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SUMMARY : The effects of aspirin metabolites on reduced glutathione (GSH), methemoglobin (MHb) and
MHDb reduction were studied in erythrocytes from glucose-6-phosphate dehydrogenase-normal (G6PD-normal)
and G6PD-deficient volunteers. The aspirin metabolites used in various concentrations were sodium salts of
salicylic acid (Na-SA), salicyluric acid (Na-SU) and gentisic acid (Na-GA). While Na-GA decreased GSH level
appreciably, only slight lowering of GSH level was observed with Na-SA and Na-SU. Similarly, Na-GA, even at
low concentration of 0.03 mM, showed effect on MHb formation and the effect was increased significantly with
increasing concentration. But, no effect on MHb formation was observed with Na-SA and Na-SU. However, Na-
SA and Na-SU showed significant inhibitory effects on the reduction of MHb which was far more prominent with
Na-GA. These findings led to the notion that neither SA nor SU can produce any appreciable oxidative damage
to Hb, while GA is the main metabolite to effect oxidation of Hb. However, SA and SU showed their ability to
inhibit MHb reduction and can interfere with the regeneration of Hb. These effects of aspirin metabolites were
more pronounced in G6PD-deficient erythrocytes as compared to G6PD-normal erythrocytes implicating the
importance of G6PD in aspirin toxicity. Thus, the present study indicates that aspirin metabolites act at differ-
ent sites of GSH and Hb metabolic pathways, ultimately producing increased erythrocyte fragility with conse-
quent hemolysis. However, the fragility of cellular plasma membrane is dependent on the integrity of the
physiological antioxidant systems. Therefore, further studies are warranted in these areas to understand fully
the mechanisms of toxicity of aspirin metabolites in human erythrocytes.
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INTRODUCTION

Aspirin is undoubtly effective in relieving pain and
inflammation of rheumatic arthritis and other rheumatic dis-
orders. Yet, use of aspirin is limited in many patients
because of a high incidence of adverse effects, most
notably gastrointestinal discomfort and bleeding, alter-
ations in platelet function, hypersensitivity reactions and
renal impairment (1,2). The most severe instances of
aspirin toxicity among adults as well as children, however,
result from therapeutic overdoses (3,4). Aspirin is rapidly
hydrolyzed in the body to salicylic acid (SA). The SA con-
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jugated with glycine to form salicyluric acid (SU) and with
glucoronic acid to form salicylic acyl glucoronide (SAG)
and salicylic phenolic glucorine (SPG). A small fraction of
SAis further hydroxylated to gentisic acid (GA), and there
may be several other minor metabolites (5,6). Accumula-
tion of aspirin metabolites (SA, SU, GA) occur in patients
with aspirin therapy, particularly with high doses (7). These
metabolites of aspirin specially GA, even at low concentra-
tion, may lead to toxic manifestations (8). Aspirin, although
classified as a mild hemolytic agent (9), has been reported
on several occasions to give rise to severe hemolysis of
erythrocytes even after small therapeutic doses (10-12).
The hemolytic effects of aspirin has been shown to be
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even greater in glucose-6-phosphate dehydrogenase
(G6PD) deficient individuals. Most of the drugs which
cause hemolysis of G6PD-deficient erythrocytes have
been reported to possess oxidative properties as mecha-
nisms of lysis (9-12). This raises the question as to
whether the aspirin metabolites (SA, SU, GA) also pos-
sess similar oxidative properties as probable mechanism
for hemolysis. The present experiments were therefore,
designed to investigate the in-vitro effects of sodium salt of
aspirin metabolites [Na-salicylate (Na-SA), Na-salicylurate
(Na-SU), Na-gentisate (Na-GA)], on reduced glutathione
(GSH) and methemoglobin levels, and inhibition of methe-
moglobin reduction in G6PD-normal as well as in G6PD-
deficient human erythrocytes.

MATERIALS AND METHODS

Blood specimens

Venous blood obtained from the anti-cubital vein of normal
Caucasian volunteers (Number : 2; Age (yrs) : 25, 34, Sex : Male)
with normal levels of erythrocyte G6PD activity were used as
G6PD-normal specimens. The venous blood obtained from West
African volunteers available locally with G6PD-deficiency (Type :
GdA) (Number : 2; Age (yrs) : 21, 32, Sex : Male) were used as
G6PD-deficient specimens. No subjects of Mediterranean origin
with G6PD deficiency were available during the course of the
study. A 20 ml aliquot of venous blood from each of G6PD-normal
and G6PD-deficient volunteers were collected in acid-citrate-dex-
trose (ACD) solution, stored at 4°C and used within 12 hours.

