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A B S T R A C T   

Phthalates are pervasive compounds, and due to the ubiquitous usage of phthalates, humans or even children are 
widely exposed to them. Since phthalates are not chemically bound to the plastic matrix, they can easily leach 
out to contaminate the peripheral environment. Various animal and human studies have raised vital health 
concern including developmental and reproductive toxicity of phthalate exposure. The present review is based 
upon the available literature on phthalates with respect to their reproductive toxic potential. Common repro
ductive effects such as declined fertility, reduced testis weight, variations in accessory sex organs and several 
female reproductive disorders appeared to be largely associated with the transitional phthalates. Among the 
higher molecular weight phthalates (≥ C7), di-isononyl phthalate (DINP) produces some minor effects on 
development of male reproductive tract and among low molecular weight phthalates (≤C3), di-methyl (DMP) 
and di-isobutyl (DIBP) phthalate produce some adverse effects on male reproductive system. Whereas transi
tional phthalates such as di-butyl phthalate, benzyl butyl phthalate, and di-(2-ethylhexyl) phthalate have shown 
adverse effects on female reproductive system. Owing to these, non-toxic alternatives to phthalates may be 
developed and use of phthalates could be rationalized as an important issue where human reproduction system is 
involved. Though, more epidemiological studies are needed to substantiate the reported findings on phthalates.   

Abbreviations: 17α-OHase, 17α-hydroxylase; AF, amniotic fluid; AGD, anogenital distance; AR, androgen receptor; BBP, butyl benzyl phthalate; CAP, cellulose 
acetate phthalate; CPP, central precocious puberty; DAP, di-alkyl phthalate; DBP, dibutyl phthalate; DEHP, di-2-ethylhexyl phthalate; DEP, diethyl phthalate; DIBP, 
di-isobutyl phthalate; DIDP, di-isodocyl phthalate; DIHP, di-isoheptyl phthalate; DINP, di-isononyl phthalate; DMEP, di-methylethyl phthalate; DMP, dimethyl 
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cells; GD, gestation day; GnRH, gonadotrophin releasing hormone; GPR, G protein-coupled receptor; GSH-Px, glutathione peroxidase; Insl-3, insulin-like 3; KiSS-1, 
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1. Introduction 

Humans are exposed to certain persistent environmental chemicals, 
pesticides, heavy metals, solvents especially organic solvents, synthetic 
chemicals, plasticizers, illicit drugs, tobacco smoking/chewing, drinking 
alcohol etc. Some of these are reported to have reproductive toxic po
tential for both the sexes which might depend upon the dose, duration, 
and time of exposure to the toxicants as well as host factors such as age, 
sex, immunity, heredity etc., including their role in reproductive 
toxicity. Phthalates are just one of the many classes of chemicals that 
have been reported to have estrogenic or anti-androgenic properties. 
The approximate consumption of phthalates in the year 2017 was found 
to be ~ 65% of the world plasticizer consumption, which is expected to 
be ~ 60% of world’s consumption by the year 2022. This might be due 
to rapid consumption growth for non-phthalate plasticizers in recent 
years [1]. About three million metric tons of phthalates are produced 
every year, worldwide [2,3]. Since phthalates are not chemically bound 
to the plastic matrix, they can easily leach out from phthalate containing 
products to contaminate the environment [4]. Many sustained or 
controlled releases drugs (enteric coated tablets) contain cellulose ace
tate phthalate (CAP), dimethyl phthalate (DMP), dibutyl phthalate 
(DBP), diethyl phthalate (DEP) and polyvinyl acetate phthalate (PVAP) 
[2,5,6]. Food and drug administration (FDA) has approved these com
pounds as excipients with specified amounts for each formulation and 
route of entry [2,6]. 

Bioaccumulation of phthalates can occur in medicinal and food 
plants due to growing of these plants in phthalate contaminated waste 
water [7]. Young children suck and chew the toys as well as teether 
containing phthalates, so that they can extract and ingest some quanti
ties of phthalates while chewing these materials. Di-isononyl phthalate 
(DINP) may be risky for those young children who frequently kept toys 
(plasticized with DINP) for ~75 min/day or more in their mouth [8]. 
Based on the available information on rodents and some from human 
studies, there are health concerns including developmental and repro
ductive toxicity in human with regard to exposure to phthalates. 

It is known that phthalate esters generally consist of a di-ester 
structure having benzenedicarboxylic acid head group linked to two 
ester side chains [9]. As shown in Table 1, the phthalate esters panel 
HPV testing group has categorized three types of phthalates: i.e. low 
molecular weight phthalates, transitional phthalates and high molecular 
weight phthalates. Low molecular weight phthalates were defined as 
those produced from alcohols with straight-chain carbon backbones of 
≤C3 [i.e. di-methyl phthalate (DMP), diethyl phthalate (DEP), di-alkyl 
phthalate (DAP), di-methylethyl phthalate (DMEP), di-isobutyl phtha
late (DIBP) etc]. High molecular weight phthalates were defined as those 
produced from alcohols with straight-chain carbon backbones of ≥C7 or 
ring structure [i.e. di-isononyl phthalate (DINP), di-nonyl phthalate 
(DNP), di-isodocyl phthalate (DIDP) etc.]. Transitional phthalates were 
defined as those are produced from alcohols with straight-chain carbon 
backbones of C4–6 [i.e. dibutyl phthalate (DBP), benzyl butyl phthalate 
(BBP) and di-(2-ethylhexyl) phthalate (DEHP) etc.]. Low molecular 
weight phthalates such as DEP are used as a solvent and fixatives in 
fragrances; DMP in hair sprays to avoid stiffness of hairs, while the high 
molecular weight phthalates are used as plasticizers. The transitional 
phthalates such as DBP are used as a plasticizer in nail polishes to reduce 
cracking and making them less brittle [10]. They are also used as a 
solvent [11]. Owing to their day-to-day widespread use, application and 
ubiquitous nature, the present review is written with the view to look 
the reproductive toxic potential of phthalates. Thus, this review provides 
literature survey on phthalate structures, clinical and experimental 
studies on male and female toxicity, and oxidative stress, including 
mechanism of phthalate action in both male and female reproductive 
systems. 

