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Abstract: In vitro studies have demonstrated pro-oxidant effect obragc acid on sheep erythrocyte
hemolysate and on purified ruminant hemoglobin arapons. Methemoglobin formation was concentration
dependent over ca. 3.4 through 34 pmole ascorlmcvédth sheep hemolysate (r=0.97, p<0.01, n= 3 paold
over ca. 5.68 through 22.7 umole ascorbic acid witfified ruminant Hb preparations (r >0.99, p<0.046
each). In contrast, copper acetate was very psteawing linear increase in methemoglobin formatioidb
preparations over 1 through 5 pmole (r+S.E. = (t99802). Methemoglobin formation due to ascorbic &
copper acetate has occurred only at alkaline pHfaihet to occur at acidic pH. Comparative evahratof
regression estimates of copper acetate and asawiticevealed that on molar basis ascorbic acsl wearly
1/11" as potent as copper in inducing methemoglobin &ion. The effect of ascorbic acid occurred even in
presence of copper when the copper ions got redanddprecipitated out by ascorbic acid at alkatiest
conditions. Increase in methemoglobin formatiorhvdbmbined copper and ascorbic acid was almostl égua
that of copper alone and nearly three folds maae that due to ascorbic acid alone.
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I ntroduction

Ascorbic acid has been recognized as a powerfidoaittant vitamin capable of protecting cellularstgms
from oxidant insult from hazardous oxidant moietieydrophilic medium as opposed to alpha-tocoplhand
beta-carotene those being well- suited to checlamts occurring in lipophilic medium. Over the ddes, the
opposite observations have been made implicatiogopidant role to ascorbic acid particularly at leg
concentrations. Pro-oxidant effect of ascorbic d@d been reported in diverse systems includinthrergyte
preparation$®, chicken supplementation experiméntghile food processirigand other observations involving
humans and other systeffis

These observations motivated to undertake preseesiigations. The experiments were designed tesiiyate

effect of ascorbic acid on methemoglobin formatiorsheep erythrocyte hemolysate. Following encdarag
observations, the subsequent experiments were cteton purified ruminant erythrocyte hemoglobirb)H
preparations to demonstrate potential of ascorittia affecting methemoglobin formation.
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Experimental

The experiments were carried out at an ambient eempre of 27.7+0.5 0C. The chemicals used were of
standard purity and quality obtained from reputeatses in India. Unless otherwise indicated, ckmgdtion of
test samples was done at 8000 rpm for 5 minutesct&phtometric measurements were made with UVbi&si
Spectrophotometer, Model UVmini-1240 (Shimadzu @oagon, Japan). The samples were analyzed for pH
by a pocket pH meter (pH Scan 3, Eutech Instruméfasaysia).

Sheep Hemolysate: Sheep blood was collected fraoherts shop in sodium citrate containing glasslést5
mg sodium citrate per mL); centrifuged to sepacateplasma; PCV was washed thrice with normal sakmd
2.5 mL of loosely packed erythrocytes were maderhQ0nith distilled water and allowed to stand 3totes
at room temperature to get 2.5% suspension hentelgé&rythrocytes in water.

Purified ruminant erythrocyte hemoglobin solutidturified hemoglobin derived from ruminant erythrissy
(Hi-Media) was dissolved in a solution to prepaig % (w/v) in 0.1 % NaHC@and 0.05 M NaOH.

Sodium bicarbonate solution: Appropriate diluti@mal solutions were made by using stock solutiortaioimg
2.5% (w/v) NaHCQin distilled water.

Ascorbic acid solutions: Stock solution was pregaas 2 %( w/v) in water. Working solutions were mdy
dilution in water.

Copper acetate monohydrate: Stock solution cordain@o (w/v) copper salt in 0.01 M acetic acid pdivg
100 pmole copper mt. Working solutions were made by dilution in ovefaD01 M acetic acid.

Diluents: Alkaline diluent contained 0.1 % NaH&fhd 0.05 M NaOH in water. Acetic acid diluent coméd
0.01 M acetic acid. Ascorbic acid diluent was pregdaby adjusting pH of 0.1 % HCI in water with VL
NaOH to provide pH (3.64) comparable to that predithy 0.4 % ascorbic acid solution (pH 3.66).

