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Abstract: The enzyme glucose-6-phosphate dehydrogenase (G6P—DH,
EC.1.1.1.49) catalyzes the oxidation of glucose-6-phosphate in 6-phosphogluconat
which is indispensable in the defence of erythrocytes from oxidative insult. The aim of
this study was to examine the influence of commonly used drugs in our medical prac-
tice, amoxiclav (amoxicillin-clavulanate combination) and lidaprim (trimethoprim-sul-
famethrole combination) respectively, upon the erythrocyte G6P-DH activity in experi-
mental rats. In addition, the effect of the toxic drug /-chloro-2,4-dinitrobenzen (CDNB)
on the activity of G6P-DH was examined. The experiment was conducted in fresh blood
haemolysates of white laboratory rats, Wistar type, of both genders (n = 80). The
enzyme activity was determined by “Boehringer-Mannheim” diagnostic assay Kkits
(Kornberg et al., 1955). However, the measured enzyme activity in the control group of
rats was found to be a statistically insignificant difference between the genders (140.2 +
21.2 mU/10°Er in male rats, 144.3 + 20.6 mU/10° in the female group). Hence, the
established enzyme activity does not differ from the activity of the same enzyme in
healthy human subjects. The administered dose of /idaprim did not affect the activity of
G6P-DH in the treated group of rats, thus attaining levels similar to the control group.
By contrast, amoxiclav administration provoked a significant reduction in enzyme
activity of 13.6% in male and 19.5% in female rats (p < 0.001), while the treatment with
CDNB significantly increased the activity of the latter to 49.7% in male and 30.1% in
female rats (p < 0.001) in comparison with the control ones. Testing of haemolitical
potential is strongly recommended prior to the use of new drugs, particularly in the
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Mediterranean region, were this enzymopathy is found to be frequent bearing in mind
that there is an established list of drugs which affect the G6P-DH activity in the
erythrocytes. The above-mentioned method may be used in experimental animal models
allowing for administration of a wider selection of drugs in this type of research.

Key words: erythrocyte G6P-DH, rats, amoxiclav, lidaprim, 1-chloro-2,4-dinitrobenzen.

Introduction

Under normal physiologic conditions, 10% of glucose in the erythrocy-
tes is metabolized via the pentose-phosphate pathway of carbohydrate meta-
bolism.

The enzyme glucose-6-phosphate dehydorgenase (G6P-DH, EC.1.1.1.49)
catalyses the oxidation of glucose-6-phosphate in 6-phosphogluconate, causing
the production of reduced nicotinamide adenine dinucleotide phosphate coen-
zyme (NADPH) which is indispensable in the erythrocyte defence from oxi-
dative insult [1, 2, 3, 4]. G6P-DH deficiency is the most common human enzy-
mopathy particularly in the Mediterranean area [1]. The majority of drugs with
a haemolytic potential (antimalarics, analgetics, antipyretics, sulfonamides,
chloramphenicol, etc) are additional factors for clinical manifestation of this
enzyme deficiency [5, 6].

G6P-DH deficiency was discovered as a result of a series of investi-
gations performed on persons with developed haemolytic anaemia after the
ingestion of primaquine as an antimalarian drug [7].

The aim of this study was to examine the influence of commonly-used
drugs in our human medical practice, amoxiclav and lidaprim respectively,
upon the erythrocyte G6P-DH activity in experimental rats. In addition, the ef-
fect of the toxic drug I-chloro-2,4-dinitrobenzen (CDNB) on G6P-DH activity
was examined because of its well-known influence leading to irreversible
depletion of erythrocyte reduced glutathione (GSH), for the recurrence of which
G6P-DH activity is necessary.

Materials and methods

White laboratory rats, Wistar type of both genders (n = 80), weighing
approximately 170-250 g. each at the start of the experiment, were used in this
experimental research. The laboratory animals were obtained from the animal
facility at the Institute of Biology of the Faculty of Natural Sciences and Mathe-
matics, Skopje. All animals were fed with standard feed for laboratory animals
and water ad libitum
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The study was performed with the following groups of rats: (I) a control
group of rats (n = 48, A, B); (II) rats receiving 40 mg/kg/day suspension of
amoxiclav (amoxicillin-clavulanate combination), made by Lek-Ljubljana (n =
20, A1, B1); (III) rats receiving 20 mg/kg/day suspension of lidaprim (trimetho-
prim-sulfamethrole combination), made by Alkaloid-Skopje (n = 20, A2, B2);
(IV) rats receiving one dose of 50 mg/100g CDNB (n = 20, A4, B4) admini-
stered one hour before determination of the enzyme activity and (V) rats recei-
ving 20 mg/kg/day suspension of lidaprim followed with administration of 50
mg/100g CDNB dose as the afore-mentioned, one hour before determination of
the enzyme activity (n =20, A3, B3).