2. Data collection 

The literature was collected through examining various data re
sources such as PubMed, Google, Toxnet, and through books and jour
nals pertaining to phthalate exposure and reproductive health. In this 
review, we attempted to analyse the reproductive toxicity data of 
phthalates in adults, in utero-treated and developing animals and 
probable mechanism behind the reproductive impairments and possible 
implication of exposure to phthalates and human reproduction. This 
review is divided into different sections based upon the effect of 
phthalates on male and female reproductive endpoints and on devel
opment and pregnancy outcomes. The chemical structures of major 
phthalate compounds are provided in Table 1, whereas available clinical 
and experimental data are summarized in Tables 2–5. 

3. Phthalate exposure and male reproduction 

The effect of any compound on male reproduction can be assessed by 
determining the adverse effects of compound of interest on the male 
reproductive system, accessory organs, hormonal balance, time-to- 
pregnancy, pregnancy outcomes etc. Generally, effects like death, 
structural malformations or reduced weight of the foetuses are markers 
of developmental toxicity. While impairment in the reproducing ca
pacity of in utero treated animals or the mature animals denote repro
ductive toxicity [12]. Animal studies showed the existence of an 
association between some phthalates and testicular toxicity when 
exposure to these compounds takes place during prenatal development. 
This has generated a huge public concern during the past few decades. 
Exposure to anti-androgenic compounds/chemicals during sexual dif
ferentiation results in reproductive tract malformations in mammals, 
since reproductive system is very sensitive to such chemicals during this 
period. Common reproductive effects such as decreased fertility and 
testis weight and alterations in accessory sex organs appeared to be 
predominantly associated with the transitional phthalates [11]. Thus, 
many phthalates affecting male reproductive development have been 
linked to the phthalate syndrome, when given to pregnant rats during in 
utero sexual differentiation. Perinatal administration of fungicides 
(vinclozolin and procymidone)or phthalate compounds like DEHP and 
BBP results in induction of malformations in male rats due to 
anti-androgenic activity and demasculinize the males by inhibiting the 
production of fetal testicular testosterone resulting in decreased ano
genital distance (AGD), nipple retention, undescended testes, hypospa
dias, agenesis of epididymis and small to absent accessory sex glands 
[13]. 

The data suggest that among the higher molecular weight phthalates 
(≥ C7), DINP produces some minor effects on development of male 
reproductive tract at higher doses and among low molecular weight 
phthalates (≤ C3), DMP and DIBP generally induce slight developmental 
effects only at high doses [11]. 

Di-methyl, di-ethyl, di-propyl, di-pentyl, and di-heptyl phthalates 
were given orally to young male rats at doses of 7.2 mmol/kg/day for 4 
days [14] and it was found that only di-pentyl and di-heptyl phthalate 
produced testicular atrophy, induced a marked increase in urinary zinc 
excretion and showed decline in testicular zinc content. Later, Howde
shell et al. [15] reported a complete loss of litters at doses 300,600 and 
900 mg/kg of di-pentyl phthalate (DPP) in dams from gestation day 
(GD) 8–18. While a statistically significant decrease in testosterone 
production was found at doses 100 and 200 mg/kg. Di-hexyl phthalate 
exhibited developmental and reproductive toxicity at 9900 mg/kg/day 
and 380–1670 mg/kg/day [16]. 

In a study by Gray et al. [13], 0.75 g/kg DMP, DEP, DEHP, BBP, and 
DINP were administered orally to dams from GD14 to postnatal day 
(PND) 3. DMP and DEP were ineffective while, DEHP and BBP reduced 
pups body weight at PND1, anogenital distance and testis weight. In the 
BBP, DEHP and DINP treated groups, males displayed female-like are
olas/nipples and significant reproductive malformations. These findings 
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Table 1 
Chemical structures of phthalate compounds [11].  

Phthalate Chemical Structure 

Low molecular weight 
DMP: dimethyl phthalate 

DEP: diethyl phthalate 

DIBP: di-isobutyl phthalate 

High molecular weight 
DNP: di-nonyl phthalate 

(continued on next page) 
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Table 1 (continued ) 

Phthalate Chemical Structure 

DINP: di-isononyl phthalate 

DIDP: di-isodocyl phthalate 

Transitional 
DBP: dibutyl phthalate 

BBP: butyl benzyl phthalate 

(continued on next page) 
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concluded that DEHP, BBP, and DINP altered sexual differentiation but 
DINP was less toxic than both. Thus, from the studies available it can be 
stated that low molecular weight phthalates produce least or no repro
ductive effects. 

C5-C10 chain phthalate esters were administered from GD6–15 at 
doses of 40, 200 and 1000 mg/kg. DEHP showed fetotoxicity, embryo 
lethality and teratogenicity at higher dose i.e. 1000 mg/kg and no sig
nificant effects were observed at 40 and 200 mg/kg. DIDP and three 
types of DINP showed foetal effects almost significant at 1000 mg/kg 
[17]. A NOAEL of 276 mg/kg DINP for testicular toxicity was reported in 
a 104-week chronic rat study based on a reduced testicular weight [18, 
19]. Animal studies with di-octyl phthalate showed no adverse effects up 
to 7500 mg/kg, but adverse effects were seen in high exposure devel
opmental studies [20]. Hannas et al. [21] administered nine phthalates 
(DEHP, DIHP, DIBP, DBP, BBP, di-cyclohexyl, di-heptyl, di-hexyl, and 
di-pentyl phthalate) during late gestation (GD14–18). They found that 
DIBP and di-isoheptyl phthalate (DIHP) decreased testicular testos
terone production in the foetus with similar potency to DEHP, whereas 
DINP was found to be less potent (nearly 2.3-fold). They also reported 
that the differential effects of in utero DEHP treatment (100, 300, 500, 
625, 750, or 875 mg DEHP/kg/day) on epididymal and gubernacular 
differentiation in male Sprague-Dawley and Wistar rats were likely due 
to tissue-specific strain differences in the signaling pathways of 
androgen and Insl-3 [21]. Another study by Ahmad et al. [22] also re
ported that DBP and BBP exposure from GD14 to parturition might have 
adverse effects on offspring’s reproductive health. In a study by Borch 
et al. [23], pregnant rats were treated during gestation and lactation 
with DEHP (300 or 750 mg/kg), DINP (750 mg/kg), and DEHP 
(300 mg/kg) in combination with DINP (750 mg/kg). By a similar 
mechanism of action, DINP and DEHP reduced in vitro testicular 
testosterone production and testosterone levels in testes and plasma of 
male fetuses at GD21, indicating a synergistic effect of both of the 
phthalates. Male offspring showed reduced AGD and high nipple 
retention at PND13 [23]. 