Standard iodine solution: Working solution of ioeli pmole mL* water was prepared freshly form stock
solution of 0.1 M iodine (standardized spectrophetrically against ascorbic acid).

Dilute HCI solution: 10 % (v/v) HCI in water.
Dilute ammonia solution: 5% ammonia in water, eatiga 2.7 M.
Response of sheep erythrocyte hemolysate to ascorbic acid

Each milliliter of sheep erythrocyte hemolysate \mdgled varying masses of ascorbic acid, 0 andh@cligh
10 mg, in 4 mL water. The samples were alloweddit@nat room temperature for about 30 minutes and
monitored for methemoglobin formation at 630 nmiasfauntreated control hemolysate solution as 10D %

Response of purified ruminant erythrocyte hemoglobin to ascor bic acid

Two milliliter hemoglobin solution was added 3 mlater containing ascorbic acid 0, 0.5 1, 2, 4, 6n8 10
mg. The samples were allowed to stand at room teatyre for 30 to 40 minutes, and then monitored for
methemoglobin formation by recording absorband8atnm.

In a separate experiment, effect of varying acidityresponse to 4 mg of ascorbic acid was conduotédd
effect of acidity on ascorbic acid-mediated methgloloin formation. For this purpose, two milliliter
hemoglobin solution was added 4 mg ascorbic acidniL pH matched diluent. The samples were addadl 3
water containing none and varying volumes of 1 %4.H®@e standard samples contained 2 mL Hb solwtimh

3 mL water. Each sample included its own contraitaiming appropriately matched reagents added a2
alkaline diluent. The samples were allowed to stahdoom temperature for 40 to 50 minutes, and then
centrifuged. The supernatants were monitored forthemoglobin formation by taking absorbance
measurements at 630 nm.
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Copper-acetate induced methemoglobin formation

Two milliliter hemoglobin solution was added 0.5 ratetic acid diluent containing varying massesagfper
acetate as 0, 1, 2, 3, 4 and 5 pumole and volume fadL with water. The corresponding controls cioretc

0.5 mL acetic acid diluent containing matching mneasef copper in total 5 mL volume. The samples were
allowed standing for 30 to 40 minutes and then nooed at 630 nm for methemoglobin formation. A safm
experiment was also conducted using varying massk$o HCI with 3 umole copper to check effect oiday

on copper-induced methemoglobin formation.

Combined effect of copper and ascorbic acid on Hb

An experiment was designed to study effect of copascorbic acid alone and in combination on Hbe Th
experiment included 5 sets of samples. Each satded 2 mL Hb solution. Set A contained 3 mL matthe
solvents. Set B contained copper acetate 3 umete CScontained ascorbic acid 4 mg (equivalent t 22
pmole). Sets D and E contained both copper andlascacid, in set D ascorbic acid was added togeshid
copper before addition of Hb solution while in &tcopper was added before Hb addition and asceudt
was added exactly 10 minutes after addition of Edch set included its own control containing exaall test
reagents and substituting Hb solution by water. 3draples were allowed standing for about 30 to #utes,
and then assayed for absorbance at 630 nm.

Analysis of test samplesfor reduced form of ascorbic acid

Simulation experiments revealed that in alkalinedime copper 3 pumole when added ascorbic acid 4 mg
developed pale yellow color that got precipitatedl dhe reaction did not occur if the medium waisliac but
occurred in presence of alkalinity. The sampledaiamg precipitated copper were subjected to deggtion.

The supernatants were colorless and the residwiadto the centrifuge tubes pale yellow suggestaduced
copper. The supernatants were analysed for massdated ascorbic acid by iodometry while residuesew
reconstituted in 1 mL dilute ammonia solution amdhlgzed for precipitated copper by copperamine yassa
improvised for the purpose.

