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Abstract

Curcuma longa L. plant (known as curcum hence thaeen
Curcuma, turmeric) is a member of the Curcuma bcghigroup, which is
part of the ginger family of herbs, Turmeric is dseorldwide as the main
ingredient in curry, the spice, and as a sourcediocumin or curcuminoids.
it is used for medicinal purposes This study wasdoated on sixty Sprague
Dawley strain male rats and weighting 100+10 g. r&ts served as control
(-ve) group (Co.(-)) while Twenty-four rats weralfhigh- containing basal
diet+5% tallow+1% cholesterol+ 0.02% bile salt tonduce
Hypercholesterolemia. These rats were reclassified control (+ ve)
(Co.(+)), three treated rat groups that were 4ar@l 8 g /kg diet turmeric.
The treatment period was designed for six weeke ®btained results
revealed thathe total cholesterol (TC), triglycerides (TG), HEL and
LDL-C were determined, in addition to serum glugolbeer and kidney
function. The histopathological changes of the hédizer and kidney were
evaluated. SPSS, one way ANOVA was used to andhgeaesults. The
results indicated that dietary curcumin signifidariilocked the effect of
HFD on the body-weight gain, the best value wasGin(3), The best
treatment was turmeric (6g and 8g) which had tlveet values of total
cholesterol, TG and LDL-C, and the best values BLKC. Also, the best
improvement in glucose level in G (3), results dieaevealed that the best
treatment was turmeric (8 g / Kg diet) which had libwest values of ALK,
ALT and ALP. uric acid and urea gave a significdatrease in groups G2
and G3. The moderate and higher dose from turmgace normal
histological structure in the heart, liver and leginn Morphologic changes.
In conclusion, results showed that turmeric hadimila potential to
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attenuate CHD-related parameters in mild oxidastess induced by a
high-fat diet in rats.

KEYWORDS: Atherosclerosis turmeric, Liver, Heart, High-Fat
Diets rats

INTRODUCTION

Hypertension, dyslipidemia, obesity, type 2 diabetmellitus
(T2DM), and metabolic syndrome, and insulin resiséa promote
endothelial dysfunction and vascular inflammatioreading to
atherosclerosis—the main cause of C{@ikanth and Deedwania 2016)
The study showed that low circulating concentratioh triglycerides (TG)
and low-density lipoprotein cholesterol (LDL-C) erme associated with a
low risk of CVD (Musunuru, 2010). Therefore, the treatment of
dyslipidemia is critical for the prevention of CVD.

Turmeric (Curcuma longa), an Indian spice, is doyebigment that
is used worldwide in cooking, cosmetics, dyes, aadlicines(Goel et al.,
2008) It is worth noting that turmeric is a frequentiged food additive in
Southeast Asia, which mends the color and flavofooid preparations.
Curcumin (chemical name: diferuloylmethane) is Haotive component of
turmeric(Sahebkar,2013)which has the ability to interact with hundreds of
molecular targets. Many studies have confirmed gratective effects of
curcumin against many chronic diseases, includingnpnary disorders,
various cancers, and autoimmune disefiseanumakkara et al., 2016) It
has been shown to attenuate oxidative st(Bsdido et al., 2016)and to
exert a cardioprotective effect owing to its lipmlvering properties
(Maithilikarpagaselvi et al., 2016; Li et al., 2015and Shin et al., 2011)
Also, most of the randomized trials have reportexbitpre effects of
curcumin on blood lipid levels. Nonetheless, catiflig reports exist in that
some studies have reported promising effg@ahmani et al., 2016;
Rahimi et al., 2016; Maithili et al., 2015; Amin etal., 2015; Yang et al.,
2014 and Chuengsamarn et al.,, 2013)Whereas others failed to
demonstrate any significant effgtisharani et al., 2008).
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Turmeric is on the FDA’s Generally Recognized a$e Sst. No
LDso has been discovered for curcuf@ratman and Girman 2003).
Cheng et al.,(2001jound that curcumin is not toxic in oral human e®sip
to 8000 mg/day for 3 months. Curcumin has a widegeaof therapeutic
actions as the ability to halt or prevent certgjmes of cancefAggarwal et
al., 2003; Bhatrti et al., 2003 and Chan et al., 28} anti-inflammation
(Ramsewak et al., 200Q)mprove cardiovascular healfRamirez-Tortosa
et al., 1999; Quiles et al., 2002 and Mesa et &003) prevent cataracts
(Suryanarayana et al., 2003)

