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ABSTRACT

Several studies indicate that increased atheroggnexf LDL during diabetes is associated with a
preponderance of small dense (sd)-LDL subpopulatiwat is more prone to oxidative modification than
large buoyant (Ib)-LDL. In this study, we descritte hypoglycemic, hypolipidemic and antioxidant
properties of dietary tocotrienols (Tocomin) andvastatin supplementation in diabetic-hyperlipidemic
rats. Diabetes in rats was induced by streptozot@6i0 mg/100 g body wt) and they were treated with
7.0 mg Tocomin or 2.0 mg Lovastatin for 23 weekshd end of the study, diabetic control rats had a
significant increase in plasma glucose and bloodAHbplasma TG, TC, VLDL-C, LDL-C, HDL-C,
HDL,-C, HDLs-C and non-HDL-C. Tocomin and Lovastatin mediatesubstantial decline in glucose
and HbA1 to near normal levels, Our ex vivo resdémonstrate that even in normal animals, relatove
Ib-LDL, the in vivo oxidizability of sd-LDL, meagar as base line diene conjugation (BDC) was higher
by 2.90-fold, which was further increased to 3.[8-Hdue to diabetes. Similarly, in comparison toag |
phase value of 53 min for Ib-LDL in normal rats;lddL lag phase was reduced to only 15.0 min, which
was further shortened to 9.6 min in diabetic ratslicating a substantially enhanced Ctcatalyzed sd-
LDL oxidizability. In conclusion, although multipteerapeutic benefits of Tocomin and Lovastatin are
comparable, considering the host of side effectsibéied by Lovastatin, daily intake of dietary
tocotrienols will be useful in the prevention amdatment of diabetes, diabetes linked hyperlipidemi
with and without CHD and atherosclerosis.

Keywords: Small dense LDL; Tocotrienols; Lovastatin; Lardmioyant LDL; BDC; diabetic-
hyperlipidemic rats.

INTRODUCTION
The prevalence of diabetes mellitus (DM) for alé agoup worldwide is quite high. In India the

total number of subjects with DM is projected tergmase from 31.7 million in 2000 to 79.4
million in 2030 [1]. Several studies have estaldisithat in both men and women DM is a major
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independent risk factor for cardiovascular dise@S¥D) [2-4]. Hyperglycemia is the most
important factor in the onset and progress of diabeomplications mainly by producing
oxidative stress [5]. Altered cellular metabolisaused by hyperglycemia play an important role
in increasing the risk of cardiovascular, renahtbplmic and neurological complications of DM
[6]. Although blood glucose is known to be highlyegictive of microvascular disease, the
contribution of all the measured risk factors camplaén no more than 25 % of the excess
macrovascular coronary heart disease (CHD) associaith diabetes [7]. The excessive non-
enzymatic glycosylation of proteins associated witdrkedly increased free radical production,
stimulate formation of glycosylated hemoglobin aadvanced glycosylation end products
(AGEs), which cause extensive cellular and tissamabe, including vascular injury [8]. The
dyslipidemic profile of diabetics includes increddevels of plasma TG, TC, VLDL-C, LDL-C
and small dense (sd)-LDL-C, increased glycatiohE and decreased plasma antiatherogenic
HDL concentration [4]. Previous reports indicatatthltered plasma lipoprotein profile in the
excess atherosclerosis associated with DM may ts onibical, because at any total cholesterol
level, in comparison to non diabetic subjects, eimbpatients have 3-to 5-fold higher CHD
mortality rates [9]. In addition, 80 % of all ty@ediabetics will die of an atherosclerotic event
[3-4,10]. It is possible that increased atherogiéyesf LDL during DM is associated with a
preponderance of sd-LDL subpopulation, that is npoome to oxidative modification than large
buoyant (Ib)-LDL [11]. Lipoprotein profiles that arrelatively rich in sd-LDL particles are
associated with up to 3-fold greater risk of myadcarinfarction (MI) than those mainly consist
of Ib-LDL particles [12]. Recently, Koba et al. [[LBave reported that prognosis of CHD was
closely linked not to the LDL particle size but ttte concentration of highly atherogenic sd-
LDL. To the best of our knowledge, no therapeutiteliventions to specifically reduce the
elevated levels of highly atherogenic sd-LDL inkditic-hyperlipidemic patients or animals have
been reported [11,13]. Furthermore, chronic diabetay enhance oxidative stress not only
through the increased production of ROS but alsoutlijh weakening the antioxidant defense
system. In this context antioxidant role of serurlU-complexed arylesterase/paraoxonase
enzyme in the protection of LDL as well as HDL fraridative modification is noteworthy
[14]. The involvement of increased oxidative striesdiabetes is supported by several data such
as increased concentration of plasma lipid peraxdagroducts, namely, conjugated diene, lipid
hydroperoxide and TBARS and decreased levels abxddants [15-16]. Otero et al. [17] have
demonstrated that the consumption of vitamin E @mmal human LDL subjected to Cu
induced oxidation was delayed by a glucose conatotr frequently found in subjects with
poorly controlled diabetes. However, high glucosacentration accelerated the LDL oxidation
once LDL associated vitamin E was consumed, thusogke may act as either antioxidant or
prooxidant depending on cell concentration of vitankE. Since DM is associated with
hyperglycemia as well as hyperlipidemia, oral hygogmic agents along with insulin and
hypolipidemic drugs usually statins are used feitiéatment. However, insulin along with other
hypoglycemic drugs commonly used in the treatméityperglycemia in diabetics are unable to
restore normal pattern of glucose homeostasis omareent basis. Furthermore, imperfect
normalization of glucose metabolism by replacemensulin therapy may alter the
concentrations and compositions of potentially @tbenic lipoproteins [18]. Moreover, these
drugs are quite expensive and exert a host ofeffdets [19, 2-3].

