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Review 
 

The significance of artemisinin in roll back malaria 
partnership programmes and cancer therapy 

 

Obimba, Kelechukwu Clarence 
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Umudike. Abia State, Nigeria. E-mail: kccob@yahoo.com. Tel: 07034851899. 

 
Accepted 13 December, 2011 

 

The role of the natural product, artemisinin, is discussed, with a view to elucidating its importance as 
an antimalarial, essential to sustainable global development, especially in the health and welfare 
industry. An estimated 243 million cases of malaria led to an estimated 863,000 deaths in 2008. The Roll 
Back Malaria (RBM) Partnership is a global network for co-ordinated action against malaria, launched in 
1998 by the World Health Organization (WHO), United Nations International Children Emergency Fund 
(UNICEF), United Nations Development Programme (UNDP), and World Bank. It promotes consensus 
among key actors in malaria control, harmonizes action, and mobilizes resources to fight malaria in 
endemic countries. Large scale use of antimalarial monotherapies such as quinoline compounds (for 
example, chloroquine) and antifolate drugs (for example, sulfonamides), have culminated in cross-
resistance, especially of Plasmodium falciparum, to these conventional antimalarial drugs. Artemisinin, 
(a sesquiterpene lactone), isolated from the plant Artemisia annua, is a drug used to treat multi-drug 
resistant strains of falciparum malaria. Saccharomyces cerevisiae microbes can produce the precursor 
artemisinic acid, by a technique of synthetic biology. The total synthesis of artemisinin can also be 
performed using the organic reagents, isopulegol. The iron-porphyrin complex-moiety, produced during 
plasmodium infection of the red blood cells, reacts with artemisinin, a potent inhibitor of hemozoin 
formation, to produce reactive oxygen radicals which damage the parasite leading to its death. 
Artemisinin acts on the electron transport chain, by causing the depolarization of the parasite’s 
mitochondrial membrane, and kills the asexual forms of plasmodium at the erythrocytic stage. 
Artemisinin selectively inhibits the production of estrogen receptor-alpha gene and thus, arrests the 
growth of estrogen responsive breast cancer cells. Artemesinin is not used for malaria prophylaxis 
because of it’s extremely short activity. Artemisinin is fast-acting and poorly bioavailable. The use of 
semi-synthetic derivatives and analogues of artemisinin, such as artesunate, and artemether, in the 
production of Artemisinin-based combination therapies (ACTs), for example, lumefantrine-artesunate, 
increase the therapeutic efficiency of artemisinin to more than 90%, and prevents recrudescence.  
 
Key words: Artemisinin, monotherapies, plasmodium, artemisinin-based combination therapies.  

 
 
INTRODUCTION 
 
Recent estimates of the global malaria burden have 
shown increasing levels of malaria morbidity and 
mortality, reflecting the deterioration of the malaria 
situation in Africa during the 1990s. Half of the world’s 
population is at risk of malaria. An estimated 243 million 
cases led to an estimated 863,000 deaths in 2008. 
Administration of fake malarial drugs has been implicated 
as a major causative factor of proliferation of drug-

resistant malarial parasites leading to large scale deaths, 
due to malarial infections (Basco, 2004). About 90% of 
malaria deaths occur in Africa south of the Sahara, and 
the great majority of them, are children under five (Acton 
and Roth, 1992). The RBM partnership is a global 
network for co-ordinated action against malaria, launched 
in 1998 by WHO, UNICEF, UNDP, and World Bank. It 
promotes   consensus  among   key   actors   in   malaria  
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Dimethylallyl pyrophosphate + 3-isopentenyl pyrophosphate Geranyl pyrophosphate.  

 
Geranyl pyrophosphate 3-isopentenyl pyrophosphate                              Farnesyl pyrophosphate /diphosphate 

 
 

  
 

Figure 1. Biosynthesis of farnesyl pyrophosphate (Wikipedia, 2011). 
 
 
 

control, harmonizes action, and mobilizes resources to 
fight malaria in endemic countries. The use of long-
lasting insecticidal nets; enlightenment, encouraging 
indoor spraying of insecticides coupled with artemisinin-
based combination therapies has engendered large-scale 
global malaria control. Antimalarial drugs were deployed 
on a large scale, always as monotherapies, introduced in 
sequence, and were generally poorly managed, in that, 
their use was continued despite unacceptably high levels 
of resistance. 

