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ABSTRACT 
Background: Placenta has a strategic role in fetal/maternal exchange. A healthy placenta is 
essential for normal fetal development. Avoiding consumption of some foods and vegetables is 
suggested during pregnancy due to the risk of placental disorders. Celery is a high consumed 
vegetable that some studies concern about its adverse effect on pregnancy. The present study 
focused on its consumption side effects in different trimesters of gestation on mouse placenta.  
Methods: Duration of pregnancy in mice is three weeks. Five groups of 5 mice were considered. 
Groups I, II and III received celery hydro-alcoholic extract only during the 1st, 2nd and 3rd weeks 
of pregnancy, respectively and group IV received it during all the weeks of gestation. The 5th 
group was considered as control and just received placebo. The biometrical sizes of placenta 
(weight, length and diameter) were measured and histopathological analysis was done.  
Results: Celery consumption decreased the weight of placenta in groups II, III and IV. Also, 
placental length and diameter decreased in groups I and IV. Histopathological examination 
showed decrease of placenta trophoblastic giant cells and increase of trophoblast glycogen cells 
in the basal layer. Generally, morphological and pathological changes in the 4th group showed 
more deviations from the control group. Basal and Labyrinth layer thickness decreased in the 
experimental groups. Also, hyperaemia was observed in labyrinth layer of the experimental 
groups.  
Conclusion: Due to the decrease of placenta biometrical sizes and histo-pathological adverse 
effects, it is advised that celery should be used with more precaution, during pregnancy. 
Keywords: Placental Weight, Placental Length, Placental Diameter, Celery, Pregnancy, 
Trophoblast Glycogen Cells 
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Introduction 

ertility is defined as the ability to produce 

the gametes and a healthy fertilized egg, 

also a normal embryo development and a 

successful implantation as well as carrying a 

full-term pregnancy. In other words, not only a 

normal embryo and fetus development is 

necessary, but also a healthy placenta is essential 

to reach a live birth (1,2). So, any disorders in 

implantation and placenta may compromise the 

pregnancy process. Disorders of placenta is one 

of the etiologies of female infertility due to 

implantation disorders, miscarriage or abortion 

(3,4). Placenta is a functional unit between 

mother and fetus with a key role in the 

development of fetus. A normal placenta is 

essential for normal fetal development. Normal 

morphology and histology of placenta is 

necessary for a successful ongoing pregnancy 

(5,6). According to a systematic review in 2018, 

placental histopathology is associated with 

placenta‐related pregnancy complications (7). 

Several factors can affect placental 

morphology and cause missed, incomplete and 

complete abortion (8). Some of these factors are 

chemotherapy drugs, antibiotics, toxins, 

pesticides, radiation, air pollution and lack of 

adequate vitamins. It is known that these factors 

can create free reactive oxygen species (ROS). 

Subsequently, produced ROS cause the 

oxidation of cell components, which make the 

placenta leading to the impairment of placental 

cell's quality and function (9). Pathak  et al. 

reported that the macroscopic and morphological 

shape of the placenta cannot precisely predict 

histological placental lesions (10). But, 

quantitative assessment of placental morphology 

can predict the causes of stillbirth. So 

quantitative as well as qualitative assessments 

help to predict the reason of abortion or stillbirth 

(11). 

On the other hand, herbal medicine has 

traditionally some applications in the treatment 

of diseases and based on the available evidences, 

administration of medicinal plants for the 

improvement of  fertility has a long history (12). 

For example, some plant extracts like ginger 

have being used in the  treatment of morning 

sickness symptoms and pregnancy nausea and 

vomiting (13). Clery is a medicinal plant which 

is also proposed for prevention of nausea and 

vomiting (14). 

But, despite the numerous medicinal effects 

of plants, their un-prescribed and abused 

consumption could have serious side effects. 

Hence, taking them during pregnancy can 

jeopardize the placenta and the fetus health (12). 

Also, inappropriate or excessive consumption of 

some herbs, vegetables and herbal compounds 

may cause unwanted adverse effect during 

pregnancy. Overall, maternal diet may be a risk 

factor for gestation especially for women who 

are unaware of their pregnancy (15). 

Celery (Apium graveolens) from Apiaceae 

family is a stimulating factor for appetite and 

sexual power (16). It has a very wide range of 

usages in food and pharmaceutical industries 

(15). Also, it is used for morning sickness, 

nausea and vomiting (14). But, celery may 

causes womb contraction, miscarriage or 

preterm labour (17) and uterine stimulation (18). 

It has many phytoestrogen compounds like 

coumarin phytoestrogens and flavonoid which 

can affect reproductive endocrine system and 

cause reduction of fertility (19). 

Also, in case of chronic or high concentration 

use, it has inhibitory effects on fertility (20). 

These compounds affect the cells in the 

hypothalamus, inhibit the secretion of 

hypothalamic gonadotropin and stop pituitary-

gonadal axis (19). According to the traditional 

medicine, celery leaves may induce abortion, so 

consuming too much celery during pregnancy 

and lactation is not recommended (21). In 

contrast, some studies reported that aqueous 

extract of celery can increase the delivery rate in 

rat (22). Controversially, Kooti et al. 

investigated the effect of Celery extract on 

Wistar rats (100 and 200 mg/kg/BW), and their 

results showed no significant effect on number 

of the delivery and number of newborns in rats; 

even though, they reported decreased weight of 

infants (19). Therefore, still, it is not clear how 

much celery consumption during pregnancy is 

safe and at what time of pregnancy it exhibits 

more adverse effects? Also, no study is present, 

regarding the exact effect of hydro-alcoholic 

extracts of celery leaves on pathological and 

morphological changes of placenta in mouse. 

Therefore, the present study aimed to evaluate 

the effect of celery leaves extract on biometry 

and histology of mouse placenta.  

 

Materials and Methods 

Animals 

The research was approved by ethic 

committee of “Yazd International Campus, 

Shahid Sadoughi University of Medical 

sciences”, Yazd, Iran 

(IR.SSU.MEDICINE.REC.1400.366). NMRI 

F 
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female mice were obtained from “Yazd 

International Campus” animal house. The 

research was conducted under the “Animal 

Research: Reporting of in Vivo Experiments” 

(ARRIVE) guidelines 2.0 

(https://arriveguidelines.org/arrive-guidelines). 