Thus, there is need to seek newer and alternajppeoaches for effective therapy in the
management of hyperglycemia along with dyslipideriiiae tocotrienol isomersi{, -, y-, 6-)

are naturally occurring analogues of tocopheromisis (vitamin E), found mainly in rice bran
and palm oil. Tocotrienols (T3s) differ from tocaphbls (Ts) by possessing three double bonds
in phytyl side chain. Unlike Ts, T3s have been shaa have an intrinsic hypocholesterolemic
activity in animals and humans. Previously publisheports indicate a strong hypolipidemic
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effect of tocotrienol rich fraction (TRF) or puefi tocotrienols (Tocomin) in various animal
models as well as hyperlipidemic humans [20-21pmaipidemic and hyperlipidemic rats and
humans [22-25] and type 2 diabetic patients withpenypidemia [26]. A potent
hypocholesterolemic, antiatherosclerotic and amdemxt effect of TRF/Tocomin in
cholesterol/oxidized cholesterol-induced atherostie rabbits have also been reported
previously [27-28]. There is only one report [28]dicating some fasting blood glucose and
HbA; lowering effect of dietary TRF, when fed to ST&hred diabetic rats for 12 weeks.
However, TRF mediated reduction in glucose from 876 mg/dl, and in HbAfrom 13.1 to
10.0 mg/dl, indicate that these parameters welldrsitiliabetic range [29]. However, a detailed
coordinated investigation pertaining to combinedpdglycemic, hypolipidemic and anti-
lipid/lipoprotein-peroxidative impact of tocotrielsoin diabetic patients or diabetic animals has
been lacking. Statins including Lovastatin are pbteompetitive inhibitors of HMG-CoA
reductase and are highly effective lipid lowerirggmts [30,16]. They are universally marketed
and used by both nondiabetic and diabetic-hypeeipic patients with and without CHD. Few
scattered reports indicate the antioxidant propertof Lovastatin in hyperlipidemic-diabetic
hamsters [16], atherosclerotic rabbits [31] andpatients with hypercholesterolemia [32].
However, hypoglycemic effect of Lovastatin was rmadiserved in hyperlipidemic-diabetic
hamsters [16].