The drug suspensions were administered orally during the 11 days,
orally with a probe at the same time of day, while only a dose of CDNB was
applied as a substance.

The enzyme activity measured in mU/10°Er, was determined in fresh
blood haemolysates with the quantitative method of Kornberg ef al., 1955 [8],
using “Boehringer-Mannheim” diagnostic assay kits [8,9].

The principle of the above-method is based on the reaction catalysed by
GO6P-DH activity, where the rate of NADPH production is a measure of the
enzyme activity. The change of absorbance at 340nm was read on a Cecil 2021
type spectrophotometer.

The following haematological parameters were determined prior to the
function of the biochemical features of experimental animals: erythrocyte count
(x10'/1); leukocyte count (x10°/1); total haemoglobin level (g/l ); haematocrite
(%); MCV (mean corpuscular volume — fl), MCH (mean corpuscular haemo-
globin — pg.), MCHC (mean corpuscular haemoglobin concentration — g/dl) and
platelet count (x10%/L).

The haematological data were performed with automated equipment — a
veterinary cell counter for in vitro diagnostics (Celly-Hycel, France).

The results were submitted to statistical analysis using the Student’s t-
test, p < 0.05 was considered significant. The results in Tables 1, 2 and Figure 1
are presented as a mean value = SD.

Results
In the control group of rats a G6P-DH activity of 140.16 £ 21.18

mU/10°Er in male and 144.26 + 20.55 mU/10°Er in female rats was measured.
The difference of 2.8% between the genders was statistically insignificant

(Figure 1).
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Figure 1 — The erythrocyte G6P-DH activity (mU/10°Er) in the control groups
and groups of rats of both genders

Cnuka 1 — Axitiuenociti na G6P-DH (mU/10°Er) kaj KoHilipoaHu
U Wpetmupanu cliaopuyu 00 08aitia noad

Amoxiclav administration provoked a significant reduction (p < 0,001)
in the enzyme activity for 13.6% of male (121.14 + 8.26 mU/10°Er) and 19.4%
of female rats (116.28 + 17.53 mU/10°Er), in comparison to the control group-
baseline (Fig. 1). The difference of 4.2% in enzyme activity between the
genders did not differ significantly.

Despite the above-mentioned treatment, the administered dose of lida-
prim did not affect the activity of G6P-DH in the treated group of rats; therefore
this attained level was similar to the control group. However, the G6P-DH
activity was reduced by 4.9% of male (133.25 + 6,37 mU/10°Er) and 8.8% of
female rats (131.61 + 3,91 mU/10°Er), (Fig. 1). The difference of 1.1% in enzy-
me activity between the genders was also statistically insignificant.
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The treatment with CDNB resulted in a significant enhancement (p <
0.001) in the enzyme activity by 49.7% in male (209.76 + 13.07 mU/10°Er) and
30.1% in female rats (187.67 £ 5.31 mU/10°Er) as compared with thevalues
achieved in enzyme activity in the control groups of rats. The difference of
11.8% in enzyme activity between genders was also statistically significant (p <
0.05, Fig. 1).

In contrast, the lidaprim treatment followed with CDNB administration
did not significantly alter the enzyme activity in either genders of rats. In male
rats the measured G6P-DH activity amounted to 138.69 + 9.97 mU/10°Er, while
in female rats the enzyme activity amounted t0136.73 + 13.17 mU/10’Er, with
an insignificant difference in the enzyme activity between both groups of
animals (Fig. 1).

Summarizing the results of the measured haematological parameters, it
can be assumed that they were in the function of the biochemical properties of
the control and treated group of rats of both genders (Tables 1 and 2).

The haematological data obtained in the control rats corresponds to the
same data presented in literature [10].