Many naturally occurring dietary polyphenols possestioxidant
and anti-inflammatory propertiéélappat and Awad, 2010) This could be
achieved by modulating an inflammatory or oxidatsignaling pathway,
(Alappat and Awad, 201Q Yu et al., 2010 and Bereswill et al., 2010).
Many dietary polyphenols, such as curcumin, alseehanti-carcinogenic
effects. One prospect mechanism of curcumin to =HIP
tumorigenesiMukhopadhyay, 2002 and Jaiswal et al., 200Zyurcumin,
a low-molecular-weight polyphenol obtained from therbal medicine and
dietary spice turmeric, was found to suppressedigband diabetes in rats
models (Weisberg et al., 2008turcumin may do its beneficial effects
decrease leptin and insulin resistance, speed #aity oxidation, weaken
inflammatory cytokine, also enhancing antioxidankzyame (Alappat and
Awad, 2010).

In addition, curcumin could also function as anihitor of p300
histone acetyltransferase (HAT), a potential mdkcumechanism for
cancer prevention and cardiovascular improvenigatrimoto et al., 2008
and Barnes, 2009). (Alappat and Awad, 2010)in addition, curcumin
could also function as an inhibitor of p300 hist@oetyltransferase (HAT),
a potential molecular mechanism for cancer prewansind cardiovascular
improvement(Morimoto et al., 2008 and Barnes, 2009)It is to focus
efforts toward improving the most effective drugsdaexploring natural
factors as alternatives to the treatments thatamently available.
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This study aimed to investigate the effects of &nim on blood
lipids level and glucose in a rat model with mikidative stress induced by
a high-fat diet.

MATERIALS AND METHODS:
Animals protocols:

Thirty male Sprague Dawley rats, weighing 100+1@ege used in
this study. They were obtained from the Nationasdéd@ch Center (NRC)
Dokki Giza Egypt. Animals were clinically healthydh they randomized
and housed in stainless steel wire bottom cagesa{8 /cage) and
maintained in an air-conditioned room on a 12 htliglark cycle at 22+ 2
°C and given the basal diet for 10 days as an ataptperiod before
treatments.

Preparation of turmeric

Turmeric was purchased from the local market astsrothen
grounded before mixing with the diet and addecholiasal dietin 4 g, 6 g
and 8 g /kg diet. During the feeding experimentsimals were daily
inspected and food intake was recorded while bodights were recorded
according tqChapman et al., 1959)The feeding experiment lasted for six
weeks.

Tallow was purchased from the local market, thesugded before
mixing with the diet and added to the basal diéiQrg /kg diet.
Experimental design

The animals were distributed into two main groupise first,
negative control group Co. (-) (n=6), fed basat (#¢N, 1993). The second
group (n=24 ) fed high- fat diet (containing badedt + 5 % tallow + 1%
cholesterol+ 0.02% bile salt). This group was deddnto four subgroups:
group positive control co. (+) (n=6) fed high-faetdonly, group 1 (G (1))
(n=6) fed high-fat diet plus 4 g /kg diet turmengpup 2 (G (2) (n=6) fed
high-fat diet plus 6 g /kg diet turmeric, and godi (G (3)) (n=6) fed high-
fat diet plus 8 g /kg dietturmeric.

20
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Used chemicals

Cholesterol as pure white crystalline powder arie &alts as a pure
yellow powder were obtained from Elgamhoria Compafoy Med
Preparations Chemicals and Medical Equipment'spoGatgypt.

Biological evaluation

During the experimental period (6 weeks), the dmisumed was
recorded every day. The body weight gain (B.W.G&) feed efficiency
ratio (F.E.R.) were determined accordingiitapman et al. (1959)

At the end of the experiment period, animals weiiced after 12

h of fasting then blood samples were collected wéte to avoid hemolysis
by receiving it on the wall of the tube. Blood sdespwere collected in
clean dry labeled centrifuge tubes and left to atotoom temperature for a
while, then centrifuged at 3000 rpm for 10 minutéke clear supernatant
serums were aspirated by means of Pasteur pipadtestared at -20°C in
Epindorff's tubes until used in the biochemical lge& (Drury and
Wallington, 1980).

