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INTRODUCTION 
 
According to Coreil et al. (2000), geophagia may be 
stimulated by dietary deficiencies and appears to be 
ubiquitous. An overview of potential benefits and negative 
consequences of geophagia has been outlined by Young 
(2008) who indicated the mechanism of useful 
micronutrients from soil such as iron, zinc or calcium and 
also that of poisonous elements; such as lead, mercury, 
etc. A body of information has been provided by a large 
number of studies (Lacey, 1990; Abrahams and Parsons, 
1996; Njiru et al., 2011).  

Iron and zinc for example obtained through geophagia 
or normal diet can lose their beneficial effect if they are 
absorbed by clay. Their uptake from gastro-intestinal tract 
can indeed cause iron and zinc deficiencies with subse-
quent consequences respectively on the erythropoiesis 
inducing a syndrome hypochromic anemia described by 
Prasad (1991a; 1991b) and various clinical manifes-
tations such as short stature, delayed sexual maturity, 
hepatosplenomegaly and delayed bone age reported by 
Korman (1990).  

Harmful effect of geophagia in pregnancy has been 
demonstrated in a large number of studies related to the 
microbial and parasite infections such as helminthes and 
the presence in the soil of heavy metals such as arsenic, 
lead and cadmium (Hunter, 1973; Horner et al., 1991; 
Corbett et al., 2003; Wigle et al., 2008; Al-Rmalli et al., 
2010; Baidoo et al., 2010; Nyanza et al., 2014). One case 
of fatal soil peritonitis in an African women suffering from 
geophagia has been reported (Woywodt and Kiss, 2000). 
This peritonitis is due to the perforation of sigmoid colon. 
Frequent consumption of clay during pregnancy has been 
considered as habit rather than physiological need for the 
cessation of undesirable manifestations such as nausea, 
vomiting occurring in the first trimester of pregnancy 
(Horner et al., 1991). 

Numerous studies have shown that pre-eclampsia 
characterized by a gestational hypertension associated 
with pathological edema, proteinuria, coagulation 
abnormalities, reduced utero-placental blood flow, and 
intrauterine growth restriction, is one of the maternal 
complications of pregnancy which can result in fetal or 

infant death. Obesity has been indeed strongly 
associated with high risk of pre-eclampsia (Sibai et al., 
1995). However, other physiopathological features such 
as insulin resistance, increased lipid availability, higher 
cholesterol and triglyceride levels may also involve in 
increased risk for early pregnancy loss (de Weerd et al., 
2003). Shed membranes particules of leucocytes 
(Meziani et al., 2006), oxidative stress (Hubel, 1999), 
elevated plasma lipids (Lorentzen and Henriksen, 1998) 
and activated neutrophils (Clark et al., 1998) are among 
factors inducing in endothelial cell activation during pre-
eclamptic pregnancy. Under these conditions, placenta is 
under oxidative stress with increased production of 
lipoperoxides and decreased antioxidant protection 
(Walsh, 1998; Wang and Walsh, 2001). The subsequent 
release of ROS/RNS, tumor necrosis and myelo-
peroxidase by neutrophils will lead into the smooth 
muscle inflammation in pre-eclampsia. 

Despite its absorbent properties in detoxifying 
phytotoxin, lowering the incidence of nausea, natural clay 
still remains toxic for human consumption in normal and 
long term conditions. In the absence of evidence 
implicating clay minerals or micronutrients in pre-
eclampsia process, we have postulated that geophagia 
could exacerbate this pregnancy complication through 
reactive oxygen/nitrogen species (ROS/RNS) generated 
from activated macrophages. In addition, the release of 
free iron from ferritin during inflammatory process 
producing cytokines could be the cause of the production 
of hydroxyl radical. Haber-Weiss and Fenton reactions 
involving iron as catalytic trace element do generate this 
OH radical (Halliwell and Gutteridge, 1990; Blakely et al., 
1990). 
 
Haber-Weiss reaction: H2O2 + O2

●- → O2 + 
●OH + OH‾  

 
Fenton-type chemistry: (Fe²+ + H2O2 → Fe³ + ●OH + OH ‾ 
 
Natural clay contains iron among other minerals. Chronic 
feeding of iron has been associated indeed with an 
increased free radical generation in the colon and increase 
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reductase; AST, aspartate aminotrnasferase; ALT, alanine aminotransferase; ABTS, 2, 2’-azino-di-[3-ethylbenzthiazoline 
sulphonate]; ORAC, oxygen radical absorbance capacity; Cox-2, cyclo-oxygenase, Nf-kB, nuclear factor kappa B; HELLP, 
haemolysis, elevated liver enzymes, low platelet count; WHO, World Health Organization. 



 

 

 
 
 
 
lipid peroxidation and thus constitute a risk factor for 
colorectal cancer (Lund et al., 2001). 

As a transition element, ionic form of iron participates in 
one-electron transfer reactions and plays an important 
role as a prosthetic group in enzymes that catalyze redox 
reactions. Unfortunately this capacity enables iron to 
participate in the above mentioned reactions such as 
“Fenton reaction” generating more potent secondary 
ROS. The extent of ●OH formation is largely determined 
by the availability and location of the metal ion catalyst. 
The availability of free Fe is controlled in physiological 
systems. Fe that is not incorporated into iron-utilizing 
proteins is rendered largely unavailable for participation 
in free-radical reactions by sequestration in storage 
(ferritin) or transport proteins (transferrin). 

Other by-products of lipid peroxidation such as 
malondialdehyde (MDA) (Marnett, 1999) and M1G 
deoxyribose resulting from the combination of MDA and 
deoxyribonucleoside (Marnett, 2000) together with 8-
hydroxy-2’-deoxyguanosine (8-OHdG) a major DNA 
damage metabolite (Wong et al., 2003; Guetens et al., 
2002; Shigenaga et al., 1994) by free radicals may also 
be involved in inflammatory process increasing NF-kB 
activation which will enhance COX-2 induction. Increase 
activity of this enzyme will indeed affect the production of 
isoprostanes formed from the peroxidation of arachidonic 
acid (Liu, 1999). 

