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A b s t r a c t :  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 1-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 kits 
(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/109Er in male rats, 144.3 ± 20.6 mU/109 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 lidaprim 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.  
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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 1-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/109Er, was determined in fresh 
blood haemolysates with the quantitative method of Kornberg et al., 1955 [8], 
using “Boehringer-Mannheim” diagnostic assay kits [8,9].   

The principle of the above-method is based on the reaction catalysed by 
G6P-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  
(×1012/l);  leukocyte count (×109/l); 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 (×109/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/109Er in male and 144.26 ± 20.55 mU/109Er 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/109Er) in the control groups 
 and groups of rats of both genders 

Slika 1 ‡ Aktivnost na G6P-DH (mU/109Er) kaj kontrolni 
i tretirani staorci od dvata pola 

 
Amoxiclav administration provoked a significant reduction (p < 0,001) 

in the enzyme activity for 13.6% of male (121.14 ± 8.26 mU/109Er) and 19.4% 
of female rats (116.28 ± 17.53 mU/109Er), 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/109Er) and 8.8% of 
female rats (131.61 ± 3,91 mU/109Er), (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/109Er) and 
30.1% in female rats (187.67 ± 5.31 mU/109Er) 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/109Er, while 
in female rats the enzyme activity amounted to136.73 ± 13.17 mU/109Er, 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 – Tabela 1 
 

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

Hematolo{ki parametri kaj kontrolni i tretirani staorci, 
 od ma{ki pol 

 
  

Haematological 
parameters 

(mean value± SD) 

Control 
group 

Treatment 
with 

amoxiclav 

Treatment 
with 

lidaprim 

Treatment 
with 

CDNB 

Treatment with 
lidaprim+CDNB 

Er (×1012/l) 8,2±0,6 8,2±0,49 7,8±0,88 7,42±0,56 8,05±0,96 

Hb (g/l) 150,5±13,42 152,4±8,43 141,8±11,96 134,80±13,54 148,40±17,11 

Hct (%) 44,9±3,32 44,2±2,22 43±4,06 40,94±3,56 44,52±5,98 

MCV (fl) 54,6±2,04 53,9±2,26 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/l) 335,3±1,60 344,4±1,28 330,3±0,87 331,2±0,58 334,4±0,88 

Le (×109/l) 8,03±1,89 9,1±2,81 7,9±1,46 9,90±3,44 9,06±2,50 

Plt (×109/l) 868,9±294,3 1000,1±71,7 874,0±150,9 898,2±141,21 881,20±102,07 
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Table 2 – Tabela 2 

 
Haematological data obtained with automated equipment (counter)  

in the female control and treated rats 
Hematolo{ki parametri kaj kontrolni i tretirani staorci, od `enski pol 

 
Haematological 

parameters 
mean value± SD) 

Control 
group 

Treatment 
with 

amoxiclav 

Treatment 
with 

lidaprim 

Treatment with
CDNB 

Treatment 
with lida-

prim+CDNB 

Er (×1012/l) 7,7±0,84 8±0,53 6,6±0,62 6,53±0,63 7,56±0,22 
Hb (g/l) 146,5±15,70 150±6,35 130,8±10,06 133,20±11,29 126,00±6,02 
Hct (%) 42,5±4,16 44±2,10 38,4±2,55 38,32±3,16 39,82±1,46 

MCV (fl) 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 18,2±0,75 19,9±1,19 20,16±0,79 17,64±0,69 

MCHC (g/l) 344,7±0,64 341,3±0,47 339,2±1,03 340,4±1,43 304,6±1,84 
Le (×109/l) 8±3,24 11,6±3,57 7,6±1,21 10,88±2,73 7,56±0,57 
Plt (×109/l) 761,9±269,5 862,7±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 
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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 lidaprim 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 370C, 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. 



128 V. Anastasovska, B. Đošić-Markovska, et al. 

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

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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Glukozo-6-fosfat dehidrogenazata ‡ G6P-DH (EC.1.1.1.49) ja katali-
zira oksidacijata na glukozo-6-fosfat vo 6-fosfoglukonat, pri {to se 
producira reduciran nikotinamid adenin dinukleotid fosfat (NADPH), 
neophoden vo odbranata na eritrocitite od oksidativno o{tetuvawe.  

Celta na ovoj trud e da se ispita vlijanieto na amoksiklavot (kom-
binacija na amoksicilin i klavulonska kiselina) i lidaprimot (kombina-
cija na trimetoprim i sulfametrol), vrz aktivnosta na G6P-DH vo eritro-
citi na staorci. Istra`uvawata se napraveni vo sve` hemolizat na eri-
trociti, kaj beli laboratoriski staorci (n = 80), soj Wistar, od dvata pola. 
Za eksperimentalni celi go ispitavme i vlijanieto na toksi~niot 1-hloro-
2,4-dinitrobenzen (CDNB), vrz aktivnosta na enzimot.  

Aktivnosta na enzimot e odreduvana po metodata na Kornberg i sor. 
(1955), so dijagnosti~ki kitovi od firmata „Boehringer-Mannheim“ preku me-
rewe na brzinata na sozdavawe na NADPH, na 340 nm (Cecil 2021). Konstati-
ravme nesignifikantna razlika vo enzimskata aktivnost pome|u ma{kata 
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(140,16±21,18 mU/109Er) i `enskata kontrolna grupa (144,26±20,55 mU/109Er), 
a vrednostite se vo soglasnost so onie dobieni kaj humanata populacija. 
Isto taka lidaprimot kaj staorcite od dvata pola ne predizvika stati-
sti~ki zna~ajna promena vo aktivnosta na enzimot, vo odnos na kontrolata. 
Tretmanot so amoksiklav ja namali aktivnosta na enzimot za 13,6% kaj 
ma{kite i 19,4% kaj `enskite staorci (p < 0.001), dodeka tretmanot so 
CDNB ja zgolemi aktivnosta na istiot za 49,7% kaj ma{kite staorci i za 
30,1% kaj `enskite (p < 0.001), vo odnos na kontrolnite staorci. 

Se prepora~uva testirawe na hemoliti~kiot potencijal na novite 
lekovi pred nivnata upotreba, osobeno vo podra~jeto na Mediteranot kade 
{to ovaa enzimopatija e ~esta, imaj}i go predvid podatokot deka postoi 
lista na lekovi koi imaat vlijanie vrz aktivnosta na G6P-DH vo eritroci-
tite. Ispituvawata na belite laboratoriski staorci kako eksperimen-
talen model otvora {iroki mo`nosti za ponatamo{ni istra`uvawa na ova 
pole.  

 
Klu~ni zborovi: eritrocitna G6P-DH, staorci, amoksiklav, lidaprim, 1-hlo-
ro-2,4-dinitrobenzen. 
 

 
 
 

 


