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Abgract
This study was designed to determine the effects of orally administered proanthocyanidins (PAs) and methotrexate (MTX) on glucose-6-phosphate
dehydrogenase (G6PD) and glutathione reductase (GR) activitiesin serum and erythrocytes of Wistar rats. Seventy Wistar ratsweredivided into 3
groups. Group 1 included 30 rats administered 1.36 mg/kg of MTX and 30 rats of Group 2 were administered 0.87 mg/kg of PAs. Ten rats of Group
3 weremaintained only on normal rat chow and water ad libitum and served asthe control group. Five rats each from groups 1 and 2 were sacrificed
weekly for 6 weekswhile 5 rats from the control group were sacrificed on days 0 and 42, respectively. In al the groups, the serum and erythrocytes
were analyzed spectrophotometrically for the activities of GGBPD and GR and the results were compared with the control group. After 42 daysof PAs
administration insignificant differences (P>0.05) were observed in the activities of the two enzymes and there was also no significant difference
(P>0.05) inthelevel of MDA when compared to the control group. However, the results showed significant differences (P<0.05) in the activities of
both G6PD and GR even within 3 weeks of methotrexate administration. The MDA level was also significantly different from the control group

following MTX administration for 21 and 42 days.
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Introduction

Proanthocyanidins are a group of polyphenolic bioflavonoids
which areknown to possess broad pharmacol ogical activitiesand
therapeutic potential . Proanthocyanidins are also called

oligomeric procyanidins (OPCs) or procyanidolic oligomers (PCOs)
and are known to protect against oxidant injuries duringischemia/
reperfusioninrat heart 2. Inapreliminary study, proanthocyanidins
were reported to have anti-mutagenic activity and have been

shown to improve aspects of vision in healthy people ¢

Proanthocyanidins have been reported to protect against H,O,
induced oxidative damagein cultured microphages and neuroactive
PC-12 cellsand in rat primary glial cell cultures 8. Oligomeric
proanthocyanidins significantly ameliorated freeradical induced
lipid peroxidation and DNA fragmentation in rat liver and brain
tissues and provided better protection than vitamins C, E and B-
caroteneinacloserelation®”.

Shao et al.  reported that proanthocyanidins attenuated both
oxidant generation and cell death indicating its ability to confer
protection against mitochondrial endogenous reactive oxygen
species. Methotrexate, on the other hand, is a potent anticancer
drug and found to be effective against a wide range of human
cancers °. It has been shown to inhibit dihydrofolate reductase
(DHFR), akey enzymerequired to maintain adequateintracel lular
levelsof reduced folates*. Furthermore, DHFR inhibitionled to
the accumulation of dihydrofolate polyglutamateswithin the cell,
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which candirectly inhibit the fol ate dependent enzymesinvolved
inthe synthesisof thymidylate and purine nucleotides®. However,
theclinical usesof methotrexate have beenlimited duetoitsserious
adverse effectswhich arelikely to result in the generation of free
radicalsand lipid peroxidation * 1. These adverse effectsinclude
anaemia, neutropaenia, increase risk of bruising and nausea *.

The higher doses of methotrexate often used in cancer

chemotherapy can causetoxic effectsto therapidly dividing cells
of bone marrow and gastrointestinal mucosa™*.

Several oxidantsare produced during the course of metabolism
in both blood cell and most other cells of the body 2. Glucose-6-
phosphate dehydrogenase plays an important role in the
catabolism of glucose through the pentose phosphate pathway
(PPP) 3, Glucose-6-phosphate dehydrogenase supplies reducing
equivaentsto cell (notably erythrocytes) by maintaining thelevel
of the co-enzyme NADPH. The NADPH in turn maintains the
level of glutathioneinthese cellsthat helps protect thered blood
cells against oxidative damage. Inthe states of oxidative stress,
therateof utilizing remaining glutathione significantly increases.

The objectives of this study was to evaluate the effects of
orally administered PAs and MTX on glucose-6-phosphate
dehydrognase and glutathione reductase activitiesand the MDA
levelsin the serum and erythrocytes of Wistar rats.
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Materialsand M ethods

Experimental animals: Seventy Wistar rats with amean weight
of 171.7g were obtained from the animal house of the Nigerian
Institute of Medical Research (NIMR), Yaba, Lagos. Theanimals
were housed in stainless |aboratory cages and acclimatized for 7
days and maintained on standard rat chow and water ad libitum
throughout the duration of the experiment. The animals were
housed in awell-ventilated roomunder 12 hlight: 12 hdark cycle.
Theratsweredivided into 3 groups. Groups 1 and 2 consisted of
30 ratswhile Group 3 (the control group) consisted of 10 rats.