Free access to water and food and cage cleaning 

was provided for all mice.  They were fed with 

standard diet and fresh water and grown under 

22±2°C, humidity (45 ± 5%) and 12 h light/dark. 

The female mice with the weight of 20-30 gr 

(mean=25 gr) were used.  

 

Celery leaves Hydro-Alcoholic Extract 

Preparation 

Fresh celery leaves were purchased from 

“Institute of medicinal plant”, Yazd Agriculture 

Jihad. The Apium graveolens leaves were 

characterized by a herbalist. The fresh leaves 

were collected and after shadow drying and 

milling, the powder was stored at 4 °C. After 

that, 50 g of the produced powder was mixed 

with 200 ml of 70% ethanol. Prepared solution 

was stored at room temperature for 4 days with 

subsequent agitation. After 72 hours, the 

solution was passed through the filter paper, 

followed by solvent evaporation in water bath at 

a 40° C. The obtained extracts were diluted with 

normal saline to get the required concentration. 

The dose of 200 mg/kg was used because in the 

previous studies, 200 mg/kg of Celery extract 

had abortive effect in mice and did not cause 

mice death (23, 24).  

Also, Kooti et al. reported that with the 

administration of 200 mg/kg/BW of celery 

extract in rat, the number of the delivery rate did 

not significantly change, but the weight of 

infants showed a significant decrease, compared 

to the control (25). 

 

Study Design 

The mice were randomly distributed into 5 

groups of five and let to mate. The next morning, 

observing the vaginal plug was considered as the 

first day of pregnancy. The pregnant mice were 

selected and categorized into 5 groups as 

follows: The mice in the 4 experimental groups 

underwent oral gavage of the extract. Briefly, the 

experimental groups I, II and IV received 200 

ml/kg of extract solution during the 1st, 2nd and 

3rd weeks of pregnancy, respectively. The 4th 

experimental group (IV) received 200 ml/kg of 

extract, during all the time of the pregnancy. The 

mice in group 5 received normal drinking water 

by gavage, and were considered as the control 

group. 

 

Evaluation of Placental Biometry 

Considering the time of 21 days for mouse 

pregnancy, the mice were euthanized with 

cervical dislocation, on the 21st day. The 

abdomen was cut and the placentas were 

transferred into a sterile dish. Then, the placenta 

weight, length and diameter were measured, 

based on Heerwagen et al. study (26). Briefly, 

the diameter of several parts of placenta was 

measured and the average was considered as 

placenta diameter (Figure 1B). Also, the 

placenta length was measured from one side to 

the end of the other side, according to the figure 

1 (Figure 1A). 

 

 

 
Figure 1. Measurement of placenta diameter and length.  

 

Histological Evaluation of placenta 

For histopathological evaluation, the 

placentas were fixed in 10% formalin solution 

overnight. After that fixation, dehydration, 

clearing, embedding, ten sections with a 

thickness of 5 micrometers were made from 

each placenta and staining with H& E was done. 
All histological sections were reviewed by one 

histologis. The hemorrhagic areas, vessels 

distribution and the other disorders were 
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recorded. The evaluations were performed using 

light microscope. Spongio trophoblast, 

trophoblast giant cells, maternal and fetal 

arteries and labyrinth layer were evaluated (23). 

 

Statistical Analyses 

The results were presented as (Mean ± SD). 

Statistical test of one-way analysis of variance 

(ANOVA), was used followed by post hoc Least 

Significant Difference (LSD) test. When 

significant main effects were revealed in the 

ANOVA, post hoc comparisons were done with 

LSD, using software SPSS v.20. P value less 

than 0.05 was considered as significant between 

the experimental and control groups.  

 

Results 

The effect of Celery extract on placental 

weight 

According to one-way ANOVA, followed by 

Post Hoc LSD Test, P ≤ 0.05 was considered as 

significant difference between the experimental 

groups and control group (Table 1).  

 
Table 1. Placental weight changes after the treatment with Celery extract 

 Control Group Group I Group II Group III Group IV 

Control Group  0.290 0.006** 0.040* 0.001** 

Group I 0.290  0.002** 0.033* 0.000*** 

Group II 0.006** 0.002**  0.002** 0.005** 

Group III 0.040* 0.033* 0.002**  0.011* 

Group IV 0.001** 0.000*** 0.045 0.011  

*. (P ≤ 0.05). **(P ≤ 0.01) and ***(P ≤ 0.001) was considered as significant difference between the experimental groups and control group. 

 

 

So, compared to the control group, the 

placental weight in groups II, III and IV was 

significantly decreased (P value = 0.006, 0.040 

and 0.001, respectively). But, the placental 

weight in the first group had no significant 

difference with that in the control group (P value 

= 0.290). This means that the placental weight of 

group I was close to its value in the control 

group. 

Also, according to one-way ANOVA, 

followed by Post Hoc LSD Test, P values ≤ 

0.001 were considered as significant difference 

between the experimental groups. So, the 

placental weight in groups I and IV had 

significant difference with each other; so that, 

placental weight in group IV decreased 

significantly, compared to the group I (p value = 

0.000) (Table 1 and table 4). 

 

The effect of Celery extract on placental 

length 

According to one-way ANOVA, followed by 

Post Hoc LSD Test, P≤ 0.05 was considered as 

significant difference between the experimental 

groups and control group (Table 2). All groups 

showed significant difference with the control 

group (P value ≤ 0.05); that is, compared to the 

control group, the placental length of groups I 

and IV was significantly decreased (P value = 

0.034 and 0.02, respectively). While, the 

placental length in groups II and III was 

significantly increased (P value = 0.041 and 

0.046, respectively). Although, all the groups 

showed significant difference with the control 

group (P value ≤ 0.05), the means of the 

placental length in groups II and III were close 

to the corresponding value in the control group 

(0.041 and 0.046 respectively).  

