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ABSTRACT

the present study was undertaken to analyze the protective effect of tetra hydrocurcu-
min (THC) and chlorogenic acid (CGA) against streptozotocin (STZ)—nico-tinamide
(NA)-induced type 2 diabetes in adult Wistar rats. Diabetes was induced in experimental
rats weighing 180—220 g, by one intraperitoneal (i.p.) injection of STZ (45 mg/kg BW),
15 min after the (i.p.) administration of NA (110 mg/kg BW). THC (80 mg/kg BW) and
CGA (5 mg/kg BW) were orally administered to diabetic rats for a period of 45 days.
Fasting plasma glucose, glycosylated haemoglobin (HbA1C), thiobarbituric acid reactive
substances (TBARS), and lipid hydroperoxides (LOOH) were significantly increased,
whereas insulin, total haemoglobin (Hb), non-enzymic antioxidants (reduced glutathione
(GSH), vitamin C, vitamin E, and ceruloplasmin) were decreased significantly in diabetic
rats. Though the diabetic rats treated with THC and CGA individual exerts beneficial ef-
fects altogether the biochemical parameters in (STZ)-induced diabetic rats. The com-
bined treatment with THC and CGA normalized all the above-mentioned biochemical
parameters in STZ-induced diabetic rats. Normal pancreatic histological architecture in
THC and CGA-treated diabetic rats revealed that these phytochemicals exert a bet-

ter degree of protection when administered together than one treatment of individual

compounds.
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1. INTRODUCTION

Diabetes mellitus could be a chronic disease caused by an inherited or acquired defi-

ciency in insulin secretion and by decreased responsiveness of the organs to secrete
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insulin (Matsui et al., 2007). Type 2 DM (T2-DM) is one amongst the fore-

most common metabolic illnesses worldwide. within the year 2000 diabetes preva-
lence was estimated in 180 million people worldwide and this number is predicted to
double in 2030 (WHO, 2008). Currently, oral hypoglycemic drugs like sulfonylurea de-
rivatives, biguanides, and thiazolidinediones, or injectable insulin, are used for treating
T2-DM. However, of these agents display undesirable side effects, and, ultimately, all
of them falil to revive glycemic control (Spiller & Sawyer, 2006). Thus, it's essential to
seem for more practical antidiabetic agents preferably from dietary sources, which

should be economical and non-toxic or less toxic.

Streptozotocin (STZ), an antibiotic produced by Streptomyces chromogens, has been
widely used for inducing diabetes in experimental animals through its toxic effects on
pancreatic 3-cells (Kim et al., 2003). The cytotoxic action of STZ is related to the gen-
eration of reactive oxygen species (ROS) causing oxidative damage that culminates in
B-cell destruction through the induction of apoptosis and suppression of insulin biosyn-
thesis (Szkudelski, 2001). Diabetics and experimental animal models were shown to a
degree of exhibit high oxidative stress because of persistent and chronic hyperglyce-
mia, which thereby depletes the activity of the antioxidative defence system and thus

promotes de novo free radicals generation (Bayness & Thorpe, 1996). Chemicals with

antioxidant properties and atom scavengers were shown to stop pancreatic islets

against cytotoxic effects of STZ (Coskun et al., 2005).

Oxidative stress depicts the existence of products called free radicals and ROS, which
are formed under normal physiological conditions but become deleterious when not be-
ing quenched by the antioxidant systems (Fang et al., 2002). there's convincing exper-
imental and clinical evidence that the generation of reactive oxygen species is in-
creased in both the kind of diabetes which the onset of diabetes is closely related

to oxidative stress (Rosen et al., 2001, Johansen et al., 2005). Free radicals are formed
disproportionately in diabetes by glucose autoxidation, polyol pathway, and non-

enzymic glycation of proteins (Wolff and Dean, 1987, Brownlee et al., 1988, Obrosova
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et al., 2002). As a consequence of hyperglycemia abnormally high levels of free radi-

cals, decline of antioxidant defense systems (Maritim et al., 2003, Seif and Youssef,
2004), lowered vitamin levels (West, 2000); and decreased ceruloplasmin levels have
also been reported (Anwar and Meki, 2003, Seif and Youssef, 2004). It

can cause damage of cellular organelles and enzymes increase lipid peroxidation
(LPO) and development of complications of DM (Maritim et al., 2003). Diminished LPO
and enhanced antioxidant status is also one mechanism by which dietary treatment

contributes to the prevention of diabetic complications (Armstrong et al., 1996).