Drug administration: The animals in Group 1 were orally

administered 1.36 mg/kg/bw of methotrexatedaily for 6 consecutive
weekswhiletheanimalsin Group 2 were orally administered 0.87
mg/kg/bw of proanthocyanidin for the same period. The control

group received distilled water for the sameduration.

Collection of blood samplesand separation of serum; Onweekly
basisfor 6 weeks, 5ratsfrom Groups 1 and 2 were sacrificed under
chloroform anaesthesia and their blood was quickly collected,
pooled and separated into serum and erythrocyte fractions by
spinning at 1500 g for 6 min in a centrifuge. Rats in the control
group were sacrificed on thefirst and last day of the experiment
using the same processes for comparison. Theserawerestoredin
arefrigerator immediately while the erythrocyte haemolysate was
processed.

Preparation of haemolysate: Thered blood cells (RBCs) earlier
obtai ned werewatched free of leucocytesin normal salinethrough
centrifugation at 2500 g for 5 min and repeated three times. The
rbcswerethen haemolysed with 5 volumeice cold distilled water
and spunin ahigh speed centrifuge of 13,000 g for 15 min. The
haemolysate was aspirated from the membrane ghost and stored
at 4°Cinarefrigerator.

G6PD activitiesin serum and erythrocyte: G6PD assays were
done by using the method of Beutler °. This assay measures the
rate of reduction of NADP* to NADPH when the haemolysate or
serum is incubated with glucose-6-phosphate (G6P). The assay
mixture consisted of 6 MM glucose 6-phosphate (0.1 ml), 2 mM

NADP+ (0.1 ml), MgCl, (15mM), Trisbuffer pH 8.0 (0.68 ml) and
either haemolysate or serum (0.02 ml). Theassay for haemolysate
and serum was monitored with abackground wavel ength of 550
nm and areal wavel ength of 340 nm over a5 mintime courseon
the spectrophotometer at 25°C. A full-scale reading of 1.0

absorbance unit was maintained for the spectrophotometer

(Beckmann 7400). G6PD activity at 37°C was calculated in

haemolysatesfrom the equation E = 1000A/Hb where A = number
of enzyme unitsper ml and expressed asA = AAbsat 340/6.22 X
VC/IVA , where 6.22 isabsorbance of 1 ml solution of NADP(H).
VA = volume of hemolysate or homogenate in the system. VC =
volume of cuvette (1.0 ml), Hb = hemoglobin concentrationin g/
100 ml. G6PD activities (E) in serum were eval uated against total
protein without the 1000 factor in the numerator, that is, E = A/
total protein (mg/ml). The conversion factor from 25to 37°C is
given as G6PD activity at 25°C = 0.559 + 0.034 G6PD activity at
3rC.
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Determination of GR activities: Activity was determined by

following the oxidation of NADPH to NADP* during thereduction
of oxidized glutathione (GSSG) °. The main reagent was prepared
by combining 18 ml of KH,PO, buffer (13.9 mmol/l, 0.76 mmol/l,
EDTA; pH 7.4) and 2.00 ml of NADPH (2.5 mmoal/l). Thesample (20
ul), 220l of themain reagent, and 5l of FAD (315 umol/l) plus 10
ul of KH,PO, buffer were added to the cuvette, and the absorbance
at 340 nmwasmonitored for 200s(StepA). Then 30 ul of GSSG (22
mmol/I; Sigma) plus 10 ul of KH,PO, buffer was added to start the
reaction and the absorbance wasfollowed for specified time. The
final reaction volume was 315 pl. Using amolar absorptivity of
NADPH at 6.22 x 103 L mol-cn! used the differencein absorbance
per minute between steps B and A to calculate the enzyme activity.
Theunitispumol of NADPH oxidized/min.

Satistical analysis: The data were analysed by using the two-
tailed Student’s t-test and the level of significance was set at
P<0.05.

Resultsand Discussion
The G6PD and GR were assayed from the serum and erythrocyte
haemolysate of Wistar rats orally administered proanthocyanidins
and methotrexate. The activities obtained were compared with
that of control. Theresultsare summarizedin Tables 1-4.