Determination of packed cell volume

The packet cell volume (PCV) of erythrocytes was deter-
mined in heparinized capillary tubes using micro-hematocrit cen-
trifuge and reading device (Hawkslay and Sons Ltd, London, UK)
as described by Dacie and Lewis (13).

Preparations of erythrocytes

The 20 ml blood samples were centrifuged at 1500x g for 5
min, and the plasma and buffy layers of leucocytes were removed.
The erythrocytes were made free of leucocytes contamination by
washing twice with isotonic saline, and then reconstituted to their
original PCV in appropriate buffer. These reconstituted erythrocyte
suspensions, after being checked by Leishman stain for leukocyte
contamination (13, 14), were assayed for G6PD activity (10,15)
and then used in experiments as required.

Preparation of solutions of aspirin metabolites

Appropriate amounts of sodium salts of aspirin metabolites
(Na-SA, Na-SU, Na-GA) were dissolved in isotonic saline. When
0.2 ml of these solutions were added to 2.0 ml of G6PD-normal or
G6PD-deficient erythrocyte preparations, required final concentra-
tions of the aspirin metabolites were obtained as described in the
respective experiments.

Quantitation of reduced glutathione in erythrocytes

The reduced glutathione (GSH) contents in G6PD-normal
and G6PD-deficient erythrocyte preparations were measured
quantitatively by the method of Beutler et. al. (16, 17). The method
is based on spectrophometric measurement at 412 nm of the
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yellow color developed by adding 5.5'-Dithio-bis (2-nitrobenzoic
acid) to sulphahydryl compounds. The results were expressed as
mg GSH per 100 ml PCV.

Estimation of total hemoglobin and methemoglobin

The total hemoglobin (THb) and methemoglobin (MHb) con-
tents of erythrocytes were estimated by the modified method of
Dacie and Lewis (13,14). The amounts of MHb contents were
expressed as the percentage (%) of (THb.)

Effects of low concentrations of aspirin metabolites on
GSH levels in G6PD-normal and G6PD-deficient erythrocytes

G6PD-normal and G6PD-deficient erythrocyte preparations
were used in this experiment. Two ml aliquots in duplicate of each
erythrocyte preparations were used with 0.2 mM, 0.4 mM, 0.6 mM
and 0.8 mM final concentrations of each aspirin metabolite (Na-
SA, Na-SU, Na-GA). An assay mixture containing 0.2 ml of iso-
tonic saline, instead of 0.2 ml of the metabolite, served as the
control. Before the incubation was started and as soon as the
metabolites were added, 0.2 ml samples from each incubation
mixture were taken to measure the zero time GSH level in erythro-
cytes. The remaining assay mixtures (2.0 ml each) were then
quickly incubated at 37°C for up to 6 hours. From all the assay
mixtures, 0.2 ml samples were taken at 2, 4 and 6 hrs of incuba-
tion at 37°C and GSH levels were determined as mentioned ear-
lier. The results were expressed as mg GSH per 100 ml PCV.

Effects of higher concentrations of aspirin metabolites
on GSH levels in G6PD-normal and G6PD-deficient erythro-
cytes

A further experiment was carried out with higher concentra-
tions of each aspirin metabolite (Final concentrations: 1 mM, 5
mM, 10 mM and 20 mM). The assay procedure was the same as
in the preceding experiment. The GSH levels were measured at 0,
2, 4 and 6 hrs of incubation at 37°C and the results were
expressed as mg GSH/100 ml PCV.

Effects of aspirin metabolites on the methemoglobin
levels in G6PD-normal and G6PD-deficient erythrocytes

Two ml aliquots in duplicate of G6PD-Deficient erythrocyte
preparations were incubated with 0.03 mM, 0.06 mM, 0.15 mM
and 0.3 mM concentrations of each metabolite (Na-SA, Na-SU,
Na-GA) at 37°C (total volume of each assay mixture was 2.2 ml).
An aliguot of 0.2 ml sample from each assay mixture was taken at
0, 30, 60 and 150 min of incubation and processed for THb and
MHb estimation as stated before. The quantity of MHb was
expressed as percentage of THb as stated earlier.

