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Abstract: Problem statement: Rats fed high dietary fructose are documentedtm fan acquired
model of insulin resistance; the present study dorisvestigate possible changes in lens crystadiiin
rats fed high fructose diet and the effects of amstiation of each exogenous L-Carnitine (CA) and
Cinnamon Extract (CE) on protein glycation, oxidatstress and redox homeostasis in this rat model.
Approach: A total number of 60 male Wister rats of body virig20-160 g were divided into 4
groups of 15 rats each. Group 1 received contrel, dihile groups 2, 3 and 4: rats received high
fructose diet (60g/100 g diet). After 2 weeks frinuctose feeding, animals of group 3 were treated
with L-carnitine (300 mg ¢ body weight/day i.p.), while animals of group 4revereated with
cinnamon extract (0.5 mL/rat/day orally). At thedesf experimental period (30 days), serum levels of
glucose and insulin were determined. Lenses of emimal were dissected; molecular weights of
crystalline, oxidative stress markers, early glygabf lens proteins and carbonyl group were asbaye
Results. A significant decline in antioxidants and increasépid peroxidation products, protein oxidation
and protein glycation were observed in lens sangiiegined from fructose-fed rats. Administratioreath
CA and CE to fructose-fed rats significantly atted oxidative damage and protein glycation andmet!
levels of antioxidants to near those in controligraChromatographic analysis of lens crystallineats fed
high fructose diet showed diffused peaks, indigatirystalline aggregatioifConclusion: The results of
the present study indicate that dietary fructos¢udbs lens integrity and administration of L-céir@

or cinnamon extract may safeguard the lens by nimiigp the protein aggregation, preventing
glycation and oxidative stress in animals fed higlttose diet. L-carnitine has more potent effects
than CE in this animal model.

Key words: Insulin resistance, L-carnitine, cinnamon extréas crystalline, oxidative stress, protein
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INTRODUCTION oxidant-antioxidant imbalance in cells and tissues
] ) ) . (Nandhiniet al., 2002).

High dosage of fructose in the diet (60g/100g)diet *  Herpertet al. (1999) reported the effect of moderate
has been documented in literatures to induce Imsulignd severe levels of diabetes on the optical pedace
Resistance (IR) accompanied by deleterious metboliof the rat lens and evaluated the effect of diefargtose
consequences  including  hyperglycemia  andon diabetic lens damage. Under conditions of severe
hyperinsulinemia in animals (Rajascker al., 2005;  hyperglycemia, high fructose intake promotes the
Kannappanet al., 2006, Mahfouzet al., 2010). development of cataracts in the lens of eye. Biell.
Fructose feeding in addition to producing subtile(2000) and Balasaraswathki al. (2008) reported that
changes in glucose and lipid metabolism creates adietary fructose disturbs lens integrity.
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L- carnitine p-hydroxy-y-trimethylaminobutyrate, Research Ethical Committee of General Organization
CA) is biosynthesized from amino acids lysine andTeaching Hospitals and Institutes, Cairo, Egypt.
methionine and also obtained from the diet. Theomaj After acclimatization, animals were divided intet
biochemical function of CA is the transport of leng following groups consisting of 15 rats for each:
chain fatty acids across the inner mitochondrial

membrane |n.to j[he matrix ,fOB'OX'dat'On ar!d has tap waterad libitum. The control diet contained corn
effects on oxidative 'met:_ibohsm of glucose in U ioch (60%) as the sole source of carbohydrat¥ 20
(Brodericket al., 1992; Rajasckeet al., 2006). casein, 0.7% methionine and 5% ground nut oil, %0.5

Cinnamon bark has long been used as herbg{neat bran and 3.5% salt mixture. Vitamin mixtu0e2(
medicine and has been shown to have the highegt| ) was added per one kilogram feed.

bioactivity (Manget al., 2006). Animal studies have

indicated that cinnamon may mimic insulin effectian Group 2 (FRU): animals received the fructose-

this may improve glucose utilization (Qab al., 2004; enriched diet and watead libitum. The high fructose

