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ABSTRACT

The present study investigated the in vivo anditio effects of orally administered sodium nitriftdaNG,) and
dimethylamine hydrochloride (DMA-HCL) on liver d@ts fed ad libitum with high protein diet (64%),rmal
protein diet (27%) and low protein diet (3.5%). hiMale Wistar rats were divided into three groups and Kept
four weeks. Group one was given high protein disdup two was given a normal protein diet, groupethwas
given low protein diet, all the groups were admtieied with 3mg NaN9and 20mg DMA-HCL/kg, using the
application of spectrophotometric analysis, centdtion, histolopathology, enzymatic as well asodoietric
methodsLiver function test, showed significant elevatigRs< 0.05) in the AST, ALT, ALP and GGT activities
all the groups compared with the control animalbeThistopathology examination exhibited periportatrosis.
Following UV exposure after in vitro incubation &t liver microsomal plus soluble fraction with N@M plus
DMA-HCL, nitrite concentration in the rats fed higiotein was highest 4.033 and 0.470 pg/ml, conghémethe
control rats which was 0.052 and 0.00192 pg/ml teefand after UV irradiation.Nitrite loss was significant
(p<0.05) before and after UV exposure in all thegps, indicating that the UV-light has degraded tiiteosamine
precursors, thereby inhibiting possible nitrosatidihe study has revealed that in rats, a high protet enhances
N-Nitrosation of dimethylamine hydrochloride, livéerangement and the metabolisms in vivo and no af the
resultant compound.

Key words: Dimethylamine hydrochloride, incubation, proteégodium nitrite, UV irradiation.

INTRODUCTION

Sodium nitrite (NaN@) is a pure white or slightly yellowish crystallipmwder. It is very soluble in water and
hygroscopic. It is also slowly oxidized by oxygenthe air to sodium nitrate (NaNOThe compound is a strong
oxidizing agent. It is used as a color fixative gmeservative in meats and fish [Walker, 1990].

Dimethylamine hydrochloride is a white to off-whiteystalline free flowing powder, a secondary &ifih amine
(2° amine), with a smell of ammonia and/or rotten faeghroom temperature. At sufficiently high concatitms
and/or exposure durations, animal studies rep@tagre nasal and lung lesions, and occasionalignief the
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liver, kidneys and testes. DMA is present in mamyds including cabbage, celery, corn, fish, andesgfand is also
formed endogenously by gut bacteria from DMA preows which include trimethylamine N-oxide [Friedman
2002].

Nitrosamines are present in water, soil and aieyTtanbe found in contaminated food, feeding stuff (whigrey
create the highest risk to health), cosmetic prted{@chothort and Somers, 2005], [Flovetral 2006], tobacco
smoke, soil [Part al 2006], ground water [Tomkiret al 1995] drugs angesticides. Nitrosamines are absorbed by
skin, airwaysand the alimentary tract. Nitrosamine is found ianynfood stuffs especially beer [Serag and Edrees,
2011], fish by products and in meat and cheeseugtedoreserved with nitrite picking salts [Waegal 2005],
[Luque-Pérezt al 2001]. They can also be formed by frying or smgkiRranco and Hotta, 1999]. Toxicological
effect of nitrosamines includes hepatotoxicity, vgito retardation, impairment of reproductive funosoand
endocrine disturbances [Tricket al 1991]. Nitrosamines can form in the gastric juddehe human stomach. This
is commonly referred to as endogenous nitrosathmo], 1985]. Bacteria in the mouth chemically reglunitrate,
which is prevalent in many vegetables, to nitrtgjch in turn can form nitrosating agents [Griesesket al 2009].
Many foods contain amines that can react with sdtimg agents in the acidic stomach to form nimtsas
[Mirvish et al 1980] and Khodadadyet al 2012].

Several nucleophillic or anionic salts, for instanaitrosyl iodide (I-NO) and nitrosyl thiocynat8 GN-NO) can
form effective nitrosating agents when they aresen¢ with nitrite in aqueous and acidic solutioeshanced
nitrosation of lipophillic secondary amines hasrbdemonstrated in agueous systems containing rescetid some
carbonyl compounds [Keefer, 1973] and [Okun, 1977].