The question of biological association of lipid pero-
xidation and pre-eclampsia has been discussed by Gupta 
et al., (2009). Placental oxidative stress is involved in the 
etiopathogenesis of pre-eclampsia as a result of ischemic 
reperfusion injury. Intermittent and inadequate placental 
perfusion in the spiral arteries as a result of repeated 
hypoxia/reoxygenation insult may indeed lead to the 
activation of xanthine oxidase which is a source of 
superoxide anion (Many, 2000; Raijmakers, 2004). This 
ischemic reperfusion injury constitutes a promoter of lipid 
peroxidation and endothelial cell dysfunction observed in 
pre-eclampsia.  

Fortunately, in healthy subjects or non-pregnant 
women, the extent of oxidative stress is minimized by a 
strong defense line of antioxidants against ROS/RNS. 
While superoxide dismutase (SOD) converts two 
superoxide anions (O2

●-) into hydrogen peroxide (H2O2), 
catalase (CAT) and glutathione peroxidase (GPx) convert 
H2O2 to oxygen and water. Vitamins C, E and A remove 
the newly formed free radicals before they can initiate 
chain reactions. A repair cell structures damaged by free 
radical attack are done by DNA repair enzymes and 
methionine sulphoxide reductase (MSR).  

Apart from vitamins A and C supplementation which 
showed 54% reduction in the risk of developing pre-
eclampsia, other supplementation based on iron 
(Mahomed, 1998) and a mixture of iron and folate 
(Mahomed and Hytten, 1989), magnesium (Makrides and 
Crowther,  2001),  fish  oil (Makrides  et al., 2006) did  not  
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prevent this gestational hypertension. 

In contrast, only calcium supplementation has reduced 
the incidence of both pre-eclampsia and hypertension 
(Villar et al., 2003). Taking together the above consi-
derations, we suggest that the subsequent activation of 
the nuclear factor NF-kB by ROS/RNS generated from 
activated macrophages and activation of xanthine 
oxidase stimulates the induction of COX-2. This 
enzymatic induction leading to the expression of 
inflammatory cytokines could be one of the molecular 
mechanism underlying pre-eclamptic conditions. Supple-
mentation of zinc or eating clay containing zinc could 
overcome such pregnancy complication. 
 
 
MATERIALS AND METHODS 
 
Human subjects 
 
A total of 117 women were enrolled in this study: 32 controls (non-
pregnant), 42 pregnant non-eclamptic and 45 pregnant pre-
eclamptic (30-34 week gestation).  
 
 
Selection criteria 
 
Inclusion criteria 
 
Control: non-pregnant women (20-35 years old) without any sign of 
hypertension, diabetes or viral infection. They were recruited from 
student enrolled at an academic Institution (Medical University of 
Southern Africa) 

Pregnant pre-eclamptic and non-eclamptic women were recruited 
from consulting room at tertiary hospital (George Mukhari Hospital). 
For pre-eclamptic group, the following symptoms have been 
observed and noted: headache, upper abdominal pain, visual 
disturbance, hypertension (high blood pressure, proteinuria). More 
importantly, the consumption of soil and the location has been also 
recorded. 
 
 
Exclusion criteria 
 
All subjects having infectious diseases such as HIV, Hepatitis were 
excluded from this study. In addition, control subjects did not have 
hypertension or renal diseases not suffering from any other 
diseases affecting oxidative stress parameters such as cardio-
vascular diseases, anemia, family hypercholesterolemia, diabetes 
and cancer. Pre-eclamptic pregnant women taking iron for anemia 
were excluded from this study. 
 
 
Animal subjects 
 
Ninety (90) pregnant Wistar albino (rattus Norvegicus) rats (of initial 
weight 200 ± 5 g) were fed (ad libitum) a standard chow diet (AIN-
93G Formulation) according the following dietary regimen:  
 
Group 1 (control group) did not receive any supplementation. 
Groups 2 and 3 (Fe gp2 and Fe gp3) were fed with a high iron diet 
(the diet was supplemented with 2.5% pentacarbonyl iron (Cl-
98.0% purity) according to the protocol of Plummer et al. (1997). 
Group 3 (Fe + vitamins C and E) received iron plus vitamins C and 
E supplementation: 1000 mg vitamin C per kg diet (ascorbic acid) 
and 500 mg  vitamin E per kg  diet ≡ 750 IU α-tocopherol (10x RDA) 
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(Plummer et al., 1997). At 12 month, the 2.5% Cl was replaced by 
0.5% dicyclopentadienyl iron [Fe(C5H5)2] (CAS-102-54-5) (because 
of poor iron loading). The rats received human care in accordance 
with the guidelines of the Animal Ethics Committee of the 
University. They were studied for 24 months. Five rats from each 
group were sacrificed every four months up until 24 months for 
blood sampling. These samples were used for oxidative stress and 
transaminases evaluation.  
 
 
Materials and chemicals 
 
All chemicals, Vitamins and Kits for iron and ORAC evaluation were 
purchased from Sigma Company (Munich, Germany). For other 
tests, we used kits from Randox Laboratories, UK and Roche 
Diagnostics (Indianapolis, IN).  
 