Ascorbic acid assayfhe assay included standard assay set containmg bdine solution (5 pmole nit)
added 0.5 mL dilute HCI solution and ascorbic aoidd mL water as 0, 80 through 320 pg. Test samples
contained measured volume of ascorbic acid withmpper and supernatants from centrifuged copper +
ascorbic acid samples as indicated above with redtaddine and acidity. The samples were allowestand

for 15 to 20 minutes at room temperature and thenitored for absorbance at 430 nm.

Simple copper assayhe assay included 1 mL dilute ammonia containing,®, 5 and 10 pmole of copper
acetate added 2 mL of water. Test samples inclugigdues reconstituted in 1 mL dilute ammonia adtled.
water while reference standard included 3 pmolepeopn 1 mL dilute ammonia added 2 mL water. All
samples were allowed standing at room temperaturel®-15 minutes, and then monitored at 570 nm for
estimation of copper reduced by ascorbic acid.

Results and Discussion

The investigations were executed keeping in viesvabservations that ascorbic acid exerts oxidipioigntial.
Ascorbic acid in solution is readily oxidized tohgdro-ascorbic acid (which retains biological aityivin
physiological systems). The reaction is facilitalgdmany agents including metallic ions of copdér {ron

(1) and silvef. Oxidation of iron (II) of Hb to iron (Ill) formig methemoglobin, monitoralilat about 635
nm, provides a useful model to assess pro-oxidéextteof ascorbic acid. Initial observations wenade while
using sheep hemolysate preparations. The studiestiven extended to purified Hb preparations comiaky
available from ruminant erythrocyte source (Hi-Ma®diThe experiments on sheep hemolysate contained
hemolysate in 0.1% sodium bicarbonate. The dissoluf purified Hb in 0.1 % sodium bicarbonate $@lo

has required presence of 0.05 M NaOH for ease &fingaolution.
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Ascorbic acid induced methemoglobin formation in sheep hemolysate

As evident from Table 1, 100 and 200 pg ascorbid #ailed to produce any discernible effect. Intfac
absorbance values decreased below control shovwaogease in basal metHb formation with mean + S.E,
correspondingly recorded as, -0.014+ 0.002 and18£0.002. Higher concentrations of ascorbic afid (
through 6 mg) have caused quantitative increaseetnemoglobin formation. The observations revealed
oxidant effect of ascorbic acid at higher concdittrarange is demonstratable in sheep erythrocgtadiysate
preparation. No significant difference exists beawé and 10 mg concentrations (p>0.1, n=3 each).

Table 1 Pro-oxidant effect of ascorbic acid on sheep eogyiie hemolysate

Ascorbic acid,| 0.1 0.2 0.6 2.0 6.0 10.0

m

Al?sorbance No effett| No effeck | 0.060 0.131 0.213 0.21%
+0.001 + 0.004 +0.001 +0.001

Statistical analysis: Linear range (0.6 throughd m

r+ S.E 0.97 £ 0.03

b+ S.E 0.027 £ 0.004

The values are mean + S.E. of three observatiais ea
4The absorbance in fact showed decrease with respbasal untreated.
®No significant difference (p>0.1).

Ascorbic acid induced methemoglobin formation in ruminant Hb preparation

As evident from Table 2, ascorbic acid 1 throughgthas caused concentration related increase orlaige
with perfect linearity. The effect produced by § ascorbic acid did not differ from control, amchigarly the
effect produced beyond 4 mg ascorbic acid did ifeardrom the effect of 4 mg (p>0.1) while 1 aAd 4 mg
caused mean per cent increase in absorbance aomdésgly as 5.6, 11.2 and 24. 2 (r + S.E. = 0.9900803,
b +S.E. = 6.04+0.09).