Also, according to one-way ANOVA, 

followed by Post Hoc LSD Test, P values ≤ 

0.046 were considered as significant between the 

groups and accordingly, all groups had 

significant difference with each other, except 

groups II and III (P value = 0.05). It means that 

the placental length of group IV was 

significantly decreased, compared to the groups 

I (P value = 0.031), II (P value = 0.03) and III (P 

value = 0.005). The placental length of group I 

was significantly decreased, compared to the 

groups II (P value = 0.034) and III (P value = 

0.024). The placental length of group II was 

decreased compared to the group III (P value = 

0.05), but not significantly (Table 2, Table 4).  
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Table 2. Placental length changes after the treatment with Celery extract 

 Control Group Group I Group II Group III Group IV 

Control Group  0.034* 0.041* 0.046* 0.021* 

Group I 0.034*  0.034* 0.024* 0.031* 

Group II 0.041* 0.034*  0.050 0.030* 

Group III 0.046 0.024* 0.050  0.005** 

Group IV 0.021* 0.031* 0.03* 0.005**  

*.  All groups have significant difference with the control group (P ≤ 0.05). ** Significant difference between III&IV groups vs control 

group (P ≤ 0. 01). 
 

 

The effect of Celery extract on placental 

diameter 

For comparison of placental diameter 

between the groups, according to ANOVA 

analysis (Table 3), p value ≤ 0.05 was considered 

as significant for comparison between the 

experimental groups vs. the control group. 

Accordingly, all the groups showed significant 

difference with the control group. It means that 

compared to the control group, the placental 

diameters in groups I and IV were decreased 

significantly (P value = 0.033 and 0.01, 

respectively). While, in Group II (P value = 

0.011) and group III (P value = 0.047), the 

placenta diameters were increased significantly, 

compared to the control group (Table 3 and table 

4). 

 
Table 3: Placental diameter changes after the treatment with Celery extract 

 Control Group Group I Group II Group III Group IV 

Control Group  0.033** 0.011** 0.047** 0.01** 

Group I 0.033*  0.010** 0.010** 0.037 

Group II 0.011* 0.010**  0.010** 0.014** 

Group III 0.047* 0.010** 0.01**  0.01** 

Group IV 0.01* 0.037 0.014** 0.01**  

*. All the groups show significant difference with control group (P ≤ 0.05). **. Groups I & II, II & III, II & IV and III & IV showed 
significant difference with each other (P ≤ 0. 01).  

 

Also, according to one-way ANOVA, 

followed by Post Hoc LSD Test, P values ≤ 

0.018 were considered as significant among the 

experimental groups. So, groups I & II (P value 

= 0.01), groups II & III (P value = 0.01), groups 

II & IV (P value = 0.014) and groups III & IV (P 

value = 0.01) showed significant difference with 

each other. It means that the placental diameter 

of group I was significantly decreased compared 

to the groups II and III (P value = 0.01). The 

placental diameter of group II was significantly 

decreased compared to group III (P value = 

0.01). The placental diameter of group IV was 

significantly decreased compared to the group II 

(P value = 0.014) and group III (P value = 0.01). 

Generally, about the biometry, the deviation 

from the control group was more sever in the 

group IV which received celery in all trimesters 

of pregnancy. Overall, the exact values of (mean 

± SD) of placental weight, length and diameter 

(mean ± SD) are presented in table 4 (Table 4). 

 
Table 4. The average of placental weight, length and diameter (mean ± SD). 

Groups The mean of placenta weight (mg) The mean of placenta length (mm) The mean of placenta diameter (mm) 

Control 19± 2.24 3.4 ± 0.516 7.3 ± 0.674 

Group I 19.3 ± 2.98 3.3 ± 0.674 7.2 ± 1.135 

Group II 16.5 ± 1.433 3.6 ± 0.516 7.5 ± 0.527 

Group III 17.4 ± 0.699 3.8 ± 0.632 8 ± 0.666 

Group IV 16 ± 1.054 3 7 ± 0.666 

 

Histopathological Evaluation 

The histopathological feature of placenta in 

the control group was a characteristic of a normal 

structure of placenta. It means that normal 

number of the placental cells was observed. The 

H & E staining showed basal decidua and 
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labyrinth layers of placenta. Also, the basal 

decidua lined under the implanted ovum and 

trophoblastic giant cells and glycogen 

trophoblastic cells of decidua basalis were 

formed (Figure 2 A). Figure 2B showed the 

labyrinth layer of placenta in the control group 

with detailed view. As it is clear, normal 

trophoblastic cells accompanied with expected 

number of blood cells are present (Figure 2B). 

 

 
Figure 2: A). H & E staining of placenta in the control group  
A) Placenta in the control group: Normally, the fetal part of placenta consists of the basal (red arrow) and labyrinth (blue arrow) 

zones. Red arrow shows basal decidua or decidua basalis which lies beneath the implanted ovum. The giant trophoblastic cells 
are visualized with arrow head. The green arrow shows the decidua. B) The labyrinth layer of placenta in the control group. 

Normal trophoblastic cells are showed with yellow arrow head. Normal and expected number of blood cells is present. (Stained: 

H & E, magnification ×400). 

 

The microscopic examination of labyrinth 

and basal zones of placenta in different 

experimental groups demonstrated some 

histopathological changes. Receiving celery 

extract caused reduction in the number and size 

of the placenta trophoblastic giant cells and 

increase of trophoblast glycogen cells in the 

basal placental zone in each of the experimental 

groups (especially in group II). In all of the 

experimental groups, shrinkage of nucleus was 

observed in trophoblastic giant cells. Also, the 

celery extract led to placental structural & 

cellular disarray and mislocalization of the cells 

which was more sever in group III. The upper-

mentioned changes were more severe in groups 

III and VI. Labyrinth and basal layer thickness 

was decreased in experimental groups, but the 

basal layer of groups III and IV tolerated the 

most thickness decline. On the other hand, 

despite normal diffusion of blood in the control 

group, in labyrinth layer of the experimental 

groups, the engorgement of vascular bed and 

hyperaemia was observed. The mentioned 

changes were more emerged in groups III and IV 

(Figure 3).   
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Figure 3. The microscopic examination of labyrinth and basal zones of placenta in different experimental groups 
Red arrow shows basal layer and blue arrow points labyrinth zone. The giant trophoblastic cells are shown with yellow arrow head. 
The decidua is shown with green arrow. The glycogen trophoblastic cells are visualized with yellow star. The blood cells are marked 

with pink arrow. A) Placenta cross section of the experimental group I (receiving the celery extract in the first week). B) Placenta cross 

section of the experimental group II (receiving the celery extract in the 2nd week). C) Placenta section in the experimental group III 
(receiving the celery extract in the third week). D) Placenta section in the experimental group IV (recipients the celery extract during 

the whole time of pregnancy). (Stained: H & E, magnification ×400).  