 
Analytical methods 
 
Apart from selenium, vitamins A and E, all procedures using kits 
commercially available were followed according to the 
manufacturer’s instructions. 
i) Iron was evaluated by potentiostatic coulometry using a kit 
commercially available from Sigma Company. This method has 
been adapted by Dorner et al. (1981) to measure iron in small 
sample volume. 
ii) Lipoperoxide (LPO) concentrations were measured 
spectrophotometrically at 560 nm using ferrous oxidation with 
xylenol orange (FOX II) assay according to the method of Nourooz-
Zadeh et al. (1994) based on the principle of rapid peroxide-
mediated oxidation of Fe2+ to Fe3+ under acidic conditions. 
iii) 8 hydroxyl deoxy-guanosine (8-OHdG): Plasma levels of 8-
OHdG were evaluated at 450 nm on a microplate plate reader using 
a commercial kit from the Japan Institute for the Control of Aging 
(Fukuroi, Japan). The method is based on a competitive in-vitro 
enzyme-linked immunosorbent assay for quantitative measurement 
of this DNA metabolite in tissue, serum and plasma (Toyokuni et al., 
1997 and 1999).  
iv) Superoxide dismutase (SOD): Erythrocyte SOD activity was 
determined by the method of Arthur and Boyne (1985) using a 
commercial kit obtained from Randox Laboratories, UK. This 
method uses xanthine and xanthine oxidase (XOD) to generate 
superoxide radicals which react with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyltetrazolium chloride (INT) to form a red 
formazan dye. SOD activity is then measured 
spectrophotometrically at 505 nm by the degree of inhibition of this 
reaction.  
v) Glutathione peroxidase (GPx): The determination of erythrocyte 
GPx activity was based on modification of the method of Paglia and 
Valentine (1967) using a commercial kit obtained from Randox 
Laboratories, UK. This method involves the oxidation of glutathione 
(GSH) by cumene hydroperoxide catalyzed by GPx. In the 
presence of glutathione reductase (GR) and NADPH, the oxidized 
glutathione (GSSG) is immediately converted to the reduced form 
with a concomitant oxidation of NADPH to NADP+ and the decrease 
in absorbance is then measured spectrophotometrically at 340 nm. 
vi) Transaminases: Aspartate aminotransferase (AST) and alanine 
aminotranferase (ALT) activities were evaluated using an automate 
auto-analyser (Cobas Interga 400, Holliston, MA) and kits from 
Roche Diagnostics (Indianapolis, IN), using the spectrophotometric 
method of Karmen (1955) in which malic acid dehydrogenase is 
added to convert the oxaloacetic acid formed by AST to malic acid 
with the simultaneous oxidation of the coenzyme NADH2 (reduced 
nicotinamide adenine dinucleotide) to NAD (nicotinamideadenine 
dinucleotide).  

 
 
 
 

In the case of ALT, lactic acid dehydrogenase is used and lactic 
acid is formed simultaneously with NAD. The decrease in 
absorbance of NADH2 as it is oxidized to NAD is followed at 340 nm 
by the spectrophotometer in each case.  
vii) Oxygen radical absorbance capacity (ORAC): Liver total 
antioxidants were measured using oxygen radical absorbance 
capacity (ORAC) system which is made up of B-phytocoerythrin as 
a fluorescent indicator protein, 2-2’-azo-bis(2-aminodinpropane) 
dihydrochloride a peroxy radical generator, and the water-soluble 
vitamin E analogue Trolox (Aldrich-Sigma, Munich, Germany) as a 
reference standard. The total antioxidant capacity was expressed 
as ORAC units, where one unit equals the net protection by 1 μmol 
Trolox/l (Cao and Prior, 1999). 
viii) Total antioxidant status (TAS): Total antioxidant status (TAS) in 
heparinised plasma was determined according to Miller et al. (1993) 
method using a commercial kit obtained from Randox Laboratories 
Limited, U.K. In this method 2, 2’-azino-di-[3-ethylbenzthiazoline 
sulphonate] (ABTS(R) is incubated with a peroxidase 
(metmyoglobin)and hydrogen peroxide (H2O2) to produce the radical 
cation ABTS(R)˙+ measured at 600 nm. 
ix) Selenium: Selenium in plasma was estimated by the method of 
Pleban et al. (1982).  

x) Vitamin C (ascorbic acid) was estimated spectrophotometrically 
at wavelength of 700 nm in plasma by acid phosphotungstate 
method of Aye (1978). 
xi) Vitamin E (α -tocopherol): Vitamin E (α -tocopherol) in plasma 
was extracted using xylene, and its level was estimated 
spectrophotometrically at 520 nm according to the method of Baker 
and Frank (1968). 
 
 
Statistical analyses 
 
All data were presented as mean ± standard deviation (SD) for 
each biomarker. The SAS statistical package was used. Statistical 
analysis was performed by independent Student’s t-test. A 
probability value of p<0.05 was considered statistically significant.  
 
 
RESULTS 
 
Experimental animals 
 
The data obtained from pregnant Wistar albino (rattus 
Norvegicus) rats fed high iron diet with and without 
vitamin supplementation demonstrated that vit C and E 
reduced for a limited period of time (20 months) the 
extent of oxidative stress as shown by the increased 
activity of SOD and GPx with subsequent decrease of 
LPO and 8-OHdG levels (Table 2). Hepatic enzymatic 
activities of transferases ALT and AST are also increased 
respectively by 29 and 34%. It has been noted that over a 
prolonged period, supplementation of high doses of 
vitamins C and E did not reduce the adverse effect of 
ROS/RNS and the by-products of lipid peroxidation and 
attenuate the subsequent oxidative DNA damage leading 
to cancer. 
 
 
DISCUSSION 
 
Several trials failed to establish links between pre-eclampsia 
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Table 1. Biomarkers of oxidative stress in pregnancy and pre-eclampsia in humans 
 

Parameter Control Normal pregnant women Pre-eclamptic women 

LPO (μmol/L)  32.71 ± 5.84 55.45 ± 9.07 68.19 ± 6.44 
8-OHdG (ng/ml)  33.52 ± 4.61 48.34 ± 8.45 50.24 ± 5.96 
SOD (U/g Hb)  4394.51 ±1152.33 4134.12 ± 532.67 4005 ± 1037.28 
GPx (U/g Hb)  1173.49 ± 234.75 970.64 ± 145.34  
TAS (mmol/L)  1.45 ± 0.18 1.23 ± 0.12 0.62 ± 0.14 
Vitamin C(mg/dl)  0.12 ± 0.06 0.10 ± 0.05 0.07 ± 0.03 
Vitamin E (mg/dl)  1.13 ± 0.07 1.09 ± 0.35 0.95 ± 024 
Selenium (μmol/L)  0.85 ± 0.24 0.76 ± 0.20 0.38 ± 0.15 