Verspohlet al., 2005) and has antioxidant properties. diet was similar in composition to the controll diet
Previous studies showed that administration bieeit €XCept that starch was replaced by fructose (Regase

carnitine or cinnamon extract improves whole-body2nd Anuradha, 2007).

insulin sensitivity and attenuate oxidative strelgsd Group 3 (FRU+CA): animals received the fructose-
abnormalities and inflammatory markers in fructosegijet and tap waterad libitum. After 2 weeks L-

fed rat tissues as liver and muscles (Mana., 2006;  carnitine (300 mg/kg/day i.p.) was administrated.
Mahfouz et al., 2009). Although extensive studies

have been performed investigating the effects ofsroup 4 (FRU+ CE): animals received the fructose-
fructose-induced IR on various organs (Mohame(ﬂiet and tap watead libitum. After 2 weeks animals
2010; Ghanem 2010), data on lens integrity andvere treated orally —with CE (0.5 mL/rat/day)
composition in this rat model are lacking (Kannapparetal., 2006).

(Balasaraswathet al., 2008). Therefore, the present
study was undertaken to assess the effects
administration of either L-carnitine or cinnamon
extract on soluble lens crystalline, oxidative ssrand
protein bound sugar in rats fed high fructose diet.

Group 1 (CON): animals received the control diet and

lood sampling and processing: All animals were
aintained in their respective groups for 30 days.
Blood samples from animals were collected by sin
ocular puncture and serum was separated for apalf/si
glucose and insulin. Serum glucose was assayed by
glucose oxidase method (Barham and Trinder, 1972),
MATERIALSAND METHODS while insulin level was determined by monoclonal
immunoradiometric assay using kit supplied by
Chemicals and plant: L-Carnitine, other chemicals Diagnostic Products Corporation (DPC) (Marscheer
and solvents were of high analytical grads and wergl., 1974). Model Assessment (HOMA) was calculated
purchased from Sigma Chemical Company. according to Matthewst al. (1985).
Cinnamon bark was purchased from the local
market. The bark was dried and finely powdered inPreparation of lens for analysis: The animals were
mechanical mixer. Exactly 10 grams of finally scarified and the eye balls were removed. Bothegns

powdered cinnamon was dissolved in 100 mL distilledvere separated from eye balls and were rapidly
water in a water bath at 60°C for two h and filtere desiccated, washed with saline and carefully doeer

This extract was diluted (1:10) and administereallpr ~ fine filter paper, weighed and placed in cleanilsted
to rats (Kannappaet al., 2006). vials and kept at -20°C until analysis. A lens hgemate
was prepared from both lenses of each animal in 5M
Animals and experimental design: Adult male Wister ~Phosphate buffer pH 7.5 (0.4 g m). The homogenate
rats of body weight ranging 120-160 g were usethi;m  Was centrifuged at 6000 rpm for 10 min and.the
study. They were purchased from the breeding diiteo ~ SUPernatant was separated and then used for agsayin
Egyptian Organization for Biological Products and
Vaccines (Helwan, Egypt). They were housed 2/cag®etermination of malondialdehyde and reduced
under controlled condition of 12 h light/ 12 h dasicle. ~ dlutathione in lens: Malondialdehyde (MDA), an end
All animals received standard pellet diet for oreetvand  product of lipid per oxidation was estimated in taes
water ad libitum. Approval had been taken from the homogenate by colorimetric methods of Satoh (1978).
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The level of reduced glutathione was determinddris 1.0
homogenate prepared in 1ml of 10% Trichloroacetic 4
Acid (TCA) according to the method of Ellman (1959)

modified by Xuet al. (1992). 08

g 07 -
Protein carbonyl measurement: Levels of protein < 05
carbonyl were measured according to the method of o.<