 

Evaluation of labyrinth zone in all 

experimental groups showed diffuse hyperaemia 

in all experimental groups, especially groups II, 

III and IV. In general, the pathological changes 

were more sever in the group that received celery 

in the whole period of pregnancy (Figure 4). 
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Figure 4. Microscopic examination of placental labyrinth zone in different experimental groups 
A) experimental group I, B) experimental group II, C) experimental group III and D) experimental group IV. Diffuse congestion 

(arrow head) was seen in all experimental groups, especially groups II, III and IV. (Stained: H & E, magnification ×400).  

 

Discussion  

In this study, the measurement of placental 

biometry in experimental groups, which 

received celery extract at different trimesters of 

pregnancy, demonstrated deviations in the 

placenta weight, diameter and length in 

experimental groups compared to the control 

group. Briefly, morphological and pathological 

changes were more sever in the 4th group, which 

received celery in the whole period of 

pregnancy. About the other groups, regarding 

the weight of placenta, we observed that groups 

II, III and IV tolerated more decrease of 

placental weight. While, about placental length 

and diameter, the 1st and 4th groups exhibited 

more decrease. Also, the microscopic 

examination of placenta in different 

experimental groups showed reduced number of 

placenta trophoblastic giant cells and increase of 

trophoblast glycogen cells in the basal layer. 

Placental structural & cellular disarray occurred 

and labyrinth and basal layer thicknesses were 

decreased in the experimental groups. As well, 

in group IV, the changes compared to the control 

group, were more considerable than the other 

groups. 

Placenta, a temporary important organ during 

pregnancy, interacts between the mother and the 

developing embryo/fetus. It has some important 

functions such as anchoring the fetus to uterine, 

mediating immune tolerance, exchanging of 

O2/CO2, providing nutrients and secreting 

hormone (27). One of the most critical placental 

function is providing a barrier against 

xenobiotics and toxic materials (28). Therefore, 

evaluation of the placental biometry, 

morphology, histology and toxicology can 

provide more precautions about exposure and 

consumption of different materials through 

gestation, which is important for the prevention 

of maternal and fetal toxicology (29).   

In our study, we observed that consumption 

of celery extract through the 2nd and 3rd 

trimesters and especially through the whole 

period of gestation, led to the significant 

decrease of placental weight. Previously, 

Hutcheon et al. reported that placental weight is 

a risk factor for adverse perinatal outcomes, low 

birth weight and stillbirth, but its mechanism 

requires further elucidation (30). Also, there is a 

strong correlation between placental weight and 

birth weight (31). Birth weight/ placental weight 

(BW/PW) ratio is an indicative of placenta 
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efficiency. In mice, it was shown that reduced 

placental weight and small placenta up-regulates 

the placental nutrient transfer performance to 

prevent fetal sub-growth, but it still  needs more 

evaluation in human (32). Herman et al. reported 

that in human the BW/PW ratio increases 

significantly after the 39th week of gestation. 

Placental weight is probably a short term risks 

factor for newborns (33). The placenta has a key 

role in control of intrauterine fetal growth. It was 

shown that intrauterine growth restriction is 

significantly related to smaller placenta (34). In 

reverse, large placenta is associated with 

pregnancy obesity and excessive gestational 

weight gain (35). Therefore, exposure to celery 

may increase the risk of pregnancy 

complications and malicious outcomes. Also, 

Salafia et al. reported that weight of placenta is 

only a crude marker for placenta function and 

other characteristics like the placental lateral 

growth can be more important, because it 

reflects the number of maternal spiral arteries 

that supply the placenta (36). Therefore, the 

length of placenta can be a landmark for better 

placental function.   

In our study, about placental length, more 

decrease of placental length was observed in the 

group that received celery during all the time of 

pregnancy. Also, compared to the control group, 

in the 1st trimester of gestation, celery extract 

resulted in decrease of placental length, although 

it was not significant. Also, group IV showed 

significantly the most reduction of placenta 

length. On the other hand, although the 

pathological results showed that the number of 

the cells decreased in the 2nd and 3rd groups, the 

placental lengths were increased in these two 

groups. The reason may be due to the increase of 

blood engorgement and hyperemia in these two 

groups.  

Alwasel et al. noted that, the surface of the 

placenta is measured by its breadth and length 

and tissues along the breadth are responsible for 

mother’s nutritional state. Therefore, placental 

length along with placental other parameters is 

an important factor for fetal growth. Also, the 

weight, breadth and length of placenta are 

positively associated with fetal size (37). The 

size of the breadth correlates with neonatal body 

size. On the other hand, although, it seems that 

breath is more important than length, the 

placental breadth and length are highly 

correlated with each other. Placenta parameters 

such as weight, length and breadth have close 

correlation with newborn parameters such as 

weight, length and Apgar score (38). Therefore, 

placental length can be considered as a landmark 

for placental healthy function and flawless 

gestation (39).  

Moreover, in the present study, placental 

diameter was decreased in the 1st and 4th groups. 

But, in the 2nd and 3rd groups, the diameter was 

increased. It was shown that placental diameter 

is a parameter, which reflects the extent of the 

placental/ uterine surface area or lateral placental 

dimension (40). It is not still clear whether small 

lateral placental dimension affects placental 

function or not? Also, there is a trend toward a 

significant correlation between the placental 

diameter and composite adverse pregnancy 

outcome and small for gestational age (41). But, 

it was shown that smaller diameter of the 

placental surface is correlated with hypertension 

(42). The diameter of the chorionic disk 

increases between the end of the first trimester 

and the end of the gestation (41), while in  our 

study by administration of celery in wholetime 

of gestation, the placental diameter was 

decreased.  Sprouting of the villi is contributed 

to placental thickness (43) and any defects in 

early placental growth, affects early sprouting of 

the villi rather than the inability of placenta to 

lateral expantion (44). Therefore, any 

imperfections in early placental growth and 

development may affect villus and leads to 

defect in embryo normal development (41). 