 
 
 
Table 2. Biomarkers of Oxidative stress in iron overloaded animal (rats0 model at 20 month 
 

Group 
Fe 

(μmol/L) 
ALT 

(IU/L ) 
AST 
(IU/L) 

SOD 
(U/g Hb) 

GPX 
(U/gHb) 

ORAC(mM 
Trolox) 

8-OHdG 
(nmol/ml) 

Group 1 (control) 62.5 ± 6.2 63.2 ± 5.3 130 ± 4.6 2165 ± 444 214 ± 11.9 14.2 ± 2.8 123 ± 21 
Group 2 (Fe)  122.0 ± 10.5 329 ± 48.6 202.2 ± 50.5 1584 ± 360 179.1 ± 16.1 7.5 ± 1.4 455 ± 151 
Group 3 (Fe + Vit C & E Supplementation) 119.1 ± 9.2 234.6 ± 48.3 134.6 ± 48.6 1626 ± 199 228.8 ± 17.6 13.0 ± 2.5 346 ± 117 

 
 
 
and the following interventions: balanced protein-energy 
supplementation (Kramer, 2000), isocaloric balance 
protein supplementation (Kramer and Kakuma, 2003), 
and protein and energy restriction for obese women 
(Kramer, 2007) despite the relationship between pre-
eclampsia and obesity. 

It has been reported that calcium reduce the risk of 
gestational hypertension (Villar et al., 2003) in contrast 
with the non-significant effect of calcium supplementation 
observed in the largest trial conducted by the National 
Institute of Health-USA. These negative observations 
have been made for iron and folate supplementation as 
above mentioned. There is no biological link either 
between magnesium, fish oil and gestational hyper-
tension (Altman et al., 2002; Duley, 2009). 

Fortunately, prophylactic interventions with vitamins E 
and C supplementation were associated with 54% 
reduction in the risk of developing pre-eclampsia. Among 
various WHO recommendations (WHO, 2011a; 2011b) 
for prevention and treatment of pre-eclampsia and 
eclampsia, the high quality of evidence has been 
observed only for magnesium sulfate (Duley et al., 
2010a, 2010b), vitamins C and E administration 
(Rumbold et al., 2008) which make them to be strongly 
recommended (WHO, 2010, 2011). Calcium (Hofmeyr et 
al., 2010) and vit D supplementation and corticoids 
administration especially for the treatment of the 
“haemolysis elevated liver enzymes low platelet count” 
(HELLP) can help (Woudstra et al., 2010). However 
these supplementation programmes should be monitored 
and evaluated for their effects.  

Usually labour induction and administration of 
antihypertensive drugs (Duley et al., 2006; Abalos et al., 
2007) and diuretics (Churchill et al., 2007) for pre-
eclampsia or gestational hypertension at term are 
recommended. However, the benefit and potential harm 
of these strategies need to be investigated especially in 
rural African settings where accurate gestational age 
assessment is difficult to be conducted due to the late 
initiation or absence of antenatal care. 

Data from our studies, confirmed those reported by 
Gupta et al., (2009) on lipid peroxides and antioxidants 
status in pre-eclampsia. As shown in Table 1, biomarkers 
of oxidative stress (LPO, 8-OHdG) increased while 
enzymatic activities (SOD, GPx) decreased more during 
pre-eclampsia than the normal pregnancy suggesting the 
involvement of ROS/RNS from the activation of 
macrophages.  
The decrease of GPx activity, a seleno-enzyme, 
observed in iron overload rats (Table 2), may justify the 
reduction of this micronutrient: selenium being used in 
biosynthesis of this enzyme in humans and animals. 

In contrast, TAS, vitamins C and E were reduced 
suggesting their role in scavenging free radicals and 
especially OH radical generated from Haber-Weiss and 
Fenton reactions and from the activation of 
macrophages. Those reactions take place because of the 
release of free iron from ferritin during inflammatory 
process producing cytokines (Casanueva and Viteri, 
2003). Excess iron intake through geophagia could 
induce toxic reactions (Rush, 2000). The resulting high 
ferritin level  will  lead into the failure of  maternal  plasma  
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expansion (Silver et al., 1998). 

Our results have confirmed those of Scholl (2004, 
unpublished data) on the association between increased 
iron stores and the excretion of 8-OHdG, a marker of 
oxidative damage to DNA and may influence the long-
term health outcomes of infants after birth by inducing 
G→T mutations during DNA replication which increase 
the risk of cancer (Satoko et al., 2012; Shibutani et al., 
1991). 

Our experimental animal model has indeed demon-
strated in iron overload conditions, a decrease of total 
antioxidants and an increase of 8-OHdG in plasma as 
well as in rat hepatocytes; antioxidative enzymatic 
activities SOD and GPx being reduced by 26.9 and 
16.4%, respectively. Supplementation in vit C and E can 
help to reduce the extent of oxidative stress: 2% for SOD 
and 27% for GPx. It can also alleviate maternal plasma 
expansion. Inadequate plasma volume expansion as 
depicted by the reduction of creatinin, uric acid and 
hematocrit has been indeed observed in women with pre-
eclampsia (Silver et al., 1998). 