There are many chemical compounds that are known to have
adverse or beneficial effectson metabolic enzymes. Theinhibition
of some important enzymes that play a key role in metabolic
pathway by these compounds may lead to physiological and/or
pathologic changes. Glucose-6-phosphate dehydrogenase
(G6PD), avital enzymeinal cells, catalyzesthefirst reaction of
the pentose phosphate pathway (PPP) allowing the conversion
of glucose-6-phosphate to 6-phosphogluconolactone. In this
reaction, nicotinamide adenine dinucl eotide phosphate (NADP)
isreduced to NADPH, whichisa so used in the protective process
against physiologically high levels of reactive oxygen species
and subsequently oxidative damage . In red blood cells, thisis
the only source of NADPH, making them more vulnerable than
other cellsto destruction by oxidative stress®. NADPH isakey
hydrogen donor for the reduction of oxidized glutathione (GSSG)
to atripeptide known as reduced glutathione (GSH). Thistripeptide
is used as a reducing agent by glutathione peroxidase, whichis
involved in the detoxification of hydrogen peroxide. In thisprocess,
GSH isconverted to GSSG leading to adecreasein GSH levels.
The regeneration of GSH occurs by the action of glutathione
reductase, which catalyzesthe reduction of GSSG to GSH inthe
presence of NADPH %°. Sincethere are no other sourcesof NADPH
in red blood cells, G6PD is essential in protecting haemoglobin
sulfhydryl groups and preventing red blood cell membrane
oxidation, therefore inhibition or destruction of G6PD and
glutathionereductase adversely affectscellular integrity and cells
ability to protect against reactive oxygen species 2.

Itisimportant to note that proanthocyanidins (PAS) (one of the
compounds administered to the ratsin this study) are acommon
component of foods and beverages of plant origin 3. PAs, anong
the most abundant phenolic compounds in grape seeds, are
present in substantial amounts in red wine when fermentation
takes place in the presence of skin and seeds, thus PAs could at
least in part account for the protective effect of red wine with
respect to atherogenesis and cardiovascular disease. PAs have
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attracted increasing attention in the fields of nutrition and
preventive medicine dueto their potential health effects. Invitro,
PAs have strong antioxidant activity and scavenge reactive
oxygen and nitrogen species, modulate immune function and
platelet activation and produce vasorelaxation by inducing NO
releasefrom endothelium 2.

In this study, PAs was administered to Wistar rats and their
effects on the G6PD and glutathione reductase activities in the
serum and erythrocytes were studied. PAs did not demonstrate a
significant effect on G6PD activity in both serum and erythrocytes
following 21 and 42 days of administration when compared to the
control (Tables 1 and 2). The effect of PAs on glutathione
reductase (GR) in both serum and erythrocytes in this study is
similar to that reported for GEPD (insignificantly differently from
the control group). The effect of PAson the MDA level wasalso
not significantly different from that of the control group. PAsis
known to have antioxidant activity, however, this was not the
case in the current study. This may partly be related to the
concentration used in our study. Previous study by Sato et al. 2
used 50 mg/l and they reported significant antioxidant activity
compared to the control. In our study, afar less concentration of
PAs was used, hence the expected antioxidant activity of PAs
could not noticed. Thebiological, pharmaceutical and medicinal
properties of PAshave been reported 223, Besides, thefreeradical

Table 1. Effectsof proanthocyanidin on G6PD activitiesin rat serum

scavenging and antioxidant activity, PAs are known to exhibit
cardioprotective, immune stimulating activitiesaswell asbeing
inhibitors of the enzymes phospholipase A,. The chemical
properties of Pas in terms of the bioavailability of the phenolic
hydrogens as hydrogen donating radical scavengers and singlet
oxygen quenchers predict their antioxidant activity 3. For PAsto
be defined as an antioxidant, it must satisfy two basic conditions
(1) when present in low concentrationsrel ativeto the substrate to
be oxidized, it can delay, retard or prevent autooxidation or free
radical-mediated oxidative injury and (2) the resulting product
formed after scavenging must be stable through intramolecular
hydrogen bonding on further oxidation 2. Thetotal bioflavonoid/
PAs content is also very important. The absorption, distribution,
metabolism and excretion of PAs are governed by chemical
structures. All these may further explain why the expected
antioxidant effects of PAswere not obseved.

Table 3 showstheeffectsof orally administered MTX on G6PD
activity inrat serum and erythrocyte. The activitieswere observed
to be statistically significant (P<0.05) through out the period of
the experiment. Thismay be related to the free radicalsreleased
during theintracellular metabolism of methotrexate, whichinteracts
with the cell membrane, causing membrane lysis and rel ease of
these enzymesinto the serum. Thisaffectsthe physiological level
of thisantioxidant enzymein serum and givesan indication of an

adverse effect of methotrexate on cellular integrity. In Table 4,
effectsof MTX on glutathionereductase activity inrat serum
and erythrocytes after 21 days of MTX administration was

found to be lower when compared to the group that received
MTX after 42 days. This might be due to the so-called first

and erythrocyte haemolysate.
Samples 21 days P-value 42 days P-value
MEAN + S.D MEAN +S.D
SERUM 3.14+0.33 P>0.05 2.99+0.67 P>0.05
ERYTHROCYTE 6.19+0.76 P>0.05 6.39 +0.49 P>0.05

pass metabolismintheliver that decreased the bioavailability
of MTX resulting inlower activity of glutathioneactivity. Itis

The control of G6PD activitiesin serum and erythrocytes are 3.11 + 0.41 and 6.43 + 0.41, respectively. Mean was
average of three readings from sets of experimental groupings. T_, was calculated and determined against the
control values in the serum. P>0.05 is insignificantly while P<0.05 is significantly different from the control.