We have investigated the hypoglycemic, hypolipideand antioxidant impacts of Tocomin and
Lovastatin when fed to diabetic-hyperlipidemic réds 14 weeks and compared with diabetic
control rats. The efficacy of feeding 6.0 mg Tocorar 0.50 mg Lovastatin/rat/day in preventing
the increase in fasting plasma glucose, glycosylateA;, TG, TC, VLDL-C, LDL-C, sd-LDL-

C, Ib-LDL-C, HDL-C, and its subfractions, HRIC and HDLs-C including non-HDL-C levels

in diabetic-hyperlipidemic rats was investigated.addition, quantification of cholesterol and
apoB content in LDL and its subpopulation, sd-LDiddb-LDL of diabetic-hyperlipidemic rats
treated with Tocomin or Lovastatin has been donertler to understand the mechanism(s) of
lipid lowering actions of Tocomin and Lovastatintirese rats, we have measured the enzymatic
activity of hepatic HMG-CoA reductase. The effedt long-term diabetes on plasma total
antioxidants, arylesterase activity, plasma lipglgxidation products, that is, conjugated diene,
lipid hydroperoxide and TBARS were determined. Rernnore, therapeutic role of Tocomin and
Lovastatin in the normalization of the above paramse was investigated. In addition,
antioxidant impact of Tocomin and Lovastatin onebéise levels of ex vivo diene conjugation
and lag phase time of in vitro Cuinduced oxidation of LDL, sd-LDL and Ib-LDL botm i
absence and the presence of glucose was undertaken.

EXPERIMENTAL SECTION

Chemicals

Twenty five percent palmvitae oil suspension ofotdenols containing d-tocopherol and
purified individual de-tocotrienol (80 %), d~ tocotrienol (90 %), d-tocotrienol (60 %), and d-
a-tocopherol (60 %) as well as RBD palm olein waspdied as a gift from CAROTECH BHD,
Chemor, Malaysia. Toconirsuspension (250 mg/g) contained 6.4 %-tcotrienol, 1 % dB-
tocotrienol, 10.2 % g-tocotrienol, 3.2 % d-tocotrienol and 5.7 % d-tocopherol. Cholesterol
lowering drug, Lovastatin, was a gift from Saiminmoform Pvt. Ltd., Chennai, India. All other
chemicals and reagents used in this study weraalytcal grade.

Animals/tr eatment

Male albino rats, weighing about 190-200 g werechased from IVRI, Barely,UP, were
conditioned to animal house environment prior ® élxperiment. The protocol of the study was
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approved by the animal ethical committee of the Mbdical College. The rats were given
pelleted rat chow and water ad libitum. In orderrtduce experimental diabetes, twenty five
overnight fasted rats were injected with streptoeot (STZ, freshly dissolved in 10 mM citrate
buffer, pH 4.5, 6.0 mg/100 g body wt) intraperithy [33]. Rats in normal control group were
injected with buffer only. After 15 days, twentydwats showed average plasma glucose level of
266 mg/dl. These rats were classified as diabettt iacluded in the present investigation.
Tocomin and Lovastatin suspension in palmvitaevas administered through gastric intubation
in two divided doses (morning and evening) of Ol%each /rat/day, containing 3.5 mg Tocomin
or 1.0 mg Lovastatin.

Experimental design

In normal control group (N-C), eight rats were give® Gnl palmvitae oil through gastric
intubation for 23 weeks. Eight rats in diabetic ttohgroup (D-C) were administered 0.5 ml
palmvitae oil. In diabetic Tocomin treated group D), seven rats were given 7.0 mg (0.5 ml,
morning and evening) of Tocomin, whereas, sevenimatiabetic Lovastatin treated group (D-
LT) were fed 2.0 mg (0.5 ml morning and evening) 28 weeks. At the end of the treatment,
overnight fasted rats in each group were anaeg#tetind blood drawn by cardiac puncture. The
blood from each rat in a given group was colleaisohg heparin as anticoagulant. Blood was
mixed gently by inversion 2-3 times and immediatsigred at 4°C for 30 min. The samples
were centrifuged at 2,500 rpm for 30 min. Plasma wakquoted and either stored at 4°C or
frozen at -20°C for future use.