However, high doses of vitamins ((Cheng, 1999; Muller, 
2010) and antioxidants (Bjelakovic et al., 2007) supple-
mentations can increase the mortality rate in randomized 
trials. Generally, food and to lesser extent, soil contains 
less heme iron than nonheme iron. The lower absorption 
rate iron containing soil may be increased depending on 
the level of iron stores (Monsen, 1988). Iron deficiency 
observed in many African pregnant women may thus 
trigger the absorption rate of this form of heme. Iron and 
zinc deficiencies usually associated with plant-based 
diets in poor countries are not associated with vegetarian 
diets in wealthier countries (Janet, 2003). The question of 
bioavailability of iron, zinc, and other trace minerals in 
pregnant women is not completely resolved and depends 
on factors such as gastric acidity, presence of inhibitors 
(Hurrell et al., 1999; Hunt, 2003). The relative bio-
availability of iron compounds is determined by their 
solubility in stomach’s gastric juice. Iron deficiency can be 
prevented using food fortification by addition of 
enhancers such as ethylen-diamine-tetraacetic acid, 
glycine, ascorbic acid (Hurrell, 1997). Hilt et al. (2011) 
have even demonstrated the improvement of iron 
solubility in dilute acid when Magnesium and Calcium 
have been incorporated into the nanostructure of Fe2O3. 
Nevertheless, in acidic and decrease of iron stores 
conditions, and in absence of inhibitors, nonheme iron 
can thus play a role as catalyst metal in Haber-Weiss and 
Fenton reaction producing more OH radical which will 
damage cells. 

While the above mentioned clay minerals do not have 
apparent toxicity, iron may be harmful in pre-
eclamptic/eclamptic women because of generation of 
ROS/RNS inducing through NF-kappa B. the expression 
of inflammatory genes. This gene expression is sus-
ceptible  to  exacerbate  the  gestational  hypertension  in 

 
 
 
 
short term and cancer in long term process; inflammation 
being the intermediate step before the occurrence of pre-
neoplastic phase. 

In contrast, zinc supplementation needs to be taken 
into consideration because of its role in the metabolism of 
several protein enzymes. Deficiency in this important 
trace element can indeed affect many functions including 
the induction of pre-eclampsia. It also plays an important 
role in cell-mediated immune functions as anti-inflam-
matory and antioxidant agent (Prasad, 2004). 
 
 
Conclusion 
 
Due to its ubiquitous properties, eating soil containing 
iron may be harmful for pregnant and mostly pre-
eclamptic/eclamptic women where endothelial dysfunc-
tion can occur as a result of activation of macrophages. 
As molecular mechanism, ROS/RNS resulting from 
activated macrophages will trigger the binding of AP-1 to 
NF-kB for the induction of COX-2 leading to the 
expression of inflammatory genes responsible for clinical 
manifestations of pre-eclampsia. 

Soil containing magnesium and zinc should be 
beneficial to pregnant as well as pre-eclamptic/eclamptic 
women. In the particular case of zinc, this trace element 
will stimulate the upregulation of mRNA and DNA-specific 
binding for A20. This transactivating factor will then inhibit 
the activation of NF-kB leading to the down regulation of 
inflammatory cytokines (Prasad et al., 2004, 2011; Bao et 
al., 2010).  
 
 
Conflict of Interests 
 
The author(s) have not declared any conflict of interests. 
 
 
REFERENCES 
 
Abalos E, Duley L, Steyn DW (2007). Antihypertensive drug therapy for 

mild to moderate hypertension during pregnancy. Cochrane 
Database Syst. Rev. (1):CD002252. 

Abrahams PW, Parsons JA (1996). Geophagy in the tropics: a literature 
review. Geogr. J. 162: 63-72. 

Al-Rmalli SW, Jenkins RO, Watts MJ, Haris P (2010). Risk of human 
exposure to arsenic and other toxic elements from geophagy: trace 
element analysis of baked clay using inductively coupled plasma 
mass spectrometry. Environ. Health 9:79. 

Altman D, Carroli G, Duley L, Farrell B, Moodley J, Neilson J, Smith D 
(2002); Magpie Trial Collaboration Group. Do women with pre-
eclampsia, and their babies, benefit from magnesium sulphate? The 
Magpie Trial: a randomised placebo-controlled trial. Lancet. 
359(9321):1877-1890.  

Arthur JR, Boyne R (1985). Superoxide dismutase and glutathione 
peroxidase activities in neutrophils from selenium deficient and 
copper deficient cattle. Life Sci. 36:1569-1575. 

Aye K (1978). A simple colorimetric method for ascorbic acid 
determination in blood plasma. Clin. Chim. Acta 86:153-157. 

Baidoo SE, Tay SCK, Obiri-Danso K, Abruquah HH (2010). Intestinal 
helminth infection and anaemic during pregnancy: a community based 



 

 

 
 
 
 

ba
Bak

N
Bao

C
in
zi

Bjela
M
a
JA

Blak
pe
R

Cao
ca

Cas
J.

Che
do
m

Chu
p
(1

Clar
S

Corb
af

Core
S
36

de W
S
pa
N

Dorn
de
F

Dule
S

Dule
M
p

Dule
ve
S

Dule
M
D

Gue
(2
of

Gup
A
sy

Hall
m
85

Hilty
S
na
se

Hofm
su
d
(8

Horn
w

Hub
P

ased study in Gh
er H, Frank O (

New York 1:72. 
o B, Prasad A, Be
Cardozo LJ (2010
nflammatory cyto
inc as an atherop
akovic G, Nikolo

Mortality in rando
nd secondary p
AMA 297(8):842
kely WF, Fuciare
eroxide-induced 

Res. 121:338-343
o G, Prior RL (1
apacity in biologi

sanueva E, Viteri
. Nutr. 133(Supp

eng W, Valentine
o not replace ce

mice from acute o
urchill D, Beever
reventing pre-
1):CD004451. 
rk P, Boswell F, 

Semin. Reprod. E
bett RW, Ryan C
ffect pregnancy o
eil J, Bryant CA

Social Behavioral
60p. 
Weerd S, Steeg

Steegers EAP (2
arameters, vitam

Nutr. 57:118-1134
ner K, Gustman
etermination of 
errochem 3050. 
ey L (2009). Th