Table 2 Pro-oxidant effect of ascorbic acid on purified rmamt hemoglobin

Treatment, Absorbance Mean pH Mean increase in
Ascorbic acid, mg absorbance
0 0.124 + 0.001 11.8 -
0.5 0.123 + 0.001 11.9 -
1.0 0.131 + 0.00 11.8 0.007
2.0 0.138 + 0.00L 11.7 0.014
4.0 0.154 + 0.001 11.5 0.030
6.0 0.156 + 0.001 11.2 0.032
8.0 0.153 + 0.001 10.9 0.029
10.0 0.157 + 0.001 10.5 0.033
Statistical analysis: Linear range (1-4 mg)
r+ S.E 0.9996+0.0005
b+ S.E 0.0075+0.0001

The values are mean + S.E. of six observations.each
4p>0.1,° p<0.01 (with respect to controf)p>0.1 (with respect to 4 mg ascorbic acid)

Trial investigations revealed that in acidic medjascorbic acid failed to affect methemoglobin fation. To
investigate the observation, simulation experimeaetgaled that under test conditions addition afyivag
volumes of 1 % HCI were capable of providing rang@H conditions to evaluate influence of pH onaaba
acid mediated methemoglobin formation. As indicatedable 3, ascorbic acid effect was prominenpldt
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range 10.5 through 12.1 eliciting percent incréassbsorbance correspondingly as 16.8 and 22.7.Qfx0The
response decreased at lower pH values showings tiécrease at pH 8.9 (p<0.01) and about 5 % decetas
pH 4.3. The supernatant was almost colorless ahealHb in the solution got precipitated out at tredupH
(6.9) registering 93.3 % decrease in absorbance.@p¥x These observations were in conformity witledr
curve for ascorbic acid (Table 2) over 1 througmgt ascorbic acid that retained pH within the sugabhnge
11.5 through 11.9.

Table 3 Effect of pH on ascorbic acid —mediated methemdgldbrmation

Mean pH Absorbance % change

12.1 0.119 £ 0.001 Untreated contro
11.8 0.139 + 0.001 16.81

10.5 0.146 + 0.001 22.71

8.9 0.098 + 0.001L 17.6]

6.9 0.008 + 0.0071 93.3]

4.3 0.113 + 0.001 5.0 |

The values are mean + S.E. of five observationk.eac
& Ascorbic acid, 4 mg equivalent to 22.7 pmole
®p <0.01 with respect to control

Copper-acetate induced methemoglobin formation

Copper at 0.2 and 0.6 pmole failed to produce aeghemoglobin formation under test conditions (p>045

each) while concentrations over the range 1 thrdupimole showed perfect linearity with most stezgponse
over 3 to 5 umole concentration (table 4). Highmwmoentrations of copper were observed to causesgaice
and precipitate out hemoglobin. The chosen rangardugh 5 pmole copper provided transparent swisti
The pH was found to be in the range 11.1 througR (#2.17 +£0.01, n = 12). Consistent with effectoidity

on ascorbic acid induced methemoglobin formatiapper failed to produce any effect in acidic medidh

alkaline pH, 10.5 to 11.0, 3 pmole copper produtkd % increase in methemoglobin formation (p<OrGH

each) while absorbance values at acidic pH, abayt@®118 +0.001 did not differ from control absambe
value 0.116 £ 0.001 (p>0.1, n= 5 each). Thus effécopper as well as that of ascorbic acid occuny in

alkaline medium under test in vitro conditions.

Table 4 Copper acetate induced methemoglobin formation

Copper, umole| Absorbance Absorbance | Percent increase,
increase, mean | mean
0 0.126 £ 0.001 | - -
1 0.136 +0.001 | 0.010 7.9
2 0.150 £ 0.001 | 0.024 19.0
3 0.163+ 0.001 | 0.037 29.4
4 0.181+0.001 | 0.055 43.7
5 0.198 +0.001 | 0.072 57.1
Statistical analysis
r+S.E 0.998+0.002
b+ S.E 0.0155+0.0005 | 12.31+0.02

The values are mean + S.E. of six observations.each

The pH over the assay: 11.8 +0.1 (range 11.7 19)11.

®The steep regression is noticed at 3 to 5 pmol&(Et, 0.9998 + 0.0002, b+ S.E., as 0.0.0175 #@L.(or
absorbance increase and 13.9+0.2 for mean perinemase in methemoglobin formation with respect to
control.
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Time optimization studies

Time optimization studies using 22.7 umole ascodagid and 3 pmole copper acetate separately haeales
no difference in methemoglbin formation followiimggubations at 30 minute versus 60 minute. Wittodsic
acid increase in mean absorbance values at 30 Gmdir€ute incubation have been respectively as 0612
0.001 and 0.011 + 0.001 (p > 0.1, n=5 each) whkith copper the corresponding mean increase inrbbsoe
has been 0.041 + 0.001 and 0.039 £ 0.001 (p >n&1 each) with respect to untreated control mednes.
Thus, incubation can be conducted for 30 to 60 mesmunder test conditions.