M easurement of glucose, hemoglobin, glycosylated hemoglobin and lipids

Fasting plasma glucose levels were determined byramymatic method using a kit from
Autospan, New Delhi. The quantitative determinatioh hemoglobin in blood was done
according to the procedure as described in comalekdi from Ranbaxy. The quantitative
determination of glycosylated hemoglobin (HbAn erythrocytes hemolysate was done by the
colorimetric method of Nayak and Pattabiraman [3Bjglycerides in plasma samples were
determined by the enzymatic method as per kituiestsns. Plasma VLDL-C was determined by
dividing plasma triglyceride values (mg/dl) by attar of 5 as described by Friedewald et al.
[35]. Plasma LDL was isolated by precipitation noettas described by Wieland and Seidel [36].
Small dense (sd)-LDL and large buoyant (Ib)-LDLcfrans isolated from LDL according to the
procedure described by Hirano et al. [11]. Isolataf HDL and its subfractions, HRLand
HDL3; were done by dual-precipitation method as describgdPatsch et al. [37]. Total
cholesterol content in plasma, LDL, sd-LDL, Ib-LDHPL, HDL, and HDL; subfractions were
guantified as described by Annino and Giese [3&JndMIDL-cholesterol concentrations were
calculated as the difference between TC and HDL-C.

M easurement of plasma lipid peroxides and oxidation of LDL, sd-LDL and Ib- LDL

The susceptibility of isolated LDL, sd-LDL and IBL to oxidation was assessed by
determining the lag phase of conjugated diene foamausing the method of Esterbauer et al.
[39]. The formation of conjugated diene was cal@daby using an extinction coefficient of 2.52
x10* M cmi'and expressed as nmole malondialdehyde (MDA) etgriteiper mg LDL, sd-LDL
or Ib-LDL protein. In experiments, where effect giicose on irvitro oxidation of the above
lipoproteins was assessed, 2.5 mg glucose per shdaed.

Protein estimation

The protein was determined by the method of Brabl{dO], using bovine serum albumin as
standard. Aliquots of plasma, LDL, sd-LDL, Ib-LDIHDL, HDL, and HDL; were first
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precipitated with 10 % TCA. The protein pellets v@lissolved in 0.5 N NaOH and suitable
aliquots were used for protein determination.

Statistical evaluation
Statistical analysis of data was done by employimg-tailed Student t- test as described by
Bennet and Franklin [41]. P-values less than 0.8Eewonsidered significant.

DISCUSSION

The present study demonstrates that rats after édksvof STZ administration became
substantially hyperglycemic as well as hyperlipiterDaily treatment of these rats with 7.0 mg
Tocomin (tocotrienols) or 2.0 mg Lovastatin for @@eks lowered the elevated fasting blood
glucose and HbAlevels to near normal values. Nazaimoon and Khgl@l have initially
reported that feeding a diet supplemented with TRJ#kg) to STZ-induced diabetic rats for 12
weeks was associated with some reduction of bldodoge (32 %) and HbA(24 %) levels.
Although, in principle our results are in agreemeiith their findings but the hypoglycemic
effect of TRF was minimal and both the glucose Hbd\; levels after TRF treatment were fully
within diabetic range. In another report [16], feedof vitamin E (d-le-tocopheryl acetate),
probucol or Lovastatin supplemented diet to hyp&témic-diabetic hamsters failed to reduce
elevated fasting blood glucose. However, amongrattegins, only pravastatin has been shown
to exhibit beneficial effects on glucose metabolisspecially in the postprandial state in CAD
patients with impaired glucose tolerance [42]. @esults imply that there is a significant
association between improved glycemic control amgpmentation of Tocomin or Lovastatin.
Although a detailed investigation is needed toidlate the possible mechanism(s) involved, it is
intriguing to postulate that both Tocomin and Lda#ia, being potent antioxidants, may have
effectively protected th@-cells from total damage by STZ and/or glucotoyicithus, in the
presence of residual functional islet cells, theoldl glucose and HbAevels in both the treated
groups were reduced. Our results appear to bergeagent with an earlier study, where Vitamin
E could also exert it's protective effect indirgchy reducing free radical mediated damage to
islet of 3-cells and thus improving insulin action [43]. Qiata also suggest that the amount of
total antioxidants present in the circulation orhags in the tissues during the chemical insult
may be an important factor. In diabetic rats, plagotal antioxidants level was significantly
reduced, which was substantially increased follgwireatment with Tocomin or Lovastatin.
Therefore, similar to d-tocopherol, dietary tocotrienols or Lovastatin Icbalso exert their
protective effects indirectly by improving insuliction as antioxidants, leading to normalization
of glycemic state.