Ascorbic acid, sulphur dioxidei-tocopherol and gallic acid inhibited the N-nitrasampound formation in certain
conditions [Mirvish, 1975]. CYP 2EL1 is responsilite at least 60% of DNA methylation in rat hepatmsy

[Sheweitaet al 2007] observed thatskis an essential component in CYP 2E1 catalysedatixin of several
substances.

Liver enzymes and function tests are used to déteriifi the liver is functioning normally or if itds injury or
disease [Turelet al 1980]. The types of injury to the liver depend ttie type of toxic agent, the severity of
intoxication and the type of exposure, whether @autchronic [Bartsch, 1996].The activity of theplatic enzymes
released into the blood by the damage liver isainthe useful tools in the study of hepatoxicitydllace, 2000].

A nitrosamine and its precursors are metabolizethenliver and to a lesser extent in the kidneya[Biet and
Mavell, 1994]. The toxicity of a substance depewndsthe dose and the higher the dose, the greatetottic
response [Smitlet al 1967], [Kammet al 1997]. An initial step in detecting liver damageai simple blood test to
determine the presence of certain liver enzymethénblood. Under normal circumstances, these enzymsde
within the cells of the liver. But when the livexinjured, these enzymes are spilled into the bkioehm [Fazilatet
al 2013]. The most sensitive and widely used testhiite: Aspartate Aminotransferase (AST or SGOTgnite
Aminotransferase (ALT or SGPT), Alkaline PhosphatésLP) and Gamma — glutamyl transferag8T).

The formation of N-nitroso compounds in experimérgaimalsin vivo has been demonstrated by identifying

nitrosated products in the stomach contents [Brarg)bhl973], [Sander, 1972] or in the whole aninfdynbehler

et al 1977] after feeding relatively high doses of prsowss. Formatioin vivo has also been demonstrated in human
subjects who ingested diphenylamine and nitratejdigction of N-nitrosodiphenylamine in their stang[Sander

et al 1969]. [Fineet al 1977] reported the formation of volatile nitrosaesin vivo as measured in the blood of a

human subject who ingested a lunch consisting iobsh, cooked bacon and beer.

The Objective of this research is to investigate #ifects of orally administered sodium nitrite [(IN2y) and
dimethylamine hydrochloride DMA-HCIn vivo andin vitro on liver of rats fed adlbitum with high protein diet
(64%), normal protein diet (27%) and low proteiretd{3.5%). The effect of dietary protein on Nitrosa of
dimethylamine hydrochloride and the possible irtiobi of n- nitrosamine precursors on exposure toauiolet
light.
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MATERIALS AND METHODS

Experimental animal: Thirty (30) Male experimental albino Wistar ratsigleng between 70-100g were purchased
from Biochemistry animal farm in university of Ibaul Nigeria and were kept at room temperaturéQqRin
standard cages at the animal house of the Bioctgrniigpartment, University of Ibadan. They wereegiudifferent
levels of dietary protein and water Boitum and acclimatised for 4 weeks before being usedrigrresearch work.

Experimental group: The rats were divided into three groups, and wéaeegl in different protein diets: Group one
was given high protein diet, group two was givemoamal protein diet and group three was given lootgin diet.
Sodium Nitrite and Dimethylamine hydrochloride (DMACL) were administered orally at a single doseSwfy
NaNOykg and 20mg of DMA-HCI /kg to each experimentabgp. Each group had their control animals which
were fed a chow diet for rodent and water. All natsre starved overnight prior to administrationtatins. The
weight of the rats was taken before and after adatinistration.

Collection of blood samples for serum preparation: The rats were sacrificed within 24 hours afterdha dose
of sodium nitrite and Dimethylamine Hydrochloriddl, the rats were sacrificed by cervical dislocatiBlood was
collected with the capillary tubes from the eyelse Dlood was collected in dry plastic or glass rifergfe tubes. The
blood was allowed to clot and immediately trangfdrto an ice water bath prior to centrifugatione Totted blood
samples were centrifuged at 10,000 rpm in a pata@neral laboratory centrifuge for about 5 minufBse
resultant supernatant sera were collected and mpesbén a refrigerator at’°@ for a short time. The activity of
Alanine amino transferase (ALT) and Aspartate Amtrensferase (AST) were estimated using the metifod
[Reitman and Frankel, 1957]. The activities of Alka Phosphatase (ALP) and Gamma — glutamyl Traasée(-
GT) were determined in the serum samples usingégteod of [Kleinet al 1960] and [Szasz 1969].

