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Introduction: Preeclampsia is the principal cause of maternal morbidity and is characterized by 
hypertension, proteinuria, and edema. It is believed that oxidative stress plays an essential role in 
the pathophysiology of preeclampsia. This study was conducted to determine the effect of tempol 
on fetal limb hemorrhage, malformations, and oxidative stress in an N-nitro-L-arginine methyl 
ester (L-NAME)-induced preeclamptic rat model.
Methods: To induce preeclampsia, L-NAME (50 mg/kg/day, oral) was administered from day 11 
of pregnancy to day 22. Four preeclamptic groups received L-NAME alone, L-NAME+tempol 
(20, 60, 180 mg/kg/day; L-NAME, L-T20, L-T60, L-T180 groups, respectively). The control 
group (normal pregnant) received only tap water, and the T60 group received tempol (60 mg/Kg) 
alone (without L-NAME). The concentration of 8-isoprostane in plasma and placenta, number 
and weight of the fetuses, and the limb defects were measured on the 22nd day of the pregnancy.  
Results: L-NAME administration caused placental oxidative stress, limb defects and hemorrhage, 
and low fetal weight. Administration of tempol at 20 and 60 mg/kg/day reduced limb defects 
(10.5 and 7.2 percent versus 24.7 percent) and limb hemorrhage (14.5 and 9.5 percent versus 23 
percent) induced by L-NAME. After administration of tempol (20 and 60 mg/kg), fetal weight 
increased (5.14±0.08 and 5.44±0.15 versus 4.27± 0.11 g). Administration of tempol at the high 
dose (180 mg/kg/day) did not produce any significant effects on the measured parameters.
Conclusion: Tempol with certain doses improves fetal outcomes in an experimental rat model of 
preeclampsia. These may be the results of its antioxidant action.
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Preeclampsia is the chief cause of maternal morbidity 
and is characterized by hypertension, proteinuria, and 
edema (Noris, 2005; Ramos et al, 2017). The etiology 
of preeclampsia is not very well understood. A current 

hypothesis is that reactive oxygen species (ROS) have 
an essential role in the development of maternal com-
plications (i.e., hypertension and proteinuria) (Burton 
and Jauniaux, 2004; Gupta et al, 2005; Ramos et al, 
2017; Roggensack et al, 1999; Sedeek et al, 2008) and 
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fetal complications (i.e., hemorrhage and Limb defects) 
of preeclampsia (Tenório et al, 2019). A variety of ani-
mal models, such as reduced uterine perfusion pressure 
(RUPP), administration of endothelin, single-dose in-
jection of suramine, and administration of L-NAME, 
have been introduced to recognize the pathogenesis of 
the disease (Cushen and Goulopoulou, 2017; Podjarny, 
1999). The L- NAME rat model, because of its similarity 
to human preeclampsia, has become increasingly popu-
lar. Administration of L-NAME, a well-known inhibitor 
of NO production, to experimental animals during late 
gestation induces a syndrome resembling preeclampsia 
in humans and is associated with increased ROS pro-
duction, hypertension, proteinuria, and limb malforma-
tions (Amaral et al, 2018; Sedeek et al, 2008; Tiboni et 
al, 2003).

It has been suggested that ROS generation is an es-
sential factor in the L-NAME-induced teratogenicity 
model. several radical scavengers such as Alpha-phe-
nyl-N-t-butyl nitrone (PBN) and quercetin, significantly 
restored fetal malformations and fetal weight reduction 
induced by L-NAME in rats (Fantel, 2002; Tanir et al, 
2005). Moreover, in our previous study, we showed that 
tempol, as a potent antioxidant, prevented hypertension 
(HTN) and proteinuria induced by L-NAME in preg-
nant rats (Talebianpoor et al, 2012). Tempol is a super-
oxide dismutase (SOD)–mimetic agent with significant 
antioxidant activity. It has excellent cell permeability 
because of its low molecular weight (Beckman, 1996). 
It has been reported that tempol produces a protective 
effect in diabetic-induced embryonic damage (Ryu et al, 
2007). So, it is possible that tempol may have beneficial 
effects on fetal complications of preeclampsia, such as 
embryonic damage induced by L-NAME. In addition, 
to our knowledge, no report about the effect of tempol 
on the fetuses of normal animals has been published. 
Therefore, this study aimed to evaluate whether the ad-
ministration of tempol during the second half of preg-
nancy ameliorates L-NAME–induced teratogenicity or 
not. Also, the effect of tempol on normal pregnant rats 
was studied.