Effects of aspirin metabolites on the reduction of methe-
moglobin in G6PD-normal and G6PD-deficient erythrocytes

It was reported that the rate of MHb reduction in nitrite -
treated red cells was inhibited in the presence of Na-SA (18). This
experiment was therefore designed to investigate the inhibitory
effects, if any, of aspirin metabolites (Na-SA, Na-SU, Na-GA) on
MHb reduction in G6PD-normal and G6PD-deficient intact ery-
throcytes. The erythrocytes containing about 85% MHb were pre-
pared by treatment with Na-NO, according to the modified
technique of Worathumrong and Grimes (18). These erythrocytes,
both normal and deficient, were resuspended to their original PCV
in their respective plasma supplemented with glucose (99 ml
plasma plus 1 ml isotonic saline containing 5% glucose). From
these erythrocyte preparations, 2 ml aliquots in duplicate were
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then incubated at 37°C with each of the aspirin metabolites at dif- mixture. The incubation was carried out in a shaking water bath at
ferent final concentrations (Na-SA : 10 mM, 25 mM, 50 mM, 100 37°C and 0.2 ml samples were taken at 0, 1, 2, 3, 4, 5 and 6 hrs.
mM; Na-SU : 5 mM, 10 mM, 20 mM, 25 mM; Na-GA : 1 mM, 5 for MHb estimation. The MHb concentrations were estimated and
mM, 10 mM, 15 mM) in a final volume of 2.2 ml for each assay the results were expressed as % of THb as stated earlier.

Table 1: The effects of low concentrations of Na-GA on GSH levels in G6PD-normal and G6PD-deficient erythrocytes.

Concentration mg GSH levels (% decrease) at different incubation periods
of aspirin

metabolites** N D N D N D N D
Control: 60.0 (0) 51.0 (0) 60.0(0) | 50.0(1.9) | 62.3(+3.3) | 50.8(0.4) | 64.1(+65) | 50.9(0.2)
0.2 mM - : 60.1(+0.2) | 495 (2.9) | 62.4 (+4.0) | 49.8(23) | 62.4(+4.0) | 489 (4.1
0.4 mM . . 59.4 (10) | 485(4.9) | 602(+03) | 483(3) | 602(+03) | 46.0 (9.8)++
0.6 MM - - 58.8(2.0) | 48.0(5.9) | 58.6(2.3) | 45.7 (10.4)++ | 57.7 (3.8) |43.3 (15.1)++
0.8 mM - - 57.0(5.0) | 46.0(9.8) | 56.1(65) | 44.8(12.2)++ | 54.5(9.2) | 38.4 (24.7)++

* GSH Conc:mg/100 ml PCV (Each value is the mean of 4 observations on 2 erythrocyte preparations in duplicate; N:G6PD-normal; D:G6PD-defi-
cient.

** The same concentrations of Na-SA and NA-SU showed no effects on GSH levels in either G/PD-normal or G6PD-deficient erythrocytes.

++ Significantly different from the respective control values (p<0.05).

Table 2: The effects of high concentrations of aspirin metabolites (Na-SA, Na-SU, Na-GA) on GSH levels in G6PD-normal and G6PD-
deficient erythrocytes.

Concentration % GSH levels (% decrease) in erythrocytes at different incubation periods*
of aspirin 0 hrs. 2 hrs 4 hrs 6 hrs
metabolites**