Levine et al. (1990). The lens was homogenized in
10% (TCA) and after centrifugation; the pellet was 0.4
treated with 1 mL of 2% (W/V) Dinitrophenyl 03
Hydrazine (DNPH) in 2N HCI or with 1 mL of 2N HCI
as a control. Samples were incubated at room
temperature and stirred for 5 min intervals. Two )
hundred micro liters of 50% TCA were then added and Log M. W1

the precipitated proteins were subsequently washed

three times with 1:1 ethanol-ethyl acetate and ethreFig. 1: Calibration curve for Kav of different sttard
times with 10% TCA. The final precipitate was Proteins versus log molecular weight

dissolved in 6M guanidine and the different specira

the DNPH derivatives versus HCI controls wasStatistical analysis. Values were given as the mean
followed spectrophotometrically at 340-370 nm with + SD. The significance of the differences in mean
scan program. The concentrations of the carbonWalues between groups was analyzed using ANOVA
groups were calculated from the absorbance spectrugg|iowed by Duncan's multiple range test (DMRT).
using 21.5 mM crif as the extinction coefficient for g jevel of statistical significance was set g005
aliphatic hydrazones. (Dawson and Trapp, 2001).

0.2

4.4 4.6 4.8 5.0 52 54 5.6

Protein measurement: Lens protein was assayed using

the method described by Lowret al. (1951). RESULTS

Quantification of glycation (early product) was

determined according to the method of Fluckiger and  The fructose fed rats developed hyperinsulinemia
Winterhalter (1976) as modified by Vidal and Calseza and hyperglycemia with increased HOMA index which

Cerrato (1989). were prevented by carnitine and cinnamon extract
_ ) _ administration (Table 1).
Chromatographic analysis of lens crystallins: Pools Table 2 summarized the levels of malondialdehyde

of three pairs of rat lenses were homogenized imng reduced glutathione in lenses of rats fed-high
distilled water (0.2 g lens/2.5 mL distilled wat@md  g,ct0se diet. A highly significant increase in tesel
centrifuged in a cooling centrifuged at 8000 rpom20 ¢+ MDA and pronounced decrease in the level of

min the supermatant was subjected to Commr}educed GSH (p<0.05 for each) were observed in FRU

chromatographic analysis according to the method o& ;

roup compared to control group. After treatmerthwi
Testaet al. (1965). The column used was (2160 cm), CAR or CE. the levels of MDA and GSH returned
packed with sephadex,gg The mobile phase used was nearly to the,control levels

Tris buffer pH 7.5. Fractions of 8 mL/20 min were As shown in Table 3, feeding high fructose diet

collected using a fraction collector (Universalchian . )
9 ( caused an increase in both early glycated produdt a

collector Eldex, USA). The optical density of calied h bonvi 0.0 q haielle
fractions was measured using spectrophotometere(Typt e carbony! content (p<0.05), compared to theie

Uvikan 930 of Kout Ron) at 280 nm. The elution " control rats. Administration of CA to rats fedigh
pattern was drawn by plotting the fraction numberfructose diet attenuated the pervious parametestoe
against the optical density of each fraction. Toleimn ~ the control levels. Although CE reduced early gtgda
was calibrated using standard proteins: carboni@roduct and the carbonyl content in high fructose f
anhydrase (29KDa), egg albumin (45 KDa), bovinerats, their levels still significantly higher thaantrol.
serum albumin (66 KDa), aldolase (158 KDa), femriti The chromatographic elusion pattern of lens
(440 KDa) and thyroglubuline (669 KDa). The Ve/Vo homogenate of control rats showed four distinctdsan
was plotted as a function of logarithm of their namelya, B;, B, andy crystalline (Fig. 2-a). These
respective molecular weights as a standard linésr p bands were distinct and clear. The pattern obtafaed
(Fig. 1). rats fed high fructose diet was different (Fig.2-b)
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Table 1. Serum levels of fasting glucose, insutid BBOMA index in
control rats and those fed high fructose diet (FRt&ated
with carnitine (FRU+CA) or cinnamon extract (FRU+CE