Materials and methods
Animals
Female Sprague-Dawley rats (250-300 g) were pur-

chased from the animal house of the Shiraz Universi-
ty of Medical Sciences (SUMS). Animal procedures 

were approved by the institutional ethics committee of 
Shiraz University of Medical Sciences (Ethical code: 
IR.SUMS.REC.1388.S4895). All animals were kept in 
cages at a temperature-controlled room (23±1 oC) with a 
12-h artificial light and dark cycle. The female rats were 
mated at night with male Sprague-Dawley rats. Day 0 
of pregnancy was defined as the day when vaginal plugs 
were found (8). On day 10 of pregnancy, the rats were 
divided into five groups: in group I, normal animals re-
ceived only distilled water (normal group); group II was 
treated with L-NAME (Alexis Biochemical, USA, 50 
mg/kg/day, through drinking water; L-NAME group); 
groups III, IV and V were treated with L-NAME (50 
mg/kg/day) plus tempol (Sigma chemical, UK, 20, 60, 
180 mg/kg/day, respectively, through drinking water; 
L-T20, L-T60, L-T180 groups). To study the potential 
teratogenic effect of tempol; group VI received only 
tempol (60 mg/kg/day; T60 group).

Measurement of plasma and placental 8-isoprostane
On gestational day 20, a blood sample was taken via 

the tail vein, then centrifuged at 3000 rpm, and plasma 
was collected and immediately frozen to -80 °C until 
analysis. Plasma 8-isoprostane concentration was mea-
sured by an enzyme immunoassay kit. The amount of 
placenta isoprostane was determined as a ratio to pro-
tein in the sample, determined by the Bradford method 
(Bradford, 1976).

Fetal limb malformations and hemorrhage 
On the 22nd day of gestation, pregnant rats were sac-

rificed and subjected to laparotomy under deep ether 
anesthesia. Uteri were removed and fetal weights were 
recorded.

The external surfaces of fetal limbs were examined for 
hemorrhage and abnormalities. For hemorrhage evalu-
ation, we reported both the incidence (percentage) and 
severity of hemorrhage. In order to compare the severity 
of limb hemorrhage, the following scale was developed: 
0, normal; 1, minimal hemorrhage in distal digit(s); 2, 
moderate hemorrhage in foot and/or hand; 3, hemor-
rhage, edema in entire limb(s); and 4, extensive hem-
orrhage and edema with necrotic limbs separating from 
the body and/or hemorrhage extending into adjacent 
flank (Fantel et al, 1999).

The forelimb and hindlimb malformations have also 
been evaluated for their incidence (percentage). The 
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type of malformations [fused digits, micromelia (partial 
absence of a limb or limbs), amelia (lacking one or more 
limbs)] was also considered (Makris et al, 2009).

Statistical analysis
Continuous data were compared using one-way anal-

ysis of variance (ANOVA) and the Tukey post hoc test. 
The chi-square test was used to evaluate the differences 
in the percentage of limb malformations and hemor-
rhage among groups. The severity of hemorrhage be-
tween groups was analyzed by the Kruskal-Wallis test. 
A p<0.05 was considered to be statistically significant.

Results
Plasma and placenta concentration of isoprostane
The isoprostane level in plasma and placenta as indi-

ces of oxidative stress, was higher in the L-NAME group 
compare to the normal pregnant rats (p<0.001; Table 1). 
Tempol at doses of 20 and 60 mg/kg reduced plasma 
(p<0.01) and placenta (p<0.001) isoprostane levels in 
preeclamptic rats, while the dose of 180 mg/kg had no 

meaningful effect on this parameter (Table 1). Adminis-
tration of tempol (60 mg/kg) to normal pregnant rats had 
no significant effect on plasma and placenta isoprostane 
levels (Table 1).