Serum total cholesterol (TC), triglycerides (TG)ighHidensity
lipoprotein cholesterol (HDL-C) and low-density dgrotein cholesterol
(LDL-C) were determined by using enzymatic colorirneemethod(NIHP,
1987; Young and Pestaner, 1975; Fendewaid, 1972; @on and Amer,
1977; Lee and Nieman, 1996Y)espectively. Very low-density lipoprotein
cholesterol (VLDL-C) was carried out according tee and Nieman
(1996)as follows VLDL-C =TC— (HDL-c) - (VLDL-c).

Serum activities of aspartate aminotransferase A@Bnine
aminotransferase ALT Alkaline Phosphatase (ALP)ivais were
colorimetrically determined according to the methisscribed byRreitman
and Frankel (1957) Uric acid Serum urea nitrogen and creatinine were
determined consistent withe methods described Byssati et al., (1980),
Patton and Crouch, (1977) and Husdan and Rapoport,1968) Serum
total protein and creatinine were determinedHeyry (1964) and Reitman
and Frankel (1957)respectively. Albumin content was calculated frdra t
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standard curve prepared by sub dilution preparatiothe albumin stock
and the corresponding absorbencies.
Sample preparation

The target organs were examined as follows: Orgach as heart,
liver and kidney were excised and weighed. Thenhedsn cold saline (9
g/l NaCl), stored in formalin solution (10%) for R4ours. Washing
was wiped out the water then serial dilutions @obhbl (methyl, ethyl and
absolute ethyl) were used for dehydration. Specanerre cleared in
xylene and embedded in paraffin at 56 degrees lwtaair oven for 24
hours. Paraffin bees wax tissue blocks were prepfresectioning at four
microns by slide microtome. The obtained tissu¢ices were collected on
glass slides, deparaffinized and stained by herghtoxand eosin stains
(Bancraft et al., 1975) for histopathological examination through the
microscope.

Statistical Analysis

Statistical Analysis was performed by using the potar program,
Statistical Package for Social Scien¢8#SS, 1998)Values are given as
means + SD, and the differences between groups determined by one
way ANOVA. Values ofP< 0.05 were considered significant.

RESULTS AND DISCUSSION:
Effect of turmeric:
1- Bodyweight gain, food intake and feed efficiency ratio.

As shown in Table .1, the mean values of initiadiypaveight (IBW)
of all experimental groups (G1, G2 and G3) showed significant
difference when compared with Co. (+). The mearueabf final body
weight (FBW) in group Co. (+) (154.80+18.679) wagngicantly (p<0.05)
higher compared to the corresponding mean valugsoops Co. (-), G 1, G
2 and G3 (116.60 #27,95.00 + 16.87, 85.20+20, arid6(®17.53
respectively). The mean values of body weight gd@WwWG) and feed
efficiency ratio (FIR) in groups Co. (-), G 1, Gaidd G3 had significant
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decrease when compared with group co (+), whil@zathd G (3) showed
highest significant decrease compared to group)@ng co. (+).

This result agreed witiGhada and Soliman (2005)who revealed
that body weight gain (BWG) of curcumin in the teshgroups showed a
slightly non-significant decrease in their BWG tlamtrol. Also, FBW and
BWG of cholesterol-fed rats were significantly heghthan that of their
respective control group. Which are in agreemerth wiulbron et al.
(1982)and disagree witBérougne et al. (1995).

Also, Shao et al. (2012)onfirmed that Long term dietary curcumin
administration blocked HFD-induced body-weight gand obesity in
chronic HFD mouse model, body-weight increasediBogmtly only after
16 weeks of HFD feeding. At the end of the 28th kyeketary curcumin
significantly blocked the effect of HFD on body-gkt gain. HFD also
significantly increased a load of epididymal fatdpa while curcumin
supplementation significantly blocked this stimidat Oral curcumin
supplementation was shown to stop the event of igbassociated
inflammatior{(Weisberg et al., 2008)

Table (1): Body weight gain, food intake and feedficiency ratio after 6
weeks feeding.