Rats and mice have a discoid and 

hemotrichorial placenta. Their placenta is 

composed of labyrinth zone, basal zone, decidua 

and metrial glands (45). The labyrinth zone has 

three layers of trophoblast cells which separate 

the maternal blood from the fetal blood including 

the outer trophectoderm which is referred to as 

cytotrophoblasts and the next are two layers of 

syncytiotrophoblasts (46). The basal zone of 

placenta has three types of cells including 

spongiotrophoblasts, trophoblastic giant cells 

and glycogen cells; eventhough, the functions of 

both cell groups are unknown (47). The 

spongiotrophoblasts are located immediately 

above the layer of trophoblastic giant cells. The 

glycogen cells construct multiple cell masses. 

They develop into glycogen cell islands in the 

midgestation and the majority of them disappear 

before parturition (45, 48). Overall, Caon et al. 

reported that the junctional zone of the mouse 

placenta has two trophoblast population cells 

including  glycogen cell and spongiotrophoblasts 

(45, 49). 
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Our histopathological results in the control 

group showed normal and expected number of 

the placental cells, while labyrinth and basal 

zones of placenta in different experimental 

groups showed some histopathological changes, 

compared to the control group, such as decrease 

of placental trophoblastic giant cells and 

increase of trophoblast glycogen cells in the 

basal placental zone. 

Mouse and human placentas are hemochorial 

(50). The functional part of mouse placenta is 

labyrinth layer, where nutrition exchange occurs. 

Three layers seperat mother blood from fetal 

blood including: syncitiotrophoblast I and II and 

sinusoidal giant cells. The supportive junctional 

zone contains spongiotrophoblast and glycogen 

trophoblasts. Spongiotrophoblast cells give rise 

to trophoblast giant cells (51). 

Two processes play role in placenta 

formation in mouse including cell fusion and 

endoreduplication (DNA synthesis without 

nuclear division) (52) . Cell fusion in placenta 

leads to the formation of syncytiotrophoblast 

cells in interhemal compartment. The interhemal 

compartment forms the labyrinth and “chorionic 

villi” layers in mouse and human, respectively. 

In mouse, endoreduplication makes 

hyperdiploid trophoblast cells leading to giant 

nuclei, therfore they are called ‘‘trophoblast 

giant cells’’ (52,51). 

Glycogen cells are analogous to the human 

intrestitial invasive extra villus trophoblast cells 

which invade the maternal spiral arteries and 

lead to the implantation. As a result, nutrients, 

blood flow and oxygen increase in implantation 

site. Therefore, beside, synthesis of 

protocadherin12 and accumulation of glycogen, 

they are important for fetal survival (50 51).  

But, their importance for gestation is a two-

edged razor, because it is supposed that in 

mouse, glycogen cells are required for triggering 

of parturition (53). They produce high levels of 

cyclooxygenases in late gestation. These 

oxidative stress markers cause hypoxia 

reoxygenation injury. This process is a part of 

labor (54 55). Therefor, their increase in our 

study may be a risk factor for preterm 

parturition.  

In our study, celery extract administration led 

to the decrease of trophoblast giant cells. These 

cells are endocrine in nature and are the first 

terminally differentiated cells, formed during 

embryogenesis in pregnant rodents. They are 

vital for embryo implantation and maternal 

adaptations to pregnancy. They are very 

important for the establishment of fetal-maternal 

interface (52). Their important functions are as 

fololows: 1) Adhesion to the uterine epithelium, 

2) Production of progestron and regulation of 

uterine changes and various maternal 

physiological interaction, 3) Poroduction of 

paracrine factors for  regulation of feto-maternal 

interface (56, 4) Decidualization of the uterine 

stromal cells, which is controled by production 

of progesterone, 5) Mediation of attachment of 

blastocyst to the uterine epithelium, 6) 

Vasculature anastomose to form the yolk sac 

placenta. 7) Expression of several integrins (52). 

Therefore, any factors that decrease the number 

of trophoblast giant cells may interface with 

abovementioned proceses. 

The mechanisms behind the detrimental 

effect of celery is known. Maybe, they can be 

asoossiated to the presence of some chemical 

coumpounds, present in  celery. It was shown 

that celery is rich in perfluoroalkyl acids 

(PFAAs) which are transferred into the food 

chains through the soil. Celery uptakes them and 

has a highest amount of PFAAs (57). These 

compounds cause the increase of several lipid 

classes which interfere with membrane lipids. 

They alter cellular lipid pattern at high 

concentrations and significantly inhibit 

aromatase activity in placental cells (58). 

Different kinds of celery estrogenic favonid like 

IP-Zhenin are related to the cell cycle arrest in 

G2/M phase and decrease of cell growth and 

division (59), which is responsible for small size 

of placenta in the experimental groups. On the 

other hand, Tootian et al. reported that heroin, by 

changing the cell cycle and inducing apoptosis, 

can reduce placental diameter and weight (58). 

Therefore, probably the same mechanisem is 

responsible for placental weight and diameter 

decrease in our study. Flavonid, Alkaloids and 

anti-estrogenic compounds cause endometrial 

atropgy, insuficciant placental blood supply and 

decrease of placenta and fetus growth (60). 

Therefore, flavonoid compounds of celery cause 

decrease of placental growth. In the current 

study, the celery extract administration caused 

decrease of pacental growth. As, the blood 

conection betwean mother and fetus is 

completed toward the end of gestation, any 

disorders in this way may interface with 

placental and fetus growth (61). The other issue 

is decidua thichness. During an ongoing 

pregnancy, the thickness of decidua decreases 

gradually (23), while in our study, celery extract 

resulted in the increase of decidua thichness. In 
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our study, hyperaemia in the experimental 

groups was related to abnormal vasculature 

formation in labyrent layer, due to blood 

fetal/maternal barrier (61). All toghether, the 

labyrinth layer integration is one of the essential 

parameters for placental function and the 

hyperaemia, observed in this layer showed the 

presence of abnormality in fetal-maternal blood 

flow. Therefore, decline of placental biometrical 

size may be due to decrease of nutrient and 

oxygen.  