Pregnancy and fetal outcomes
Maternal death or preterm parturition was not ob-

served before day 22 of the pregnancy during the study. 
The body weight of the pregnant rats and their fetuses 
was significantly reduced in the L-NAME group com-
pared to the normal pregnant rats (p<0.001, Table 1). 
Tempol at doses of 20 and 60 mg/kg increased the body 
weight of preeclamptic rats and their fetuses (p<0.01), 
while the dose of 180 mg/kg had no meaningful effect 
on these parameters (Table 1). Administration of tempol 
(60 mg/kg) to normal pregnant rats had no significant 
effect on placental weight and their fetuses (Table 1)

Limbs malformation and hemorrhage 
L-NAME caused limb defects, digits missing, and in 

some instances, subcutaneous hematomas (Figure1). The 

TABLE 1:TABLE 1: Fetal outcome, pregnant rat weight, fetal weight, placental weight, plasma and placenta isoprostane in different groups at the 22nd 
day of gestation

Groups Number of 
fetuses

Pregnant rat 
weight (g) Fetal weight (g) Placental weight 

(g)
Placenta isoprostane 
(Pg/mg per tissue)

Plasma isoprostane 
(Pg/ml)

Normal 10.1±0.4 270±4** 5.70±0.11*** 0.35±0.01 99.4±12.8** 25.9±4.4***

L-NAME 10.0±0.6 250±4 4.27± 0.11 0.31± 0.01 214.2±25.2 123.5±22.7

L-T20 10.0±0.7 269±4* 5.14±0.08** 0.32±0.01 66.8±12.0*** 27.5±4.3**

L-T60 8.7±0.7 269±3* 5.44±0.15** 0.33±0.01 52.0±9.5*** 22.2±5.1**

L-T180 10.1±0.7 243±4 4.02±0.10 0.31±0.01 200.2±43.4 156.8±34.2

T60 8.8±0.9 267±3 5.71±0.09 0.35±0.01 74.5±9.8 23.2±6.9

The values are expressed as mean±SEM of 11 pregnant rats in each group. Normal: pregnant rats that received no treatment; L-NAME: 
rats that received L-NAME (50 mg/Kg) alone; L-T20, L-T60 and L-T180 are rats that received tempol at doses of 20, 60 and 180 mg/Kg, 
respectively, in addition to L-NAME. T60: rats that received tempol (60 mg/Kg) alone (without L-NAME). The treatments were started from 
day 11 of gestation. *P<0.05, **P<0.01, ***P<0.001 compared to the L-NAME group. The T60 group has been compared with normal rats.

Figure 1 

A B C D 

FIGURE 1.FIGURE 1. External limb morphology of rat fetus on the 22nd day of gestation. A) Normal hindlimb from normal group. B) Hindlimb from 
L-NAME group with amelia and hemorrhage. C) Hemorrhagic lesions with fused digit and micromelia are seen in hindlimb of the fetus from 
L-T180 group. D) Fused digit and hemorrhagic lesion from the L+T60 group.
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incidence (total number and percentage) of the differ-
ent types of malformations is shown in table 2. The per-
centage is compared to the total fetus number (100%) 
in each group. As shown in table 2, the L-NAME group 
had a higher frequency of total malformations com-
pared to the normal group (24.7% versus 1.6%, respec-
tively, p<0.001). The L-T60 group had a statistically 
lower frequency of total malformations compared to 
the L-NAME group (7.2% versus 24.7%, respectively, 
p<0.05) (Table2). Also, tempol at a dose of 20 mg/kg re-
duced the frequency of total malformations (10.5%ver-
sus 24.7%, p=0.05, Table 2). While, tempol at a high 
dose (180 mg/kg/day) had no significant effect on the 
teratogenic effects of L-NAME on fetuses (Table 2 and 
Table 3). Rare limb abnormalities and hemorrhage were 
seen in the normal and T60 groups with no significant 
difference between these two groups (Table 2 and Ta-
ble 3). There were no significant sex-related differenc-

es in the occurrence of limb anomalies (not shown). 
Limb malformations were more frequent on the left side 
(p<0.001), while hemorrhage was observed more fre-
quently on the right side (p<0.001; not shown).