Table 5 Copper acetate and ascorbic acid (AA) interactiadysfor methemoglobin formation

Absorbance
Experiment No|™ Control cu(ll) AA Cu (Il) + AA
1 0.120+0.001] 0.156+0.00]  0.127+0.001  0.154081
2 0.125+0.002| 01640007  0.136+0.002  0.158082
3 0.118+0.001 | 0.158+0.00]  0.132+0.001  0.163061
Overallmean | 0.121+0.001 | 0.159+0.001  0.132+0.001 _ 0.15508D

The values of each experiment are absorbance vafuesan * S.E. of six observations each. Cu 8lfymole
and AA 22.7 umole alone and in combinations.
®Simulation experiment indicated copper was gettaticed by ascorbic acid forming pale yellow solutand
precipitate at alkaline experimental conditions.

Effect of ascorbic acid on copper-acetate induced methemoglobin formation

Both copper and ascorbic acid induced significaath@moglobin formation under test conditions. Tream
absorbance values with copper, ascorbic acid argbibination were respectively found as 0.157 +D,.00
0.132 £0.001 and 0.154+0.001 (ascorbic acid adtewyavith copper) and 0.153 + 0.001 (ascorbic acided
10 minutes following addition of Hb and copper)igading percent increase in absorbance respectaseB1.9,
10.9, 29.4 and 28.6 (p <0.01, n= 6 each) compavedhtreated control value 0.119 +0.001. There was n
significant difference whether ascorbic acid wadembalong with copper or when added following actd
copper under test conditions (p>0.1, n= 6 each}h®taoglobin formation in presence of 3 pmole coper
been as good as that observed when copper 3 umdlaszorbic acid 22.7 3 umole were present together
(p>0.1, n= 6 each). The observations showed simigdiern whenever executed on different occasiatis w
overall per cent increase in absorbance by ascadatwith copper, 28.1, nearly 3 times that ofoalsic acid
alone, 9.1, (p<0.01 each) but as good as witheoi.4, alone (p>0.1) (Table 5). The effect iagence of
ascorbic acid and copper is not attributable topeopbecause ascorbic acid was seen, in simulation
experiments, to reduce copper(ll) to copper (l)dexwhich appears as a pale yellow precipitate, gotd
removed by centrifugation. Analysis of copper reatlidy ascorbic acid and precipitated out at alkaph
showed content equivalent of 100 per cent recotheymean absorbance with standard 3 pmole coP¥?2
+0.001, matched that due to reconstituted residd®@40+0.001(p>0.1, n= 3 each). Thus, whole coppsrideen
reduced by ascorbic acid and precipitated out. €ojpmine assay was found to provide linear estirote
copper over 1 through 10 pumole with perfect linyafi £ S.E. = 0.9999 + 0.0001; b + S.E. = 0.0158.6001).
This implied that an equivalent mass of ascorbid,do that of precipitated copper, has been ordiduring
the process. Alkaline pH and copper ions are kneovifiavor and hasten oxidation of ascorbic acidt$o i
oxidation products like dehydroascorbic acid (DHAd)d diketogulonic acid (DKGA)™. Therefore, it may
rule out participation of oxidized copper in mettigtmethemoglobin formation in presence of ascoduiicl.
This appears to be in conformity with analysis opernatant for ascorbic acid by iodometry. In ppleg
iodine decolorization would estimate reduced ascabid and not its oxidized forms viz., DHAA andKBA
which are unable to reduce and decolorize iodifrdfore, mass of reduced ascorbic acid is antimipto
decrease in presence of copper. Estimated redwsmaibéc acid in copper treated samples was sigmifig
lower than untreated samples. Estimated ascoriddma@bsence of copper was found to be about 390.07
mg showing 98 + 2 % recovery while in presentceapper it was estimated as 2.73 + 0.06 mg sstgue
32 = 2 percentloss (68 + 2 % recovery) . londtry assay was linear for ascorbic acid over #mge 80
through 320 pg with perfect linearity (r + S.E. 9893 + 0.0007; b £ S.E. = 0.002015 + 0.000001)tHeu
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experiments are required to identify the roles sfaabic acid metabolites including its oxidizednfisr viz.,
DHAA and DKGA and other Fenton reaction intermeekain the process particularly in presence of alkgl
and copper ions.