Glucose
Groups (mg/dL) Insulin (U/L) HOMA index
Control 85.7+13.0 17.0+2.5 3.12+0.74
FRU 138.4+16.2 36.7+5.1 10.73+2.67
FRU + CA 67.5+13.2° 22.9+3.8°¢ 4.1+0.8%°¢
FRU + CE 79.1+3%7 14.7+1.3 3.2+0.78

a: p<0.01 Vs. CON; b: p<0.05 Vs. FRU; c¢: p<0.05 &N

Table 2: Levels of MDA and reduced glutathione (G8trat lens of
control rats and those fed high fructose diet (FRt8ated
with carnitine (FRU+CA) or cinnamon extract (FRU+CE

Groups MDA (nmol/g lens) GSH (umol/g lens)
Control 0.84+0.45 3.93+0.59

FRU 1.59+0.48 1.75+0.18

FRU + CA 0.82+0.50 3.17+0.76°

FRU + CE 0.82+0.66 2.240.53

a: p<0.05 Vs. CON; b: p<0.05 Vs. FRU; c: p<0.05 MRU+CE

Table 3: Early glycated products and carbonyl aointe rat lensof
control rats and those fed high fructose diet (FRt#ated
with carnitine (FRU+CA) or cinnamon extract (FRUHCE

Group’s Early glycated products Carbonyl content
(nmol/mg protein) (umol/mg protein)

Control 0.17+0.06 2.30+0.45

FRU 0.57+0.25 4.25+1.04

FRU + CA 0.22+0.067 2.65+0.99

FRU + CE 0.3620.11° 3.72+1.%

a: p<0.05 Vs. CON; b: p<0.05 Vs. FRU; c: p<0.01 WRU

Clear bandso andy) were observed but the other two
bands 1 andp2) were diffused together. Administration
of either CA or CE to rats fed high fructose dietrected

to some extent the diffusion which was caused Igi hi
dosage of fructose (Fig. 2c and d, respectivelyjiciv
means that both rendered the bands correspondipit, to
B2 andy crystallins once again distinct and not diffused.
The patterns were near to that of controls.

The protein content of each peak was calculated
from the surface area under the peaks. Percentage
distribution of proteins under each peak (Tablefof)
rats fed high fructose diet was different from coht
animals. The most remarkable observations were the
decrease in the percentage oof crystalline (22.28%)
andy crystalline (25.22%). Also lower values of protein
contents were observed in crystalline (40.10 mg/g
wet wt) andy crystalline (45.39 mg/g wet wt) in
fructose fed rats, compared to 85.55 mg/g wet wiifo
fraction and 111.10 mg/g wet wt fgrcrystalline of
control animals (Table 5). Treatment with CA and CE
to rats fed high fructose diet mitigated this piote
contents nearly to the controls values.

Table 6 shows the approximate range of molecular

lensweights of different crystallins in the experimdnta

crystalline (a) Rats fed control diet (b) Rats fedgroups and treated rats. Calibration of the colunas
high fructose die (c) Rats fed FRU + CA (d): performed with standard proteins with molecular
Rats fed FRU + CE

weights ranging from 669.000-29.000 KDa (Fig. 1).
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Table 4: Percentage value of different lens cris@lfractions of |ens crystalline which lead to cataract (Awasthal.,
control rats and those fed high fructose diet (FRt&ated 1996)

with carnitine (FRU+CA) or cinnamon extract (FRU+CE
Crystallins (%)

The present study shows marked decrease in the
level of lens glutathione in rats fed high fructatiet

Groups o Bs B2 y compared to control group. This drop is an indimati
Control 29.01 9.68 23.66 37.65 to the damage occurred in lens of rats. The enfltance
FRU 22.28 52.50 2522 |eyel| of reactive oxygen species generated by high
FRU+ CA 29.80 8.65 17.30 420 fictose  diet together with reduced level of
FRU + CE 29.00 23.00 31.50 16.50

glutathione is expected to cause formation of

Table 5: Protein content of lens crystaliine aneirtifractions in  disulphide bonds through sulfhydryl oxidation ofse
control rats and those fed high fructose diet (FRt#ated  Crystalline (Awasthiet al., 1996). Loss of GSH could
with carnitine (FRU+CA) or cinnamon extract (FRUHCE  also result from a decrease in biosynthesis becdeise