Clewell et al. [24] treated dams from GD12-PND14 with DINP at 
760, 3800, 11,400 ppm DINP and DBP at 7600 ppm in diet. They found 
a decrease in maternal and pups body weight on PND2 and PND14 at 
high doses of DINP. Reduced AGD was observed at PND2 and 14, while 
increased nipple retention and reproductive tract malformations were 
found on PND49 in DBP treated male pups. DINP (11,400 ppm) reduced 
AGD on PND14. But no alterations were found in AGD, and nipple 
retention or reproductive tract malformations on PND49 in the DINP 
treated groups [24]. Earlier, Waterman et al. [25] administered 100, 
500 and 1000 mg/kg DIDP and DINP to rats from GD6–15 to investigate 
developmental toxicity. Slight maternal and developmental toxic effects 
were observed at 1000 mg/kg [25]. 

To determine the impact of dietary exposure of endocrine disruptors 

(EDs) during brain sexual differentiation, rats were treated with DINP 
(400, 4000, 20,000 ppm), methoxychlor and genistein from GD15 to 
PND10 [26]. The highest dose of DINP resulted in minimal degeneration 
of meiotic spermatocytes and sertoli cells in the testis. In another study 
[27], dams were treated with 300, 600, 750 or 900 mg/kg DINP from 
GD7-PND17. DINP caused increased nipple retention and sperm count, 
and reduced AGD and sperm motility in male offsprings. This study 
showed that DINP produces anti-androgenic effects on reproductive 
development, though it is less potent than DEHP, DBP and BBP, thus, 
emphasizing safety evaluation for DINP. Clewell et al. [28] evaluated 
the dose response effects of DINP on sexual development of fetal male rat 
as well as metabolite disposition in the dam and foetus by treating 4 
separate groups (n = 8) of pregnant dams with 0, 50, 250, and 
500 mg/kg of DINP, respectively from GD12–19. Mono-isononyl 
phthalate (MINP), mono (carboxy-isooctyl) phthalate (MCIOP), mono 
(hydroxy-isononyl) phthalate (MHINP), mono (oxo-isononyl) phthalate 
(MOINP), and mono-isononyl phthalate glucuronide (MINP-G) were 
found in all measured tissues. MCIOP was the major metabolite, fol
lowed by MINP, MHINP, MOINP, and MINP-G. Testosterone concen
tration in the fetal testes was reduced in 250 and 500 mg/kg treated 
groups. In a Chernoff-Kavlock screening assay, pregnant CD-1 mice were 
gavage with 4000 mg/kg DIBP from GD6–13 [29]. Out of 50 exposed 
dams, 27 died and no pregnant dams gave birth to a live litter. Later 
pregnant wistar rats were treated with 600 mg/kg of DIBP from GD7–19 
or 20/21 [30]. Administration of DIBP resulted in significant reduction 
in AGD in male pups and increased AGD in female pups at GD20/21 
along with reduction in body weights of male and female foetuses. 
Reduction in testicular testosterone production was also noted. In a 
study [31], pregnant dams were exposed to DIBP from GD7–21. At GD19 
or 21, DIBP reduced AGD, testosterone production, testicular 
insulin-like 3 (Insl-3) expression, steroidogenesis genes and peroxisome 
proliferator-activated receptors (PPARα) mRNA levels in testis of male 
offsprings. 

To study the developmental toxicity of DIBP, Saillenfait et al. [32] 
treated dams with 250, 500, 750, and 1000 mg/kg of DIBP on GD6–20. 
Resorptions and incidence of undescended testes increased significantly 
at higher doses (750 and 1000 mg/kg). They observed a dose-dependent 
decrease in fetal weight. The NOAEL of this study was 250 mg/kg DIBP 
based on decreased pup weight and increased incidence of undescended 
testes. Later, Saillenfait et al. [33] exposed pregnant rats with 125, 250, 
500, 625 mg/kg DIBP and 500 mg/kg DBP, by gavage on GD12–21. No 
maternal toxicity or reduction in litter size was observed. Reduced 
neonatal AGD at 250 mg/kg DIBP or higher doses, and dose-related 
retention of areolas/nipples on PND12–14 were observed in the male 
offsprings. Delayed preputial separation and undescended testes were 
observed at 500 and 625 mg/kg DIBP in male offsprings. They 
concluded that DIBP has adverse effects on the developing male 

Table 1 (continued ) 

Phthalate Chemical Structure 

DEHP: di-2-ethylhexyl phthalate 
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reproductive tract, at maternally toxic doses since it is embryotoxic and 
teratogenic but slightly less potent toxic than DBP. Above studies raise a 
concern about the use of DIBP as a substitute for DBP since DIBP might 
also possess similar testicular and developmental effects as DBP and 
DEHP [33]. 

4. Clinical studies on male reproduction 

There are several clinical reports which indicated that some of the 
phthalates have adverse effects on human male reproduction, but the 

data are sparse and inconsistent as human are exposed to number of 
other chemical and physical factors and some of them might be associ
ated with adverse effect on reproduction. Duty et al. [34] studied 
whether environmental levels of phthalates are associated with altered 
semen quality in humans and found a dose-response relation between 
mono-butyl phthalate, sperm motility and concentration. Further, a 
dose-response relation was also observed between mono-benzyl phtha
late and sperm concentration. Later, Hauser et al. [35] established 
findings with mono-butyl phthalate and mono-benzyl phthalate but did 
not find association between semen parameters with three metabolites 

Table 2 
Experimental studies of phthalate compounds on male reproductive system.  