Antioxidant phytochemicals from edible and medicinal plants are proposed because
the major dietary antioxidants providing health benefits (Kasai et al., 2000, Alonso et al.,
2006, Rangkadilok et al., 2007). Chlorogenic acid (CGA) is an ester of caffeic with quin-
ic acids (Fig. 1). CGA may be a catholic acid that's found in almost every plant and
occasional drink (Buren et al., 1973). The biological and pharmacological properties of

CGA are primary attributed to its capacity to donate hydrogen atoms of the phenolic ring

to free radicals, thus inhibiting the oxidation process (Zang et al., 2003). tetrahydrocur-

cumin (THC) may be a polyphenolic compound, formed during the metabolism of cur-
cumin (Fig. 2). It occurs primarily in turmeric, which is widely used as a spice and a col-
oring agent in several foods like curry, mustard, and potato chips furthermore as in
cosmetics and medicines (Joe et al., 2004; Okada et al., 2001). THC incorporates

a high antioxidant potential thanks to its resonance-stabilized hydroxy radical struc-
ture. it's an efficient scavenger of free radicals and has been approved in certain coun-
tries as a additive to stop LPO (Priyadarsini et al., 2003). Murugan and Pari (2006)
have reported that THC stimulates insulin secretion in rat pancreatic p-cells. THC also
exhibits strong anti-inflammatory properties (Nakamura, 1998, Hong et al., 2004), anti-

atherosclerotic (Naito et al., 2002), hepatoprotective (Pari & Murugan, 2004), and
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nephroprotective (Pari & Murugan, 2006).

OH
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Fig. 1. Chemical structure of chlorogenic acid.
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Fig. 2. Chemical structure of tetrahydrocurcumin.

According to Medical Practitioners, a mix of medicine exhibit augmented protective ef-
ficacy than one drug. Recently, we reported that combined treatment of THC and CGA
exhibits better antidiabetic property with beneficial effects on glycoprotein metabolism in
STZ-nicotinamide (NA)-induced diabetic rats (Pari and Karthikesan, 2009, Karthikesan
et al., 2010). within the present study, we evaluated plasma glucose, insulin, total he-
moglobin (Hb), glycosylated hemoglobin (HbA1C), LPO products, and antioxi-

dants within the plasma of STZ-NA-induced type 2 diabetic rats. Besides, the conse-

quences of THC and CGA on the histopathological alterations of the pancreas in nor-

IJMRAS-ISSN2640-7272, website:- www.ijmras.com




\."'2 INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY
: ..... RESEARCH AND STUDIES VOLUMEO4ISSUEO3

mal and diabetic rats were also studied.

2. Materials and methods

2.1. Animals

The whole experiment was dispensed in line with the rules of the Committee for Con-
trol and Supervision of Experiments on Animals (CPCSEA), New Delhi, India, and ap-
proved by the Animal Ethical Committee of Annamalai University (Approval No. 458,
2007). The study was conducted on thirty male albino Wistar rats (Rattus norvegicus)
weighing 180-220 g, obtained from the Central Animal House, Department of Experi-
mental Medicine, Rajah Muthiah Institute of Health Sciences, Annamalai University,
Tamil Nadu, India. They were housed in polypropylene cages (47 x 34 x 20 cm), (Six
rats per cage) lined with husk, renewed every 24 h under a 12:12 h light-dark cycle at
around 22 °C, and had free access to H20 and pellet diet (Pranav Agro Industries Lim-
ited, Maharashtra, India). The pellet diet consists of twenty-two.02% protein, 4.25% fat,
3.02% fibre, 7.5% ash, 1.38% sand silica, 0.8% calcium, 0.6% phosphorus, 2.46% glu-
cose, 1.8% vitamins and 56.17% carbohydrates. It provided metabolizable energy of
3600 kcallkg.

2.2. Chemicals

Chlorogenic acid (CGA) and streptozotocin (STZ) were obtained from Sigma Chemical
Co (St. Louis, MO, USA). tetrahydrocurcumin (THC) was a present sample from the
Sabinsa Corporation, Louis, USA. Nicotinamide (NA) was procured from Ranbaxy
Chemicals Ltd., Mumbai, India. All other reagents employed in the experiments were of

analytical grade and therefore the highest purity.