Groups IBW(g) FBW(g) BWG (g) Fl(g) FER%

Co.(-) | 106.20°+24.14 | 116.66+27.37 | 10.40+3.44 16.26+1.10 | 0.64+0.22

Co.(+) | 97.60°%22.17 | 154.80+18.67 | 57.20+4.82 19.860°+1.92 | 2.9P+0.41
G1 99.00%+17.90 | 95.06°+ 16.87 -4.00 +1.87 21.06+2.45 | -0.19+0.09
G2 98.20°+13.48 | 85.20+20.00 | -13.00+14.44| 18.06°+2.00 | -0.69+0.71
G3 105.80°+19.95 | 91.66°+17.53 | -14.260+5.97 | 21.40G+152 | -0.66+0.25

Co (-), normal dietCo (+) high-fat dietG(1), high-fat diet plus turmeric (49%
(2), high-fat diet plus turmeric (683(3), high-fat diet plus turmeric (8 ;g)BW, initial
body weighf FBW, final body weightBWG, body weight gainFl, food intake FER, feed
efficiency ratio. Values with the same letters bglumn indicate no significant

difference(p: 0.05) and vice versa.
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2- Relative weight of heart, liver and kidney:

The results showed that in groups (G1, G2 and &8ph a high-fat
diet and turmeric the relative weight of the heartl liver had a significant
increase when compared with control negative grddpwever kidney
weight had no significant difference in G1 when pamed with the control
positive group, However, relative kidney weight wled a significant
increase in G2 and G3 (0.79+0.09 and 0.87+0.14)nwtmmpared with
group co.(+). (Table .2).This result agrees v@tmada and Soliman (2005)
demonstrated that relative liver and heart weighthmlesterol-fed groups
showed a significant increase when compared wighctimtrol group. The
significant increase in liver and heart weight mag attributed to fat
deposits. As recorded by several investigatorseased cholesterol level
increases the fat accumulation in the lig¢¢éahloneet al. 1997 and Murray
et al. 2000).

Table (2): Relative weight of heart, liver and kidrey (g):

Groups Heart (g) Liver (g) Kidney (g)
Co.(-) 0.30°+ 0.07 2.56 + 0.59 0.74+0.21
Co.(+) 0.33°+0.06 2.972+0.82 0.73+0.11

Gl 0.32%°+0.09 2.868+0.72 0.73+0.12
G2 0.31°+0.06 2.93+0.32 0.79+0.09
G3 0.33%°+0.04 2.78+0.68 0.87+0.14

Co (-), normal dietCo (+) high-fat dietG(1), high-fat diet plus turmeric (49%
(2), high-fat diet plus turmeric (6@ (3), a high-fat diet plus turmeric (8 g). Valusgh
the same letters by column indicate no significhifierence (g 0.05) and vice versa.

3- Serum lipid profile and glucose level:

Table (3) shows the effect of different levels ofmeric on serum
total cholesterol (TC), triglyceride (TG), low-détyslipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol @B-C). It could be
observed that group co. (+) had a significant iaseein TC, TG and LDL-C
compared with control negative rats. Also, all greded on high-fat diet
containing different levels of turmeric (4, 6 an@/8kg diet) had significant
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decrease in TC, TG and LDL-C compared with conpasitive group of
rats, also could be observed that G2 and G3 felliginfat diet containing
levels of turmeric (6 and 8 g/ kg diet) had imprdwggnificantly in HDL-C
(43.40+£9.07 and 41.0+3.94 respectively) when coexgbawith control
positive group co. (+). The groups fed on turmajiive results similar to
group co. (-). The best treatment was turmeric d6d 8g) which had the
lowest values of total lipid cholesterol, TG andlL-B, and the best values
of HDL-C. However, the results demonstrated tha thean values of
glucose had a significant decrease in groups feal ligh-fat diet containing
different levels of turmeric (4g, 6g and 8 g /keetdhvhen compared with
control positive group co. (+).

This result agreed withada and Soliman (2005Wwho indicated
that serum cholesterol (total, LDL, VLDL) of theogips of normal rats
which fed on curcumin- or curcum was significaridyer than the control
group. Also serum HDL-C of groups of curcumin- furcum- fed was
significantly above the control group. An identicakult's found in
hypercholesterolemic rats which ate up differentels of curcumin-
and/or curcum.