Phthalates Observed effects References 

In utero phthalates exposure: pregnancy outcome and male reproduction 
DBP & BBP treatment from GD14 to parturition Effects on offspring development, steroidogenesis & spermatogenesis [22] 
760, 3800, 11400 ppm DINP & 7600 ppm DBP through diet from GD12 to 

PND14 
DBP↓AGD & ↑nipple retention, reproductive tract malformations. DINP (11400 ppm) 
↓AGD on PND14 

[24] 

50, 250, & 500 mg/kg DINP from GD12-19 ↓T conc. in fetal testes in 250 & 500 mg/kg. NOAEL 50 mg/kg determined on testes 
testosterone conc. in fetal rat 

[28] 

DEHP, DIHP, DIBP, DBP, BBP, di-cyclohexyl, di-heptyl, di-hexyl, and di- 
pentyl phthalate) during GD14-18 

DIBP & DIHP ↓T with similar potency to DEHP, whereas DINP was 2.3-fold less potent. [21] 

Dams treated from GD7-PND17 with 300, 600, 750 or 900 mg/kg DINP ↑nipple retention & ↓sperm count, AGD & sperm motility. ↑masculinization of behaviour 
in females 

[27] 

Rats exposed from GD7–21 to DIBP, per-fluorooctanoate, butyl paraben, or 
rosiglitazone 

At GD19 or 21 DIBP↓AGD, T, expression of testicular Insl3,steroid-genesis genes & 
PPARα mRNA 

[31] 

104-wks chronic rat study with DINP A NOAEL of 276 mg/kg DINP based on a ↓testicular weight reported [18,19] 
Dams exposed from GD8-18 with 50, 100, 200, 300, 600 & 900 mg/kg Di- 

pentyl phthalate 
A complete loss of litters at doses 300 mg/kg DPP & above. A significant ↓ T at 100 & 
200 mg/kg 

[15] 

Rats treated 125, 250, 500, 625 mg/kg DIBP & 500 mg/kg DBP from 
GD12–21 

DIBP embryotoxic& teratogenic but DIBP slightly less potent than DBP [33] 

Pregnant rats were treated with 600 mg/kg of DIBP from GD7-19 or 20/21 ↓AGD in male pups & ↑AGD in female pups at GD20/21; ↓body wt. of male, female 
foetuses & testicular T 

[30] 

Dams treated 250, 500, 750, & 1000 mg/kg of DIBP on GD6-20. Resorptions & undescended testes↑ & fetal wt↓ at high doses.NOAEL 250 mg/kg based 
on pup wt & undescended testes 

[32] 

Rats treated in gestation & lactation with DEHP (300, 750), DINP (750), or 
DEHP + DINP (300+750) mg/kg 

↓Fetal testicular T in vitro & in vivo at GD21. AGD↓ & nipple retention↑ in DEHP exposed 
male offsprings. 

[23] 

Rats treated with di-isononyl phthalate from GD15 to PND10 Minimal degeneration of meiotic spermatocytes & sertoli cells [26] 
Di-hexyl phthalate at 9900 mg/kg and 380-1670 mg/kg Exhibited developmental &reproductive toxicity [16] 
Animal studies with di-octyl phthalate No adverse effects up to 7500 mg/kg [20] 
0.75 g/kg DMP, DEP, DEHP, BBP, & DINP administered from GD14 to 

postnatal day 3 
DEHP, BBP & DINP altered sexual differentiation. DINP less active than DEHP & BBP. 
DMP &DEP ineffective 

[13] 

DIDP & DINP to rats from GD6-15 Slight maternal & developmental effect at 1000 mg/kg [25] 
C5-C10 chains phthalate administered from GD 6-15 at doses of 40, 200, 

1000 mg/kg 
DEHP showed fetotoxicity, embryo-lethality & teratogenicity at 1000 mg/kg. DIDP & 
DINP showed foetal effects of borderline significance at 1000 mg/kg 

[17] 

In a Chernoff-Kavlock assay, mice gavage with 4000 mg/kg DIBP from 
GD6-13 

No pregnant dams gave birth to a live litter and 27/50 exposed dams died. [29] 

Di-methyl, di-ethyl, di-propyl, di-pentyl, di-heptyl phthalates orally to 
male rats at 7.2 mmol/kg/day for 4 days 

Di-n-pentyl and di-n-heptyl phthalate ↑urinary zinc excretion with ↓testicular zinc 
concentration 

[14] 

Testicular dysgenesis 
Rats exposed from GD7–21 to DIBP, DMP & DEP DIBP ↓in plasma leptin level in male & female offsprings. DIBP ↓AGD, T, expression of 

Insl-3 & steroidogenesis related genes in males.↓PPARα mRNA at GD19 in testis & liver. 
While DMP & DEP have no effect 

[31] 

Single dose DBP exposure on GD18 & euthanized on GD19. Malformed epididymis, hypospadias, cryptorchidism, retained thoracic nipples due to 
↓expression of steroidogenic enzymes &↓T. 

[95] 

DIBP exposure male foetuses ↓testicular T ex vivo & testosterone level in testes & plasma, ↓AGD, clustering of small 
leydig cells & vacuolisation of sertoli cells in male foetuses. 

[90] 

Anti-androgenic effects of transitional phthalates Produce anti-androgenic effects by inhibiting production of foetal T & Insl-3.Gestational 
exposure to BBP, DBP or DEHP induced a decrease in expression of Insl-3 in rat fetal 
testes. Serum T was reduced following gestational treatment with DEHP, BBP or DBP 

[87, 
91–94] 

Oxidative stress 
DBP administered 100, 250 & 500 mg/kg/day for 2 wks. ↓Epididymal alpha-glucosidase & glutathione peroxidase activity at500 mg/kg. ↓SOD 

activity & ↑MDA in epididymal tissue at 250,500 mg/kg DBP 
[83] 

Rats treated orally with 50, 250, 500 & 1000 mg/kg DIBP for 8 wks. ↓SOD, GSHPx activities &↑MDA, 8-OHdG indicating oxidative stress &DIBP can also 
decline antioxidative enzyme activities resulting in oxidative damage to tissues. 

[98] 

Induced hyperthyroidism in pubertal male rats by injecting 
triiodothyronine with a simultaneous administration of DBP to normal or 
hyperthyroid rats. 

↑Serum T3 levels & ↓serum TSH level in hyperthyroid rats. Hyperthyroidism can cause a 
change in the expression level of PPARγ in testes & may increase the levels of oxidative 
damage induced by the metabolic activation of DBP. 

[100] 

DBP administered 250, 500, & 1000 mg/kg to rats ↓testis SOD activities at 1000 mg/kg. ↓GSHPx activities in serum & GSH levels in testis, 
but ↑GSHPx activities in testis after 2-wk DBP exposure, After 4-wk exposure, ↑alkaline 
phosphatase activities, ↓SOD activities in both serum& testis. 