A comparison of regression coefficients of copger 0.0155 absorbance basis, b= 12.3 on per cergase
basis) and ascorbic acid (b= 0.00136 absorbangs, lies1.1 on per cent increase basis)over resgelitiear
ranges on molar basis has revealed that ascochicisaabout 11 times less potent than copper tr@ta
inducing methemoglobin formation. A comparativelaation of pooled data ( 7 to 8 experiments conedicin
different occasions) has indicated that 4 mg obdsc acid (equivalent to 22.7 pmole) has incrdasean
absorbance by 0.012 +0.001 (n=7) over control coetpdo increase of 0.039 +0.001 (n=8) with 3 pumole
copper . Thus, on molar basis ascorbic acid in ezassarly seven times that of copper has beemsitt ddout
1/3¢ as active as copper in increasing methemoglabimdtion.

Foregoing observations are in conformity to theorepthat ascorbic acid has pro-oxidant effect.ofsic acid
shows ease of reversible oxidation-reductioih has failed to antagonize nitrite induced meatbglobin
formation in sheep increased oxidative stress in human erythroayéenbrane by decreasing GSH letelsd
has increased copper acetate-induced methemodiotriration and increased oxidative stress in shegp a
human erythrocytés Similar pro-oxidant observations have been remrih other systems. Chicken fed
ascorbic acid supplementations have experiencedcagased oxidative stress as indicated by accuionlaf
select bio-markers in various parts of the bodysiapu imbalance between pro-oxidant and anti-oxidant
molecules and caused suppression in innate immuyitty rise in its oxidized form dehydroascorbic daci
(DHAA) in hepatic cell§ Ascorbic acid has shown its pro-oxidant effectiiugh prepared from wheat flGur
Consistent with our observations on copper indunethemoglobin formation, copper (ll) ions have besed

as one of the top ranking agents causing metheriogformation in sheep erythrocyte modelSimilarly,
positive genotoxicity results have tended to odowitro when vitamin C was tested in the preseoicmetal
ions such as iron and copper, which may be rel@tets reduction of the metal followed by the fotroa of
highly reactive hydroxyl radicals via a Fenton teat'. Alarming concerns have been evoked by observing
pro-oxidant effects of ascorbic acid in human med¥t *°

Pro-oxidant effects of ascorbic acid may be relabedne or multiple reasons: its oxidant metabsldehydro-
ascorbic acid and DKGA®, decrease in reduced glutathione in erythroéyfe$® generation of hydrogen
peroxide and other RGOS formation of pro-oxidant ascorbyl radiand in presence of metallic ions such as
copper and iron to produce a Fenton type reactitmgeneration of hydroxyl radicafs

Conclusions

In Vitro studies using sheep erythrocyte hemolysate anifiqulruminant Hb have revealed concentration-
related increase in methemoglobin formation duadoorbic acid. The study has demonstrated pro-pkida
effect of ascorbic acid in ruminant hemoglobin itrosassay model. Methemoglobin formation potentifl
ascorbic acid has been nearly f)ithat of copper acetate on molar basis. The efféaiscorbic acid in
presence of copper is much higher than in absehcepper while simulation experiments revealedcajpper
was getting reduced and precipitated out underdesditions in presence of ascorbic acid. Thus eopp
incapacitated by ascorbic acid to express its atigdfect. This would indicate some subtle biocleahi
reaction being responsible for ascorbic acid mediatethemoglobin formation. Further studies areired to
assess the mechanism of ascorbic acid mediatext pédicularly in presence of copper.
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