Experimental Diets: Fish was used as a source of protein, Carbohyeraseobtained from cornstarch, vegetable
oil as source of fat and oil, Emvite multivitamizbtets as source of vitamin, different salt forntiolas into a salt
mixture was used as source of mineral sktpreparation of the diet, the constituents werigegh together
thoroughly to achieve homogeneity. They were thedeninto pellets and dried in the oven for comptiigess
and removal of any trace of water. The food weenthtored at room temperature in large plasticaioats and
labeled according to the different groups as regliir

Table 1: Composition of the Experimental Diets

High protein (% )| Normal protein (% Low proteib)
Protein 64 27 3.5
Cornstarch 22 59 81.5
Oil 8 8 8
Vitamin 2 4 4
Mineral Sal 4 2 3

Chemical and reagents: Sodium nitrite (NaN@ Mol.wt 69) Dimethylamine hydrochloride(GHNH.HCL),
Mol.wt 81.55), were obtained from Sigma (USA). Otheeagents such as alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phoagkafALP) and gamma- glutamyl transferase (GGTeviem
Randox Laboratories Ltd, United Kingdom. All thdnet chemicals and test kits used were of analytjcade

Histopathological analysis:Liver samples were immediately collected and fixed.0% buffered formal saline
solution for a period of at least 24 h before hpsthological study. Samples were then embeddearafin wax
and five-micron sections were prepared with a yotaicrotome. These thin sections were stained thtmatoxylin
and eosin (H&E), mounted on glass slides with Canbdlsam (Sigma, USA) and observed for pathological
changes under a binocular microscope.

Preparation of liver microsomal plus soluble fracton (10,00&gfraction): Livers were removed from the animals
under urethane anaesthesia. Livers were immediatebled with ice-cold 0.15M KCL. Gall bladders and
extraneous tissues were removed and the livershwedigfter rinsing and blotting. The liver tissuesvimogenized
with 4 volumes of 0.06M phosphate buffer plus 0.15¢L pH 7.4 with a Teflon glass homogenizer. The
homogenate was centrifuged at 10,000xg for 15 ragwm a high speed refrigerated centrifuge. Theltast
supernatant contained the microsomes plus solutéidn and was used for thevitro studies.

96
Pelagia Research Library



Comfort J. Akpabio et al Euro. J. Exp. Bio., 2013, 3(2):94-103

INCUBATION ASSAY

The complete incubation medium had a total of 4nd aombined NADP (0.5mM), glucose 6-Phosphate (5nM)
MgCl, (20nM), 0.06M phosphate buffer, 0.15M KCI and 2l.5h microsomal plus soluble fraction of the liver
homogenate. For the different experiment carriel the concentration of sodium nitrite was 5mM &MdA-HCL
was SmM.

The incubation was carried out in a shaking waggh oemperature 3 for 30min.The reaction was terminated by
adding 2ml 5% TCA followed by exposure to UV irratibn (short wavelength) for a minimum of 15 min.
Incubation medium containing boiled tissue for 3@mias used as control. Nitrite concentration betord after
exposure to UV irradiation was determined accordmijlontgomery and Dymock [1961]

Statistical analysis: Data were analysed using student’'s T-test anabysts was expressed as mean * standard
deviation. A level of p<0.05 was considered stiatédly significant.

RESULTS AND DISCUSSION

Table 2: Serum enzyme activities in rats fed diffeznt levels of dietary Protein following concurrentoral administrations of 3mg NaNG
and 20mg DMA-HCI/kg.

Model Test Diet [ ALT(U/L) AST(U/L) GGT(UL) ALP(U/L )
High protein 78.20 + 3.19 138.60 + 2.70 77.51+5/05 43.24 +£0.93
Normal protein 24.86 + 0.5 128.05 + 8|5 27.12 #62|5 20.97 £6.0
Low proteir 20.2+4. 100.00 + 0. 6.90 + 2.( 125+8 ..
Values are mean +SD of 5 determinants
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Figure 1: The activity of serum enzymes in rats fedifferent levels of dietary protein following conarrent oral administrations of 3mg
NaNO,/kg and 20mg DMA-HCI/kg.
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Table 3: Serum enzymes activities in rats fed diffent levels of dietary protein without oral adminisrations of NaNO, and DMA-HCI.