Table 1 — Tab6emna 1

Haematological data obtained with automated equipment (counter)
in the male controls and treated rats

XeMaToJIolIKH NapaMeTpH Kaj KOHTPOJIHH H TPETHPAHH CTAOPLH,

O MAIIIKH [TOJT
Haematological Control Treatment | Treatment Treatment | Treatment with
parameters group with with with lidaprim+CDNB
(mean valuet SD) amoxiclav lidaprim CDNB
Er (x10'%/1) 8,240,6 8,240,49 7,840,88 7,4240,56 8,05+0,96
Hb (g/1) 150,5£13,42 | 152,448,43 | 141,8£11,96 [ 134,80+13,54| 148,40+17,11
Het (%) 44,943,32 4424222 43+4,06 40,9443,56 44,52+5,98
MCV (11) 54,6+2,04 53,942,26 55,1£1,99 56,05£0,98 55,18+1,93
MCH (pg) 18,31£0,95 | 18,5£0,70 18,2£0,97 18,50£0,62 18,44+0,46
MCHC (g/1) 335,3£1,60 | 344,4+1,28 | 330,3+£0,87 | 331,24+0,58 334,4+0,88
Le (x10°/1) 8,03£1,89 9,1£2,81 7,9£1,46 9,90+3,44 9,06£2,50
Plt (x10°/1) 868,9£294,3 [1000,1+71,7| 874,0+£150,9 |898,2+141,21 | 881,20+102,07

TIpunosnu, Oppt. 6uon. nmen. Haykn XXVI/1 (2005) 121-131



126

V. Anastasovska, B. Posi¢-Markovska, et al.

Table 2 — Tabena 2

Haematological data obtained with automated equipment (counter)
in the female control and treated rats

XeMaTonowku napaMeTpH Kaj KOHTPOJIHH H TPETHPAHH CTAOPLH, Off XKEHCKH 10T

Haematological Control Treatment Treatment | Treatment with | Treatment
parameters group with with CDNB with lida-
_mean value+ SD) amoxiclav lidaprim prim+CDNB
Er (x10'%/1) 7,7+0,84 840,53 6,6+0,62 6,53+0,63 7,56+0,22
Hb (g/) 146,5+15,70( 150+6,35 130,8+£10,06 | 133,20+11,29 | 126,00+6,02
Het (%) 42,544,16 | 4442,10 38,442,55 | 383243,16 | 39,82+1.46
MCV (1) 55,6+2,40 55,3+£2,40 57,3£2,44 59,66+3,12 56,94+1,89
MCH (pg) 19,16+0,78 18,240,75 19,9£1,19 20,16+0,79 17,64+0,69
MCHC (g/1) 344,7+0,64 | 341,3+0,47 339,241,03 340,4+1,43 304,6+1,84
Le (x10°/1) 813,24 11,643,57 7,6%1,21 10,88+2,73 7,5610,57
Plt (x10%1)  |761,94269,5| 862,7+345,8 | 1030,8+57,5 | 825,60+100,84 | 914,40+33,06

The amoxiclav and lidaprim administration changed significantly few
haematological parameters only in female rats, as compared with the same
control values. However, the treatment with amoxiclav provoked a significant
enchancement in leukocyte count by 44.4%. The lidaprim application caused a
significant reduction in the erythrocyte count and total haemoglobin level by
14% and 10.7% respectively, while the platelet count was significantly increa-
sed by 35.5% (Table 2). The treatment with /lidaprim followed with admi-
nistration of a dose of CDNB caused a decline in the total haemoglobin level of
14% while the exposure to only a dose of CDNB, established a significant
decrease in the erythrocyte count by 14.8% (p < 0.05), in female rats (Table 2).

Discussion

The results in the present study which refer to the measured enzyme
activity of glucose-6-phosphate de hydrogenase in control rats, indicate that
there is no difference in derived values between the genders, and correspodends
with the referent data achieved by the Kornberg et al. method [8,9]. The latter
results are consitent with the results for enzyme activity measured in a healthy
human population [11, 12]. Therefore, comparison between the G6P-DH
activity in experimental animals and the human population is possible.

The objective of this study was to examine the influence of commonly-
used drugs in our medical practice, amoxiclav and lidaprim, on the G6P-DH

Contribution, Sec. Biol. Med. Sci XXVI/1 (2005) 121-131



Erythrocyte glocose-6-phosphate dehydrogenase.... 127

activity in the erythrocytes of experimental rats and their possible implication
on other biochemical parameters.

