction )

- - -

3(b-iii)Marked inflammatory reaction in interstitium 3 (b-iv) Thickened blood vessels H&Ex100 (Induction)
and alveoli H&Ex10 —(Induction)

3( Ci) Liver Control group - Normal 3 (Cii) Altered Liver Microsomal H&Ex100
H&EX100
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3(d)  Control group: Muscle and DM Induced Muscle

H&EXx100- Normal
B o ey

3 (e)Control group : Heart and DM induced heart -Normal
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