As expected, treatment of diabetic-hyperlipidemiatsr with Tocomin and Lovastatin
significantly prevented the increase in plasma T&, VLDL-C, LDL-C, HDL-C and its
subfractions, HDE-C and HLD-C including atherogenic non-HDL-C levels. The dstérol
content of HDL-C, which is considered to be a strong predictopresence and extent of CAD
[44], was significantly and equally reduced in btile treated groups. However, Lovastatin, in
comparison to Tocomin, was more effective in salebt reducing the atherogenic non-HDL-C,
whereas, levels of plasma antiatherogenic HDL-CHbds-C in Lovastatin treated diabetic rats
were significantly higher than Tocomin treated grouThe preferential increase in
antiatherogenic HDL-C in Lovastatin treated ratsassistent with a similar increase in HDL-C
levels of Lovastatin treated hyperlipidemic-diabdtamsters [16]. In the present study, chronic
diabetes was associated with a substantial inciegdasma HDL-C and its subfractions, HBL

C and HDIs-C levels, which is consistent with other reportdere a significant increase in
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HDL-C level in diabetic rats has been reported 485%- Since these diabetic rats are considered
as essentially models of type 1 diabetes [47], ramreased plasma HDL-C level has been
reported in type 1 diabetic patients [48-49]. Hoarg\n contrast to our results, type 2 diabetics
[4], as well as hyperlipidemic-diabetic hamster§][@xhibited a decrease in plasma HDL-C.

Table 1.Effect of tocomin and lovastatin on plasma glucose, blood hemoglobin, glycosylated hemoglobin and
total antioxidants

Glucose Hemoglobint HbA, T Total antioxidantst
Group (mg/dl) (g/dl) (mg/dI) (umole/dl)
N-C 74.6t6.3 16.63:0.10 4.15+0.02 56.28:1.17
D-C 296.3:41.1 11.23:0.12 9.71+0.43 35.06:2.01
(+297.18 %} (-28.15 %) (+133.97 %} (-37.70 %§
D-TT 108.#23.2 15.62£0.18 5.38t0.09 68.19:2.03
(-63.31 %§ (+39.09 %} (-44.59 %§ (+94.49 %}
D-LT 112.815.9 16.28:.03 4.98t0.04 61.7G:2.18
(-61.93 %§ (+44.96 %} (-48.71 %§ (+75.98 %}

N-C: normal control; D-C: diabetic control; D-TT:idbetic Tocomin treated; D-LT: diabetic Lovastatinated.

“Data are meart S.D. from plasma of individual rats in each group.
T Data are mearr S.D. from pooled blood or plasma samples in eaohm

&Significantly different from N-C and D-C at p<0.001
® Significantly different from N-C at p<0.05.

Table 2. Impact of tocomin and lovastatin on plasma and lipoprotein lipids

Parameters N-C D-C D-TT D-LT
. . 160.#1.3 115.22.6 103.6:3.1
-#8.1 +80.49 % -28.4 % -35.29 %
Triglycerides 88.7

240.6:2.8 171.31.3 162.5:3.4

T +78. ) -28. ) -32. (0}

Total cholesterol 134.#12.0 7861 % 2880 % 32 46 %
« 35. 71019 | 24.36:0.13 | 21.63t0.42

) ' ’ +82. ) -31. o -39. 0}

VLDL-cholesterol 19.622.31 82 .00 % 3178 % 39 42 o
162.2#3.11 | 119.681.71| 110.663.21
LDL-cholesterol 96.28-2.961 (+68.47%) | (-26.21%F | (-31.77 %}
72.18:1.1 41.56:2.18 | 44.82:0.28

) ' ’ + . 0} -42. ) -37. (0}

HDL-cholesterol 35.41#0.11 103.84 % 42 42 o4 37 90 %
23.82:0.46 | 13.66t0.92 | 13.16:0.26

: ' ) + . 0} -42. ) -44. 0}
HDL ,-cholesterol 11.19:0.23 (+112.86 %3 | (-42.65 %5 | (-44.75 %}
43.29:0.19 | 29.1#0.63 | 33.56:0.39

: ' ) +82. ) -32. ) -22. 0}
HDL s-cholesterol 23.690.73 (+82.73 %3 | (:32.61%F | (-22.47 %

188.#3.1 132.6:5.1 125.6:6.2

) i ’ ’ +60. ) -29. o -33. ()
Non-HDL-cholesterol| 117.6:3.6 (+60.45 %3 | (-29.72 %5 | (-33.43 %

“ Values are mean (mg/dhS.D. from pooled plasma samples in each group.
& Significantly different from N-C at p<0.001.
& Significantly different from D-C at p<0.001.