[101,102] 

Oral administration of DEHP to 4-5 weeks old rats ↑ROS, ↓GSH &ascorbic acid in testes leading to apoptosis & testicular atrophy [86] 
Limb bud cells extracted from rats on gestation day 12.5 & treated with 

DBP or MBP 
DBP and MBP induced developmental toxicity in rat embryonic limb bud cells which 
exerted through oxidative stress. 

[103] 

↓- decrease: ↑-increase: T-Testosterone 
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of di-2-ethylhexyl phthalate (DEHP). 
Pan et al. [36] investigated association between urinary phthalate 

metabolites, sperm acrosin activity, and Insl-3 expression, in adult men. 
They found that Insl-3was negatively associated with 
mono-2-ethylhexyl phthalate (MEHP) and % MEHP [% of MEHP to all di 
(2-ethylhexyl) phthalate (DEHP) metabolites]. In case of acrosin activ
ity, negative association was found with mono-n-butyl phthalate (MBP), 
mono-isobutyl phthalate (MiBP), MEHP and %MEHP. While MBP and 
MiBP were also negatively linked with total testosterone, free androgen 
index, free testosterone, LH, sperm morphology and positively associ
ated with DNA fragmentation index. A negative association was 
observed between % MEHP and sperm motility. Later, Wang et al. [37] 
reported that semen phthalate metabolites were significantly associated 
with decrease in semen volume [MBP, MEHP, mono 
(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP), mono 
(2-ethyl-5-oxohexyl) phthalate (MEOHP)], sperm curvilinear velocity 
[monobenzyl phthalate (MBzP), MEHP, the percentage of DEHP me
tabolites excreted as MEHP (%MEHP)], and straight-line velocity 
(MBzP, MEHP, %MEHP), and also associated with high abnormal head 
and tail percentage with MBzP. These associations were significant after 
adjustment for multiple testing. However, semen phthalate metabolites 
and serum reproductive hormones relationship was not noteworthy. 
Very recently, Hoyer et al. [38] reported a more consistent negative 
association between metabolites of DEHP and testosterone. While, 
inconsistent results were reported between higher urinary DEHP 
metabolite levels with elevated damaged DNA spermatozoa and a 
decline in sperm motility and count. 

Swan et al. [39] found an association between levels of DBP, DIBP 

and other phthalates in the urine of pregnant women and alterations in 
the genitals of male infants which were consistent with phthalate related 
syndrome previously reported in prenatally exposed rats. They showed 
that concentration of urinary DIBP was inversely related to anogenital 
index in male children. The available clinical data suggests that some of 
the phthalates may cause multiple adverse results on male reproduction; 
lack of reproductive toxicity of some of the phthalate compounds may 
indicate a difference in spermatotoxicity of phthalates. 

5. Phthalate exposure and female reproduction 

Considerable toxicity data of phthalates on male reproduction are 
available as compared to female. Thus, it is generally considered that 
female reproduction is less sensitive to phthalates than male; however, 
some studies have shown that some phthalates may also have a signif
icant effect on female reproduction. McLachlan et al. [40] reported that 
human development could also be feminized by exposure to estrogenic 
chemicals. Estrogen is the key hormone in the initiation (puberty) and 
the end (menopause) of reproductive life in women and thus it has 
considerable importance in women’s health. Later, Martino-Andrade 
and Chahoud [41] reviewed the data on phthalates and mentioned 
that the reproductive effects of phthalate compounds are well charac
terized in adult animals, with gonadal injury observed after high dose 
exposure, and results of various trans-generational studies indicate that 
the reproductive system of developing animals is vulnerable to certain 
phthalates. They also reported that high phthalate doses can adversely 
affect adult and developing female rats. 

A few experimental studies are available on the effects of phthalates 
on female reproduction. Grayet al. [42] reported that in contrast to the 
male rat, it is generally felt that reproduction in female rat is less sen
sitive to phthalate. They found that administration of DBP to female rats 
from weaning, through puberty, mating, and gestation disrupts preg
nancy maintenance at dose levels like those that affect testis function in 
rats. Administration of 500 and 1000 mg DBP/kg to female rats induced 
mid-pregnancy abortions. The percentage of females delivering live 
pups was reduced by more than 50% and 90% at 500 and 1000 mg/kg 
dose, respectively, whereas the ages at vaginal opening and first estrous, 
estrous cyclicity, and mating indices were not significantly affected. 
Earlier, Davis et al. [43] studied toxic potential of DEHP in adult female 
cycling rats. Animals were dosed daily with 2 g/kg DEHP for 1–12 days. 
DEHP exposure resulted in prolonged estrous cycles and delayed ovu
lations significantly by altering natural ovulation times. They concluded 
that exposure to DEHP resulted in hypoestrogenic ovulatory cycles and 
polycystic ovaries in adult female rats. Later, Lovekamp-Swan and Davis 
[44] reported that in vivo, DEHP (2 g/kg) causes decreased serum 
estradiol levels, prolonged estrous cycles, and no ovulations in adult, 
cycling rats. In vitro, MEHP; metabolite of DEHP decreases granulosa 
cell aromatase RNA message and protein levels in a dose-dependent 
manner. They also mentioned that MEHP acts on the granulosa cell by 
decreasing cAMP stimulated by FSH and by activating the PPARs, which 
leads to decreased aromatase transcription (Fig. 1). Thus, DEHP, 
through its metabolite MEHP, acts through a receptor-mediated signal
ling pathway to suppress estradiol production in the ovary, leading to 
anovulation. Later, it was reported by Ma et al. [45] that DEHP may 
advance the onset of puberty and alter post pubertal reproductive 
functions of rats. Above studies suggest that DEHP affects the female 
reproductive function. Recently, it has been reported that BBP, DBP, 
DIBP and DINP might not have in vivo estrogenic potential based on 
3-day utero-trophic and 20-day pubertal female assay [46,47]. 

6. In utero exposure to phthalates and pregnancy outcome 

Several reports indicate that in utero exposure to phthalate com
pounds had adverse effect on pregnancy outcome. Available experi
mental studies indicated that in utero exposure to phthalates led to 
various developmental and reproductive impairments in the offsprings. 