Table 2. Effects of proanthocyanidin on glutathione reductase

activitiesin rat serum and erythrocyte haemolysate.

possible that during the 21 days of MTX administration,
glutathione reductase was able to handle the elimination of
oxidants released by MTX during its metabolism and thus
prevents excess free radicalsin the cells, which could cause
cellular damage. It was observed that the activity of

Samples ME2 ;ﬁ?ss b P-value ngﬁajfss b Pvalue o tathione reductase was higher after 42 days of MTX
SERUM 3011032 P>005  3.10+088  P>005 administration. It should be noted that MTX is a pro-drug
ERYTHROCYTE 5.13+0.41 P>0.05 5.19+036  P>0.05 Wwhichhastobemetabolicaly activated to exertitscytotoxic

Thecontrol rats’ glutathione reductase activitiesin serum and erythrocyteare 2.64 + 0.33 and 5.18 + 0.39, respectively.
Mean was average of three readings from sets of experimental groupings. T, was calculated and determined
against the control values in the serum. P>0.05 is insignificantly while P<0.05 is significantly different from the
control group. MDA level (control 2.15 + 0.65) and for PAs group (2.31 + 0.62) P>0.05.

Table 3. Effects of methotrexate on G6PD activitiesin rat serum and

erythrocyte haemolysate.
Samples 21 days P-value 42 days P-value
MEAN + S.D MEAN + S.D
SERUM 4.61+0.29 P<0.05 10.38 £ 1.05 P<0.05
ERYTHROCYTE 9.87+1.13 P<0.05 5.19+0.36 P<0.05

The control of G6PD activities in serum and erythrocytes are 3.11 + 0.41 and 6.43 + 0.41, respectively. Mean
was average of three readings from sets of experimental groupings. T_, was calculated and determined against
the control valuesin the serum. P>0.05 isinsignificantly while P<0.05 is significantly different from the control.

Table 4. Effects of methrotrexate on GR activitiesin rat serum and

erythrocyte haemolysate.
Samples 21 days P-value 42 days P-value
MEAN +S.D MEAN + S.D
SERUM 3.91+0.32 P<0.05 4.43+£0.34 P<0.05
ERYTHROCYTE 8.11+1.07 P<0.05 8.21 £0.88 P<0.05

The control of glutathione reductase activities in serum and erythrocyte are 2.64 + 0.33 and 5.18 + 0.39,
respectively. Mean was average of three readings from sets of experimental groupings. T, was calculated and
determined against the control values in the serum. P>0.05 is insignificantly while P<0.05 is significantly
different from the control. MDA level (control 2.15 + 0.65) and for MTX group (4.61 + 0.63) P<0.05.
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effects, therefore, during its process of metabolic activation
especialy following alonger period of administration, more
freeradicals could be generated. Theseradicalsareknownto
react with membrane, DNA and other macromolecules and
thus precipitate oxidative damage. Since MTX is capable of
generating potential toxic oxygen species during its

metabolism in the cell, the prooxidants; antioxidant balance
that ismaintained in anormal cell can be shifted towardsthe
pro-oxidants when production of oxygen speciesisincreased
greatly. Thus, bioaccumulation of MTX and its metabolite
polyglutamate may play akey rolein causing cellular rupture
and release of these enzymes into the serum. Few studies
haveinvestigated the effect of cytotoxic drugs on antioxidant
enzymes. Vezmar et al. % have shown that anticancer drugs
suchasMTX ledto elevation of antioxidant enzymesin human
serum and erythrocytes. They reported that this increased

activity could be the mechanism by which normal and

malignant cellsbecomeresistant to cytotoxic drugs.

Future studies that would investigate proanthocyanidins-
methotrexate combination effects are suggested to determine
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whether the simultaneous administration of the two xenobiotics
could be beneficia inthe case of cancer where MTX issometimes
administered.

Conclusions

Thisstudy showsthat PAsdid not demonstrate significant effects
on G6PD and GR However, MTX administration after threeweeks
showed significant effects on the same enzymesaswell asonthe
MDA. Future studies that would investigate PAs-MTX

combination effects are suggested to determine whether the
simultaneous administration of the two xenobiotics could be
beneficial in the case of cancer where MTX is sometimes
administered.
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