Consistent with published reports [11,13] that treéato Ib-LDL, the concentration of more
atherogenic sd-LDL was substantially increasedaitiepts with diabetes, CHD alone or diabetes
with CHD, in our study, sd-LDL-C and sd-LDL-apoBr#ds of diabetic-hyperlipidemic rats were
increased by 210 % and 153 %, respectively. ThuQ %6 of LDL-C and LDL-apoB were
recognized in sd-LDL fraction of diabetic rats. dmment of diabetic rats with Tocomin or
Lovastatin significantly reduced both the cholestemd apoB content of sd-LDL, as well as
their percent share of LDL, close to normal contralues. Based on these results one can
conclude that cholesterol and apoB content of stl-aBwell as their percent share of LDL have
always increased or decreased in tandem, indicatvery good correlation between sd-LDL-C
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and sd-LDL-apoB values. It is interesting to mentibat sd-LDL is known to be generated from
large triglyceride-rich VLDL particle, productionf avhich is enhanced by insulin resistance
during diabetes, thus resulting in an increasedgteace of sd-LDL [50-51]. Our results are
consistent with these findings, showing a significancrease in the levels of plasma TG-rich
VLDL-C (82 %), TG (80 %) and sd-LDL-C (210 %) inrcimic diabetic rats.

Table 3.Effect of tocomin and lovastatin on cholester ol and apoB content of LDL sd-LDL and Ib-LDL"

Parameters N-C D-C D-TT D-LT
167.292.12 | 121.162.10 | 109.382.36
i ) ) +76. () -27. () -34. (0
LDL-C | 9462532 | 7680 06§ | (-27.61 %] | (-34.86 %3
LDL-apoB | 138.426.22 | 153.612.13 | 139.2682.51 | 128.561.11
+10. 0 -9. 0 -10. 0
(+10.97 %Y | (-9.06 %§ | (-16.30 %§
103.7& 0.12| 55.622.3 | 53.610.86
i i ) ) + . (] -46. () -48. o
SU-LDL-C | 3343218 | 51043 %) | (-46.40 %§ | (-48.34 %§
68.090.32 | 42.4%2.12 | 44.060.18
0, -
) ) + . 0 -37. () -35. o
HLDL-C | 3362069 | 10758 06| (-37.59 %] | (-35.29 %
94.3162.28 | 54.863.11 | 57.322.16
i i ) ) + . (] -41. () -39. (0
Sd-LDL-apoB| 37.285.19 | (1555703 | (:41.73 %§ | (-39.12 %
66.180.46 | 42.380.76 | 49.06:0.38
0, -
) ) + . 0 -35. () -25. o
/% LDL-apoB | 29.282.39 | 15656 %) | (-35.96 %] | (-25.86 %)
6841011 | 73.280.67 | 62.480.33
Lb-LDL-C | 66.222.11 | ‘s 30005 | (+6.85%f | (-8.66 %
40.01:0.86 | 60.3%0.18 | 59.02:2.01
0, -
HLDL-C | 66.722.00 |\ 460305 | (+50.83 %§ | (+47.51 %
56.2%3.11 | 8548121 | 76.542.11
Lb-LDL-apoB | 94.237.21 | 455048 | (+51.73 %] | (+35.79 %
40.282.01 | 63.46:2.10 | 61.67%1.89
0, -
/% LDL-apoB | 72.3B121 |\ 4459 0§ | (+57.54 %3 | (+53.10 %

“ Values are mean (mg/dhS.D. from pooled plasma samples in each group.
&Significantly different from N-C and D-C at p<0.001
® Significantly different from N-C at p<0.05.
¢ Not significant from N-C.