 

Conclusion 

Altogether, the present study showed that 

celery extract consumption can lead to placenta 

tissue destruction; therefore, its uptake during 

pregnancy should be done with more caution, 

due to the risk of abortion. Also, long time 

consumption and exposure to the extract can 

exacerbate the pathological changes of placenta 

structure. Although, the exact mechanisms of 

these changes still need more evaluations, it is 

suggested that the pregnant women take more 

precaution, regarding celery consumption during 

their pregnancy, especially in the 2nd and 3rd 

trimesters of gestation.  

 

Data availability 

We ensure the data underlying the findings of 

this paper can publicly be available from the 

corresponding author, if required. 

 

Conflicts of Interest: 

No 

 

Funding Statement 

Shahid Chamran University of Ahvaz, 

Ahvaz, Iran and Shahid Sadoughi University of 

Medical Sciences, Yazd, Iran. 

References

1. Baschat AA, Hecher K. Fetal growth restriction 

due to placental disease. Semin. Perinatol.; 

2004;28(1):67-80. 

2. Morgan TK. Role of the placenta in preterm 

birth: a review. Am. J. Perinatol. 

2016;33(03):258-266. DOI: 10.1055/s-0035-

1570379. 

3. Jauniaux E, Van Oppenraaij RH, Burton GJ. 

Obstetric outcome after early placental 

complications. Curr Opin Obstet Gynecol. 

2010;22(6):452-457. DOI: 

10.1097/GCO.0b013e3283404e44. 

4. Yang J, Wang Y, Wang X-y, Zhao Y-y, Wang 

J, Zhao Y-y. Adverse pregnancy outcomes of 

patients with history of first-trimester recurrent 

spontaneous abortion. Biomed Res. Int. 

2017;2017.especial issue, 7 page. 

10.1155/2017/4359424. 

5. Tewari V, Tewari A, Bhardwaj N. Histological 

and histochemical changes in placenta of 

diabetic pregnant females and its comparision 

with normal placenta. Asian Pac J Trop Dis. 

2011;1(1):1-4.  

6. Bulucea CA, Mastorakis NE, Paun MF, Marcu 

R. Histopathological placental screening as 

valuable and non-invasive method for assessing 

etiology of second trimester recurrent abortion. 

Adv. Biomed. Res. 2010;180(349)23-25). 

7. Reijnders IF, Mulders AG, Koster MP. 

Placental development and function in women 

with a history of placenta‐related 

complications: a systematic review. Acta Obstet 

Gynecol Scand. 2018;97(3):248-257; 

10.1111/aogs.13259. 

8. Hanita O, Hanisah A. Potential use of single 

measurement of serum progesterone in 

detecting early pregnancy failure. Malays J 

Pathol. 2012;34(1):41-6; 10.1186/2193-1801-

1-80. 

9. Wu F, Tian FJ, Lin Y, Xu WM. Oxidative 

stress: placenta function and dysfunction. AM. 

J. Reprod. Immunol.  2016;76(4):258-271; 

10.1111/aji.12454.  

10. Pathak S, Sebire NJ, Hook L, et al. Relationship 

between placental morphology and histological 

findings in an unselected population near term. 

Virchows Arch. 2011;459(1):11-20; 

10.1007/s00428-011-1061-6. 

11. Ptacek I, Smith A, Garrod A, et al. Quantitative 

assessment of placental morphology may 

identify specific causes of stillbirth. BMC Clin. 

Pathol. 2016;16(1):1;  10.1186/s12907-016-

0023-y. 

12. Yakubu M, Akanji M, Oladiji A. Male sexual 

dysfunction and methods used in assessing 

medicinal plants with aphrodisiac potentials. 

Pharmacogn. Rev. 2007;1(1):49.  

13. Giacosa A, Morazzoni P, Bombardelli E, Riva 

A, Bianchi Porro G, Rondanelli M. Can nausea 

and vomiting be treated with ginger extract. Eur 

Rev Med Pharmacol Sci. 2015;19(7):1291-6.  



Journal of Kerman University of Medical Sciences 2022; Vol. 29, Issue 1 

21 

14. Darvishpor S, Hosseini A, Davoodi A, Salehifar 

E, Akbari J, Azadbakht M. A review on 

medicinal plants used for nausea and vomiting 

in Persian Medicine. Global Journal Inc. 

2018;18(1). 

15. Kooti W, Ali-Akbari S, Asadi-Samani M, 

Ghadery H, Ashtary-Larky D. A review on 

medicinal plant of Apium graveolens. Adv. 

Herb. Med. 2015;1(1):48-59.  

16. Tyagi S. Medical benefits of Apium graveolens 

(celery herb). Drug Discov. Ther. 2013;1(05).  

17. Kooti W, Ghasemiboroon M, Ahangarpoor A, 

et al. The effect of hydro-alcoholic extract of 

celery on male rats in fertility control and sex 

ratio of rat offspring. J of Babol University of 

Med Sci. 2014;16(4):43-49; 

10.22038/ijogi.2018.12135. 

18. Al-Asmari AK, Athar MT, Kadasah SG. An 

updated phytopharmacological review on 

medicinal plant of Arab region: Apium 

graveolens linn. Pharmacogn. Rev. 

2017;11(21):13.  

19. Kooti W, Ghasemiboroon M, Asadi-Samani M, 

et al. The effect of halcoholic extract of celery 

leaves on the delivery rate (fertilization and 

stillbirths), the number, weight and sex ratio of 

rat off spring. Adv. Environ. Biol. 

2014;8(10):824-830.  

20. Kooti W, Moradi M, Peyro K, et al. The effect 

of celery (Apium graveolens L.) on fertility: A 

systematic review. J. Complement. Integr. Med. 