In addition, there has been over-reliance on both 
quinoline compounds (that is, quinine, chloroquine, 
amodiaquine, mefloquine and primaquine) and antifolate 
drugs (that is, sulfonamides, pyrimethamine, proguanil 
and chlorproguanil), with consequent encouragement of 
cross-resistance among these compounds (Mutabingwa 
et al., 2005). This abuse of antimalarial drugs during the 
past century, resulting in the widespread resistance of 
Plasmodium falciparum to conventional antimalarial 
drugs, such as chloroquine, sulfadoxine–pyrimethamine 
(SP) and amodiaquine, has contributed to the increasing 
malaria mortality and morbidity (Rowen, 2009). 
Artemisinin, (a sesquiterpene lactone), is derived from a 
herb, Artemisia annua, and is used as a drug to treat 
multi-drug resistant strains of falciparum malaria (Parker 
et al., 1999). Artemisinin is used in Chinese traditional 
medicine, though it is usually chemically modified and 
combined with other medications (Acton and Roth, 1992). 
Physical and chemical data on artemisinin include: 
Systematic (IUPAC) name: 
(3R,5aS,6R,8aS,9R,12S,12aR)-octahydro-3,6,9-
trimethyl-3,12-epoxy-12H-pyrano[4,3-j]-1,2-
benzodioxepin-10(3H)-one; Formula: C15H22O5; Mol. 

mass: 282.332 g/mol.; Density: 1.24 ± 0.1 g/cm³; Melt. 
Point: 152 to 157°C (306 to 315°F); Routes of 
administration: Oral, rectal, intramuscular, or intravenous 
uses (Acton and Roth, 1992). 
 
 
BIOSYNTHESIS OF ARTEMISININ 
 
Saccharomyces cerevisiae microbes can produce the 
precursor artemisinic acid, by a technique of synthetic 
biology, via the mevalonate pathway, a pathway for the 
production of terpenes and terpene products such as 
cholesterol and plant sterols. The metabolism of the 
microbe is engineered to produce artemisinic acid, a 
precursor to artemisinin. Starting from acetyl-CoA (an 
abundant product of the central metabolism of many 
microbes), the microbes produce, in turn, mevalonate, 
farnesyl pyrophosphate (FPP) as shown in Figure 1. 
Amorphadiene, produced by the enzymatic catalysis of 
amorphadiene synthase on farnesyl pyrophosphate. A 
novel cytochrome P450 monooxygenase (hydroxylase) 
oxidizes artemisinic alcohol to artemisinic acid (Sarpong 
and Keasling, 2006). The artemisinic acid is released 
from the microbes, purified from the culture media, and 
chemically converted to artemisinin. Dihydroartemisinic 
acid, the final precursor to artemisinin, undergoes 
photoxidation to produce dihydroartemisinic acid 
hydroperoxide. Ring expansion by the cleavage of 
hydroperoxide and a second oxygen-mediated 
hydroperoxidation furnish the biosynthesis of artemisinin. 
A three-step oxidation of amorpha-4, 11-diene gives the 
resulting artemisinic acid (Martin et al., 2001). Once the 
artemisinin  is  produced,  it  must  be  further  chemically  
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Figure 2. Technique of synthetic biology employed in the microbial synthesis of Artemisinin (Covello 
et al., 2007). 

 
 
 

converted into a derivative such as artesunate or 
artemether, which are integrated into Artemisinin-based 
Combination Therapies (ACTs) for the treatment of 
malaria.  

The scheme for the microbial synthesis of artemisinin is 
shown in Figure 2. Farnesyl pyrophosphate synthase 
(aprenyl transferase) catalyzes sequential condensation 
reactions of dimethylallyl pyrophosphate with 2 units of 3-  
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isopentenyl pyrophosphate to form farnesyl pyro-
phosphate. The total chemical synthesis of Artemisinin 
can also be performed using basic organic reagents. The 
starting material (Isopulegol) is converted to 
methoxymethyl ether. The ether is hydroborated and 
oxidized to yield a hydroxylated compound. The primary 
hydroxyl group is benzylated and the methoxymethyl 
ether is cleaved, protonated and treated with (E)-(3-iodo-
1-methyl-1-propenyl)-trimethylsilane to yield a ketone 
compound. The resulting ketone is reacted with lithium 
methoxy(trimethylsily)methylide to obtain two diastereo-
meric alcohols, one (the l-stereoisomer) which is 
debenzylated using (Li, NH3) to yield a lactone. The 
vinylsilane is oxidized to a ketone which is reacted with 
fluoride ion that causes it to undergo desilylation, enol 
ether formation, and carboxylic acid formation. A 
hydroperoxide function is introduced at C(3) of the 
resulting compound, photooxygenated and then treated 
with acid to produce artemisinin (Schmid and Hofheinz, 
1983). 
 
 

PHARMACOKINETICS AND PHARMACODYNAMICS 
OF ARTEMISININ 
 

Artemisinin and artemisinin derivatives function to destroy 
plasmodium parasites by alkylation of host heme by 
carbon-centered free radicals, interference with proteins 
such as the sarcoplasmic/endoplasmic calcium ATPase 
(SERCA), as well as damaging of normal mitochondrial 
functions  (Li and Zhou, 2010). The plasmodium parasite 
consumes hemoglobin and liberates free heme, an iron-
porphyrin complex- moiety, during plasmodium infection 
of the red blood cells. The complex, produced, reacts 
with artemisinin to produce reactive oxygen radicals 
which damage the parasite leading to its death. 
Artemisinin is a potent inhibitor of hemozoin formation 
activity of malaria parasite. Artemisinin acts on the 
electron transport chain, generates local reactive oxygen 
species, and causes the depolarization of the parasite’s 
mitochondrial membrane. Artemisinin kills the asexual 
forms of plasmodium at the erythrocytic stage (Miller et 
al., 2002). Artemisinins have also been shown to inhibit 
PfATP6, a SERCA-type enzyme (calcium transporter) 
(Jambou et al., 2005), and thus affects adversely, the 
calcium metabolism of malarial parasites.  
 