Table 3 
Clinical studies in males with respect to exposure to phthalate compounds.  

Phthalates Observed effects References 

Impact of DEHP metabolites on 
male reproduction 

A negative association between 
DEHP metabolites & testosterone 
levels. 

[38] 

Associations of phthalate with 
semen quality and 
reproductive hormones 

↓semen volume [MBP, MEHP, 
mono(2-ethyl-5-hydroxyhexyl) 
phthalate, mono(2-ethyl-5- 
oxohexyl) phthalate], 

[37] 

↓sperm curvilinear velocity 
[MBzP, MEHP] &↓straight-line 
velocity [MBzP, MEHP, % 
MEHP], & ↑abnormal sperms 
[MBzP]. 
No links between seminal 
phthalate metabolites & 
reproductive hormones. 

Associations between urinary 
phthalate metabolites, sperm 
acrosin activity & insulin like- 
factor 3 (Insl-3), in adult men 

Insl-3 negatively associated with 
MEHP. Acrosin activity 
negatively linked with MBP, 
MiBP, MEHP & %MEHP. MBP 
&MiBP also negatively linked 
with total testosterone, free 
androgen index, free 
testosterone, LH & sperm 
morphology & positively related 
with DNA fragmentation. A 
negative connection between % 
MEHP & sperm motility. 

[36] 

Environmental phthalates and 
semen quality in humans 

No associations between semen 
quality & three metabolites of 
DEHP. 

[35] 

Urinary DBP, DIBP & other 
phthalates in women &male 
genitals. 

Concentration of urinary DIBP 
was inversely related to 
anogenital index. 

[39] 

Environmental phthalates & 
semen quality in humans 

Relation between mono-butyl 
phthalate & sperm motility & 
concentration. A dose-response 
relation between mono-benzyl 
phthalate &sperm concentration. 

[34] 

↓- decrease 
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Pocar et al. [48] examined the effects of DEHP exposure in mice 
throughout pregnancy and lactation on the development and function of 
the pituitary-gonadal axis in male and female offsprings. They stated 
that, in maternally exposed male and female mice, DEHP acts on mul
tiple pathways involved in maintaining steroid homeostasis. Additional 
exposure of lactational DEHP may alter estrogen synthesis in both sexes. 
Prenatal BBP exposure induced delayed vaginal opening and post-natal 
mammary gland changes i.e. alterations in architecture and proliferative 
index of the mammary gland morphology [49]. In another study, rats 
were treated with DBP (100 mg/kg/day) from GD12 to GD20 for eval
uation of reproductive outcomes, reproductive development and func
tion in F1 female offsprings and found that all parameters were 
comparable with control group, except a remarkable increase in the fetal 
weight in the treated group. They concluded that DBP did not disturb or 
alter the reproductive development or function of female rats [50]. 
Earlier, Lee et al. [51] evaluated developmental toxicity of DBP expo
sure from late gestation to lactation. Female offsprings showed a slight 
non-significant delay in the pubertal onset and the relative pituitary 
weight was found to decrease after 10,000 ppm exposure at postnatal 

week (PNW) 11, and from 200 ppm at PNW 20. Thus, developmental 
exposure to 10,000 ppm DBP affected female sexual development 
involving pituitary function since the proportion of FSH-positive cells 
increased in the pituitaries at PNW 11of both the sexes. 

Grande et al. [52] conducted a study on DEHP. Female rats were 
treated daily with DEHP from GD6 to PND22 with the low doses i.e. 
0.015–1.215 mg, and the high doses 5–405 mg DEHP/kg/day. They 
neither observed any maternal toxicity nor any alterations in nipple 
development and anogenital distance. They observed that 15 mg and 
above 15 mg DEHP caused a significant delay in the age at vaginal 
opening and135 and 405 mg DEHP caused a delay in the age at first 
estrus. Piepenbrink et al. [53] also mentioned that, in utero exposure to 
DEHP alters some developmental parameters i.e. anogenital distance 
without any persistent effect on the immunity. Later, Ding et al. [54] 
evaluated the ability of DEHP in inducing damage in sexual develop
ment of female rat offsprings. They reported that exposure to DEHP from 
GD 12–17 resulted in alterations in the age at vaginal opening and 
atresia. 

Table 4 
Experimental studies of phthalate compounds on female reproduction system.  

Phthalates Observed effects Reference 

Phthalates treatment to female 
DEHP 5, & 25 mg/m3 to female rats for 6 h/day (5 days/wk) from 

postnatal days 22 to 41 
DEHP may advance the onset of puberty & alter post-pubertal reproductive functions of rats. [45] 

Studied toxic potential of 2g/kg DEHP in 1 to 12 days in regularly 
cycling rats 

Long estrous cycles & delay ovulation Suppress serum E2 caused secondary ↑in FSH & did not 
stimulate the LH. 

[43] 

Estrogenic potential- In vitro studies 
Yeast-based assay to estimate the estrogenic potential DEP, DBP & BBP show estrogenic activity But DMP & DOP did not show. [120] 
DEHP tested by human breast cancer Estrogen-dependent MCF-7 cell 

proliferation assay. 
DEHP enhanced the proliferation of human breast cancer MCF-7 cells in vitro indicating an 
estrogenic activity. 

[121] 

BBP, DBP, di-n-octyl phthalate (DOP), &di-nonyl phthalate (DNP) BBP & DBP -↑ estrogenic activity. [122] 
DOP &DNP showed weak activity. 

BBP, DBP, n-butyl phthalyln-butyl glycolate, DEHP & benzyl salicylate ↑ Proliferation of MCF-7 cells indicating estrogenic potential of these. [123] 
Estrogenic activities of phthalate di & monoesters by human breast 

cancer MCF-7 cell proliferation assay 
Among 19 compounds tested, di-cyclohexyl phthalate, DEHP & BBP found estrogenic 
activities. 

[124] 

Anti-estrogenic activities by the suppression of cell proliferation in 
presence of 10− 11 M 17β-estradiol. 

Mono-n-pentyl phthalate, mono-cyclohexyl phthalate, mono-benzyl phthalate, mono- 
isopropyl phthalate & BBP have anti-estrogenic activities. 