Therefore, the greater atherogenic potential ofBd; in comparison to Ib-LDL, may explain
the higher incidence of CHD in diabetic patientarthin isolated hypercholesterolemia [11,13].
In addition, because of greater preponderance -&fDdd a moderately high LDL-C (between
130 and 160 mg/dl) in a type 2 diabetic patier@gaivalent to a much higher LDL-C in terms of
CHD risk for a nondiabetic subject [2,4]. Therefotlee primary target of therapy in type 2
diabetic patients should be the lowering of highilgerogenic sd-LDL subpopulation. However,
no therapeutic interventions to reduce the elevakedkls of sd-LDL-C in diabetic-
hyperlipidemic patients or animals have been reobftl1,13]. In the present study, which
represents an initial demonstration, administratioin dietary tocotrienols (Tocomin) or
Lovastatin to diabetic rats was associated witlrecomitant and significantly higher decline in
the cholesterol and apoB concentrations of moreragenic sd-LDL subspecies than LDL.

An increasing number of studies have pointed opbssible role of LDL peroxidation in the
occurrence of atherogenic lesions, which are ontdeimost frequent complications of diabetes
[52]. Our results show that due to substantialaase in oxidative stress along with the depletion
of endogenous plasma antioxidants in diabetic-hgHypdemic rats, the ex vivo base line diene
conjugation (BDC) level of sd-LDL in comparison lteLDL BDC value, was higher by more
than 2.90-fold, indicating a markedly enhanced spshbility of sd-LDL to invivo oxidation.
Similarly, treatment of diabetic rats with ToconunLovastatin reduced the ex vivo BDC levels
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of sd-LDL, Ib-LDL and LDL, with a maximum effect osd-LDL. Consistent with ex vivo BDC
levels of LDL, sd-LDL, and Ib-LDL, susceptibilityfdhese particles to Ctrinduced oxidation,

as measured by their lag time, was decreased betiarats. It is important to mention that in
comparison to a lag phase value of 95 min for LDd &3 min for Ib-LDL in normal rats, the
lag phase of sd-LDL was only 15.0 min, indicatingubstantially increased in vitro oxidative
susceptibility to CUl'-induced oxidation. In treated groups, both Tocoraimd Lovastatin
increased the resistance of sd-LDL to oxidative ification, as shown by an increase in lag time
from a value of 9.6 min in D-C to 13.2 and 12.8 mespectively. In contrast to sd-LDL, the lag
time of Ib-LDL was reduced from 53 min in N-C to #tin in D-C, which was fully restored to a
normal value of 54 and 53 min in both Tocomin owéastatin treated rats. Consistent with
known property of glucose that it may act eithet.B& antioxidant or prooxidant depending on
the vitamin E content of LDL [17], presence of glge (2.5 mg/ml) during Cirinduced
oxidation of LDL, sd-LDL and Ib-LDL from normal rat further reduced their lag phases.
However, in diabetic rats, which were deficientamtioxidants, and had a high plasma glucose
level, addition of glucose,

Table 4.Impact of tocomin and lovastatin on plasma lipid peroxidation productsin diabetic-hyperlipidemic rats”

Group | Conjugated diene Lipid hydroperoxigde TBARS
N-C 11.68:0.26 1.1720.058 1.4920.97
D-C 16.98t1.22 1.976:0.038 2.92°#0.086

(+45.37 %} (+67.59 %} (+96.17 %}

D-TT 14.06t0.61 1.48%0.069 2.198:0.063

(-17.19 %} (-24.64 %} (-24.90 %}
D-LT 14.8G:0.39 1.59%0.062 1.98%:0.079
(-12.83 %Y (-19.07 %} (-32.04 %}

“Values are mean (umole/dhS.D. from pooled plasma samples in each group.
&Significantly different from N-C and D-C at p<0.001
® Significantly different from D-C at p<0.05.