 

USE OF ARTEMISININ IN CANCER THERAPY 
 

The antimalarial artesunate exerts profound cytotoxicity 
toward tumor cells. The cytostatic and apoptotic effects of 
artesunate are not diminished by concomitant 
immunosuppression (Ramacher et al., 2009). Treatment 
of human breast cancer cells with artemisinin, disrupts 
estrogen responsiveness and stops cell growth. 
Artemisinin   acts  in  breast  cancer cells by inhibiting the  
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production of the estrogen receptor-alpha (ERα) gene 
without altering the level of the related estrogen receptor-
beta gene (ERβ). Artemisinin-regulated cellular pathways 
selectively inhibits the production of ERα and arrests the 
growth of estrogen responsive breast cancer cells by 
altering    the    function    of    nuclear   cellular    proteins 
(transcription factors) that are used by breast cancer cells 
to enhance the synthesis of the ERα gene (Firestone, 
2006). Artemisinin selectively kills cancer cells which 
have more intracellular free iron than do normal cells. 
Combined HBO2 and artemisinin exposure may be an 
effective anticancer chemotherapeutic strategy (Ohgami 
et al., 2010).  

The pleiotropic response elicited in cancer cells by 
artemisinin and artemisinin derivatives include growth 
inhibition by cell cycle arrest, apoptosis, inhibition of 
angiogenesis, disruption of cell migration, and modulation 
of nuclear receptor responsiveness (Firestone and 
Sundar, 2009). The anti-cancer potential of artemisinin 
and artemisinin derivatives has been demonstrated in 
various cancer cells including those of leukemia and 
other cancer cells of breast, ovary, liver, lung, pancreas 
and colon (Lu et al., 2008). The anti-cancer mechanism 
of artemisinin and artemisinin derivatives is likely to be 
related to the cleavage of the iron- or heme-mediated 
peroxide bridge, followed by the generation of reactive 
oxygen species (ROS) (Efferth et al., 2003). Gao et al. 
(2011) showed that dihydroartemisinin (DHA)-induced 
apoptosis in human leukemia cells in vitro and exhibited 
an anti-leukemic activity in vivo through a process that 
involves of mitogen-activated protein kinase (MEK)/ 
extracellular signal-regulated protein kdve4ycinase (ERK) 
inactivation, Induced myeloid leukemia cell differentiation 
protein (Mcl-1) down-regulation, culminating in 
cytochrome c release and caspase activation. 
 
 
Dosing and contra-indications 
 
The WHO approved adult dose of co-artemether 
(artemether-lumefantrine) for malaria is 4 tablets at 0, 8, 
24, 36, 48 and 60 h (six doses). This has been proven to 
be superior to regimens based on amodiaquine Vugt et 
al. (1999); Lefevre et al. (2001), Sutherland et al. (2005) 
and Jansen (2006). Artemesinin are not used for malaria 
prophylaxis (prevention) because of the extremely short 
activity of the drug. The adverse side effects from 
Artemsinin are similar to the symptoms of malaria: 
nausea, vomiting, anorexia, and dizziness. The com-
bination drugs may have additional side effects. The drug 
should not be prescribed for pregnant women less than 3 
months, except in the event of cerebral or pernicious 
malaria. Use of artemisinin by itself as a monotherapy is 
explicitly discouraged by the WHO as there have been 
signs that malarial parasites are developing resistance to 
the drug (WHO, 2001a, b, 2008) (Table 1).
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Table 1. Adoption of artemisinin combination therapies (ACTs) by countries of the world (Bosman and Mendis, 
2007). 
 

Parameter 
Number of countries 

Africa Rest of the world 

Changed treatment policy to ACT
a
 14

b
 14

c
 

Changed treatment policy to CT 3 1 

In process of treatment policy review 11 5 

Studying efficacy of ACT options 4 1 
 
a
Adoption does not immediately translate into implementation: In Africa only 5 out of the 14, and outside Africa 10 out 

of 14 countries which have adopted ACTs are deploying these drugs in the public sector. 
b
Burundi, Cameroon, 

Comoros, Cote d'Ivoire, Eq. Guinea, Gabon, Ghana, Kenya, Mozambique, Sao Tome and Principe, Senegal, South 
Africa, Zambia, Zanzibar; 

c
Bhutan, Bolivia, Cambodia, Ecuador, Guyana, Indonesia, Lao PDR, Myanmar, Papua New 

Guinea, Peru, Philippines, Surinam, Thailand, Vietnam (WHO, 2008). 
 
 
 

Table 2. How access to ACTs is being ensured. 
 

