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Summary

Determination of reliable biochemical parameters of experimental
diabetic rabbit by alloxane monohydrates on liver function and role of
diatery antioxidants (ascorbic acid, vit. A, and a-tocopherole)
supplementation were investigated. Body weight gain, blood (plasma)
chemistries, antioxidant enzymes and histopathological lesions were
determined over 10 week in newzealand white rabbit group each contain 10
animals: control G1 animals group, diabetic only G2 animals group,
diabetic and ascorbic acid G3 animals group, diabetic and Vit. A G4 animals
group, diabetic and a-tocopherole G5 animals group . each of dietary
ascorbic acid, vit. A and a-tocopherole that given to animals of G3, G4 and
G5 respectively were significantly (P<0.01) improve body weight gain and
glucose level in blood than G2 diabetic group G3 and G5 significantly did
not differ but these two groups significantly more best than G4 group, also
these antioxidants improve levels of alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase and total protien. Enzymatic activity
of liver glutathione peroxidase and superoxide dismutase were increased
significantly more than of diabetic animals G2. histopathological structures
of liver and pancrease confirm these results, as generally oxidative stress
that affect liver function may diminished by administration of antioxidant
ascorbic acid, Vit. A and a-tocopherole supplementation, and a-tocopherole
group was the best group.

Introduction

Diabetes Mellitus is a complex metabolic disorder in which the pancreas
produces insufficient amounts of insulin, or in which individual's system fail
to respond appropriately to insulin. In people with diabetes, glucose levels
build up in the blood and urine, causing excessive urination, thirst, hunger,
and problems with fat and protein metabolism '. The disease is ranked
seventh among the leading causes of death and third in terms of its
complications and is a major health problem in developed and developing
countries, the number of diabetic patients is increasing globally because of
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diverse changes in diets in all cultures, It has been predicted that the number
of diabetic patients will double from 143 million in 1997 to about 300
million by 2025 largely because of dietary intake and other lifestyle factors 2.

Liver act as one of the most important tissue in the body, studied found
that liver disease is associated with diabetes, patients who have diabetes are
twice as likely to have a liver disease as well, one of the biggest problems is
that liver disease associated with diabetes, often goes undetected until it is
too late, excessive glycogen may accumulate in liver due to defective
activation of glycogen synthase’. Diabetes also associated with fat
accumulation and cause fatty liver steatohepatitis, In addition to it's
association with other liver disease like liver cirrhosis, cholelithiasis, and
cholecystitis®.

Antioxidant defense mechanisms involve both enzymatic and non
enzymatic strategies. Common antioxidants include the vitamins A, C, and
E, glutathione, and the enzymes superoxide dismutase, catalase, glutathione
peroxidase, and glutathione reductase. Vitamins A, C, and E are diet-derived
and detoxify free radicals directly. They also interact in recycling processes
to generate reduced forms of the vitamins®. Tocopherol is reconstituted when
ascorbic acid recycles the tocopherol radical; dihydroascorbic acid, which is
generated, is recycled by glutathione, Vitamin E, a component of the total
peroxyl radical-trapping antioxidant system °, reacts directly with peroxyl
and superoxide radicals and singlet oxygen and protects membranes from
lipid peroxidation, The deficiency of vitamin E is concurrent with increased
peroxides and aldehydes in many tissues.

There have been conflicting reports about vitamin E levels in diabetic
animals and human subjects. Plasma and/or tissue levels of vitamin E are
reported to be unaltered 7, increased *, or decreased’ by diabetes.
Discrepancies among studies in terms of preventive or deleterious effects of
vitamin E on diabetes induced vascular aberrations may arise from the
variety of examined blood vessels or the administered dose of vitamin E.
Aim of study:

Type 1 diabetic rabbits were used to investigate various assays/liver
tissue to identify and compare the role of oxidative stress markers in
correction oxidative stress associated with diabetes mellites

Materials and methods

Animals:

Following 7 days acclimation period, 50 juvenile female, clinically
healthy newzealand white rabbits were fastened for about 12 hrs then
injected with alloxane monohydrate (BHD-England) (100mg/kg body
weight) via marginal ear vein in order to induce type 1 diabetes mellitus,
blood glucose measurement occur after 3 days, if it more than 200 mg/dl
indicate diabetes onset.
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Rabbits were randomly separated in to five groups each contain ten
animals (G1) control normal, (G2) diabetes group treated with alloxane
monohydrate 100 mg/kg only, (G3) diabetes and vitamin C group treated
with alloxane monohydrate then supplemented orally with two doses of
ascorbic acid 21 mg/kg between these two dose 10 hrs, (G4) diabetes and
vitamin A group treated with alloxane monohydrate then ditary
supplemented with 2000 1U/kg vit A. (G5) diabetes and a-tocopherole group
treated with alloxane monohydrate then ditary supplemented with 500mg
/day a-tocopherole.

Sample collection:

Initial body weight was obtained prior to induction of diabetes or
antioxident supplementation. Subsequent body weight gain and samples
measurements were taken at the end of experiment (10 weeks), whole blood
was collected via cardiac puncture from anasthesized (ketamine 50mg/kg-
xylazine 10mg/kg), rabbit were then euthanized with a single cardiac
injection fatal plus (concentrated pentobarbital, 360 mg/kg).

Liver and pancreas tissues were collected in For histopathological
studies, while some liver tissues homogenized on ice for 20 second then
centrifuged at 30000 cc for 30 minutes at 4°c and the supernatant collected
for laboratory studies.

Blood chemistries

Blood glucose, ALT, AST, alkaline phosphatase and total protien
concentration in plasma were determined using commercially available kit
(sigma), glutathione peroxidase determined as in paglia and valentine
method 1967', while total superoxide dismutase (SOD) activity was
determined in plasma and liver according to a modified assay described by
Pence and Naylor 1990".

Statistical analysis

Mean+SE was carried. Data were analyzed by Duncan's multiple range
test '* to determine if the treatment were significantly (P< 0.01) different or
not.

Results
Alloxane treated rabbits were indeed diabetic after three days as
indicated by plasma glucose level greater than 200 mg/dl and remain
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hyperglycemic throughout the last week of experiment. Table (1) showed
that body weight gain and glucose level in G3, G4 and G5 were significantly
(P<0.01,0.05) best than that G2 group but at the same time glucose level of
these groups was significantly higher than G1 group. There is no
significance variation between G3 and G5 neither between G3 and G4
groups, while glucose level of G3 and TS groups were significantly best than
G4 group.

Table (1) showed that Alanine aminotranspherase (ALT), alkaline
phosphatase levels in G2 were significantly higher than all groups, G5 level
of these parameters were significantly more best than G3 and G4 groups, on
the other hands G3 level for these parameters were significantly more best
than G4 group.

Aspartate aminotranspherase (AST) level in G2 were significantly more
than all groups, G5 group was significantly more best than G3 and G4, but
there were no significant variation between G3 and G4 groups.

Total protein level for G1 as present in table 1 was significantly more best
than all groups, G5 group was significantly higher than G4 and G3 groups,
on the other hand G3 level was significantly more than G4 group, but there
was no significant variation between G4 and G2 groups

Glutathione peroxidased and superoxide dismutase activity in G1 were
significantly higher than all treatment groups as present in table (1), at the
same time glutathione peroxidase level in G5 was significantly higher than
G2, G3 and G4, there is no significant differences between T3 and G4 and
between G2 and G4. Superoxide dismutase level in G3 and G5 groups
significantly did not differ but these two groups were significantly higher
then G4 as explaining.

Table 1 explain role of dietary ascorbic acid, Vit.A and a-tocopherole on
different biochemical parameters of diabetic rabbit
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Results are expressed as mean + standard error.

Different letters between groups refer to significant variation under (p<0.01).
Degree of freedom :4, 36

These result were supported by histopathological examination of liver

and pancreas.