2.3. Induction of type 2 DM

After a 12 h fast, animals got one intraperitoneal (i.p.) injection of STZ (45 mg/kg BW in
0.1 M citrate buffer, pH 4.5), 15 min after the i.p. administration of NA (110 mg/kg BW in

normal physiological saline) (Masiello et al., 1998). Also, an answer of 20% glucose is

provided to stop hypoglycemia. After 72 h, plasma glucose was resolute and peo-
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ple rats with fasting glucose levels greater than 250 mg/dL were utilized in this study.

2.4. Experimental timeline

The rats were divided into five groups of six animals and had free access to food and
water and were treated for 45 days as follows: Group I: normal rats, Group Il diabetic
control rats, Group Ill: CGA (5 mg/kg/day p.o) treated diabetic rats, Group IV: THC (80
mg/kg/day p.o) treated diabetic rats, Group V: CGA and THC (5 + 80 mg/kg/day p.0)
treated diabetic rats.

After the last treatment, the rats fasted for 16 h. the animals were then sacrificed by
cervical decapitation, and blood samples were collected within the test tubes contain-
ing potassium oxalate and salt (3:1) as an anticoagulant for the estimation of plasma
glucose, insulin, lipid peroxidation, and non-enzymic antioxidants. Hemoglobin and gly-

cosylated hemoglobin were estimated in blood samples.

2.5. Biochemical analysis

2.5.1. Measurement of plasma glucose, insulin, hemoglobin (Hb), and glycosylat-
ed hemoglobin (HbA1C)

Plasma glucose levels were estimated employing a commercial kit (Sigma Diagnostics
Pvt. Ltd., Baroda, India) by the tactic of Trinder (1969). Plasma insulin was assayed by
ELISA kit (Boeheringer—Manneheim Kit, Manneheim, Germany). Hb and HbA1C were

estimated by Diagnostic kit-Bio Systems (Costa Brava, Spain).

2.5.2. Estimation of lipid peroxidation (LPO)

LPO in plasma was estimated spectrophotometrically by measuring thiobarbituric acid
reactive substances (TBARS) and lipid hydroperoxides (LOOH) by the strategy of
Niehius and Samuelsson (1968) and Jiang et al. (1992), respectively. In brief, plasma
(0.1 mL) was treated with 2 mL of thiobarbituric acid (TBA)-trichloroacetic acid (TCA)—
hydrochloric acid (HCI) reagent (0.37% TBA, 0.25 M HCIl and 15% TCA, 1:1:1 ratio)

placed in an exceedingly water bath for 15 min and cooled and centrifuged at room
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temperature; clear supernatant was measured at 535 nm against a reagent blank.

A 0.1 mL aliquot of plasma was treated with 0.9 mL of Fox reagent (88 mg of butylated
hydroxytoluene, 7.6 mg of xylenol orange, and 0.8 mg of ammonium iron sulfate were
added to 90 mL methanol and 10 mL of 250 mM sulphuric acid) and incubated at 37 °C
for 30 min. the colour that developed was read at 560 nm.

2.5.3. Determination of plasma antioxidants

Reduced glutathione was estimated by the tactic of Ellman (1959). A 0.1 mL of plasma
was precipitated with 5% TCA. The contents were mixed well for complete precipitation
of proteins and centrifuged. To an aliquot of clear supernatant, 2.0 mL of 0.6 mM 5,5'-
dithiobis-2-nitrobenzoic acid (DTNB) reagent and 0.2 M phosphate buffer (pH 8.6) were
added to get a final volume of 4.0 mL. The absorbance was read at 412 nm against a
blank containing 5% TCA rather than a sample. A series of standards treated similarly
were also run to work out the glutathione content. the number of glutathione was ex-

pressed as mg/dL in plasma.

Vitamin E (a-tocopherol) was estimated by the tactic of Desai (1984). To 1.0 mL of
plasma 1.0 mL of ethanol was added and thoroughly mixed. Then 3 mL of petroleum
ether was added, shaken rapidly, and centrifuged (600g). Two milliliters of supernatant
were taken and evaporated to dryness. To this 0.2 mL of 0.2%, bathophenanthroline
was added. The assay mixture was shielded from light and 0.2 mL of 0.001 M ferric
chloride was added followed by 0.2 mL of 0.001 M o-phosphoric acid. the

whole volume was made up to three mL with ethanol. the colour developed was read

at 530 nm. the extent of E was expressed as mg/dL of plasma.