Model Test Diet | ALT(ULL) | AST(U/L) GGT(UIL) ALP(U/L)
High protein 56.00 + 1.66] 119.20 +3.11 27.70+0.30 1713+ 0.80
Normal protein | 21.83 £ 2.23| 113.42 +2.43] 15.16+0.04 | 6.90% 1.39
Low proteir 17.81%25 | 792526 | 515+00 | 415+0.0

Values are mean + SD of 5 determinants
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Figure 2: The activity of serum enzymes of rats fedifferent levels of dietary protein without oral administration of NaNO./kg and

DMA-HCI.
Table 4: Nitrite appearance following UV irradiation of liver microsomal plus soluble fraction of wisar albino rats at concentration of
5mM NaNO;

Model Test Diet Nitrite concentration before UV Nitrite concentration after

irradiation after Incubation (UgNO ,/mL) | UV irradiation (ugNO ,/mL)
High protein 3.105 0.126
Normal protein 2.306 0.718
Low proteir 1.87:% 0.907
Control 0.052 0.00192

Table 5: Nitrite appearance following UV irradiation of liver microsomal plus soluble fraction of wisér albino rats at concentration of

Values are mean + SD of 5 determinants

5mM NaNO, and 5mM DMA- HCL (Combined)

Model Test Diet | . Nit_rite concentratio_n before UV Nit(ite c_on_centration after
irradiation after Incubation (ugNO ,/mL) | UV irradiation (LgNO »/mL)

High protein 4.033 0.470

Normal protein 3.201 0.710

Low proteir 2.54% 1.243

Contro 0.052 0.0019:

Values are mean +SD of 5 determinants
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Histopathology sections of the liver of rats fed wi different levels of dietary proteins

Figure.3: Photomicrograph of hepatocytes of high ptein fed rats following oral administration of corcurrent doses of 3mg NaN@kg
and 20mg DMA-HCL/kg and showing periportal necrosisof hepatocytes with mononuclear cellular infiltraion.
(Mag. x40)

Figure.4: Photomicrograph of hepatocytes of normaprotein fed-rats following oral administration of concurrent doses of 3mg
NaNO,/kg and 20mg DMA-HCI/kg and showing mild diffuse vauolar degeneration of hepatocytes, with portal cayestion.
(Mag. x40)
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Figure.5: Photomicrograph of hepatocytes of low priein fed-rats following oral administration of conaurrent doses of 3mg NaNG@kg
and 20mg DMA-HCI/kg showing very mild diffuse vacudar degeneration of hepatocytes, with mild portal ongestion.
(Mag. x40)

Figure.6: Photomicrograph of hepatocytes of controtats showing no visible lesions.
(Mag. x40)

DISCUSSION

The Biotransformation of Foreign chemical compoumtsuding Nitrite and dimethylamine hydrochlori@@MA-
HCI) in the Liver has been shown to be influencgahbtritional status [Swanet al 1971], [Maduagwet al 1983];
[Maduagwu, 1989]. Low protein diet ameliorates tlogic effect of Nitrosamines by slowing down hepati
metabolism of compounds into harmful products andiiably enhancing its elimination from the botlyithout
consumption of protein, concentration of plasmarenacids do not increase and net protein balanteerbody
remains negative [Kazemzadehal 2013].

The nutritional status in Nitrite and Nitrosamimgake would play an important role in the deterrioraof the
short and long term effects arising from their stign in food materials. This should be expectettssiboth
structural changes in liver (which is the main orgd metabolism) and its attendant clinical mandéens have
been observed during protein energy malnutritiomthis connection, nutrition status has been shtavaffect
metabolism of foreign compounds including nitritgsl DMA [Swanret al 1971].

100
Pelagia Research Library



Comfort J. Akpabio et al Euro. J. Exp. Bio., 2013, 3(2):94-103

Liver function test, showed significant elevatiqi®s< 0.05) in the AST, ALT, ALP and GGT activitiesthe rats
fed with high protein diet compared with normal teio and low protein diet fed rats, there was @significant
difference (P < 0.05) in the rats fed with norm@dtpin and low protein diet following concurrentaidistrations of
NaNO, and dimethylamine hydrochloride DMA-HCI/kg (Tal#2e compared with the control group (Table 3). The
activity of the liver enzymes were significantlycieased in the rats fed with high protein diet, alshis consistent
with the findings of Williams et al which reportéldat the activities of AST and ALT per gram ofdivand per
gram of soluble protein were significantly incredge fish fed the high-protein diet. The activitiekboth enzymes
in the liver were significantly higher in fish witnhigher protein gain [Williamst al 1949].