Results indicate marked impreovement in diabetic quality of ascorbic
acid, Vit.A and a-tocopherole treated groups, the biochemical finding of
present study are confirmed with histopathological alteration observed in the
animals organs who treated with dietary ascorbate, vit A and a-tocopherole

groups, the degenerative signs that present in liver fig 1

(B,Cand D

respectivly) and pancreas fig 2(B, C and D respectivly) of these two animal

groups are mild or less sever than diabetic T2 group.

Oral exposure to alloxane caused significant decrease in population of
pancreatic islet cells fig 2 (A), atypical histological feature which may be
compared with development of insulin dependant diabetes mellitus caused
by beta cell injury from alloxane substance, oxidative stress has been
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recognized as a major component in the chain of pathological events that
express degenerative signs in liver fig 1(A) for T2 animals group by
production of free radicals, glucose oxidation is the main source of free
radicals.

Fig 1 (A)

Fig 1 (B)

Fig 1 (C)
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Fig 1 (D)

Photomicrographs of haematoxylin and eosin stained sections of rabbit liver; (A) Group
represented a severe congestion of the hepatic tissue with dilation of central vein, nicrosis and
fibrosis also present (B), (C) and (D) Groups indicated a moderate congestion and dilation of
central vein with less degenerative signs in hepatocytes. (H&E, 10x%).

Fig 2 (B)
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Fig 2 (D)

Photomicrographs of haematoxylin and eosin stained sections of rabbit pancrease; (A) Group represented
degeneration of langerhans islets by alloxane monohydrate, (B), (C) and (D) fig. showed less sever or mild
degeneration , (H&E, 10x).

Discussion

Oxidative stress depicts the existence of products called free radicals and
physiological conditions but become deleterious when not being quenched
by the antioxidant systems'® There are convincing experimental and clinical
evidences that the generation of reactive oxygen species is increased in both
type of diabetes and that the onsets of diabetes is closely associated with
oxidative stress'* Free radicals are formed disproportionately in diabetes by
glucose autoxidation, polyol pathway and non-enzymatic glycation of
protein'® Abnormally high levels of free radicals and stimultaneous decline
of antioxidant defense systems can lead to the damage of cellular organells
and enzymes, increased lipid peroxidation and development of
complications of diabetes mellitus '°.



AL- Muthanna Journal of Pure Sciences ...September /2013

In the present study, we examined oxidative stress pathway markers in the
diabetic rabbits as compared to normoglycemic animals, from the results
obtained it is evident that the diabetic rabbits had much higher glucose levels
when compared with normoglycemic, the increase in blood glucose level
and decreased insulin level depend upon the degree of B-cell destruction .

The increased level of glycosylated hemoglobin was observed in the
diabetic G2 animals and this increase is directly proportional to the blood
glucose level '®. This suggest the increase in oxidative stress due to
hyperglycemia, alloxane exert it's effect through it's reduction by glutathione
to dialuric acid, in which redox recycling process generates ROS that
damaged B cell, furthermore transition metals such as iron and copper
which are potentially involved in the generation of hydroxyl free radicals are
also involved in alloxane mediated killing of beta cells".

Our results refer to improvement in glucose concentration of antioxidants
treated animals, as it present in G3 animals group, since vitamine C is an
important antioxidant capable of scavenging oxygen free radicals, vit. C is
structurally similar to glucose and can replace it in many chemical reaction
and thus is effective in prevention of non enzymatic glycosylation of protein,
Results also refer to improvement in G4 and G5 animals group, since vit. A
and E share the same mechanism of free radical scavenging which may be
have the same similar effect, Vit. A supplementation also may have an effect
on chemical induced diabetes mellitus® .