Purpose Effort 

Quality assurance, prequalification and sourcing project 

Establishment by WHO in collaboration with other United Nations 
agencies, of an international mechanism to pre-qualify manufacturers 
of artemisinin compounds and ACTs [for example, the Global Fund to 
Fight AIDS, Tuberculosis and Malaria (GFATM)], on the basis of 
compliance with internationally recommended standards of 
manufacturing and quality 

  

WHO-UNICEF call for tenders of ACTS 

WHO and UNICEF have called for tenders of co-blistered combinations 
of the following products for which there are not yet pre-qualified 
manufacturers: (i) artesunate plus amodiaquine; (ii) artesunate plus 
sulfadoxine/pyrimethamine; iii) artesunate plus mefloquine; and iv) 
amodiaquine plus sulfadoxine/pyrimethamine 

  

Negotiated prices and centralized procurement 
artemether/lumefantrine (Coartem®) 

WHO and Novartis, the manufacturer of artemether–lumefantrine 
(Coartem®), have entered into a special pricing agreement: Novartis 
provides the drug at cost price (US$ 0.9 and 2.4 per child and adult 
treatment course, respectively) 

  

Financing of ACTs Global fund expenditure on ACTs 

GFATM, established in 2002, is now the largest funder of ACTs in 
countries, and have requested that countries apply for the most 
effective treatments to roll back malaria. The artemisinin Project is a 
program by Sanofi-Aventis, Amyris Biotechnologies, the Institute for 
OneWorld Health, and Jay Keasling, a researcher from the University 
of California, to combat malaria by producing artemisinin at low cost 
(Hamm, 2009) 

  

Propagation of the plant Artemisia annua 
Plans to have the plant Artemisia annua grow in other areas of the 

world outside Vietnam and China (Kenya, Tanzania and Madagascar) 
(Ro et al., 2006)  

 

World Bank (2003) and WHO (2008). 
 
 
 

Artemisinin- based combination therapies (ACTs) 
 
Artemisinin itself has physical properties such as poor 
bioavailability that limit its effectiveness. Semi- synthetic 
synthetic  derivatives  and analogues of artemisinin, such 

as Artesunate, Artemether, Artelinic acid, Artenimol, and 
Artemotil, with more efficient bio-availabity have been 
developed. Artemisinin and its derivatives are fast-acting, 
but other drugs are often required to clear the body of all 
parasites  and  prevent  recrudescence.  For  this reason,  
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artemisinin is administered together with other 
antimalarial drugs, unrelated to the artemisinin family, in 
what is known as ACTs, which are the preferred 
treatment for malaria and are both effective and well 
tolerated in patients. The artemisinin derivative, 
Artemether, is typically administered, in simultaneous 
combination with lumefantrine (also known as 
benflumetol) to treat uncomplicated falciparum malaria. 
Lumefantrine has a half-life of about 3 to 6 days and 
prevents the disease from returning. Other examples of 
ACTs are artesunate-mefloquine, and artesunate-
amodiaquine. ACTs are more than 90% efficient (Eline 
Korenromp et al., 2005; Bloland, 2001). Since 2001, 32 
countries have adopted one of the aforementioned five 
combination therapies, several as first-line treatment and 
a few as second-line. A multi-artemisinin combination 
therapy is Artesunate-(Sulphadoxine-Pyrimethamine). 
The therapy is an initial administration of sulphadoxine-
pyrimethamine combination with a subsequent 
administration of artesunate, approximately, 24hours 
after the initial administration (Elamin et al., 2005). Many 
others are in the process of policy change. WHO has 
provided continuous technical cooperation to ministries of 
health on all aspects of national treatment policy change 
monitoring the therapeutic efficacy of medicines, and 
updating and implementing ACT-based treatment policies 
and (Jambou et al., 2005; Grupper, 2005; Olumese, 
2006). Information on how to access ACTs is given in 
Table 2. 
 
 

CONCLUSION 
 
Artemisinin, a sesquiterpene lactone, isolated from the 
plant A. annua, used as a drug, to treat multi-drug 
resistant strains of falciparum malaria, can be produced 
by a technique of synthetic microbiology, and also in the 
laboratory from basic organic reagents. In addition, 
artemisinin is curative of breast, ovary, liver, lung, 
pancreas and colon cancers. Artemisinin is a potent 
inhibitor of hemozoin formation activity of malaria 
parasite. Artemisinin have also been shown to inhibit the 
calcium transporter enzyme, thus posing toxicity to micro-
organisms. Drug efficacy of artemisinin is optimized in 
ACTs. 
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Premature rupture of the fetal membrane is a major cause of preterm birth and it is associated with 
infant morbidity. To examine the relationship between maternal oxidative stress (OS) and antioxidant 
statue and premature rupture of membranes (PROM). 30 pregnant women with PROM and 30 normal 
pregnant women were compared for maternal malonaldihyde concentration, erythrocyte glutathione 
(GSH) concentration, glutathione peroxidase (G-PX) and catalase (CAT) activities, using a cross 
sectional study and spectrophotometer method. Unpaired t test and Chi-square test were used for 
comparison of variables between controls and patient groups. A significant reduction was found in fthe 
GSH concentration of the PROM subjects when compared to the controls (6.40±0.43 µmol/g of Hb 
versus 7.28±0.40 µmol/g of Hb, P <0.001). The G-PX and CAT activities of the PROM population were 
significantly lower than controls (35±9.41 versus 44.17±11.92 U/g Hb, P=0.01 and 149.83±31.86 U/g of Hb 
versus 172.07±47.14U/g of Hb, P<0.01, respectively). The maximal rate of oxidation (Vmax) was shorter 
in the PROM group when compared to the control group (0.0068±0.00003 versus 0.008±0.00003, OD245 
nm/min, P=0.01), whereas the maximal accumulation of absorbing products (ODmax) of the PROM 
subjects was higher than in the controls (0.73±0.013 versus 0.68±0.017 OD245 nm, P=0.01). The lag 
phase, reflecting resistance of serum lipids to oxidation, was different in the PROM group when 
compared to the control group (47.90±2.13 versus 53.53±2.54 min, P=0.01). The maternal 
malondialdehyde (MAD) percentage of the PROM group was higher than controls (75.62±3.73% versus 
63.80±9.32%, P=0.001). Present study revealed that PROM is associated with decreased maternal 
erythrocyte antioxidant activities. As opposed to term labor, PROM is associated with increased 
maternal systemic OSwhen compared to normal pregnant women. The role for OSin preterm PROM 
warrants further studies. 
 