When dietary protein fed to experimental animal waseased from 8 to 16%; liver weight and percgataitrogen
also increased significantly with increasing lewéldietary protein. The activity of ALT increaseiddarly with
increasing levels of dietary protein.

The result of Histopathology examination on livefsats fed with high protein diet showed peripbrtacrosis of
hepatocytes with mono nuclear cellular infiltratififig.3). In the normal protein diet fed rats, fitogved mildly
diffuse vacuolar, degeneration of hepatocytes, witld portal congestion (Fig.4). The low proteiretdfed rats
showed very mild diffuse vacuolar degeneration e&bdtocytes and very mild portal congestion (Figa®) there
was no visible lesion in the control rats (Fig.B).the incubation medium the result shows significdifference
(p<0.05) in the concentration of nitrite in liveiagrosomes in the high protein, normal protein ama protein diet
fed rats that were given nitrite/DMA-HCL comparedthe control rats and could form nitrosamine lgass the
high nitrite concentration is a precursor to nignméne formation. There was a decrease in the mietabm the low
protein diet fed rats than the high protein andrtbiemal protein diet fed rats. Incubation of 1@A9liver fraction
with concentrations of 5mM of NaNGilone and 5mM NaN£combined with 5nM DMA-HCL resulted in loss of
nitrite on exposure to UV light (Table 4 & 5). Thigs true to all test groups studied. [Bingbétgl 2008] reported
UV irradiation combined with ozonation (UV4Dinhibit the regeneration of NDMA, amine and nitsoacid after
degradation depending on wavelength used. Thereawsignificant difference in nitrite concentratibetween
before and after exposure to UV light after incidrat The appearance of high nitrite concentratiammf DMA-
HCL combined with NaN@ incubation medium over NaNCalone incubation medium shows that DMA-HCL
undergoes a reaction or metabolism that contribtatésgh nitrite formation, metabolism, and exaati

After the ultra-violet light exposure, the conceatibn of metabolism in the high protein, normaltpio and low
protein diet fed rats were reduced (Table 4), iatiig that the UV-light has degraded the nitritdisTis in
consistent with the experiment done by [Susceekl 2003]; [Usunoburet al 2011] which show that UV-light
converts nitrite to nitric oxide (NO) because o fphotodecomposition of nitrite solutions. Thisdstinas revealed
that a high protein diet enhances N-Nitrosatiomiaiethylamine hydrochloride, its liver toxicity amdetabolisms
both in vivo and in vitro. It also showed the possible inhibition of n- niko8ne precursors on exposure to
ultraviolet light.

ABBREVIATION

ALT : Alanine aminotransferase
ALP : Alkaline Phosphatase

AST : Aspartate aminotransferase
DMA-HCI : Dimethylamine hydrochloride
Kcl : Potassium chloride

Kg : Kilogram

M : Molar

Mg : Milligram

MgCl, : Magnesium chloride

Mol.wt : Molecular weight

Mm : Millimolar

NaNO2 : Sodium nitrite

NDMA : N-nitrosodimethylamine

NDEA : N-nitrosodiethylamine

NADP : Nicotineamide dinucleotide phosphate

RPM : Revolution per minute
SD : Standard deviation
TCA : Trichloroacetic acid
uv : Ultraviolet

ug : Microgram
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puL : Microlitre
y-GT : gamma-glutamyl transferase
Acknowledgement

The authors are grateful to the Biochemical ToxigglLaboratory and Central Laboratory, Universityladan for
supplying the n-nitrosamine precursors and thepqgent used for this research work and also to thet@mistry
farm for the animals supplied.

REFERENCES

[1] Bartsch H. Spiegelhalder Bzurop. J. Cancer Prey1996 5, 11-17.

[2] Biaudet H, Mavelle T, Debry GFood Chem. Toxicol1994,32, 417-421.

[3] Bingbing XU, Zhonglin C Fei QI, Lei YChinese Sci. Bull2008,53(21): 3395- 3401.

[4] Braunberg RC, Dailey REProc. Soc. Exp.Biol. Medl973,742. 993-996.

[5] Choi BC, Am. J. Epidemiol1985,121(5): 737-743.