. Crystallins novo synthesis of GSH requires ATP which is reduced
Groups T(?T:g'/grx:?\?vt) . b 5 ; in fructose fed rats owing to excess consumption of
Control 205 8555 2855 6080 11110 ATP in the _ formation of sugar phosphate
FRU 180 40.10 94.50 4539 (Balasaraswattst al., 2008).
FRU+CA 285 84.90 24.60 49.30 125.40 In this context, the enhanced formation of lipid
FRU+CE 233 67.00 5500 7300 38.00 peroxidation and protein carbonyl are indicative of

generation of Reactive Oxygen Species (ROS) foomati

Table 6: Molecular weights (KDa) of different leoiystallins control in rat's lens. Excess ROS formation, together with

rats and those fed high fructose diet (FRU), ticbatéth

carnitine (FRU+CA) or cinnamon extract (FRU+CE) glycation of protein has been shown to be the nwjase
Crystallins of lens damage (Ansagi al., 1996; Bosciat al., 2000).

The increased level of MDA may be linked mainly
Groups o B P2 Y or secondary to the reduction of lens antioxidant
Control 831.76 371.54 186.21 7080 content. It was known to play a role in lens
FRU 1000.00 186.21 87.10 e .
FRU + CA 831.76 371.54 208.93 70.80 Opacification and can form cross-links between
FRU + CE 831.76 251.19 141.25 83.18 Mmembrane lipids and proteins (Grattagliaeb al.,

1998). The increased of protein carbonyl conterthef

The total protein content of soluble part of lens/®NS May indicate the oxidation state of lens pnstas
homogenate of control animals amounted to 295 mg/% result ?]f omditlvef fstress (Eherﬁ al., 1?96)'
wet wt (Table 5). This value drops to 180 mg/g wet ecause the uptake of fructose by cells is notlated

. : : ) .. by insulin, an increase in fructose intake canease
in animals fed high fructose diet. Treated ratShWIt.fructose-3-phosphate. Cheaigl. (1996) and Lakt al.,

Egr:]teerntc Qf Z:)Ila:tl)zlecfa: :iﬁgn agf 'lgcnrsaﬁsmg]g;2;5[8;?;&995) _observed that phosphorylation of fructoseesak
_ . place in the lens and that the phosphorylated fasfns

reach to 285 and 233 mg'gvet wt, respectively. fructose are highly reactive with lens protein. dtose-
3 phosphate and its breakdown product 3-
deoxyglucosone cause aggregation of lens crystallin
(fructosylation) which increases light scatter and

In fructose fed rats free radical production can b decreases lens transmittance (Spector, 1995).
enhanced during hyperinsulinemia and hyperglycemia  with regard to the lens proteins, the resultshef t
by mechanisms such as autoxidation of glucose angresent study revealed a decline in both lens total
enhanced glycation in addition to fructose itseHlich protein and contents of the soluble fraction of lees
can create oxidative stress (Rajasekar and AnuradhBomogenate. This may be due to the denaturation of
2007). Several investigations reported that feetigh  |ens proteins especially in the contents cofand y
fructose diet in rats caused enhanced productienafa  crystallins in rats fed high fructose diet compated
reactive oxygen species which may be responsitie fahose fed control diet.
oxidative damage to cellular constituent and distied The elution pattern of crystallins showed that the
anti-oxidative capacity (Nandhiniet al., 2002; molecular weight ofi-crystalline increased and shifted
Busserollegt al., 2002; Rajasekar and Anuradha, 2007).to high value in case of rats fed high fructoset die

Reduced Glutathione (GSH) is synthesized in the&eompared to control animals. The high molecular
lens and responsible for protecting the thiol goop  weight aggregates enough to scatter light and ibortér
lens proteins, thereby preventing the cross linkafie to the loss of lens transparency (Peles@l., 2001).
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The transparency of the crystalline lens dependthen Balasaraswathi, K., P. Rajasekar and C.V. Anuradha,

regular, orderly spacing of its cells and proteins.
Disturbance of this order for instance due to prote
aggregation, membrane degeneration or fluctuations

protein distribution results in local change ofraetive
index. This is the basic explanation of light seqittg
(Awasthiet al., 1996).