Amoxiclav administration provoked a significant decrease of the en-
zyme activity in rats of both genders (p < 0.001). We assumed that this type of
amoxiclav influence is probably due to the presence of amoxicilin (halfsynthetic
penicillin) as its own active component. In support of the above results are the
results expressed in laboratory rats (Sprague-Dawley) which suggest that the
ampicillin as a halfsynthetic penicillin causes a significant decrease of
erythrocyte G6P-DH activity, provoking uncompetitive inhibition [5].

The groups of animals exposed to /idaprim administration id not de-
monstrate a statistical change of enzyme activity in rats of either gender as
compared with intact rats. Lidaprim belongs in the group of sulphonamides
which are on the list of drugs with haemolitical potential and cause a clinical
manifestation of G6P-DH deficiency.

The enzyme activity measured before the treatment on experimental
animals does not indicate enzyme deficiency, hence lidaprim did not fulfil its
haemolitical potential. In the available literature we did not find data about
lidaprim's influence on erythrocyte G6P-DH activity in rats, but data about the
haemolitical potential of the analogues on its compound components in G6P-
DH deficient people are described and discussed. Actually, sulphanilamide and
sulphamethoxazole induce clinically significant haemolysis by a decrease of the
intracellular reduced glutathione (GSH) concentration in erythrocyte G6P-DH
deficient people [6, 13, 14, 15].

The treatment with CDNB significantly increased the erythrocyte G6P-
DH activity in of both rat genders, because erythrocyte glutathione (GSH) can
be rapidly depleted by incubating the cells with CDNB, which forms an unde-
graded GSH-CDNB conjugate with GSH through the reaction catalysed by
erythrocyte glutathione-S-transferase (E.C.2.5.1.18). Namely, with incubation
with CDNB at 37°C, more than 80% of erythrocyte GSH is conjugated within 5
minutes, while it is completely depleted in an hour. The depletion of erythrocyte
GSH by 1-chloro-2, 4-dinitrobenzen results in a rapid oxidation of haemoglobin
to methaemoglobin, so GSH is important in maintaining the reduced enviro-
nment within the erythrocytes, for which synthesis is a necessary NADPH-
product of the reaction catalyzed by G6P-DH [16, 17].

The ability of CDNB to erythrocyte GSH depletion on the hereditary
G6P-DH deficiency level is useful for experimental aims such as proving a
significantly increased risk of haemoglobin glycolysation, which leads to high
damage of GSH and G6P-DH deficient-erythrocytes [18]. CDNB administration
is considered to provoke oxidative stress in erythrocytes, which is a crucial
factor for cell disintegration, haemolysis with concomitant development of
haemopoethic stress and reticulocytosis as a response to the oxidative injury.
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The reticulocytes have a 10 times higher glycolytical and G6P-DH enzyme
activity than the mature erythrocytes, because of their intensive metabolism [19,
20]. In addition to the opinion about the causing of erythrocyte oxidative
damage by toxic substances, there is a study about rats treated with 2000-ppm
lead acetate in drinking water for a period of 5 weeks. The demonstrated signs
of anamia and lipid peroxidation, as evidenced by increased malondialdehyde
content, as well as decreases in reduced glutathione (GSH) and increases in ca-
talase and G6P-DH activity were noted in erythrocytes from lead-treated rats,
suggesting lead-induced oxidative stress [21].

In contrast to exposure to only a dose of CDNB, the treatment with
lidaprim followed with CDNB administration of a dose, did not demonstrate
any significant difference in erythrocyte G6P-DH activity, probably as a result
of the suppressible impact of lidaprim on the toxic substance. The latter could
not be confirmed in the available literature.

Conclusions

1. The registered values for erythrocyte G6P-DH enzyme activity in
control rats correspond with similar studies and with the referent values as by
Kornberg et al. method [8].

2. The treatment with amoxiclav marked a significant reduction in
enzyme activity in genders both of rat as compared with the control values.

3. The administered dose of lidaprim did not affect erythrocyte G6P-
DH activity in the treated group of rats, thus attaining levels similar to the
control group.

4. The exposure to CDNB significantly increased the enzyme activity in
rats of both genders in comparison to the control group.

5. Lidaprim administration reveals a non-significant reliance in G6P-DH
activity in the group of rats treated with lidaprim followed by one dose of CDNB.