Semin. Perinatol. 
ey L, Gülmezog

Magnesium sulfa
reeclampsia. Co
ey L, Henderson
ery high blood 

Syst. Rev. (3):CD
ey L, Henders

Magnesium sulp
Database Syst. R
etens G, De Boe
2002). Oxidative 
f analysis. Crit. R

pta S, Aziz N, S
A (2009). Lipid pe
ystematic review
iwell B, Gutterid

metal ions in hum
5. 
y FM, Knijnenbu

SE, Zimmermann
anostructured F
ensory character
meyr GJ, Law
upplementation 
isorders and re
8):CD001059. 
ner RD, Lackey 

women. J. Am. Di
bel CA (1999). Ox
Proc. Soc. Exp. B

hana. J. Bacterio
1968). Determin

eck FWJ, Fitzge
0). Zinc decrease
okines in elderly 
protective agent.
ova D, Gluud L

omized trials of a
prevention: syst
-857. 

ell AF, Wegher B
base damage 

3 
999). Measurem
ical samples. Me
i FE (2003). Iron

pl): 17005-8S. 
e BA, Lei XG (19
ellular glutathion
oxidative stress. J
rs GDG, Meher 
eclampsia. Co

Greer IA (1998)
Endocrinol. 16: 57
C, Weinrich SP 
outcomes? Am. 

A, Henderson JN
l Foundation of 

gers-Theunissen 
003). Maternal p

min profiles and 
4. 
nn H, Sippell W

serum iron: p
J. Clin. Chem. C

he global impact
33(3): 130-137. 

glu AM, Hender
ate and other 
chrane Database

n-Smart DJ, Meh
pressure during

oo1449. 
son-Smart DJ, 
phate versusdia
ev. (12):CD0001

eck G, Highley M
DNA damage: B

Rev. Clin. Lab. S
Sekhon L, Agar
eroxidation and a
w. Obstet. Gyneco
dge JMC (1990).
man disease: an o

rg JTN, Teleki A
n MB (2011). 
Fe2O3 improves 
ristics in foods. J
rie TA, Atallah

during pregn
elated problems

CJ, Warren KK
et. Assoc. 91:33
xidative stress in

Biol. Med. 222:22

ol. Res. 2(2):9-13
nation of Vitamin

erald JT, Snell D,
es C-reactive, lip

subjects: A pot
 Am. J. Clin. Nut

LL, Simonetti RG
antioxidant supp
ematic review 

BJ, Dizdaroglu M
in deoxyribo-nu

ment of oxygen 
ethods Enzymol. 
n and oxidative s

99). High levels 
ne peroxidase (G
J. Nutr. 129:1951
S, Rhodes C (2

ochrane Datab

). The neutrophil
7-64. 
(2003). Pica in 

J. Matern. Child 
N, Forthofer MS,
Public Health, p

RPM, de Boo T
periconceptional

pregnancy outc

W (1981). A ne
potentiostatic co
Clin. Biochem. 19
t of pre-eclamps

rson- Smart DJ,
anticonvulsants

e Syst. Rev. (11)
her S (2006). Dru
g pregnancy. C

Walker GJ, 
zepam for ecl
27. 

M, van Oosterom
Biological signific
ci. 39(4 & 5):331
rwal R, Mansou
antioxidant status
ol. Surv. 64(11): 
 Role of free ra
overview. Metho

A, Krumeich F, H
Incorporation of

Fe solubility i
. Food Sci. 70(1

h ÁN, Duley L
ancyfor preven
. Cochrane Da

 (1991). Pica pr
3-34. 
n the pathogenes
2-235. 

3.  
 E. Clin. Vit. Wi

, Bao GW, Singh
id peroxidation, a
ential implication
tr. 91:1634-1641
G, Gluud C (200
lements for prim
and meta-analy

M (1990). Hydrog
ucleic acid. Rad

radical absorba
299:50-52. 

stress in pregnan

of dietary vitami
GPX1) in protect
1-1957. 
2007). Diuretics 

base Syst. R

l and preeclamp

pregnancy: doe
Nurs. 28:183-18
, Quinn GP (200

published by SAG

TM, Thomas CM
 and hematolog
come. Eur. J. C

ew method for 
oulometry with 
9:967-70. 
sia and eclamp

, Chou D (2010
s for women w
):CD000025. 
ugs for treatmen

Cochrane Databa

Chou D (2010
ampsia. Cochra

m AT, de Bruijn 
cance and meth
-457. 
r G, Li J, Agar
s in preeclampsia
750-759. 

adicals and catal
ods Enzymol. 186

Hurrell RF, Prats
f Mg and Ca 
in dilute acid a
):2-10. 
L (2010). Calc
nting hypertens
atabase Syst. R

ractices of pregn

sis of preeclamp

ley, 

h T, 
and 
n of 
,  
07). 

mary 
ysis. 

gen 
diat. 

nce 

ncy. 

n E 
ting 

for 
Rev. 

sia. 

es it 
89. 
00). 
GE, 

MG, 
gical 
Clin. 

the 
the 

sia. 

0a). 
with 

nt of 
ase 

0b). 
ane 

EA 
ods 

rwal 
a: a 

lytic 
6:1-

sinis 
into 
and 

ium 
sive 

Rev.  

nant 

sia. 

 
 
 
Hunt J

from
Hunter

Rev
Hurrell

Fort
Hurrell

abso
81(0

Karme
oxal
34:1

Korma
dise

Krame
Coc

Krame
preg

Krame
preg

Lacey 
Pub

Liu T, 
pros
of ar

Lorentz
dysf

Lund E
expo
pero
2928

Mahom
preg
I., ed

Mahom
The 

Makrid
preg

Makrid
pros
unco
Coc

Many 
cyto
pree

Marnet
malo

Marnet
21:3

Mezian
And
pree
vasc

Miller 
Dete
412

Monse
impa

Muller 
Foo

Njiru H
Afric

Nouroo
of p
xyle
220

Nyanza
Geo
eate
com

JR (2003). Bioav
m vegetarian diet
r J (1973). Ceop
v. 63:170-195. 
l RF (1997). 
tification. Nutr. R
l RF, Reddy M
orption in man b
04): 289-295. 
en A (1955). A 
lacetic transami
131-133. 
an SH (1990). P
eases. Am. J. Cli
er MS, Kakuma R
chrane Database
er MS. (2000). 
gnancy. Cochran
er MS. (2007). 
gnancy. Cochran
E (1990). Broad

blic Health Repor
Stern A, Roberts

staglandin-like pr
rachidonic acid. 
zen B, Henrik
function in preec
EK, Fairweather
osure to high le
oxidation in the 
8-2931. 