Also, founded this review which identified 7 triat$ turmeric
and curcumin in patientsin danger for disordedewnce of their
beneficial effects on serum levels of LDL-C and Ta&hough there was
no significant difference in HDL levels within theood. A beneficial
effect of turmeric and curcumin on serum TC leves been observed in
people with metabolic syndrome; however, in peaytd high blood sugar,
this beneficial effect on serum TC levels has resrbobserved. The natural
form (turmeric) and curcumin appear to have morsitpe effects on
patients with metabolic syndrome. Related to theno of interference,
turmeric extract may have a better beneficial ¢ffac TC levels in the
blood, compared to concentrations of turmeric snniatural form(Si et al.,
2017).

Sahebkar,(2013)conducted the effects of curcumin on blood lipid
levels and found no significant improvements in tipgd profile in any
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aspect Several explanations could be tendered to explay the results of
their study were contrary to those of the prestmtys Firstly, both parallel
and crossover randomized trials were selected, thede may have
adversely influenced the ultimate results. The affef low-dose and
moderate-dose curcumin slightly lowers the totallekterol, In the case
of the curcumin effect on LDL cholesterol level,ethow-dose has
demonstrated the highest decrease (-8.6%), follobyedhe moderate-
dose (3.4%) and therefore the worst effect has loeemonstrated within
the high-dose, i.e. an increase by 15.4%. However,was not

significantly different when compared to the plac€Blwi et al., 2008).

Secondly, most of the selected studies were coeduetith
unformulated curcumin, which is considered to hbowe bioavailability.
Curcumin has poor bioavailability owing to its fasetabolism, its bad
absorption and rapid elimination from the bodyohammadi et al.
(2013) demonstrated the hypothesis that curcuminoids/dhaygfor 30
days) lead to a significant decrease in serum Ti&eptrations in obese
individuals. During a trial among patients withearacoronaria disease,
although curcumin supplementation decreased seeusid of TC, LDL-
C, and TG, there was no obvious difference in campa to placebo
(Mirzabeigi et al., 2015) possibly due to the small size of the study.
Subsequently, a study b§oare et al. (2014)found that 900 mg of
curcumin did not influence plasma lipid levels inmobese relatively
healthy individuals.

Babu and Srinivasan. (1997yeported a hypolipidemic effect of
curcumin in streptozotocin-induced diabetic ratd ded with 0.5%
curcumin for 8 weeks. The cholesterol level decedasignificantly in
rats fed with a curcumin diet. In order to undemsitdhe mechanism of
lowering cholesterol in the curcumin diet, a measuent was taken on
the activity of hepatic cholesterol-7a-hydroxylasiewas apparent that
the hepatic cholesterol-7a-hydroxylase level wasisicantly higher in
diabetic rats fed with curcumin, which demonstraaeliigher cholesterol
catabolism rat&leerati and Gangi (2014)reported that curcumin could

counter Insulin resistance. Through the improvemeht metabolic
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disturbance and the possible binding of curcumirthwperoxisome
proliferator-activated receptor-gamma, curcuminldauiay a protective
role in diet-induced insulin resistantiyakumar et al., 2016).

Sao et al. (2012)confirmed that Insulin was less effective in
lowering the glucose level in HFD animals, while raumin
supplementation efficiently blocked this effect bifD. These data
suggest that curcumin improves whole-body glucospatsal by both
stimulations of insulin sensitivity and inhibitionof hepatic
gluconeogenesis. Curcumin improved insulin sigralimn fat and
hepatocytes. Which suppressed expression of the-CDkceptor gene,
and could thereby reduce plasma LDL-C concentratigfang and
Chen 2009) Furthermore, curcumin is expected to affect boththesis
and catabolism of triglyceride-rich lipoproteinahebkar 2014).
Thus, curcumin supplementation may lower plasmglyicerides and
cholesterol concentrations by mitigating the expi@ss of lipogenic
genes(Sahebkar 2014 and Sahebkar et al., 2014).