Key words: Oxidative stress, antioxidant, premature, rubture, membrane. 

 
 
INTRODUCTION 
 
Premature rupture of the fetal membrane (PROM) is a 
major cause of preterm birth, accounting for 30 to 40% of 
all  preterm  births  (Nourse  and  Steer,   1997)   and   its  
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association with infant morbidity and mortality (Nourse 
and Steer, 1997; Woods, 2001). PROM results initially 
from damage to collagen in the chorioamnion leading to a 
tear in the membrane (Nourse and Steer, 1997). Multiple 
epidemiological and clinical factors are considered to be 
promoters of PROM (Ramkumar and Stephen, 2007). 
Numerous risk factors are associated with PROM. There 
appears  to  be  no  single  etiology   of   preterm   PROM  
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(Tanya et al., 2006). It has been shown that issue-
damaging molecules called reactive oxygen species 
(ROS) are capable of damaging collagen in the 
chorioamnion that could lead to PPROM. This hypothesis 
was supported by epidemiological studies linking clinical 
conditions known to produce ROS or reduce antioxidant 
protection to Preterm premature rupture of 
membranes (PPROM), by in vitro studies in which 
membrane segments exposed to ROS exhibited tissue 
alterations consistent with PPROM, and by clinical 
studies showing that chorioamnion and amniotic fluid 
samples obtained from PPROM patients exhibit 
excessive collagen degradation (Nourse and Steer, 
1997). It has been shown that (Ofer et al., 2007) oxygen 
free radicals, which are by products of inflammatory cells, 
increase the activity of matrix metalloproteinases in 
human fetal membranes. They suggested that oxygen 
free radicals, which are by products of inflammatory cells, 
increase the activity of matrix metalloproteinases in 
human fetal membranes.  

This may cause degradation of the extracellular matrix, 
leading to rupture of the amniotic membranes. PROM is 
associated with elevated activity metalloproteinase in the 
amniotic fluid and amniochorionic membranes to which 
OSmay contribute (Nourse and Steer, 1997). It has also 
been shown (Fainaru et al., 2002) that active labor is 
associated with oxidative stress. However it is not known 
whether OStriggers labor or is an epiphenomenon and a 
byproduct of the labor process. The damage which is 
inflicted to tissues by reactive oxygen species can be 
widespread. ROS are capable of initiating lipid 
peroxidation, increasing intracellular free Ca

2+
, damaging 

deoxyribonucleic acid (DNA), releasing destructive 
catalytic enzymes and damaging cell membranes 
(Nourse and Steer, 1997). Clinical conditions, in addition 
to infection, which frequently are linked to PROM fit with 
an ROS-induced mechanism of tissue damage. (Nourse 
and Steer, 1997). Lipid peroxidation is normal 
phenomenon that occurs continuously at low level in all 
animals. These peroxidation reactions are in part toxic to 
cells and cell membranes; however they are normally 
controlled by countervailing biological mechanisms 
(Akihito et al., 2006). Antioxidant enzymes G-PX, CAT, 
superoxidase dismutase (SOD) and GSH appear to be 
the key antioxidants that provide cell protection against 
oxidant agents generated in different conditions.  