DBP, BBP, DINP, DEHP, di-hexyl (DHP), di-isoheptyl, di-n-octyl, &di- 
isodecyl phthalate 

DBP, BBP, & DHP exhibit weak ER-mediated activity in some of in vitro assays. [125] 

BBP, DBP,DIBP, diethyl phthalate (DEP), & di-isiononyl phthalate 
(DINP) 

The relative estrogenic potencies of these descended in the BBP > DBP > DIBP > DEP >
DINP. 

[126] 

Estrogenic potential - In vivo studies 
Estrogenic potential of DIBP & DINP in vivo DIBP & DINP do not have estrogenic potential with 3-day utero-trophic & 20-day pubertal 

female assay. 
[47] 

Estrogenic potential of DBP & BBP in vivo DBP & BBP do not have estrogenic potential with 3-day utero-trophic & 20-day pubertal 
female assay. 

[46] 

Estrogenic potential of BBP,DPB, DOP & DNP tested in vivo Not increased uterus wt in immature rats in any phthalate treated animals. [122] 
DEHP, DBP, BBP, DHP, DOP, DINP, di-isoheptyl, di-isodecyl phthalate 

compounds tested for in vivo estrogenic response 
None of the eight-phthalate esters tested showed in vivo estrogenic potential based upon 
utero-trophic & vaginal cornification assays. 

[125] 

In utero exposure to phthalates and pregnancy outcomes 
DEHP in pregnancy & lactation on development & function of pituitary- 

gonadal axis in mice male & female offsprings 
DEHP acts on multiple pathways involved in maintaining steroid homeostasis & alter 
estrogen synthesis in both sexes. 

[48] 

BBP (120 or 500 mg/kg/day) from day 10 post-conception to delivery) 
to rats 

Delayed vaginal opening& high dose affects architecture & proliferative index of post-natal 
mammary gland. 

[49] 

Evaluated DEHP induce damage in sexual development of female 
offspring of rats after maternal exposure 

Exposure to DEHP in utero from GD 12-17 can result in abnormalities of sexual development 
like time to vaginal opening & atresia. 

[54] 

100 mg/kg/d of DBP GD 12-20 & assess reproductive outcome DBP did not disturb the reproductive development or function of female rats. [50] 
500 & 1000 mg DBP/kg/day, from weaning, through puberty, mating & 

gestation to female rats 
Induced abortions. The % of females delivering live pups↓ by more than 50% & 90% at 500 & 
1000 mg/kg. 

[42] 

Rats treated GD 6 to lactation day 22. Low 0.015 to 1.215 & high doses 5 
to 405 mg DEHP/kg/day 

Delay in vaginal opening at 15 mg DEHP/kg/day & delay in the age at first estrous at 135 & 
405 mg DEHP/kg/day. 

[52] 

Embryonic toxicity 
Rats treated BBP 250, 500, 750, & 1000 mg/kg from GD0-8 & 

pregnancy outcome determined 
↑Pre-implantation loss at 1000 mg/kg. Post-implantation loss at 750 mg/kg & above. 
↓Uterine decidual growth in pseudo-pregnant at 750 mg/kg & above. 

[73] 

Treatment with BBP from GD13–15 0.75 & 1.0 g/kg BBP was teratogenic. [74] 
Rats treated at dose of 0.5, 0.75 or 1.0 g BBP/kg from GD7–15 Maternal lethality &complete resorption in 1.0 g/kg. ↑Embryo-fetal death &↓fetal wt at 0.75 

g/ kg. 
[75] 

Single dose of di methoxy ethyl phthalate to rats during gestation Embryopathy manifested 12-79% of foetal deaths & resorptions. [71] 
Mice treated with 0.1, 0.2, 0.4, & 1.0% DEHP, and DBP by food during 

gestation 
↓Maternal wt gain & ↑resorption. [72] 
Implanted ova died at 0.4, 1.0% of DEHP. ↑Malformation at 0.2% of DEHP & 1.0% of DBP. 

↓- decrease: ↑-increase 

S. Sedha et al.                                                                                                                                                                                                                                   



Pharmacological Research 167 (2021) 105536

9

7. Clinical studies on female reproduction 

A few reports claim detectable level of certain phthalates or their 
metabolites in the amniotic fluid (AF) indicating possible fetal exposure 
to these compounds. Silva et al. [55] found considerable amount of 
monoethyl phthalate (MEP), MBP, and MEHP in human AF, suggesting 
their presence in the human fetal environment in the second trimester 
early stages when reproductive differentiation takes place. Later, Wit
tassek et al. [56] collected AF and corresponding maternal urine (MU) 
samples, and found that the concentrations of metabolites of DBP, DIBP, 
BBP and DEHP were generally much higher in the MU samples as 
compared to the AF samples. They suggested that several phthalates or 
their metabolites might reach the human foetus affecting foetal health. 
Further, in a report by Zhang et al. [57] considerably higher amount of 
phthalates were detected in low birth weight (LBW) babies as in China 
new-born babies are very frequently exposed to phthalates. Prenatal 
DBP and DEHP exposures were associated with LBW in a 
dose-dependent manner which may be a considered as a risk factor for 
LBW. 

In humans, MEHP was associated with a high odds ratio (ORs) of 
pregnancy loss as reported [58]. Kim et al. [59] conducted a prospective 
case-control study and found that the concentrations of DEHP and MEHP 
were significantly higher in advanced-stage endometriosis subjects, 
which supports that exposure to phthalates play a significant role in the 
formation of endometriosis. Earlier, Reddy et al. [60] also found that 
polychlorinated biphenyls (PCBs) and phthalate esters (PEs) might be 
instrumental in the aetiology of endometriosis. Further, Weuve et al. 
[61] conducted a cross-sectional study of urinary phthalate metabolite 
concentrations in relation to reported history of endometriosis and 
uterine leiomyomata. After diagnosis, endometriosis and leiomyomata 
were found to be about 7% and 12%, respectively. The ORs comparing 
the highest versus lowest, three quartiles of urinary MBP were 1.36 for 

endometriosis, 1.56 for leiomyomata, and 1.71 for both. The corre
sponding ORs for MEHP were 0.44 for endometriosis, 0.63 for leio
myomata, and 0.59 for both. However, the research of Itoh et al. [62] 
does not support the hypothesis that higher urinary concentrations of 
phthalate metabolites are associated with the risk of endometriosis as no 
significant association between endometriosis and urinary 
creatinine-adjusted phthalate monoester was found. 