Si et al. (2017)found that consumption of turmeric and curcumin
was safe and well-tolerated in general. And dosamesigh as 8000
mg/day have been shown to be well-tolerated withapparent toxicity
(Cheng et al., 2001) Oral curcumin supplementation was shown to
prevent the development of -associated inflammaiinsulin resistance,
as well as diabetg¥®Veisberg et al., 2008)
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Table (3): Effect of turmeric on serum lipid profile and glucose in rats after 6

weeks.
CH TG HDL LDL GlU.
Groups
(mg/dI) (mg/dl) (mg/dl) (mg/dI) (mg/dl)

Co.(-) | 76.00° +15.70| 68.20°+9.78 | 48.40+9.74| 32.80+8.79 | 79.20 +9.36

Co.(+) |132.80%+ 26.19 124.00% + 21.71| 35.40% + 18.58| 81.20%+ 4.09 | 108.2H6+ 4.4

Gl 73.80°+8.23 | 102.20+7.26 | 37.60 + 13.24) 52.80%+7.19 | 79.6D+9.58

G2 | 82.60%+9.29| 79.80+10.03| 43.46°+9.07| 34.40%+ 14.29| 72.66°+ 2.30

G3 84.80°°+8.58 | 72.20+22.81| 41.06+3.94| 32.4G+8.29 | 73.06+3.39

Co (-), normal dietCo (+) high-fat dietG(1), high-fat diet plus turmeric (49%
(2), high-fat diet plus turmeric (683 (3), a high-fat diet plus turmeric (8 g).Valuehithe
same letters by column indicate no significantadiéhce (g 0.05) and vice versa.

4- Effect of turmeric on liver function in rats fed a high-fat diet.

In this study, the effect of turmeric on liver fuion in rats after 6
weeks illustrated in the table (4). Where groups, G2 and G3 gave
significant difference in ALT and AST when comparedth control
negative group, however, | found a significant éase in ALK in group
G1, G2 and G3 when compared with control negatingepositive groups.

Boonjaraspinyo et al. (2009)show the activities of serum ALT,
ALP, and concentration of direct bilirubin. The wermarkers (ALT, ALP)
in the turmeric group remained within normal levelerum ALT levels
increased about five- to sixfold after hamsters eweadministered
nitrosodimethylamine and two- to threefold aftefestion when compared
with values in the uninfected control and in thaimanistered turmeric
alone. There was a significant decrease in serurii ALthe group of
nitrosodimethylamine+turmiric at 1 month. Decreasetammatory cells
led to decreased serum in ALT and decreased daketbin levels in all
groups treated with a turmeric diet. This resuleag with previous reports
that the curcumin in turmeric reduces inflammation many types of
diseases(Yadav et al. 2009) Moreover, turmeric decreases liver
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detoxification, leading to a reduction of toxic metlite product¢Choi et
al. 2008; Sugiyama et al. 2006; Surh and Chun 2007)

Table (4): Effect of turmeric on liver function in rats after 6 weeks.

Groups ALT AST ALK
(W/ml) (W/ml) (W/ml)
Co.(-) 22.20°+5.22 7.20+1.79 44.06 +2.12
Co.(+) 40.80%+19.21 5.60'+ 2.19 42.20 + 2.59
G1 43.40°+8.85 7.200+1.79 37.40+3.85
G2 48.00% + 8.09 7.200+1.79 32.80'+2.49
G3 31.00°+ 7.65 5.80'+ 1.79 38.60 + 5.46ease

Co (-), normal dietCo (+) high-fat dietG(1), high- fat diet plus turmeric (4g%
(2), high- fat diet plus turmeric (683(3), a high-fat diet plus turmeric (8 g). Valueghwy
the same letters by column indicate no signifidifierence (g 0.05) and vice versa.

5- Effect of turmeric on kidney function in ratsfed on a high-fat diet:

Table (5) shows that the Effect of turmeric on lagifiunction in rats
after 6 weeks, total protein and creatinine raBwegsignificant increase in
G1, G2 and G3 when compared with control negatha @ositive groups,
however uric acid and urea gave significant deeréagroups G2 and G3
when compared with Co. (+)., also found the sigatiifit increase in both
albumin and bilirubin in G 3 when compared with woh negative and
positive groups.

Boonjaraspinyo et al. (2009)demonstrated that all of the groups
that were administered turmeric. The serum direlatubin level (which
was lower in groups given a turmeric diet than he untreated groups)
shows that turmeric enhanced bile flow and bilieoptraction. Serum direct
bilirubin  levels in the turmeric, nitrosodimethylale and
nitrosodimethylamine+turmeric groups remained witlmormal levels.
Serum direct bilirubin levels increased about two- eightfold after
infection when compared with the uninfected contgobups. The anti-
inflammatory property of turmeric was obviously damstrated by the
reduction of inflammatory cells in hepatic tissuempared with the
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untreated group at both 30- and 60-day time perioDecreased
inflammatory cells led to decreased direct bilirubevels in all groups
treated with a turmeric diet. This result agreethgrevious reports that the
curcumin in turmeric reduces inflammation in marypds of diseases
(Yadav et al.,, 2009) including liver diseases and toxicity from CCl4
(Reyes-Gordillo et al., 2008) by inhibiting cyclooxygenase-2,
lipoxygenase(Unnikrishnan and Rao 1995; Sreejayan and Rao 1994;
Menon and Sudheer 2007; Pae et al., 200)loreover,Boonjaraspinyo
et al. (2009)show the property of turmeric to enhance bile flamd gall
bladder contraction through decreased direct ilirdevel, a result which
is supported bYpeters et al. (200Q)