N D N D N D N D
Control:
Csa 100 (0) 100 (0) 99 (1) 100 (0) 99 (1) 100 (0) 99 (1) 100 (0)
Csu 100 (0) 100 (0) 99 (1) 100 (0) 100 (1) 99 (1) 100 (0) 100 (0)
Coea 100 (0) 100 (0) 98 (2) 98 (2) 97 (3) 95 (5) 96 (4) 93 (7)
1 mM Conc.:
SA; - - 98 (2) 100 (0) 98 (2) 100 (0) 98 (2) 100 (0)
suU; - - 100 (0) 98 (2) 100 (0) 100 (0) 100 (0) 101 (+1)
GA; - - 96 (4) 86 (14) 89 (11) 72 (28)+ | 82 (18)++ | 60 (40)++
5mM Conc.:
SA, - - 98 (2) 100 (0) 98 (2) 98 (2) 98 (2) 96 (4)
SU, - - 100 (0) 99 (1) 100 (0) 98 (2) 101 (+1) 101 (+1)
GA, - - 68 (32)++ | 67 (33)++ | 44 (56)+ | 31(69)++ | 23 (77)+ 11 (89)+
10 mM Conc.:
SA3 - - 97 (3) 98 (2) 97 (3) 96 (4) 94 (6) 92 (8)
SUz - - 99 (1) 99 (1) 100 (0) 97 (3) 101 (+1) 100 (0)
GA3 - - 41(59)++ | 40 (60)++ | 27 (73)++ | 19 (81)++ | 14 (84)++ | 8(93)++
15 mM Conc.:
SA, - - 97 (3) 98 (2) 95 (5) 95 (5) 90 (10) 86 (14)
SUy - - 98 (2) 98 (2) 100 (0) 96 (4) 100 (0) 97 (3)
GA, - - 24 (76)++ | 24 (76)++ | 16 (84)++ | 11(89) 80 (92) 4 (96)++
20mM Conc.:
SAg - - 95 (5) 96 (4) 93 (7) 90 (10) 87 (13) 80 (20)
SUg - - 100 (0) 97 (3) 101 (+1) 94 (6) 101 (+1) 95 (5)
GAg - - 15 (85)++ | 15(85)++ | 10 (90)++ | 7 (93)++ 5 (95)++ 2 (98)++

Cga: 100% GSH=61.0 mg/100 ml PCV for N, 100% GSH=50 mg/100 ml PCV for D; Cgy: 100% GSH=61.0 mg/100 mI PCV for N, 100% GSH=51
mg/100 ml PCV for D; Cga: 100% GSH=63 mg/100 ml PCV for N, 100% GSH=55 mg/100 ml PCV for D; N: G6PD-normal a+D: G6PD-deficient
erythrocytes;

** Significantly different from the respective control values (p<0.01).
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Figure 1: Percentage decrease in GSH levels in G6PD-normal
and G6PD-deficient erythrocytes, after 6 hrs incubation
with high concentrations (1 mM-20 mM) of Na-GA.
(*Significantly different from the control, p=0.05; +Sig-
nificant different between G6PD-normal and G6PD-
deficient erythrocytes, p 0.05).
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Statistical analysis
The statistical evaluation of the results were carried out by
Student's t-test (19).

RESULTS

Table 1 shows the effects of low concentrations of Na-
GA (0.2 mM-0.8 mM) on GSH levels in G6PD-normal (N)
and G6PD-deficient (D) erythrocytes. Na-GA started to
show effect at a concentration of 0.4 mM with deficient ery-
throcytes. When the concentration of Na-GA was
increased to 0.8 mM, both G6PD-normal and G6PD-defi-
cient erythrocytes were affected by 9.2% and 24.7%
respectively at 6 hrs of incubation. However, no effects
were observed in either N or D erythrocytes with the same
concentrations of Na-SA and Na-SU under similar experi-
mental conditions.

The effects of higher concentrations of aspirin
metabolites (1 mM-20 mM) on GSH levels in G6PD-normal
(N) and G6PD-deficient (D) erythrocytes are seen in Table
2. The control with Na-GA showed little change at 6 hrs. of
incubation, while with 1 mM Na-GA the GSH levels were
lowered to 82% and 60% for G6PD-normal and G6PD-
deficient erythrocytes, respectively. When Na-GA concen-
tration was increased to 5 mM, only 23% and 11% GSH
remained in normal and deficient cells, respectively. Above
this concentration Heinz body formation became evident,
erythrocytes became very fragile and heavy hemolysis
occurred after 6 hrs. of incubation. With 20 mM Na-GA, the
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levels of GSH were decreased by 95% and 98% in G6PD-
normal and G6PD-deficient erythrocytes. This prominent
effect of decreasing GSH levels in erythrocytes by Na-GA
are shown graphically in Figure 1. With similar concentra-
tions of Na-SA and Na-SU and under similar experimental
conditions, only slight lowering of GSH levels were
observed. Na-SA began to lower GSH levels at 10 mM,
and with 20 mM at 6 hrs of incubation GSH levels were
reduced in normal and deficient cells by only 13% and
20% respectively. With Na-SU no significant decrease in
GSH levels were observed even at 20 mM concentration
at 6 hrs. with G6PD-normal erythrocytes, while the GSH
levels was reduced by only 5% in G6PD-deficient erythro-
cytes.