Results refer to significant increase in the level of ALT and AST for G2
group as compared with all groups, these enzymes which involved in
intermediary metabolism and stored in hepatocytes are released when
hepatocytes are actually damaged, increased in serum concentration of these
enzymes provide important clues to involvement of hepatocytes, ALT and
AST are sensitive test of hepatocytes injury although often referred to as
liver function test they don't measure hepatocytes but instead hepatocytes
damage *' decrease values of these enzymes for G3,G4 and G5 may be due
to antioxidant activity for these antioxient in reduction of oxidative damage
resulted from diabetes.

Results also refer to significant increament in alkaline phosphatase for G2
group as compared with antioxidant groups G3, G4 and G5, alkaline
phosphatase is related with liver dysfunction this may be due oxidative
damage resulted from diabetes mellitus, antioxidant activity for G3, G4 and
GS5 play important role in improvement of liver integrity*.

Glutathione peroxidase and superoxide dismutase are two antioxidant
enzymes act as substrates for free radicals hydrogen peroxide and
superoxide respectively, these enzymes are indicator for oxidative stress
status in body and their concentration in tissues are more reliable indicator
than concentration in blood, their significant decrease in liver of diabetic G2
rabbits may be indicative of exhaustion of these enzymes as a consequence
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of increased oxidative stress*, While G3, G4 and G5 groups present more
improvement in antioxidant activity.

Results refer to improvement in the level of total protein for G3, G4 and
GS5 groups as compared with G2 group, oxidative stress increase protein
catabolim in addition to formation large quantity of urea and uric acids **
while antioxidant activity for antioxidant treatment group play important
role in remove free radicals and increase amino acids metabolism thus play
important role in elevation the rate of protein synthesis™.

Both fig 1(A) and fig 2(A) showed degenerative signs in liver and
pancrease of diabetic rabbits, the increment of oxygen free radicals
production is associated with low intracellular magnesium concentration and
prior magnesium deplession make cell more sensitive to oxidative damage®
that magnesium posses antioxidant properties by scavenging free radicals
and affecting the rate of dismutation of superoxide ion *’. Fig 1 (B, C, and
D) and fig 2 (B,C and D) showed improvement in histopathological lesion of
liver and pancreas, Vit E has been demonstrated to protect against
magnesium deficiency-induced myocardial injury **, on the other hand the
effect of vitamin E on intracellular magnesium content lead to reduction in
intracellular calcium thus resulting in improved smooth vascular cell
relaxation *°. Vitamin C has also been studied in diabetes, It plays a major
role in regenerating vitamin E from the a-tocopheroxyl radical™.

References

1. Kathleen AH (1996). Type 1-diabetes: Prevention of the disease
and its complications. Alternative Med Rev. 2: 256-281.

10



AL- Muthanna Journal of Pure Sciences ...September /2013

2. Seidell JC (2000). Obesity, insulin resistance and diabetes: A
world wide epidemics. Brit J Nutr 40:177-191.

3. Mann FC, Magath TB (1923) studies on the physiology of the liver.
IV. The effect of total removal of the liver after pancreatectomy on the
blood sugar level. Arch Intern Med 31:797-806,.

4. Hano T: (1968) Pathohistological study on the liver cirrhosis in
diabetes mellitus. Kobe J Med Sci 14:87-106.

5. Maritim, A. C. Sanders, R. A2 and J. B. Watkins (2003). Diabetes,
Oxidative Stress, and Antioxidants: A Review J. BIOCHEM
MOLECULAR TOXICOLOGY Volume 17, Number 1.

6. Weber P, Bendich A, Machlin LJ. (1997) Vitamin E and human
hea Ith: Rationale for determining recommended intake levels.
Nutrition;13(5):450—460.

7. Martinoli L, Di Felice M, Seghieri G, Ciuti M, De Giorgio LA,
Fazzini A, Gori R, Anichini R, Franconi F. (1993) Plasma retinol and
alpha-tocopherol concentrations in insulin-dependent diabetes
mellitus: Their relationship to microvascular complications. Int J
Vitam Nutr Res;63(2):87-92.

8. Asayama K, Hayashibe H, Dobashi K, Niitsu T, Miyao A, Kato K.
(1989). Antioxidant enzyme status and lipid peroxidation in various
tissues of diabetic and starved rats. Diabetes Res;12(2):85-91.