2018;15(2). 

21. Ciganda C, Laborde A. Herbal infusions used 

for induced abortion. J. Toxicol. Clin. Toxicol. 

2003;41(3):235-239.  

22. Bazafkan MH, Hardani A, Zadeh A, et al. The 

Effects of Aqueous Extract of Celery Leaves 

(Apium Gravelens) on the Delivery Rate, 

Sexual Ratio, and Litter Number of the Female 

Rats. Jentashapir j. health res. 2014;5(5). 

23. Hosseini E, Monfared AL, Moloudizargari M, 

et al. Histological and morphological 

characteristics of placenta in the rats 

administrated with Glycyrrhiza glabra extract. 

Res. opin. anim. vet. sci. 2013;3(2):60-63.  

24. Ghasemiboroon M, Ghafourian Boroujerdnia 

M, Ahangarpoor A, et al. The effect of hydro-

alcoholic extract of Celery (Apium graveolens) 

leaves on serum level of testosterone, FSH and 

LH in male rats. J. of Zanjan University of Med 

Scie Health Services2013;22(93):49-57. 

10.22038/ijogi.2018.12135. 

25. Kooti W, Ghasemiboroon M, Asadi-Samani M, 

et al. The effect of halcoholic extract of celery 

leaves on the delivery rate (fertilization and 

stillbirths), the number, weight and sex ratio of 

rat off spring. Adv. Environ. Biol. 

2014;8(10):824-830.  

26. Heerwagen MJ, Stewart MS, de la Houssaye 

BA, Janssen RC, Friedman JEJPo. Transgenic 

increase in N-3/n-6 Fatty Acid ratio reduces 

maternal obesity-associated inflammation and 

limits adverse developmental programming in 

mice. Ploe One. 2013;8(6):e67791.  

27. Budipitojo T, Shofiyah S, Masithoh D, 

Khasanah L, Padeta I. The placenta anatomy of 

sunda porcupine (Hystrix javanica). Adv Anim 

Vet Sci. 2020;8(3):223-228. 

10.17582/journal.aavs/2020/8.3.223.228  

28. Blanco-Castañeda R, Galaviz-Hernández C, 

Souto PC, et al. The role of xenobiotic-

metabolizing enzymes in the placenta: a 

growing research field. Expert Rev. Clin. 

Pharmacol. 2020;13(3):247-263. 

10.1080/17512433.2020.1733412. 

29. Baergen RN. Manual of pathology of the human 

placenta. Springer Science & Business Media, 

section IV & V, New york, Springer, 2011. 

30. Hutcheon JA, McNamara H, Platt RW, 

Benjamin A, Kramer MS. Placental weight for 

gestational age and adverse perinatal outcomes. 

Obstet Gynecol. 2012;119(6):1251-1258.  

31. Salafia C, Yampolsky M, Shlakhter A, Mandel 

D, Schwartz N. Variety in placental shape: 

when does it originate? Placenta. 

2012;33(3):164-170. 

10.1016/j.placenta.2011.12.002. 

32. Hayward CE, Lean S, Sibley CP, et al. Placental 

adaptation: what can we learn from birthweight: 

placental weight ratio? Front physiol. 

2016;7:28. 10.3389/fphys.2016.00028. 

33. Herman HG, Miremberg H, Schreiber L, Bar J, 

Kovo M. The association between 

disproportionate birth weight to placental 

weight ratio, clinical outcome, and placental 

histopathological lesions. Fetal Diagn Ther. 

2017;41(4):300-306. 10.1159/000448949. 

34. Ouyang F, Parker MG, Luo ZC, et al. Maternal 

BMI, gestational diabetes, and weight gain in 

relation to childhood obesity: the mediation 

effect of placental weight. Obesity. 

2016;24(4):938-946. 10.1002/oby.21416. 

35. Ouyang F, Parker M, Cerda S, et al. Placental 

weight mediates the effects of prenatal factors 

on fetal growth: the extent differs by preterm 

http://dx.doi.org/10.17582/journal.aavs/2020/8.3.223.228
https://doi.org/10.1080/17512433.2020.1733412
https://doi.org/10.3389/fphys.2016.00028
https://doi.org/10.1002/oby.21416


Detrimental Effect of Celery Leaves Extract on Mouse Placental Histology and Biometry Moshrefi et al. 

22 

status. Obesity. 2013;21(3):609-620. 

10.1002/oby.20254. 

36. Salafia CM, Zhang J, Miller RK, Charles AK, 

Shrout P, Sun W. Placental growth patterns 

affect birth weight for given placental weight. 

Birth Defects Research Part A. clinical and 

molecular teratology. 2007;79(4):281-288. 

10.1002/bdra.20345. 

37. Alwasel S, Abotalib Z, Aljarallah J, et al. The 

breadth of the placental surface but not the 

length is associated with body size at birth. 

Placenta. 2012;33(8):619-622. 

10.1016/j.placenta.2012.04.015. 

38. Kot K, Kosik-Bogacka D, Łanocha-

Arendarczyk N, et al. Interactions between 14 

elements in the human placenta, fetal membrane 

and umbilical cord. Int. J. Environ. Res. Public 

Health. 2019;16(9):1615. 

10.3390/ijerph16091615. 

39. Barker DJ, Thornburg KL, Osmond C, Kajantie 

E, Eriksson JG. The surface area of the placenta 

and hypertension in the offspring in later life. 

Int. J. Dev. Biol. INT J DEV BIOL. 

2010;54:525. 10.1387/ijdb.082760db. 

40. Schwartz N, Coletta J, Pessel C, et al. Novel 3‐

dimensional placental measurements in early 

pregnancy as predictors of adverse pregnancy 

outcomes. J Ultrasound Med. 2010;29(8):1203-

1212. 10.7863/jum.2010.29.8.1203. 

41. Eriksson JG, Kajantie E, Osmond C, Thornburg 

K, Barker DJ. Boys live dangerously in the 

womb. Am J Hum Biol. 2010;22(3):330-335. 

10.1002/ajhb.20995. 