Figure 2a: The inhibitory effects of Na-SA on MHb reduction in
G6PD-normal erythrocytes. (a:Significantly different
from the respective control values, p<0.05).
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Figure 2b: The inhibitory effects of Na-SA on MHb reduction in
G6PD-deficient erythrocytes. (a:Significantly different
from the respective control values, p<0.05).
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Table 3: The effects of low concentrations of Na-GA (0.03-0.3 mM) on MHb levels in GEBPD-normal (N) and G6PD-deficient (D) erythro-

cytes.
Concentration gm MHb per 100 gm THb at various incubation periods *

of Na-GA O hr 1/2 hrs 1,1/2 hrs 2,1/2 hrs

N D N D N D N D
Control: 1.1 1.2 11 1.3 1.2 1.7 1.7 2.0
0.03 mM - - 1.5 2.2 2.5 3.3 4.4 4.8
0.06 mM - - 1.3 2.1 4.1 4.2 4.5 6.2
0.15 mM - - 4.6 4.9 8.6++ 9.9++ 13.5++ 15.7++
0.03 mM - - 10.5++ 10.6++ 16.9++ 21.0++ 24 5++ 30.9++

* MHb as % of THb; Each value is the mean of duplicate observations on erythrocytes prepared from two volunteers of each type (Nor D); The
experiments carried out with the same concentrations of Na-SA and Na-SU showed no changes in the levels of MHb from the control values;

++ Significantly different from the respective control values (p<0.05).

Figure 3a: The inhibitory effects of Na-SU on MHb reduction in
G6PD-normal erythrocytes. [a:Significantly different
from the respective control values (p<0.05); b:Signifi-
cantly different from the respective values for G6PD-
deficient erythrocytes. (p<0.05) as shown in figure 3b.
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Figure 3b: The inhibitory effects of Na-SU on MHb reduction in
G6PD-deficient erythrocytes. [a:Significantly different
from the respective control values (p<0.05); b:Signifi-
cantly different from the respective values for G6PD-
normal erythrocytes. (p<0.05) as shown in figure 3a.
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Regarding the influence of aspirin metabolites on the
oxidation of hemoglobin, no effects on MHb formation in
either normal or deficient cells were observed with 0.03
mM-0.3 mM concentrations of Na-SA and Na-SU, but Na-
GA showed a slight effect even at the low concentration of
0.03 mM with both normal and deficient erythrocytes. The
formation of MHb was increased with increasing concen-
tration of Na-GA reaching 25% and 31% of THb at 2.5 hrs
for normal and deficient cells respectively (Table 3).

The effects on MHb reduction with increasing con-
centrations of aspirin metabolites are graphically pre-
sented in Figures 2 (Na-SA), Figure 3 (Na-SU) and Figure
4 (Na-GA). There was almost a linear relationship of the
inhibition of MHb reduction with time of incubation and
concentration for Na-SA and Na-SU. It can be seen from
Figures 2a and 2b that at all concentrations of Na-SA,
there was little difference in effect on the two types of ery-
throcytes. For example, with 100 mM Na-SA at 6 hrs of
incubation the MHb reduction was only 19.0% and 14.0%
in normal and deficient erythrocytes respectively. However,
Na-SU was observed to be more inhibitory with deficient
erythrocytes where % reduction of MHb was almost zero
with 25 mM concentration as compared to 5-19% reduc-
tion of MHb with 25 mM Na-SA (Figures 3a and 3b). With
Na-Ga, inhibition of MHb reduction was observed even at
the lowest concentration of 1 mM. At the highest concen-
tration of 10 mM Na-GA, inhibition of MHb reduction was
complete and at no time there was any reductive activity
present (Figures 4a and 4b). As with Na-SU, but unlike Na-
SA, Na-GA showed more inhibitory effects with G6PD-defi-
cient than G6PD-normal erythrocytes.