L-carnitine has a thiol and methionine sparing
activity and thereby improves the total antioxidant

2008. Changes in redox ratio and protein glycation
in precataractous lens from fructose-fed rats:
effects of exogenous L-carnitine. Clin. Exp.

Pharmacol. Physiol., 35: 168-173. PMID: 17941890

Barham, D. and P. Trinder, 1972. An important colou

reagent for the determination of blood glucose by
the oxidase system. Analyst, 97: 142-145. PMID:
5037807

status because methionine is an antioxidant amtses Bell, R.C., J.C. Carlson, K.C. Storr, K.L. Herbarid

one of the precursors for GSH and CA biosynthesis

(Pelusoet al., 2001). Peluset al. (2001) reported that

L-carnitine prevents pD,-induced opacity and protects

the chaperone activity of leng- crystalline which
prevents protein aggregation.

J.G. Sivak, 2000. High-fructose feeding of
streptozotocin-diabetic rats is associated with
increased cataract formation and increased
oxidative stressing the kidney. Br. J. Nutr., 84:
575-82. PMID: 11103229

Cao et al. (2007) reported that cinnamon bark Boscia, F., |. Grattagliano, G. Vendemiale, T. Miee

alleviates the antioxidant systems by increasing th

activities of antioxidant enzymes in lens of ragd high
fructose diet. Thus, the enhanced protective aabibn

Ferrari and E. Altomare, 2000. Protein oxidation
and lens opacity in humans. Invest. Ophthalmol.
Vis. Sci., 41: 2461-2465. PMID: 10937554

these natural antioxidants (CA and CE) is clearlyBroderick, T.L., H.A. Quinney and G.D. Lopaschuk,

presented in the chromatographic elution patterthef

soluble part of the lens homogenate of these groups

The different peaks representing lens crystallirerew

1992. Carnitine stimulation of glucose oxidation in
the fatty acid perfused isolated working rat heart.
Biol. Chem., 267: 3758-63. PMID: 1740427

again distinct from each other and the patterniobth  Busserolles, J., E. Gueux, A. Mazur and Y. Rayssigu

was more or less near to the control. This meaas th
administration of either CA or CE could hinder the
oxidative effects of ROS and minimized the oxidatio

of sulfhydride group that cause aggregation of lens

crystallines and in turn development of lens opacit
CONCLUSION
It is concluded that the results of the presemdyst

indicate that dietary fructose disturbs lens intggand
administration of either L-carnitine or cinnamortraxt

2002. Substituting honey for refined carbohydrates
protects rats from hypertriglyceridemia and
prooxidative effects of fructose. J. Nutr., 132:
3379-82.
http://jn.nutrition.org/content/132/11/3379.short

Cao, H., M.M. Polansky and R.A. Anderson, 2007.

Cinnamon extract and polyphenols affect the
expression of tristetraprolin, insulin receptor and
glucose transporter 4 in mouse 3T3-L1 adipocytes.
Arch. Biochem. Biophys., 459: 214-222. PMID:

17316549

may safeguard the lens by preventing glycation an€€heng, H.M., F.Y. Cheng, H. Xiong and J. Xiong,

oxidative stress with consideration that CA has emor

potent effects than CE.

It is recommended that early introduction of CA

1996. The further metabolism of sorbitol-3-
phosphate and fructose-3-phosphate in the mature
rat lens. Ophthalmic Res., 28: 57-63. PMID: 8726678

may prevent the precataractous biochemical changd3awson, B. and R.G. Trapp, 2001. Basic and Clinical

and hence delay the onset of cataract formation.
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