9. Cinar MG, Ulker S, Alper G, Evinc A. (2001). Effect of dietary
vitamin E supplementation on vascular reactivity of thoracic aorta in
streptozotocin-diabetic rats. Pharmacology;62(1):56—64.

10. Paglia, D. E., and Valentine, W. N. (1967) Studies on the
quantitative and qualitative characterization of erythrocyte
glutathione peroxidase. J. Lab. Clin. Med., 70, 158—169.

11.Pence, B. C., and Naylor, M. F. (1990) Effects of a single-dose
ultraviolet radiation on skin superoxide dismutase, catalase, and
xanthine oxidase in hairless mice. J. Invest. Dermatol., 95, 213-216.

12.Duncan, B. D. (1955). Multiple range and multiple F test.
Biometrics. 11:1-42.
13.

11



AL- Muthanna Journal of Pure Sciences ...September /2013

14.Fang, Y. Z., Yang, S., Wu, G.( 2002). Free radical, antioxidant and
nutrition, Nutrition, , 18, 872-890.

15.Johansen, J. S., Harris, A. K., Rychly, D.J. Ergul, A.( 2005).
oxidative stress and the use of antioxidants in diabetes: Linking basic
science to clinical practice, Cardiovascular diabetology, , 4, 5-9.

16.0brosova, I. G., Vanlteysen, C., Fathallah, L., Cao, X., Greene, D.
A., Stevens, M. J., (2002). An aldose redactase inhibitor reverses
early diabetes- induced changes in peripheral nerve function, FASEB
J. 16, 123-125.

17.Maritim, A. C., Sanders, R. A., Watkins, J. B., (2003). Diabetes,
oxidative stress and antioxidants: a review, J. of Biochem. And
Molecul. Toxicology, 17, 24-38.

18.Grover, J. K., Vats, V., Rathi, S. S., (2000). Anti-hyperglycemic
effect of Eugenia jambolana and Tinospora cordifolia in experimental
diabetes and their effects on key metabolic enzymes involved in
carbohydrate metabolism, J. Ethnopharmacol., 73, 461-470.

19.Yassin, D. Al., Ibrahim, K. A. (1981). Minor haemoglobin fraction
and the level of fasting blood glucose, J. Fac. Med. Univ.,
Baghdad, , 23, 373-380.

20. Malaisse, W.J., (1982). Alloxane toxicity of the pancreatic B-
cell anew hypothesis. Bioc Hem. Pharmacol., 22:3527-353d4.

21. Mohammad. A. and Ahmad, S. (2007). effect of vitamin
Cbon blood glucose, serum lipids and serum insulin in type 2
diabetes patients. Indian J Med Res 126, November, pp 471-474.
22.Ellis G, Goldberg D, Spooner FM. (1978). Serum enzyme tests in
diseases of the liver and biliary tree. Am J Clin Pathol;70:248-58.

23.Kattwinkel J, Taussig LM, Statland BE, (1973). The effects of age
on alkaline phosphatase and other serologic liver function tests in
normal subjects and patients with cystic fibrosis. J Pediatr;82:234—
42.

24 Kinalski, M., Telejko, B., Zarzkycki,W., Gorski, J., and Kinalska, |.
(1998) The effect of vitamin E on antioxidant tissue activity in

pregnant rats with streptozotocin-induced diabetes. Przegl. Lek., 55,
320-324.

12



AL- Muthanna Journal of Pure Sciences ...September /2013

25.Gursu, M. F.; Muhittin, O.; Funda, G.; Kazim, S. (2004).
Effect of vitamin C and folic acid Supplementation on serum
Paraoxonase activity and metabolites induced by heat stress in Vivo.
J. neutr. 24: 157- 164.

26.Thornton, P. A. (1962a). The effect of environmental
temperature on body temperature and oxygen uptake by the chicken.
Poult. Sci., 41: 1053- 1060.