Table (5): Effect of turmeric on kidney function in rats after 6 weeks.

Groups| T.P (mg/dl) (i:ge/?;’) (;J;;) (ngg//ih) BIL. (mg/dl) | ALB. (mg/di)
Co.(-) | 5.58°+1.64| 0.63+0.08| 26.00+2.24| 3.36+0.26| 0.52°+0.02| 3.84°+0.38
Co.(+) | 5.96°+0.90| 0.48+0.06| 24.60 +4.56 | 3.4G"+ 0.64| 0.52° + 0.02| 3.68%+0.75

Gl | 7.20°+0.57| 0.7°+0.23| 30.00+7.04| 5.60'+0.81]0.51%"+ 0.01| 3.28%°+ 1.65
G2 | 7.10°+0.44| 0.66°+0.09| 22.40°+4.51 | 3.08°+0.91| 0.55%+ 0.06| 4.10%+ 0.14
G3 |6.10*+0.90| 0.81°+0.12| 18.46°+2.88|3.08%"+ 0.51/0.53%" + 0.03| 3.92%"+ 0.63

Co (-), normal dietCo (+) high-fat dietG(1), high- fat diet plus turmeric (4g%
(2), high- fat diet plus turmeric (683(3), a high-fat diet plus turmeric (8 g). Valueighwn
the same letters by column indicate no signifidifierence (g: 0.05) and vice versa.

Histopathological effects:
1- Morphologic changes of rat heart stained with hemaixylin and

eosin:

Representative heart sections stained with hemixoaigd eosin in

each group are shown in Figure (1:5) the hearhé&dontrol rat of group
Co. (-) (Fig. 1) showed no histopathological altera and the normal
histological structure of the myocardium. Heartraf in group Co. (+)
(Fig.2) revealed intermyocardial oedema deposibbriat in pericardium
with inflammatory cells infiltration, while in grqu 1 (Fig.3) slight

)
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intermuscular edema. On the other hand, the héadt® in group 2 and
group 3 (Fig.4and 5) showed histopathological atten and the normal
histological structure of the myocardium. The madplyic features of the
heart in the rats of groups 2 and 3 were closkabdf the control rats group
Co. (-), which indicated a similar preventive effesf turmeric against
hyperlipidemia in this experimental model. Alsoread with a previous
report that turmeric has no toxic effect in hamsterdels(Kaewsamut et

al. 2007).

;._._ - “_’_"":: " -
Fig. (1): Heart of rat from group Co.(-)
showing no histopathological changes.

- — . e N
Fig. (3): Heart of rat from groupéhowing Fig. (4): Heart of rat from group 2 showing
focal myocarditis. no histopathological changes

S " eaa]

Fig. (5): Heart of rat from group 3 showing no bEthological changes.

Figure (1:5). Morphologic changes of rat heart stained by herydih and eosin
using a light microscope(H & E X 400%0. (-) rat fed standard diet (controo. (+) high-
fat diet G (1), high-fat diet plus turmeric (4g)G (2), high-fat diet plus turmeric (6g3
(3), high-fat diet plus turmeric (8g).
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2- Morphologic changes of rat liver stained with hemabxylin and
eosin:

Representative liver sections stained with hemaito>and eosin in
each group are shown in Figure (6:10). The livethim control rat of group
Co. (-) (Fig. 6) showing the normal histologicaiusture of hepatic lobule.
Liver of rat in group Co (+) (Fig.7) showing hyp&sia of the epithelial
lining bile duct and thickening in its wall. Resuitgroup 1 (Fig.8) showing
slight vacuolization of hepatocytes. On the othand) the liver of rats in
group 2 (Fig.9) Showing Kupffer cells activation darcytoplasmic
vacuolization of hepatocytes, group 3 (Fig.10) skadwlight activation of
Kupffer cells. The morphologic features of the tive the rats of G 2 and G
3 were closed to that of the control rats group Ep.which indicated a
similar preventive effect of turmeric in this expeental model. The
histopathological results showed that turmeric hagoxic side effects in
normal hamsters; this was supported by the liverction test resultg
Boonjaraspinyo et al. 2009).