42. Wong F, Cox BJ. Cellular analysis of 

trophoblast and placenta. Placenta. 2017;59:S2-

S7. 10.1016/j.placenta.2016.11.015. 

43. Aplin JD, Lewis RM, Jones CJ. Development of 

the Human Placental Villus. 2018. 

10.1016/B978-0-12-801238-3.99857-X. 

44. Coan P, Conroy N, Burton G, Ferguson‐Smith 

A. Origin and characteristics of glycogen cells 

in the developing murine placenta. 

Developmental dynamics: an official 

publication of the American Association of 

Anatomists. Dev. Dyn. 2006;235(12):3280-

3294. 10.1002/dvdy.20981. 

45. Furukawa S, Kuroda Y, Sugiyama A. A 

comparison of the histological structure of the 

placenta in experimental animals. J. toxicol. 

pathol. 2014;27(1):11-18. 10.1293/tox.2013-

0060. 

46. Cross J. How to make a placenta: mechanisms 

of trophoblast cell differentiation in mice–a 

review. Placenta. 2005;26:S3-S9. 

10.1016/j.placenta.2005.01.015. 

47. Lefebvre L. The placental imprintome and 

imprinted gene function in the trophoblast 

glycogen cell lineage. Reprod. Biomed. Online. 

2012;25(1):44-57. 

10.1016/j.rbmo.2012.03.019. 

48. Natale BV, Mehta P, Vu P, et al. Reduced 

Uteroplacental Perfusion Pressure (RUPP) 

causes altered trophoblast differentiation and 

pericyte reduction in the mouse placenta 

labyrinth. Sci. Rep. 

49. 2018;8(1):1-21. 10.1038/s41598-018-35606-x. 

50. John R, Hemberger M. A placenta for life. 

Reprod. Biomed. Online. 2012;25(1):5-11. 

10.1016/j.rbmo.2012.03.018. 

51. Soncin F, Natale D, Parast MM. Signaling 

pathways in mouse and human trophoblast 

differentiation: a comparative review. Cellular 

and Molecular Life Sciences. 2015;72(7):1291-

1302.  

52. Hu D, Cross JC. Development and function of 

trophoblast giant cells in the rodent placenta. 

Int. J. Dev. Biol. 2009;54(2-3):341-354. 

10.1387/ijdb.082768dh. 

53. Mann C, Hempstock J, Charnock-Jones D, 

Ferguson-Smith A, Burton G. Oxidative stress 

and apoptosis in the labyrinth of the normal 

mouse placenta increase with gestational age. 

Placenta. 2003;24:A21.  

54. Díaz-Castro J, Florido J, Kajarabille N, et al. A 

new approach to oxidative stress and 

inflammatory signaling during labour in healthy 

mothers and neonates. Oxid. Med. Cell. 

Longev. 2015; Volume 2015, Article ID 

178536, 8 pages. 

55. Ebegboni VJ, Dickenson JM, Sivasubramaniam 

SD. Antioxidative effects of flavonoids and 

their metabolites against 

hypoxia/reoxygenation-induced oxidative 

stress in a human first trimester trophoblast cell 

line. Food chem. 2019;272:117-125. 

10.1016/j.foodchem.2018.08.036. 

56. Armant DR. Blastocysts don't go it alone. 

Extrinsic signals fine-tune the intrinsic 

developmental program of trophoblast cells. 

Deve. biol. 2005;280(2):260-280. 

10.1016/j.ydbio.2005.02.009. 

57. Zhang Y, Tan D, Geng Y, et al. Perfluorinated 

compounds in greenhouse and open agricultural 

https://doi.org/10.1002/oby.20254
https://doi.org/10.1002/bdra.20345
https://doi.org/10.1016/j.placenta.2012.04.015
https://doi.org/10.3390/ijerph16091615
https://dx.doi.org/10.1387%2Fijdb.082760db
https://doi.org/10.7863/jum.2010.29.8.1203
https://doi.org/10.1002/ajhb.20995
https://doi.org/10.1016/j.placenta.2016.11.015
http://dx.doi.org/10.1016/B978-0-12-801238-3.99857-X
https://doi.org/10.1002/dvdy.20981
https://doi.org/10.1293/tox.2013-0060
https://doi.org/10.1293/tox.2013-0060
https://doi.org/10.1016/j.placenta.2005.01.015
https://doi.org/10.1016/j.rbmo.2012.03.019
https://doi.org/10.1016/j.rbmo.2012.03.018
https://doi.org/10.1016/j.foodchem.2018.08.036
https://doi.org/10.1016/j.ydbio.2005.02.009


Journal of Kerman University of Medical Sciences 2022; Vol. 29, Issue 1 

23 

producing areas of three provinces of China: 

Levels, sources and risk assessment. Int. J. 

Environ. Res. Public Health. 2016;13(12):1224. 

10.3390/ijerph13121224. 

58. Gorrochategui E, Pérez-Albaladejo E, Casas J, 

Lacorte S, Porte C. Perfluorinated chemicals: 

differential toxicity, inhibition of aromatase 

activity and alteration of cellular lipids in 

human placental cells. Toxicol. Appl. 

Pharmacol. 2014;277(2):124-130. 

10.1016/j.taap.2014.03.012. 

59. Hsieh W-T, Huang K-Y, Lin H-Y, Chung J-G. 

Physalis angulata induced G2/M phase arrest in 

human breast cancer cells. Food Chem. Toxicol. 

2006;44(7):974-983. 

10.1016/j.fct.2005.11.013. 

60. Schindler AE. Progestational effects of 

dydrogesterone in vitro, in vivo and on the 

human endometrium. Maturitas. 2009;65:S3-

S11. 10.1016/j.maturitas.2009.10.011. 

61. Costa MA. The endocrine function of human 

placenta: an overview. Reprod. biomed. online. 

2016;32(1):14-43. 

10.1016/j.rbmo.2015.10.005. 

 

 

https://doi.org/10.3390/ijerph13121224
https://doi.org/10.1016/j.taap.2014.03.012
https://doi.org/10.1016/j.fct.2005.11.013
https://doi.org/10.1016/j.maturitas.2009.10.011
https://doi.org/10.1016/j.rbmo.2015.10.005