The GPx and SOD enzymes acting as free radical 
scavengers limit the effects of oxidant molecules in 
tissues and oxidative injury. These enzymes work 
together to eliminate active oxygen species and small 
deviations in their physiological concentrations may have 
an adverse effect on the resistance of cellular lipids, 
proteins and DNA to oxidative damage (Fallah et al., 
2011).   The    role    of     antioxidants    to    protect    the 

 
 
 
 
chorioamnion from ROS damage has been demonstrated 
in one in-vitro study. The result of a study conducted by 
Woods (2001) showed that a prospective, randomized 
blinded trial of antioxidant therapy during pregnancy is 
needed to evaluate this approach for the prevention of 
PPROM (Nourse and Steer, 1997). Normally a balance 
exists between production and elimination of ROS. OS 
occurs when prooxidants exceed antioxidants and the 
balance between antioxidant defenses is disturbed 
(Singh et al., 1998). SOD, G-Px, CAT and GSH constitute 
a team of antioxidant which provide defense against free 
radical mediated injury. The present study was conducted 
to assess the erythrocyte antioxidant enzymes G-Px, 
CAT activities and GSH concentration in PROM. In this 
study we tested ―in vivo‖ the hypothesis that the 
antioxidant reduction and OS elevation associated with 
preterm PROM. In addition to measurement of the 
malonaldihyde levels as an OS index, we used an assay 
to determine serum lipid oxidizibility in pregnant women 
experiencing PROM and compared to pregnant women 
with intact membranes for investigation whether PROM is 
associated with OS. 

 
 
PATIENTS AND METHODS 
 
The study group consisted of 30 pregnant women aged 30±2.1 
between 24 to 34 gestational weeks with PROM and 30 women 
aged 30±3.01 with normal pregnancy and intact membranes who 
had been admitted to the delivery unit of Shahid Akbar Abadi 
hospital of Southern Tehran because of a threatening preterm 
delivery with intact fetal membranes. Women in both groups were 
non-smokers, and were not taking any medications aside from iron 
supplementation, they were in good general health with no history 
of prior adverse pregnancy outcomes including preterm labor and 
delivery or premature rupture of the membranes, and known date of 
last menstrual period; more than 16 weeks of gestation at the 
beginning of the study. Women in both groups were not 
experiencing uterine contractions and did not show clinical or 
laboratory signs of chorioamnionitis (that is, uterine tenderness, 
systemic fever, fetal tachycardia or elevated white blood cell count). 
The groups were matched for age and gestational age and were of 
similar height and weight (Not shown). Gestational age was 
determined by the best obstetric estimate based on a combination 
of the last menstrual period dating and the earliest available 
ultrasonographic examination.  

Exclusion criteria were as follows: Chronic diseases, 
(hypertension, diabetes, renal or cardiac diseases), genital tract 
anomalies of the mother, genetic or anatomical defects of the fetus, 
previous preterm deliveries. PROM diagnosis was identified by 
estimation the value of insulin-like growth factor-binding protein-1 
(IGFBP–1) in cervical secretion in women with symptoms of 
preterm delivery and to investigate correlation of this test to the 
Bishop score in prediction of the preterm delivery. The 
concentration of IGFBP-1 in cervical mucus was estimated by an 
Actim Partus test (Medix Biochemica, Finland) according 
manufacturer‘s instructions. The test was considered positive if the 
concentration of IGFBP-1 in cervical mucus was higher than 10 
μg/L.  All  experimental  procedures  were  approved  by the Human 
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Table 1. Antioxidant activities in women with PROM and women with normal pregnancy.  
 

 Normal pregnancy PROM P 

CAT (κ/g of Hb) 172.07±47.14 149.83±31.86 < 0.001 

G-Px (U/g of Hb) 44.17±11.92 35.93±9.41 <  0.005 

GSH (µmol/g of Hb) 7.28±0.40 6.40±0.43 < 0.001 
 

Values are means±sd. 
 
 
 

Table 2. Kinetic parameters of copper induced peroxidation in women with PROM and women with normal pregnancy. 
 

 P PROM  (n=30) Normal pregnancy   (n=30) 

Lag preceding oxidation (min) 0.01 47.90±2.13 53.53±2.54 

t max (min) 0.01 90.67±3.48 97.80±3.13 

V max (OD 245 /min)  0.01 0.0068±3×10-4 0.008±10-4 

OD max (OD 245 nm) 0.01 0.73±0.013 0.68±0.017 

OD initial (245 nm) 0.01 1.38±0.019 1.33±0.019 
 

Values are mean±sd. 

 
 
 

Ethics Committee of the Iran Health Ministry. Venous blood was 
drawn from each woman and serum was prepared, frozen 
immediately and stored at -80º C. Blood drawn from women in the 
PROM group was obtained no longer than 6 h after the onset of 
membrane rupture. The Hemoglobine (Hb) concentration was 
determined in 10-fold diluted hemolysate (by the 
cyanmethemoglubine) with Drabkin,s  reagent (200 mg FeCN6k3 + 
50 mg CNk /Lit).  

The erythrocyte antioxidant enzymes G-PX and CAT activities 
were assayed as described by Pagila and Valentin (1967) and Aebi 
(1984), respectively. The enzyme activities were reported as unit 
per gram of Hb.  For G-PX activity, the decrease in nicotinamide 
adenine dinucleotide phosphate-oxidase (NADPH) absorbance was 
followed at 340 nm using a spectrophotometer (Cecil CE 9050 
Modle, Germany). CAT activity was determined at 25°C by 
decrease in absorbance of HO at 240 nm Aebi (1984). The 
erythrocyte GSH concentration was measured 
spectrophotometrically by the method of Buteler et al. (1963). GSH 
concentration was measured in 5- sulphosalycilic acid-
deproteinized samples. The rate of 2-nitro-5-thiobenzoic acid 
formation, which is proportional to the GSH present, is followed at 
412 nm. Samples were assayed rapidly to minimize GSH oxidation 
(Beutler et al., 1963).  