Ascorbic acid (Vitamin C) concentration was measured by the strategy of Omaye et al.
(1979). To 0.5 mL of plasma, 1.5 mL of 6% TCA was added and centrifuged (3500g, 20
min). To 0.5 mL of supernatant, 0.5 mL of dinitrophenylhydrazine (DNPH) reagent (2%
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DNPH and 4% thiourea in 4.5 M sulphuric acid) was added, and incubated for 3 h

at temperature.

Plasma ceruloplasmin level was estimated by the tactic of Ravin (1961). To 8.0 mL of
acetate buffer (0.4 M, pH 5.5), added 0.05 mL of plasma, 1.0 mL of 0.5% p-
phenylenediamine hydrochloride, mixed and kept at 37 °C for 1 h. One mL of 0.5% so-
dium azide was added and kept at 4 °C for 30 min. a sway tube was carried together
with the test where sodium azide was added before the addition of p-phenylenediamine
hydrochloride. the colour developed was read at 540 nm with control as blank.

2.6. Histopathological procedures
Pancreatic tissues were harvested from the sacrificed animals, and also the fragments
from tissues were fixed in 10% neutral formalin solution, embedded in paraffin then,

stained with hematoxylin and eosin (H&E).

2.7. Statistical analysis of the info

The experimental results are expressed because the means + S.D. and were subjected

to one-way analysis of variance (ANOVA), employing a computer software package
(SPSS version 16.0, SPSS Inc, Cary, NC), and therefore the comparisons of

great groups were performed using the Duncan Multiple Range Test (DMRT) (Duncan,
1957) at p < 0.05.

3. Results

3.1. Plasma glucose and insulin

Table 1 showed the amount of plasma glucose and insulin of normal and experimental
animals. There was a major (p < 0.05) elevation in plasma glucose, while the degree of
insulin significantly (p < 0.05) decreased within the diabetic control animals as com-
pared with the traditional group. a big (p < 0.05) decrease in plasma glucose and in-
crease in insulin levels were observed in diabetic rats treated with CGA or THC. On the
opposite hand, the effect of the mixture of CGA and THC brought plasma glucose and

insulin towards near normal values, while normal rats didn't exhibit any significant al-
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terations in plasma glucose and insulin levels duration of the experimental period.

Table 1. Changes within the levels of plasma glucose, insulin, hemoglobin (Hb), and

glycosylated hemoglobin (HbA1C) in normal and experimental rats.

Groups Glucose (mg/dL) Insulin (uU/mL) Hb (g/dL) HbA1C (mg/g Hb)

Normal 94.02 £ 7.72a 13.02 + 1.03a 12.09 + 0.93a 0.26 + 0.02a

Diabetic control 284.12 + 9.09b 3.94 + 0.04b 9.20 + 0.70b 0.70 £ 0.05b

Diabetic + THC (80 mg/kg) 110.42 + 7.56¢ 9.48 + 0.44c 10.98 + 0.85c 0.35 + 0.03c
Diabetic + CGA (5 mg/kg) 109.48 + 8.25¢ 9.34 + 0.07c 10.89 + 0.84c 0.42 + 0.03d
Diabetic + THC/CGA (80 + 5 mg/kg) 95.20 + 8.45a 12.96 + 1.13a 12.06 + 0.93a 0.24 +
0.02a

Each value is mean + S.D. for six rats in each group.

a—d
In each column, means with different superscript letters differ significantly at p < 0.05
(DMRT). THC: tetrahydrocurcumin; CGA: chlorogenic acid.

3.2. Haemoglobin (Hb) and glycosylated hemoglobin (HbA1C)

Significantly (p < 0.05) decreased levels of total Hb and increased levels of HbA1C were
observed in diabetic control rats when put next with normal rats (Table 1). On oral ad-
ministration of CGA and THC to diabetic rats significantly (p < 0.05) increased total Hb

and decreased HbA1C in comparison with individual treatment to diabetic control rats.