Table 3 shows the limb hemorrhage in different 
groups. Results of hemorrhage in groups were almost 
similar to malformations as shown in table 3. Similar-
ly, the limb hemorrhage and average severity score in 
the L-NAME group were higher than the normal group 
(p<0.01-0.001, Table3). Tempol at dose 60 reduced the 
percentage of hemorrhage non-significantly and also 
had an average severity score with p=0.053.

Discussion
Preterm delivery, intrauterine growth restriction, pla-

cental abruption, and prenatal death are the most crit-
ical fetal complications of preeclampsia (Ornaghi et 
al, 2017; Sedeek et al, 2008). Vast attempts have been 

TABLE 2:TABLE 2: Limbs malformations in different groups at the 22ndday of gestation

Groups Number of stud-
ied fetuses Amelia Micromelia Fused digit Fused digit + 

micromelia Total malformations

Normal 62 1(1.6) 0 0 0 1(1.6%)***
L-NAME 61 4(6.6) 3(5%) 1(1.6) 7(11.5%) 15(24.7%)

L-T20 48 2(4.2) 0 2(4.2) 1(2.1%) 5(10.5%)*
L-T60 42 1(2.4) 1(2.4%) 0 1(2.4%) 3(7.2%)*
L-T180 63 1(1.6) 2(3.2%) 3(4.8) 12(19%) 18(28.6%)

T60 28 0 1(3.6%) 0 0 1(3.6%)
Incidence (total number and percentage) of amelia, micromelia, fused digit, fused digit+micromelia and total malformations in studied 
groups. Normal: pregnant rats that received no treatment; L-NAME: rats that received L-NAME (50 mg/Kg) alone; L-T20, L-T60 and 
L-T180 are rats that received tempol at doses of 20, 60 and 180 mg/Kg, respectively, in addition to L-NAME. T60: rats that received tempol 
(60 mg/Kg) alone (without L-NAME). The treatments were started from day 11 of gestation. *P<0.05, **P<0.01, ***P<0.001 compared to 
the L-NAME group. The T60 group has been compared with normal rats.

TABLE 3:TABLE 3: Limbs hemorrhage in different groups at the 22ndday of gestation

Groups Number of  studied 
fetuses Hemorrhage (%) Average severity score 

(mean±SEM)

Normal 62 3(4.8%)** 0.06±0.04***

L-NAME 61 14(23%) 0.34±0.09

L-T20 48 7(14.5%) 0.17±0.06

L-T60 42 4(9.5%) 0.10±0.05

L-T180 63 20(31.7%) 0.46±0.09

T60 28 2(7.1%) 0.11±0.08

Incidence (percentage) of hemorrhage and average severity score in studied groups. Normal: 
pregnant rats that received no treatment; L-NAME: rats that received L-NAME (50 mg/Kg) 
alone; L-T20, L-T60 and L-T180 are rats that received tempol at doses of 20, 60 and 180 
mg/Kg, respectively, in addition to L-NAME. T60: rats that received tempol (60 mg/Kg) 
alone (without L-NAME). The treatments were started from day 11 of gestation. *P<0.05, 
**P<0.01, ***P<0.001 compared to the L-NAME group. The T60 group has been compared 
with normal rats.
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carried out to define the pathogenesis of this syndrome 
and discover effective treatments. The aim of the pres-
ent work was to determine the effect of tempol on limb 
teratogenicity in a rat model of preeclampsia.

Experimental preeclampsia was induced by the ad-
ministration of L-NAME. It is well-known that admin-
istration of L-NAME to the pregnant rat result in mater-
nal and fetal complications resembles preeclampsia. In 
our experiments, we observed some limb abnormalities 
(discussed below) but no considerable changes in preg-
nancy outcomes, other than reduced fetal weight (Ta-
ble 1). In contrast to our results, some researchers have 
reported that treatment of pregnant rats with L-NAME 
produces considerable effects on fetus weight, the num-
ber of fetal resorption, and alive fetuses (Altoama et al, 
2016; Helmbrecht et al, 1996; Podjarny et al, 2001). 
This discrepancy may be related to the route, dose, and 
duration of L-NAME administration. 

L-NAME, also caused fetal malformations and limb 
hemorrhage, findings consistent with other reports 
(Talebianpoor et al, 2018).