27.Freedman, A.; Mac, I. T; Stafford, R. E (1992) Erythrocytes from
magnesium-deficient hamsters display an enhanced susceptibility to
oxidative stress. Am J. Phsiol. 262:C1371-C1375.

28.Afanas ev, |. B.; Suslova, T. B; Cheremisina, Z. P.; Abramova, N.
E.; Korkina, L. G. (1995). Study of antioxidant properties of metal
aspartates. Analyst; 120:859-862.

29.Kagan VE, Serbinova EA, Forte T, Scita G, Packer L. (1992),
Recycling of vitamin E in human low density lipoproteins. J Lipid Res
, 33, 385-397.

30.Giuseppe, P.; Maria, R. T.; Michelangela, B.; Guido, A. Z.;
Antonio, G.; Gina, V.; Emilia, R.; Michele, V. (2000) The J. of clini.
Endocrino. And metabolism 85:109-115.

31.Weglicki, W. B.; Bloom, S.; Cassidy, M. M.; Freedman, A, M.;
Atrackchi, A. H.; Dickens, B. F. (1992) Antioxidant and
cardiomyopathy of Mg-deficiency. Am J Cardiovasc Pathol. 4:210-
215.

U c.-l:." 2SIl gue9 pazuas 09 dauSLIl whhlias 90
£l L, dsbaadl e,V (8 s2uaSLl slg> VI

S Sl
JB (e

13



AL- Muthanna Journal of Pure Sciences ...September /2013

2 Sagidan
iiall dxala
aslall 4,1<

sl L= dlaall g'».ib:}” w9 dgu> g Hwlroll e b il (s>l
wllias Juili a0 @) lio go alloxane monohydrate 8slo J=ay s Sl
guad tuuas 9 Jg 99595 lallg A uolind , el ) eSw Laols 8ausSYI
owld 05 3] s Saudl b e il sauSWI g2 Y Jray caio] | 2SI
givol Guidl) Sl wloy jilg padl (9 oS ISl (sgimng awi joll 6oL 1 labo
adlio] Lo Ml (s9 (Guilawed (udSlg juremuil i givel cijlwl |, ju el i
93zl xelgd iz (sillg 82uuSW 83lan]l wloy Yl adles le b ymill ]
o3d aoiis o7 -ayaill o pislall EgwIl ans il VI pluusT cab & 4l
4< 90Ro ul.ulg.a.? o).uu& d&s.o.?q:»c,JS Caouo &uol.ko o> u\” uLl}nJJl
acgozo ;s Sl sl b= cuwsl G2 aul aolro d€gom09 Gl 8 layw
o> o uis y> cudacly lgud s Sl <l wlas] o5 G3 b dlsleo
wjaug Le,s Sl 51> s> 5 4G an alalsa a550x0 J.UJSS.wW
3G alwl &‘,w| e ,om Jss}ls S siios anl wt,_,J|,|m 5 e
3979 o LS 2G auli] dcgoxall ai)lio G5 amnlxlly 4G asul lg
iloleod| grolzo 9 2SIl wloy jil sgims 9 (P<0.01) Sgizoe Lolaxil
2G aslil alolsall 46 gomos & ,lio G5 dmolly 4G asl Jls G J alll
5 62uiSW 85Lzall Loy YT Sgimio (b sgine £li)l G oy Laiu
i gamar &i,lio G5 dwalily Gd ansllg G3 AWl aloleall goolazo
a1~ gouSd| Wil asdlgo x| galasill wlis welog b Sadlg
il 1y G3 &l aloleol grolre (x8 (puii 3975 cpui sl dums il
LM o s polasl (J] awl)adl o)Ll aole 690 G5 awwolxllgG4
Jolg=ll N> o Sl <l o @l gS.XU.LSLL” slezVl Jray 2SI
Jiash s 5995 silidls A caoliss, oS Jpols sxuaSW 8Liasll
duaso B3| dlo o]l 4< go0=Ro cwlS ol&}a..z.n“

14