3.3. Lipid peroxidation (LPO)

STZ-treated rats showed a major (p < 0.05) increase within the levels of plasma
TBARS and LOOH compared to normal rats. Combined treatment with THC and CGA
normalized the degree of TBARS and LOOH in STZ-treated rats (Fig. 3, Fig. 4).
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Fig. 3. Effects of tetrahydrocurcumin (THC) and chlorogenic acid (CGA) on plasma
TBARS in normal and diabetic rats. a—dIn each bar, means with different superscript

letters differ significantly at p < 0.05 (DMRT).

= Plasma LOOH
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Fig. 4. Effects of tetrahydrocurcumin (THC) and chlorogenic acid (CGA) on plasma
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LOOH in normal and diabetic rats. a—can each bar, means with different superscript let-
ters differ significantly at p < 0.05 (DMRT).

3.4. Non-enzymic antioxidants

The levels of non-enzymic antioxidants in normal and diabetic rats are given in Table 2.
There was a major (p < 0.05) decrease within the levels of reduced glutathione (GSH),
vitamin C, vitamin E, and ceruloplasmin in diabetic control rats than normal rats. Com-

bined oral administration of CGA and THC to diabetic rats ends up in a big (p < 0.05)

increase within the plasma levels of GSH, vitamin C, vitamin E, and ceruloplasmin.

Table 2. Combined effects of tetrahydrocurcumin (THC) and chlorogenic acid (CGA) on
plasma antioxidant, vitamin E, reduced glutathione, and ceruloplasmin in normal and

experimental rats.

Groups Vitamin C (mg/dL) Vitamin E (a-tocopherol) (mg/dL) Reduced glutathione
(mg/dL) Ceruloplasmin (nmol/L)

Normal 1.76 £ 0.13a 1.78 £ 0.14a 24.86 + 1.90a 1.36 + 0.11a

Diabetic control 0.70 + 0.05b 0.58 + 0.04b 11.83 + 0.92b 0.86 + 0.06b

Diabetic + THC (80 mg/kg) 1.52 + 0.12¢ 1.60 + 0.12c 18.54 + 1.41¢ 1.22 + 0.10c
Diabetic + CGA (5 mg/kg) 1.54 £ 0.12¢ 1.56 + 0.12c¢ 19.28 + 1.49¢ 1.20 £ 0.08c
Diabetic + THC/CGA (80 + 5 mg/kg) 1.74 £ 0.13a 1.76 + 0.13a 22.58 £ 1.73d 1.33 +
0.10a

Each value is mean + S.D. for six rats in each group.

a—d

In each column, means with different superscript letters differ significantly at p < 0.05
(DMRT).

3.5. Histological results

Based on H and E stained tissue sections (Fig. 5), there have been no notable chang-

es in pancreas histology in normal rats (a). In contrast, STZ and NA administration re-
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sulted in marked microvesicular and macrovesicular changes in diabetic rats

(b). one treatment with CGA (5 mg/kg) showed a light increase within the cellularity of
B-cell islets of the pancreas compared to diabetic rats (c). Diabetic rats treated with
THC (80 mg/kg) showed a decent increase within the cellularity of B-cell islets of the
pancreas when put next to diabetic rats (d). Diabetic rats showed cellularity of pancre-
atic B-cell islets restored to close normal upon treatment with CGA (5 mg/kg) and THC
(80 mg/kg) (e).

Download: Download full-size image

Fig. 5. Histology of pancreas on treatment with CGA and THC, STZ and NA; H and E
staining 400x. (A) Normal: shows normal pancreatic 3-cell islets with normal cellularity
and normal histology of the pancreas. (B) Diabetic control: shows marked microvesicu-
lar and macrovesicular changes of the pancreas. (C) Diabetic control + CGA shows a
light increase within the cellularity of B-cell islets of the pancreas in comparison to the
STZ-induced pancreas. (D) Diabetic control + THC: This shows a de-

cent increase within the cellularity of B-cell islets of the pancreas when put next to the
STZ-induced pancreas. (E) Diabetic control + CGA + THC: shows close to normal cel-

lularity of pancreatic B-cell islets in comparison to normal pancreas.