Although the exact mechanisms of the L-NAME-in-
duced fetal malformations are not clear very well, it is 
proposed that a combination of maternal and placental 
factors are involved. As mentioned above, oxidative 
stress plays a vital role in the L-NAME model of pre-
eclampsia. Our results showed that L-NAME elevated 
plasma and placenta 8-isoprostane. Also, a previous 
study on pregnant rats showed that it increased maternal 
plasma MDA. (Gupta et al, 2005). These are markers of 
oxidative stress. By reduction of NO synthesis and in-
crease of oxidative stress, it seems that L-NAME causes 
vascular insult in both mothers and fetuses (maternal 
blood pressure, placenta perfusion, myometrium con-
traction and perfusion, fetal limb vasculature). Vascu-
lar insults are known to give rise to limb abnormalities. 
Vascular insults may be a reduction in blood flow sec-
ondary to prolonged or intense vasoconstriction, throm-
boembolic events, or impaired angiogenesis (Gregg et 
al, 1998).

Tempol significantly reduced fetal malformation at 
doses of 20 and 60 mg/kg/day. Tempol at dose 60 mg/
kg/day also reduced hemorrhage (p=0.053). Also, tem-
pol (20 and 60 mg/kg/day) significantly reduced plasma 
and placenta 8-isoprostane and improved fetal weight 
reduction. In our previous study, reduction of plasma 
MDA by tempol was observed (Talebianpoor et al, 

2012). Our results show that there is a good correla-
tion between oxidative stress and fetal weight reduc-
tion, malformation, and hemorrhage. This finding has 
also been reported by other researchers (Fantel, 2002; 
Tanir et al, 2005). It is rational to assume that tempol 
as a potent antioxidant potentiates body antioxidant de-
fense and prevents malformation induced by L-NAME. 
In our previous studies, we demonstrated the beneficial 
effects of tempol on hypertension, proteinuria, and re-
nal injuries in the preeclamptic rats. These effects can 
be attributed to its antioxidant action or other possible 
properties such as direct vasodilation action. So, another 
possibility is that tempol prevented fetal malformations 
because of the reduction of maternal complications of 
preeclampsia (Talebianpoor et al, 2012). 

The high dose of tempol (180 mg/kg/day) had no 
practical effects on L-NAME-induced fetal malforma-
tion. These results are consistent with our previous find-
ing that showed tempol at a dose of 180 mg/kg/day did 
not reduce hypertension, proteinuria, and renal injuries 
in the preeclamptic rats (Talebianpoor et al, 2017). In-
terestingly, tempol at this dose did not reduce placen-
ta 8-isoprostane; it underlines again the importance of 
the balance between oxidative stress and antioxidant 
defense in the pathogenesis of experimental preeclamp-
sia and its complications. A similar result was observed 
with this dose on maternal MDA level in a previous 
study (Talebianpoor et al, 2012). Tempol, as a SOD mi-
metic, converts superoxide radicals to H2O2. After that, 
H2O2 is detoxified by glutathione peroxidase and cata-
lase (Talebianpoor et al, 2017). Tempol at the high dose 
may generate an excessive level of H2O2 that cannot be 
detoxified efficiently. These increased levels of H2O2 

can exacerbate the complications of L-NAME (Preti 
et al. 2005). This proposed mechanism can justify our 
observed results with a high dose of tempol. Similar re-
sults are reported by others (Ardanaz and Pagano, 2008; 
García-Redondo et al, 2009; Preti et al, 2005; Rafikova 
and Tofovic, 2008). Preti et al, observed that tempol at 
200 mg/kg/day not only cannot reduce hypertension but 
also worsen that (Preti et al, 2005).

Since, we observed a desirable protective effect of 
tempol 60 mg/kg on limb teratogenicity in preeclamptic 
rats; we also administered this dose to normal pregnant 
rats to evaluate its possible teratogenic effect. Although, 
an event was observed in this group, a similar situation 
also occurred in normal pregnant rats without any treat-
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ment. So, it seems that tempol, at the applied dose, has 
no deleterious effect on pregnancy.

Conclusions
Tempol can decrease the occurrence of fetal limb mal-

formations and hemorrhage in an experimental model of 
preeclampsia. This effect is dose-dependent and is prob-
ably the result of its antioxidant action.
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