med K, Hytten, 
gnancy. In Effec
d.), Oxford Unive

med K. Routine 
 Cochrane Revie

des M, Crowthe
gnancy. Cochran
des M, Duley 
staglandin pre
omplicated by p

chrane Database
A, Hubel CA, F

otrophoblast m
eclampsia. Am. J
tt LJ (1999).
ondialdeyde. Mu
tt LJ (2000). O

361-70. 
ni F, Tesse A, Da

driantsitohaina 
eclamptic women
cular contractility
NJ, Rice-Evans 
ermination of pla

en ER (1988). Iro
act iron availabil
DP (2010). Vita
d Res. 54(5):710

H, Elchalai U, P
ca: a literature re
oz-Zadeh J, Taja
plasma hydrope
enol assay in con
:403-409. 
a EC, Joseph M

ophagy practices
en by pregnant w

mmunities in Tanz

Mossa

vailability of iron
ts. Am. J. Clin. N
phagy in Africa a

Preventing Ir
Rev. 55(6):210-22

, Cook JD (199
by polyphenolic-c

note on the s
inase in human

Pica as presenti
n. Nutr. 51:139-1
R (2003). Energy
e Syst. Rev. (4):C

Balanced pro
ne Database Sys
Isocaloric balan

ne Database Sys
dening the persp
rt 97:169-174. 
s LJ, Morrow JD
roducts of the fr
J. Biomed. Sci. 6

ksen T (1998)
clampsia. Semin.
r-Tait SJ, Wharf 
evels of dietary
mucosa of the 

F (1989) Iron 
ctive care in preg
ersity Press, Oxf
iron supplemen

ew. Oxford, Unite
er CA (2001). 
ne Database Sys
L, Olsen SF. 
ecursor, supp
pre-eclampsia o

e Syst. Rev. (3):C
Fisher SJ, Robe

manifest eviden
J. Pathol. 156:32
 Lipid perox

utat. Res. 424(1-2
Oxyradicals and

avid E, Martinez
R (2006). Sh
n generate vasc
y. Am. J. Pathol. 

C, Davies MJ, 
asma total antio

on nutrition and 
ity. J. Am. Diet. A

amin E and neur
0-718. 
Paltiel O (2011).
eview. Obstet. Gy
addini-Sarma DI

eroxide concentr
njunction with trip

M, Premji SS,Th
s and the conten
women in artisa
zania. BMC Preg

anda and Asa

n, zinc, and othe
utr. 78(3):6335-6
and in the Unite

on Deficiency 
22. 
99). Inhibition o
containing bever

spectrometric as
n blood serum.

ng symptom in 
141. 
y and protein inta
CD000032. 
otein/energy sup
st. Rev. (2):CD00
nced protein su
st. Rev. (4):CD00
pective of pica: 

D (1999). The iso
ree radical-cataly
6:226-235.  
. Plasma lipid
 Reprod. Endocr
SG, Johnson IT

y iron fortificatio
rat large intesti

 and folate su
gnancy and child
ford. pp. 301-307
ntation during p
ed Kingdom. Upd
Magnesium su

st. Rev. (4):CD00
(2006). Marine

plementation 
or intrauterine g
CD003402. 
rts JM, Zhou Y 

nce of oxida
21-331. 
idation - DNA
2):83-95. 
 DNA damage.

z MC, Wangesten
ed membrane 

cular wall inflam
169:1473-1483.
Gopinathan V,

oxidant status. C

absorption: diet
Assoc. 88(7):786
rological function

 Geophagy dur
ynecol. Surv. 66(
I, Wolff SP (199
ration by the fe
phenylphosphine

homas DSK, Ma
t of chemical ele

anal and small s
gnancy Childbirth

are          394

er trace mineral
6395. 
ed States. Geog

Through Foo

of non-haem iro
rages. Br. J. Nut

ssay of glutamic
 J. Clin. Inves

childhood celia

ake in pregnancy

pplementation i
00032. 
pplementation i

00118. 
Literature review

oprostanes: nove
yzed peroxidatio

s and vascula
rinol.16: 33-39. 
T (2001). Chroni
n increases lipi
ne. J. Nutr. 131

pplementation i
dbirth (Chalmers
7. 
regnancy (1998
date Software. 
pplementation i

00937. 
e oil, and othe
for pregnanc

growth restriction

(2000). Invasiv
ative stress i

A damage b

. Carcinogenesi

n R, Schneider F
particles from

mation and blun

Milner A (1993
Clin. Sci. 84:407

tary factors whic
6-790. 
n. Rev. Mol. Nut

ing pregnancy i
(7):452-459. 

94). Measuremen
errous oxidation
e. Anal. Biochem

annion C (2014
ements in the so
scale gold minin
h 14:144. 

1 

s 

r. 

d 

n 
r. 

c-
t. 

c 

y. 

n 

n 

w. 

el 
n 

ar 

c 
d 

1: 

n 
s, 

). 

n 

er 
cy 
n. 

e 
n 

y 

s 

F, 
m 
nt 

). 
7-

h 

r. 

n 

nt 
n-
m. 

). 
oil 
g 



 

 

3942          Afr. J. Biotechnol. 
 
 
 
Paglia DE, Valentine WN (1967). Glutathione peroxidase determination. 

J. Lab. Clin. Med. 70:158-169. 
Pleban PA, Munyani A, Beachum J (1982). Determination of selenium 

concentration and glutathione peroxidase activity in plasma and 
erythrocytes. Clin. Chem. 28:311-316. 