4. Discussion

Diabetic experimental animal models exhibit high oxidative stress thanks to persistent
and chronic hyperglycemia, which depletes the activity of the antioxida-

tive weaponry leading to elevated levels of oxygen free radicals (Ihara et al., 1999).
Consequences of oxidative stress induce the assembly of highly reactive oxygen radi-

cals that are toxic to cells, particularly the semipermeable membrane during

which these radicals interact with the lipid bilayer and produce lipid peroxides

and result in pancreatic $-cell dysfunction yet as other cellular organelles damage
(Haugaard, 1968). Reduced oxidative stress within the diabetic condition had been ob-

served in experimental animals following the administration of certain polyphenols
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(Sanders et al., 2001).

In the present study, STZ-administered rats showed increased plasma glucose and de-
creased insulin levels. Combined administration of THC and CGA to diabetic rats
showed the degree of plasma glucose and insulin towards near normalcy in compari-
son with their individual effects. THC and CGA by their ability to scavenge free radicals
and to inhibit lipid peroxidation prevents STZ-induced oxidative stress and protects (3-
cells, leading to increased insulin secretion and decreased plasma glucose lev-

els. during this context, recent research by Murugan and Pari (2006) has shown that
THC decreased glucose concentration and increased insulin release in STZ-induced
diabetic rats. THC protected pancreatic 3-cells by decreasing oxidative stress and pre-
serving pancreatic B-cell integrity. Besides, CGA could be a novel insulin sensitizer that
potentiates insulin action kind of like the therapeutic action of metformin (McCarty,
2005). CGA reduces blood sugar level under its ability to inhibit glucose-6-
phosphatase activity, with the related effects on hepatic glycogenolysis (Parker et al.,
1998).

Persistent hyperglycemia ends up in the glycation of Hb that results in the formation of
HbAL1C (Yabe-Nishimura, 1998). The observed increase within the levels of HbA1C

with a concomitant decrease in Hb within the experimental diabetic rats implies the ox-

idation of sugars, extensive damage to both sugars and proteins within the circulation,

vascular wall, and lens proteins thereby continuing and reinforcing the cycle of oxidative
stress and damage (Huebschmann et al., 2006). Agents with antioxidant

or atom scavenging power are shown to inhibit oxidative reactions related to glycation

(Elgawish et al., 1996). during this regard combined treatment with THC and CGA sig-
nificantly reversed the oxidative stress associated/induced changes, which may

be because of an improvement in insulin secretion.

It is well-known that hyperglycemia increases LPO, which can contribute to free radi-

cal-induced processes resulting in the oxidative deterioration of polyunsaturated fatty
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acids. Karpen et al. (1982) observed an elevated level of lipid peroxides within

the plasma of diabetic rats and lipid peroxidation is one in all the characteristic features
of chronic diabetes. within the present study LPO end products measured as TBARS
and LOOH were found to be increased within the plasma of STZ-diabetic rats. Drugs
with antioxidant properties could provide endogenous defense systems and reduce
both initiation and propagation of reactive oxygen species (Bergendi et al., 1999). Com-
bined treatment with THC and CGA significantly decreased the LPO,

through atom scavenging activities. Further, the curcuminoids including curcumin and
dihydro curcumin are reported for his or her non-enzymic antioxidant action, which is
principally from their reducing power and interactions with biological membranes
and/or other antioxidant agents (Priyadarsini, 1997, Anusuya and Menon, 2003). during
this context, THC and CGA could even have non-enzymic antioxidant actions which
may be chargeable for their ability to inhibit the LPO (Khopde et al., 2000, Murugan
and Pari, 2006, Xiang and Ning, 2008, Sasaki et al., 2010).

Apart from the enzymic antioxidants, non-enzymic antioxidants like GSH, vitamin C, vit-
amin E, and ceruloplasmin play a superb role in preventing the cells from oxidative

threats. GSH is an intracellular thiol-rich tripeptide, which plays a significant role within

the protection of cells and tissue structures (Yu, 1994). GSH is required for the recy-

cling of ascorbic acid (Halliwell and Gutterridge, 1994, Hunt, 1996) and acts as a sub-
strate for GPx and GST that are involved in preventing the deleterious effect of oxygen
radicals (Levine, 1990). In our study, diabetic rats exhibited a decreased level of