[6] Fazilati M, European Journal of Experimental Biolo@013 3(1):97-103

[7] Fine DH, Ross R, Rounbehler DP, SilvergleidSdng L, Nature (Lond.),1977,265: 753- 755.

[8] Flower CS, Carter A, Earls R, Fowler S, Hewl®sLalljie M, Lefebvre J, Mavro DS, Volpe Mt. J. Cosmet.
Sci 2006,28: 21-33.

[9] Franco VH, Hotta JK, Jorge SM, Dos Santos,.JETrop. Pediatr1999,45(2): 71-75.

[10] Friedman MA, Millar G, Sengupta M, Epstein,SSastroenterology2002,123(1): 50.

[11] Griesenbec JS, Michelle DS, John CS, JosphNutr. J.,2009,8(16): 1-9.

[12] Kamm JJ. Dashman T, Newmark H, Mergens Ndxicol. Appi. Pharmacql1977 41: 575-583.

[13] Kazemzadeh Y, Zafari A, Bananaeifar A, MoghaadRH, Abasrashid N, Shafabakhsh Byropean Journal
of Experimental Biology2013,3(1):10-15

[14] Khodadady M, Shahryari T, Dorri H, SharifzadaR, Ziyazade AEuropean Journal of Experimental Biology,
2012,2 (6):2120-2124

[15] Klein B, Read PA, Balson LACIlin. Chem.,1960,6:269-275.

[16] Luque-Pérez E, Rios A, Valcarcel NFresenius J. Anal. Chen2001,371: 891- 895.

[17] Maduagwu EN, Freid E, Frank N, SpiegehaldefBeussmann R, Bio. Pharm, 1983,32: (23): 3577-3581.
[18] Maduagwu EN, Ann. Nutri. Metah 1989,33: 49-56.

[19] Magee PN, Barnes Brit. J. Cancer.]1956,10: 114-122

[20] Mirvish S, Bulay SO, Runge RG, Patii K, Nati. Cancer Inst1980,64:1435- 1442.

[21] Mirvish SS,Toxicol. Appi. Pharmacol1975,37: 325-351.

[22] Montgomery HAC, Dymock JFAnalyst,1961,86: 414-416.

[23] Pan XB, Zhang, Cox SB, Anderson TA, Cobb GPChromatogr. A2006,1107(1-2): 28.

[24] Reitman S, Frankel &m. J. Clin. Path1957,28: 56.

[25] Rounbehler DP, Ross R, Fine DH, Igbal ZM,. Sciencel977,(4306): 917-918.

[26] Sander J, Burkle GZ. Krebsforsch1969,73:54-66.

[27] Schothorst RC, Somers HJ, Anal. BioannalChem.2005,381: 681-685.

[28] Serag H, Edrees Gzuropean Journal of Experimental Biolo@011,1(4):87-92

[29] Sheweita SA, Mousa N, Newairy AAAfr. J. Biochem. Res2007,1(5): 78-82.

[30] Smith PAS, and Loeppky RN,J. Am. Chem. Sd967,89: 1147-1157.

[31] Suschek CV, Schroeder P, Olivier BASEB J. article2003,10.

[32] Swann PF, Magee PVWBiochem. J1971,125; 841- 847.

[33] Szasz GClin.Chem.1969,15: 124-136.

[34] Tomkins BA, Griest WH, Higgins CEAnal. Chem.1995,67(23): 4387-4395.

[35] Tricker AR, Preussmann Ryiutat. Res.1991,259, 277- 289.

[36] Turek B,Hlavsova D, Tucek J, Waldman J, Cernalhe fate of nitrate and nitrites in the organismlARC
Sci. Publ.1980,31, 625- 632.

[37] Usunobun U, Josiah JS, Nwangwu S, UhunmwagbBoCBnage K, Maduagwu ENBritish J. of pharm. &
Toxico.2011,2(3): 138-142.

[38] Walker R, Food Addit Contan1990,7:717-768.

[39] Wallace JI, Miller MJ,Gastroenterology2000,119(2): p.512 -520.

[40] Wang J, Chan WG, Haut SA, Krausss MR, Iz&; RHempfling WP J. Agric. Food Chem2005,53(12):
4686-4691.

102
Pelagia Research Library



Comfort J. Akpabio et al Euro. J. Exp. Bio., 2013, 3(2):94-103

[41] Williams JN, Elvehjem CAJ. Biol. Chem.1949,181: 559.

103
Pelagia Research Library