Shao et al. (2012gxamined histological changes in the liver of each
group of mice. HFD consumption increased liveridlipcontent,
demonstrated by both H&E staining.In the curcumiaug, however, the
effect of HFD on the elevation of lipid content walscked. The effect of
HFD on macrophage infiltration was also blocked feyrcumin
consumptiodn this chronic HFD mouse model, although the livexight
was not significantly increased, intra-hepatic dimontent was increased
more than 6 fold, consistent with the observatign H&E. Curcumin
significantly reduced liver weight and prevented #ifect of HFD on rising
intra-hepatic lipid content.
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AL Fi ,4- l -

‘f, 'r'f' (\ 7 )‘ X “ : ‘
Frg (6) Lrver of rat from group Co. (-) Fig. (7): Lrver of rat from group Co. (+)
showing the normal histological structure of showing hyperplasia of lobule.epithelial
hepatic lining bile duct and thickening in its wall.

F|g (8) Liver of rat from group 1 showmg Fig. (9): Liver of rat from group 2 showing
activation of Kupffer cells. slightly slight vauolrzatron of hepatocytes

Fig. (10): Liver of rat from group 3 showmg slrgh(:tlvatronn of Kupffer cells
Figure (6:10). Morphologic changes of rat heart stained by herydih and eosin
using a light microscope (H & E X 40Q)o. (-)rat fed standard diet (controo. (+) high-
fat diet G (1), high-fat diet plus turmeric (4g)G (2), high-fat diet plus turmeric (8 (3),
high-fat diet plus turmeric (89).

3- Morphologic changes of rat kidney stained with hem@xylin and
eosin:

Representative kidney sections stained with henyatoxand eosin
in each group are shown in Figure (11:15), kidngyat in group Co. (+)

(Fig.12) showing distension of Bowman’s space avahlf tubular necrosis
( 319)
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associated with inflammatory cells infiltration, hike group 1 (Fig.12)

showing congestion of glomerular tufts, the kidneythe control rat of

group Co. (-) (Fig. 11) showing the normal histabad) structure of renal

parenchyma, found a similar result in the experitalegroups (Fig.14:15)

the morphologic features of kidney in the rats fup 2 and 3 were closed
to that of the control rats group Co. (-), whiclisated a similar preventive
effect of turmeric. The histopathology was simikar previous reports
(Thamavit et al. 1987; Boonmars et al. 2007; Boonms et al. 2008).

Distension of Fig. (1i): deny ofrat Fig. (12): Kidney of rat from group Co.(+)
from group Co.(-) showing the normal showing Bowman'’s space and focal tubular
ahistological structure of renal parenchymanecrosis associatedth inflammatory cells
|nf|Itrat|on

Flg (13): K|dney of rat from group 1 Fig. (): iney of rat from érup 2
showing congestion of gIomeruIar tufts.  showing normal renal parenchyma.

Fig. (15): Kidney of rat from group 3 showmg ntstknpathologlcal changes.
Figure (11:15) Morphologic changes of rat heart stained by heryih and
eosin using a light microscope (H & E X 40D9. (-)rat fed standard diet (controGo. (+)
high-fat dief G (1), high-fat diet plus turmeric (4g) G (2), high-fat diet plus turmeric
(69),G (3), high-fat diet plus turmeric (89).

{ 320)




— Yoo Jptf — 0N St — 2 gid| Gty pil] Cygm dlns
CONCLUSION

This study shows that curcumin improves insulinelewglucose
disposal, and blocks obesity during HFD consumpdion observations
confirm that curcumin reduces total cholesteroiglyceride and LDL
cholesterol levels. There is also a tendency thathigher of curcumin
dose, the higher its lowering effect on LDL chobest level, such as the
moderate-dose curcumin. This study demonstratesaency of high-dose
curcumin to increase the HDL cholesterol level.
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