For OS assay, kinetics of copper-induced oxidation of serum 
lipids ex vivo for evaluating of oxidizibility of blood lipids (Ofer et al., 
2007). The kinetic profiles were analyzed in terms of the lag 
preceding oxidation reflecting the resistance of serum lipids to 
oxidation, the maximal rate of accumulation of absorbing products 
(Vmax) as computed from the first derivative of the time course of 
absorption and the maximal accumulation of absorbing products 
(OD max) (Ofer et al., 2007). A method based on measurement of 
the oxidation products such as MAD as a plasma index of lipid 
peroxidation (Purnima et al., 2006) was also used for OS 
measurement. The absorbance of the sample was determined at 
535 nm (using a spectrophotometer Ultrosec 300, Pharmacia 
Biotech England double-beam) against a blank that contained all 
the reagents minus the serum. The MAD concentration of the 
samples  could  be  calculated  using  an   extinction  coefficient   of  

1.56×105 M-1 cm-1 (Purnima et al., 2006). 
 
 
Statistical analysis 
 
Statistical analysis was performed using the Statistical Package for 
Social Sciences (SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was used to assess the normality of data distribution. 
Normally distributed variables were presented as mean and 
standard deviation (±SD). The t test for independent samples was 
used for comparison of continuous variables, as appropriate. The 
difference of proportions between COC users and non-COC users 
was assessed by χ2 test. A p value ≤0.05 was considered 
significant. 

  
 
RESULTS 
 
Results of present investigation are shown in Tables 1 to 
3. As it shown in Table 1 the erythrocyte G-PX activity of 
the PROM population was decreased significantly (-18%, 
P<0.005) as compared to controls. The mean G-PX 
activity of the PROM and normal pregnant groups was 
35.93±9.41 and 44.17±11.92 U/g of Hb, respectively. The 
results of same comparison for erythrocyte CAT activity 
of the controls (172.07±47.14 U/g of Hb) and PROM 
group (149.83±31.86 U/ g of Hb) revealed a significant 
decrease (-20%, P≤0.001) in the PROM subjects. The 
erythrocyte GSH level of PROM subjects (6.40±0.43 
µmol/g of Hb) was significantly lower (-12%, P≤0.001) 
than that in the   normal pregnant group (7.28±0.40 
µmol/g of Hb).  

As shown in Table 2 the maximal rate of oxidation 
(Vmax)  was  shorter in the PROM group when compared 
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Table 3. Malonaldihyde concentration in women with PROM and women with normal pregnancy.  
 

 Normal pregnancy (n=30) PROM (n=30) P 

MDA-I(nmol/gofHb) 395.47±89.84 561.63±76.54 0.001 

MDA-C(nmol/gof Hb) 257.73±85.94 427.17±76.54 0.001 

MDA% 63.80±9.32 75.62±3.73 0.001 
 

Values are means ± sd. MAD-I = MAD in the presence of CAT inhibitor (sodium azide as CAT inhibitor) MAD-C = MAD 
in the absence of CAT inhibitor. MAD%= the maximum of released MAD. 

 
 
 

to the control group (0.0068±0.00003 versus 
0.008±0.00003, OD245 nm/min, P=0.01), whereas the 
maximal accumulation of absorbing products (ODmax) of 
the PROM subjects was higher than in the controls 
(0.73±0.013 versus 0.68±0.017 OD245 nm, P=0.01). The 
lag phase, reflecting resistance of serum lipids to 
oxidation, was different in the PROM group when 
compared to the control group (47.90±2.13 versus 
53.53±2.54 min, P=0.01). The maternal MAD percentage 
(Table 3) of the PROM group was higher than in the 
controls (75.62±3.73% versus 63.80±9.32%, P=0.001). 
All the data were analyzed by ‗‗SSP software‘‘ (version 
16, for Windows). Continuous variables were compared 
by the two-tailed t test and two-tailed X². P<0.05 was 
considered significant. 
 
 
DISCUSSION 
 
The rupture of the fetal membranes before the onset of 
regular uterine contraction at preterm labor takes place in 
some 8 to 10% of pregnancies. This can result in an 
increased rate of maternal and fetal infection (Bryant-
Greenwood and Millar, 2000). The results of present 
study demonstrated that the maternal antioxidant levels 
in erythrocyte decrease significantly in PROM subjects as 
compared to the normal pregnant population. Several 
studies have attempted to evaluate the antioxidants of 
maternal healthy pregnant and PROM pregnant women 
(Akihito et al., 2006). There are conflicting reports 
regarding to antioxidants levels changes throughout the 
gestation. G-PX enzyme, a component of antioxidant 
system, is decreased during pregnancy (Akihito et al., 
2006). However, Akihito et al. (2006) showed an 
elevation in SOD activity throughout the normal 
pregnancy. In a study, Purnima et al. (2006) revealed that 
the maternal GSH concentration at PROM labor was 
significantly lower than those at normal labor (Purnima et 
al., 2006; Longini et al., 2007). It has been seen that lipid 
peroxidation products are more in case of preterm labor. 
GSH/G-PX system is very important in catabolizing H2O2 
(Purnima et al., 2006).  