Plummer JL, Mackinnon M, Cmielewski PL, Williams P, Ahern MJ, IIsley 
AH, de la M Hall P (1997). Dose related effects of dietary iron 
supplementation in producing hepatic iron overload in rats. J. 
Gastroenter. Hepatol. 12:839-884. 

Prasad AS (1991a). Discovery of human zinc deficiency and studies in 
an experimental human model. Am. J. Clin. Nutr. 53(2):403-412. 

Prasad AS, Bao B. Beck, FWJ, Sarkar FH (2011). Zinc-suppressed 
inflammatory cytokines by induction of A20-medated inhibition of 
nuclear factor-κB. Nutrition 27:816-823. 

Prasad AS, Bin Bao, Beck FWJ, Kucuk O, Sarkar FH (2004). 
Antioxidant effect of zinc in humans. Free Radic. Biol. Med. 
37(8):1182-1190.  

Prasad, AS (1991b). Copper, iron and zinc in human metabolism. In: 
Encyclopedia of Human Biology, M.Yelles (Ed.), Academic Press, 
New York, Vol. 2:649-660. 

Raijmakers MT, Dechend R, Poston L (2004). Oxidative stresand 
preeclampsia: rationale for antioxidant clinical trials. Hypertension  
44(4):374-380. 

Rumbold A, Duley L, Crowther CA, Haslam RR (2008). Antioxidants for 
preventing pre-eclampsia. Cochrane Database Syst. Rev.  
1:CD004227. 

Rush D (2000). Nutrition and maternal mortality in the developing world. 
Am. J. Clin. Nutr. 72(suppl):212-40S. 

Satoko E, Takako C, Takashi O, Ikuo K (2012). Relationship between 8-
hydroxydeoxyguanosine levels in placental/umbilical cord blood and 
maternal/neonatal obstetric factors. Exp. Ther. Med. 4:387-390. 

Shibutani S, Takeshita M, Grollman AP (1991). Insertion of specific 
bases during DNA synthesis past the oxidation-damaged base 8-
oxodG. Nature 349:431-434. 

Shigenaga MK, Aboujaoude EN, Chen Q, Ames BN (1994). Assays of 
oxidative damage biomarkers 8-oxo-2’deoxyguanosine and 8-
oxoguanine in nuclear DNA and biological fluids by high performance 
liquid chromatography with electrochemical detection. Methods 
Enzymol. 243:16-33. 

Sibai BM, Gordon T, Thom E et al (1995). Risk factors for precclampsia 
in healthy nulliparous women a prospective multicenter study. Am. J. 
Obstet. Gynecol. 172:642-648. 

Silver BM, Seebeck M, Carlson R (1998). Comparison of total blood 
volume in normal, preeclamptic, and non-proteinuric gestational 
hypertensive pregnancy by simultaneous measurement of red blood 
cell and plasma volumes. Am. J. Obstet. Gynecol. 179:87-93. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Toyokuni S, Iwasa Y, Kondo S, Tanaka T, Ochi H et al. (1999). 

Intracellular distribution of 8-hydroxy-2’-deoxyguanosine. An 
immunocytochemical study. J. Histochem. Cytochem. 47(6):833-836. 

Toyokuni S, Tanaka T, Hattori Y, Nisjiyama Y, Yoshida A, Uchida K, 
Hiai H, Ochi H, Osawa T (1997). Quantitative immunohistochemical 
determination of 8-hydroxy-2’-deoxyguanosine by monoclonal N45.1: 
its application to ferric nitrilotriacetate-induced renal carcinogenesis 
model. Lab. Invest. 76:365-374. 

 Villar J, Merialdi M, Gulmezolglu M, Abalos E, Carroli G, Kulier R, de 
Onis M (2003). Nutritional interventions during pregnancy for the 
prevention or treatment of maternal morbidity and preterm delivery: 
an overview of randomized controlled trials. J. Nutr. 133(5) Suppl. 
2:1606S-1625S. 

Walsh SW (1998). Maternal-placental interactions of oxidative stress 
and antioxidants in preeclampsia. Semin. Reprod. Endocrinol. 16:93-
104. 

Wang Y, Walsh SW (2001). Increased superoxide generation is 
associated with decreased superoxide dismutase activity and mRNA 
expression in placental trophoblast cells in pre-eclampsia. Placenta 
22:206-212. 

WHO (2010). Hanbook for guideline development, Geneva, World 
Health Organization. 

WHO (2011) Reproductive Health Library. Geneva, World Health 
Organization (www.who. int/rhl). 

WHO (2011). Recommendations for prevention and treatment of pre-
eclampsia and eclampsia. Geneva, World Health Organization. 

Wigle DT, Arbuckle TE, Turner MC, Bérubé A, Yang Q, Liu S, Krewski 
D (2008). Epidemiologic evidence of relationships between 
reproductive and child health outcomes and environmental chemical 
contaminants. J. Toxicol. Environ. Health B Crit. Rev. 11(5-6):373-
517.  

Wong RH, Yeh CY, Hsueh YM, Wang JD, Lei YC, Cheng TJ (2003). 
Association of hepatitis virus infection, alcohol consumption and 
plasma vitamin A levels with urinary 8-hydroxydeoxyguanosine in 
chemical workers. Mut. Res. 535:181-18.  

Woudstra DM, Chandra S, Hofmeyr GJ, Dowswell T (2010). 
Corticosteroids for HELLP (hemolysis, elevated liver enzymes, low 
platelets) syndrome in pregnancy. Cochrane Database Syst. Rev.  
Issue 9. Art. No.: CD008148.  

Woywodt A, Kiss A (2000). Geophagia: a forgotten diagnosis. S. Afr. J. 
Surg. 38 (2): 42. 

Young SL (2008). A vile habit? In: J. MacClancy, J Henry, H Macbeth 
(eds) Consuming the Inedible: Neglected dimensions of Food choice, 
Berhahn Books, 208 pages. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