The intra-assay and inter-assay coefficients of varia-
tion were <3.0%. Since the standard deviations were quite
small, they are omitted from the tables and diagrams for
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Figure 4a: The inhibitory effects of Na-GA on MHb reduction in
G6PD-normal erythrocytes. [a: Significantly different
from the respective control values for G6PD-normal
erythrocytes (p<0.05); b: Significantly different from
the respective values for G6PD-deficient erythrocytes
(p<0.05) as shown in Figure 4b].
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Figure 4b: The inhibitory effects of Na-GA on MHb reduction in
G6PD-deficient erythrocytes. [a:Significantly different
from the respective control values (p<0.05); b: Signifi-
cantly different from the respective values for G6PD-
normal erythrocytes. (p<0.05) as shown in figure 4a.
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the sake of clarity. Some of the significant statistical values
are shown in the respective tables and figures.

DISCUSSION

The most significant findings of the present study
were concerned with large oxidation of GSH and the high
formation of MHb induced by Na-GA in G6PD-normal as
well as G6PD-deficient erythrocytes, although the effects
were more pronounced in the G6PD-deficient cells (Tables
1, 2 and 3). However, Na-SA and Na-SU appeared to
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show very little oxidative effect on GSH in erythrocytes
even with 20 mM concentration at 6 hrs. of incubation
(Table 2). Also, Na-SA and Na-SU did not appear to be
capable of oxidizing Hb to MHb in both types of erythro-
cytes. These observations, supported by the findings of
Shahidi and Westring (20), led to the notion that neither SA
nor SU can perhaps induce any appreciable oxidative
damage to Hb. Since GA alone was found to cause a sig-
nificant decrease in the in vivo survival of G6PD-deficient
red cells, Shahidi and Westring (20) proposed that GA acts
both as an inhibitor of G6PD-activity as well as an oxidiz-
ing agent. Considering these observations and our find-
ings of interest in the present study, GA seems to be the
main metabolite of aspirin with oxidative properties. The
role of other minor metabolites that may exist can not,
however, be ruled out (21).

The other findings of interest in the present study
inhibitory effects of aspirin metabolites on MHb reduction.
Inhibition of MHb reduction was readily detected for Na-
SA, Na-SU and Na-GA at concentrations 310 mM, 35 mM
and 31 mM, respectively (Figures 2, 3, 4), which agreed
with the results of Worathumrong and Grimes (18). The
inhibition of MHb reduction was always more pronounced
in the G6PD-deficient cells, presumably because of an
overall lack of reducing activity. Among the metabolites,
GA was reported to produce H,O, from MHb and
decrease the activity of GSH-peroxidase leading to
markedly increased erythrocyte fragility (22). The forma-
tion of MHb in small quantity (usually <1%) has been sug-
gested as a normal physiological process as there are
enzyme systems within erythrocytes (e.g. NADH-MHb
reductase, NADH-MHb reductase) which reduce MHb
back to Hb. It appears, therefore, that aspirin metabolites
act at different sites of the GSH and Hb metabolic path-
ways ultimately producing increased erythrocyte fragility
with consequent hemolysis. Of the metabolites, GA may
act at multi-points while SA and SU may act at more
restricted points of the GSH and Hb metabolism to pro-
duce their toxic effects in human erythrocytes.

The fragility of the cellular plasma membrane is, how-
ever, dependent on the integrity of the physiological antiox-
idant systems, e.g. vitamin E and selenium (23-25),
GSH-reductase and GSH-peroxidase (26, 27), superoxide
dismutase (27) and Vitamin C (28, 29). The nutritional
status and the integrity of the physiological antioxidant sys-
tems were unknown in our volunteers. Secondly, the activ-
ity of the drug metabolizing enzyme systems (liver
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microsomal cytochrome P 450 system) had been reported
to be dependent on the antioxidants like alpha-tocopherol
and selenium (30). Therefore, further studies are war-
ranted in these areas to understand fully the mechanism of
toxicity of aspirin metabolites in human erythrocytes. We
have made some studies on the effects of aspirin metabo-
lites on NADH-MHb reductase (Diaphorase) activity in
normal human erythrocytes and the results will most likely
be reported in the future issue of this journal.
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