6. The method described above may be successfully applied in

laboratory research for testing the haemolitical potential of new drugs,
particularly in areas where G6P-DH enzymopathy is a common disease.
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I'myko3o-6-cocdar pexupporenazara — G6P-DH (EC.1.1.1.49) ja xaTamu-
3Wpa OKcHjanujaTa Ha TIyK030-6-pochar Bo 6-ocdormykonar, mpu mro ce
MpoAyIMpa pefyluupaH HUKOTHHAMUJ afeHuH auHykiaeotHy gochar (NADPH),
HEONXOfIeH BO ofi0paHaTa Ha €PUTPOLUTHUTE O] OKCUIATUBHO OLITETYBAHE.

IenTa Ha OBOj TPYA € Aa ce UCINTA BIMjaHUETO HA AMOKCUKAABOU (KOM-
OVHanyja Ha aMOKCHIMIINH 1 KJIaBYJIOHCKA KUCEINHA) U Audaipumoiti (KOMOMHA-
[Uja Ha TPUMETOIIPAM | cyihaMeTpoI), Bp3 akTuBHOCTa Ha G6P-DH Bo epuTpoO-
IUTH Ha craopuu. McTpaxyBamaTa ce HAlPaBeHM BO CBEX XEMONM3aT Ha epH-
TPOLUTH, Kaj 6enu nabopartopucku craopuu (n = 80), coj Wistar, of fBaTa nona.
3a eKclepuMeHTAaJHH IIeNIU IO UCIUTAaBMe U BIUjaHNETO Ha TOKCUYHUOT 1-XJI0po-
2,4-puautpobensed (CDNB), Bp3 akTUBHOCTa Ha €H3UMOT.

AKTHMBHOCTA Ha €H3UMOT € OfpeayBaHa o MeTofaTa Ha Kornberg u cop.
(1955), co pujarHOCTMYKYM KUTOBH Off (hupmara ,,Boehringer-Mannheim® npexky me-
peme Ha Op3uHaTa Ha co3faBatkbe Ha NADPH Ha 340 nm (Cecil 2021). KoncraTu-
paBMe HeCUTHU(DMKAHTHA pas3jiMKa BO €H3UMCKaTa aKTHUBHOCT MOMely MallKaTa
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(140,16+21,18 mU/10°Er) u s)eHcKaTa KOHTpoJsiHa rpyna (144,26+20,55 mU/10°Er),
a BPEJHOCTHUTE Ce BO COTJACHOCT CO OHHME JOOMEHW Kaj XyMaHaTa MOMyJalyja.
Hcro Taka audaiipumoini Kaj cTaopuuTe Off ABaTa MOJIa HE MPEW3BUKA CTATH-
CTHYKH 3HauajHa IIPOMEHA BO aKTUBHOCTA HAa €H3MMOT, BO OHOC Ha KOHTpOJIaTa.
TpeTMaHOT CO amoKcukaaé ja HamManu aKTUBHOCTAa HA eH3UMOT 3a 13,6% kaj
MamkuTe u 19,4% kaj xxeHckure ctaopum (p < 0.001), momeka TpeTMaHOT CO
CDNB ja 3roneMu akKTUBHOCTa Ha MCTHOT 3a 49,7% Kaj MalIKuTe CTaopuu U 3a
30,1% xaj xeHckure (p < 0.001), BO OHOC HA KOHTPOJIHUTE CTAOPL.

Ce mpenopauyBa TeCTUpamhe Ha XeMOJUTUIKUOT MOTEHIMjall HA HOBUTE
JICKOBH TIpeJi HUBHATA ynoTpeba, 0coOOCHO BO MOfipayjeTo Ha MeguTepaHoT Kajie
IITO OBaa €H3WMOIAaTHja € YecTa, UMajKu TO MPEeABUJ MOJATOKOT fieKa IIOCTOU
JIMCTa Ha JIEKOBM KOW MMaaT BiIMjaHUe Bp3 akTuBHOCTA Ha G6P-DH BO epuTponm-
tute. McnuryBamaTa Ha OeauTe 1aOOpAaTOPUCKM CTAOPLU KAaKO €KCIepUMEH-
TaJIeH MOJIeJI OTBOpa IUPOKH MOKHOCTH 3a TIOHATAMOIIHN HCTPaKyBamka Ha OBa
rmoJie.

Kayunu 360posn: epurporuraa G6P-DH, craopim, aMOKCHKIIAB, JIMIATIPAM, 1-XIT0-
pO-2,4-TUHATPOOEH3EH.
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