They demonstrated that the G-PX activity of patients 
with preterm labor was higher than that in the controls.  A 

rise in the G-PX activity was reported in the case of 
preterm labor patients which may be predominant cause 
of GSH depletion (Purnima et al., 2006). They also 
showed that the SOD and CAT activities of preterm labor 
patients were lower than those in the control group 
significantly (Purnima et al., 2006). Support for the 
concept that ROS are involved in the pathogenesis of 
PROM is derived from several lines of investigation. 
Generation of tissue-damaging molecules, called ROS, 
may impair the physical integrity (elasticity and strength) 
of amniotic epithelium and collagen in the amnion and 
chorion, thus resulting in PROM (James et al., 2001). 
Results of the present investigation are shown in Table 1. 
A significant decrease was found in the erythrocyte GSH 
concentration of PROM subjects as compared to the 
normal pregnant group. The mean erythrocyte G-PX and 
CAT activities in PROM group were lower than those in 
controls. The protective antioxidant mechanisms are 
complex and multifactorial. The susceptibility of cells to 
OS is a function of overall balance between the degree of 
the OS and oxidant defense capability (Akihito et al., 
2006).  

It is suggested that the decrease in antioxidant 
activities probably occur in response to an increase in the 
OS due to an elevation in the maternal lipid peroxidation 
levels, which might be resulting in PROM. Present study, 
which examined maternal lipid peroxidation in the healthy 
pregnant and PROM subjects, demonstrated that the 
MAD concentration of PROM group was significantly 
higher than those in the normal pregnant. These findings 
make it likely that the uncontrolled lipid peroxidation 
caused by ROS, which are produced in the 
consequences of the tissue reoxygenation that may occur 
during pregnancy, which caused PROM. It seems that in 
PROM, a possible OS is responsible for the induction of 
protective mechanisms through an increased 
consumption of antioxidants. Under physiological 
conditions, antioxidant defense systems have evolved to 
counterbalance their toxic actions by limiting the amount 
of lipid peroxides that can be formed (Martin et al., 2008). 
It is suggested that the PROM probably caused by 
oscillated oxygenation of both maternal and fetal tissue 
during pregnancy. Furthermore, it has also been 
confirmed  that  the  ischemic-reperfusion  in  human  and  

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bryant-Greenwood%20GD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bryant-Greenwood%20GD%22%5BAuthor%5D


 

 

 
 
 
 
other species lead to production of free radicals (Akihito 
et al., 2006) and increased levels of ammonia may have 
toxic effects by generating free radicals (Fainarno et al., 
2007; Loverro et al., 1997). The results of the present 
study indicate a disturbed antioxidant balance in case of 
PROM. 
 
 

Conclusion 
 
In this study we defined that the OS in pregnancy may 
enhance the risks of PROM. We indicated that women 
experiencing PROM are subject to OS. We propose that 
when an OS develops early in pregnancy, intrauterine 
growth restriction or PROM or both may occur depending 
on its entity and length. A topic for future prospective 
clinical trials is whether dietary supplementation with 
antioxidants may protect the fetal membranes and 
decrease the risk of PROM and preterm delivery As 
opposed to term labor, PROM is associated with 
increased maternal systemic OS when compared to 
normal pregnant women. The role for OS in preterm 
PROM warrants further studies. Our results also revealed 
a significant decrease in antioxidant enzymes (GP-X and 
CAT) activities and GSH concentration of PROM group 
when compared to the controls. It is proposed that an 
imbalance existed between production and elimination of 
ROS in the PROM subjects and suggested the need for 
further study.   
 
 
Study limitations  
 
A few limitations of the present study deserve comment.  
First a common limitation of this study was small sample 
size and these observations must be confirmed in a 
larger sample of patients with more analysis works. Other 
postulated limitation involving antioxidants and OS levels, 
variability between individuals in the diet feeding and 
cellular utilization and endogenous synthesis of them, the 
associations observed may still to some degree reflect 
the effect of varying metabolic responses to dietary fat 
and environmental situation. The other point might be 
considered in interpretation of these results as the role of 
genetic variations in adipose tissue fatty acid 
percentages, which we have not studied in the current 
project and might have affected our results. Our study is 
also limited by the non-representative nature of our study 
sample, because the pregnant subjects of southern 
Tehran who referred to Shahid Akbarabadi hospital have 
low social and economic status. This fact together with 
the promising results of experimental studies suggests 
the possibility that antioxidant replacement might become 
a new pharmacological approach to protect probably 
elevation of lipid peroxidation,  antioxidant  reduction  and  
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resultant PROM of pregnant women. Therefore further 
studies are required to elucidate mechanism 
underpinning PROM risk associated with decrease 
antioxidant and OS increase. Further, this observation 
interplay between genetic and environmental factors 
must be thoroughly considered in order to evaluate the 
etiological role of OS and antioxidants in PROM. 
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