Table 5 Effect of tocomin and lovastatin on ex vivo and Cu**-mediated in vitro susceptibility of LDL, sd-L DL
and Ib-LDL to oxidation in absence or presence of glucosein diabetic-hyperlipidemic rats

LDL oxidation

LDL oxidation with

Sd-LDL oxidation

Sd-LDL oxidation

Lb-LDL oxidation

Lb-LDL oxidation

glucose with glucose with glucose

Group|  ppct | Lag Boc |9 | pgpc | X9 | gpc | Y9 | gpc | ka9 | pgpc | La9

phaset phase phase phase phase phase

N-C 192 95 216 58 241 15.0 269 11.p 83 5 81 4
302 309 401 417 118 117

D-C 1 h57.00065 | 3 | (+a3.05%) | 47 | (+66.300%5 | OO | (+55.01%) | 73 | raz16wy | Mt | (rasaamy | P
275 276 316 332 109 108

D-TT | 143200y | 59 | 27,7706y | °2 | v31.1206) | 132 | (s23.206) | 127 | (31.3200y | °* | (+33.33%) | 4
244 249 295 314 105 1108

D-LT | 2708y | 72 | (15.27) | 1 | (v22.40%) | 128 | v16.7206) | 131 | (+26.50065 | 2 | (+33.33%) | 47

“ Values are obtained from LDL, sd-LDL and Ib-LDLdsdion in absence or presence of 2.5 mg/ml glucose.
T Base line diene conjugation values are expreasatmole malondialdehyde (MDA) equivalents/mg fmote
¥ The lag phase is defined as the interval betvileerintercept of the tangent of the slope of threewith the time
expressed in minutes.

further mediated a prooxidant effect only on sd-L@Yg phase with no effect on Ib-LDL and
LDL. This preferential prooxidant effect of glucosa lag phase of sd-LDL from normal and
diabetic rats is consistent with its enhanced gty to both ex vivo and in vitro oxidation,
relative to Ib-LDL. In Tocomin or Lovastatin tredteliabetic rats, due to the presence of high
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plasma concentrations of antioxidants, tocotrierfdlscomin)/Lovastatin, prooxidant effect of
glucose was blocked and the lag phase time of ddiBs increased. A markedly increased in
vivo and in vitro oxidizability of sd-LDL subpopulan in diabetic rats, suggests that it may be
more prone to further oxidation in the vessel wéltiabetic subjects as reported by Chait et al.
[53]. Tribble et al. [54] also reported that in gadis with either the Ib-LDL or the sd-LDL
phenotype, oxidative susceptibility increased, amtioxidant concentrations decreased, from
IDL to Ib-LDL to sd-LDL. Previously published regsrindicate that difference in the oxidative
susceptibility between sd-LDL and Ib-LDL, as seanthe present study, is apparently due to
their physical-chemical properties. In comparisonld-LDL, sd-LDL has reduced content of
antioxidants, free cholesterol, and increased amotimore oxidizable polyunsaturated fatty
acids and preformed hydroperoxides [55-56]. It ilel that presence of extremely low
antioxidant content in sd-LDL subspecies of diabe#ts was apparently responsible for the
prooxidant effect of glucose on sd-LDL, which wastlly blocked in Tocomin or Lovastatin
treated diabetic rats. Consistent with the findin§©tero et al. [17] that glucose during*Gu
mediated oxidation of LDL, may act either as antlaxnt or prooxidant, depending on the LDL
associated-tocopherol content, our ex vivo and in vitro réswlso show similar dual effect of
glucose on the oxidative modification of LDL suldfians, which may be dependent on their
antioxidant, that is, tocotrienols (Tocomin) or lasvatin content. An enhanced susceptibility to
in vivo and in vitro oxidative modification of sdElL, relative to Ib-LDL, which was
significantly blocked in diabetic-hyperlipidemic tsatreated with Tocomin or Lovastatin,
represents an initial demonstration.

The combined results demonstrate that a strong diypemic and hypolipidemic effect of
dietary tocotrienols (Tocomin) and Lovastatin caapivith their potent antioxidative properties
can provide additional benefits in the inhibitiohaxidative stress, particularly in the resistance
of highly atherogenic sd-LDL to oxidation and hengethe prevention and treatment of both
type 1 and type 2 diabetes, diabetes linked hypdémia with and without CHD and
atherosclerosis. However, considering the hostidd effects exhibited by Lovastatin, use of
dietary tocotrienols (Tocomin) as a multitherapeuaijent should be preferred. In addition, daily
use of Tocomin as a dietary supplement will be lyiglost effective as well as a good source of
vitamin E.
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