GSH, which could result to increased utilization of GSH for scavenging free radicals
by GPx and GST. Co-administration of THC and CGA reversed GSH levels within

the plasma of diabetic rats, which can be thanks to the low peroxidisability and thus its

low utilization.
Vitamin E may be a well-known physiological antioxidant and membrane stabilizer. It

interrupts the chain reaction of LPO by reacting with lipid peroxy radicals, thus protect-

ing the cell structures against damage (Ingold et al., 1987). The decreased level
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of vitamin E observed within the diabetic rats is compatible with the hypothesis that

the plasma tocopherol plays a protective role against increased peroxidation in diabe-
tes. water-soluble vitamin may be a hydrophilic antioxidant in plasma, because it dis-
appears faster than other antioxidants when plasma is exposed to reactive oxygen spe-
cies. The observed significant decrease within the level of plasma water-soluble vit-
amin can be caused by increased utilization of vitamin C as an antioxidant defense
against ROS or by a decrease in GSH, which is required for the recycling of ascorbic
acid. Treatment with THC and CGA brought vitamin C and E to close normal levels
which can be as a results of decreased membrane damage as evidenced by the anti-
oxidant nature. The plasma ceruloplasmin could be a powerful atom scavenger that

oxidizes iron from the ferrous to ferric state.

Protection of B-cells against chronic hyperglycemia-induced damage is a crucial target
for the treatment of T2-DM (Jin et al., 2008). STZ is understood to destroy insulin-
producing pancreatic B-cells and therefore the STZ-treated rat model would seem to
represent a decent experimental type 2 diabetic state, with residual or remnant insulin
production by the pancreatic B-cells (Ohkuwa et al., 1995). Chemicals with antioxidant
properties and radical scavengers were shown to forestall pancreatic islets against

cytotoxic effects of STZ (Alvarez et al., 2004). Hence, the pancreatic tissue sections

were subjected to H and E staining to picture the histological alterations induced by STZ

and to depict the protective effect of THC and CGA on the identical. The diabetic pan-
creas showed marked microvesicular and macrovesicular changes. THC and CGA
alone treated diabetic pancreas showed a light and good increase within the cellularity
of B-cell islets of Langerhans. Besides, combined administration of THC and CGA
showed near-normal cellularity of pancreatic p-cell islets within the diabetic pancre-

as when put next with normal pancreas. This reflects that THC and CGA restore pan-
creas histology by alleviating oxidative stress induced by STZ. Further, also THC and

CGA increases the scale of the islets by their ability to regenerate B-cells.

The dietary polyphenolic compounds of THC and CGA possess suitable pharmacokinet-
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ic properties. Orally administrated CGA reaches the colon, were hydrolyzed by the co-

lonic microflora converted into caffeic and quinic acids (Plumb et al., 1999, Olthof et al.,
2001). Then, the quinic acid moiety is dehydroxylated into cyclohexane acid and

so aromatized into carboxylic acid by the colonic microflora (Cotran et al., 1960, Ad-
amson et al., 1969). The carboxylic acid formed is conjugated with glycine and excret-
ed in urine as hippuric acid. Nardini et al. and Olthof et al. determined high levels of
conjugated caffeic acid in human plasma, but no CGA, after consumption of coffee and
apple cider, respectively (Olthof et al., 2001, Nardini et al., 2002). These results were in
good agreement with previous studies in rats, which demonstrated that after ingestion of
CGA, conjugated caffeic and ferulic acids, but not intact CGA, were found in plasma
and urine (Booth et al., 1957, Choudhury et al., 1999, Azuma et al., 2000). Besides,
curcumin (0.1 g/kg) administered intraperitoneally to the mouse was found to undergo
metabolic reduction to (occur primarily in an exceedingly cytosolic compartment within
the intestinal and/or hepatic, possibly via a reductase enzyme) dihydro curcumin and

tetrahydrocurcumin, which, in turn, were converted to monoglucuronide and sulfate con-

jugate, which are excreted primarily in bile and to a lesser extent within the urine (Pan
et al., 1999).

Several studies specify that dietary supplementation with antioxidant nutrients could
also be a secure and easy complement to traditional therapies for preventing and
treating diabetic complications (Ruhe & McDonald, 2001). the 2 promising phytochemi-
cals like THC and CGA are having an honest antioxidant property, as evidenced by
increased antioxidant status and decreased lipid peroxidation, which can protect

from the chance of diabetic complications. From the results, the combined dose of THC
and CGA to diabetic rats showed maximum protective effect compared to individual

treatments.
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