Xu et al. [63] assessed the association between phthalate esters and 
polycystic ovary syndrome (PCOS). They found that PCOS patients had 
significantly higher level of DEP and DBP than control, suggesting an 
association of phthalates with PCOS. Further, Job-exposure matrix 
based maternal occupational exposure to phthalates was associated with 
prolonged time to pregnancy (OR 2.16, 95% CI 1.02–4.57) and exposure 
to pesticides was associated with LBW (OR 2.42, 95% CI 1.10–5.34). 
They concluded that maternal occupational exposure to phthalates and 
pesticides has adverse effects on fertility and pregnancy outcomes [64]. 

Earlier, Colon et al. [65] determined pollutants in the serum of 
Puerto Rican girls with premature thelarche. A significantly high level of 
phthalates (DMP, DEP, DBP and DEHP and its major metabolite MEHP) 
were identified in 28 (68%) samples from thelarche patients whereas 
only one control subject showed significant levels of di-isooctyl phtha
late. This suggests a possible association between plasticizers and the 
cause of premature breast development in humans. Later, Chou et al. 
[66] conducted a case-control study by recruiting girls in early puberty, 
with premature thelarche (PT) and central precocious puberty (CPP). 
The mean urine levels of monomethyl phthalate (MMP) were signifi
cantly higher in the PT group. Recently, Durmaz et al. [67] found a 
significantly higher concentration of MEHP in the urine of girls with 
premature thelarche. These data suggest that phthalate might be one of 
the environmental causes of early puberty in girls. However, Lomenick 
et al. [68] suggested that phthalate exposure is not associated with 
precocious puberty in female children. McKee [69] also reported rela
tionship between phthalate exposure and early thelarche seems highly 
unlikely, in part because the reported exposure levels do not seem 
plausible on phthalate exposure, and phthalates do not influence the 
timing of female sexual development in laboratory studies. Thus, these 
results need to be substantiated with more studies. 

In a review by Jurewicz and Hanke [70], it was strongly emphasized 
that phthalates increase allergy and asthma risk. Decreased (fewer 
masculine) composite score in boys and quality of alertness among girls 
indicated that neurodevelopment of children is adversely affected by 
phthalates. Inconsistent results revealed a negative impact of phthalates 
on gestational age and head circumference. Further, exposure to 
phthalates adversely affected luteinizing hormone, free testosterone, 
and sex hormone-binding globulin levels, thyroid function and ano
genital distance. Epidemiological studies suggest that phthalates might 
affect reproductive outcome and children health since the urinary levels 
of phthalates were remarkably higher in the pubertal gynecomastia 
group, girls with premature thelarche, and precocious puberty [70]. 

8. Embryonic toxicity 

A single intraperitoneal injection (0.6 ml/kg) of di-methoxyethyl 
phthalate (DMEP) was given to rats during gestation. In phthalate 
treated rats, embryopathy was manifested by 12–79% of fetal deaths and 
fetal resorptions. Fetotoxicity was expressed by a significant reduction 
in fetal weights. DMEP caused a congenital malformation of the brain i. 
e. hydrocephalus interna [71]. Shiota et al. [72] treated pregnant mice 
with DEHP and DBP in food GD0-parturition. They observed increased 
resorption rate and death of all the implanted ova at 0.4% and 1.0% 
level of DEHP. Rate of malformation increased at 0.2% DEHP and 1.0% 
DBP in term fetuses which was almost significant. Their results suggest 
that high dose of DEHP and DBP could be teratogenic and embryotoxic 
in mice. 

There is a report on impairment of uterine function by BBP.BBP 
(1000 mg/kg) resulted in a significant increase in pre-implantation loss 

Table 5 
Clinical studies in females with respect to exposure to phthalate compounds.  

Phthalates Observed effects References 

Study on MEHP and pregnancy 
loss 

Mono-ethylhexyl phthalate link 
with an elevated pregnancy loss. 

[58] 

Plasma phthalate esters in women 
with endometriosis 

↑ MEHP &DEHP in advanced- 
stage endometriosis. 

[59] 

Urinary level of phthalates and 
pubertal gynecomastia 

Significantly higher in pubertal 
gynecomastia group, girls with 
thelarche & in precocious 
puberty. 

[70] 

Association between phthalate 
esters and PCOS 

PCOS patients had significantly 
higher level of DEP and DBP. 

[63] 

Urinary phthalate metabolite 
concentrations in relation to 
reported history of 
endometriosis & uterine 
leiomyomata 

ORs of urinary MBP 1.36 for 
endometriosis, 1.56 for 
leiomyomata, & 1.71 for 
combined. ORs for MEHP 0.44 
for endometriosis, 0.63 for 
leiomyomata & 0.59 for 
combined. 

[61] 

Assessed the association between 
urinary conc. of phthalate 
metabolites & endometriosis 

No significant links between 
endometriosis & urinary 
creatinine-adjusted phthalate 
monoester. 

[62] 

AF & maternal urine samples 
tested for oxidative metabolites 
of DBP, DIBP, BBP and DEHP 

Some phthalates or metabolites 
reach human fetus, which affect 
fetal health, two carboxy 
metabolites of DEHP showed 
highest levels. 

[56] 

Phthalates levels and New-born 
Chinese 

DBP & DEHP in utero exposure 
links with LBW. 

[57] 

Link between PCBs & phthalate 
esters (PEs) & endometriosis 

PCBs & PEs may be instrumental 
in the aetiology of 
endometriosis. 

[60] 

Determined pollutants in serum of 
Puerto Rican girls with 
thelarche 

68% thelarche patients with 
↑DMP, DEP, DBP, DEHP & 
MEHP. 

[65] 

↑-increase 
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while BBP (750 mg/kg and above) resulted in post-implantation loss in 
females having implantations at that doses. The early embryonic loss 
due to BBP may be thought in part to be mediated by suppression of 
uterine decidualization [73]. Earlier, Makoto et al. [74] treated rats at 
the doses of 0, 0.5, 0.75 or 1.0 g BBP/kg from GD7–15. In the 1.0 g/kg 
group, high maternal lethality and complete resorption of implanted 
embryos were observed in the surviving dams. Fetal death rate increased 
and fetal weight decreased at 0.75 g/kg. A significantly increased inci
dence of fetal malformations like cleft palate, fused sternebrae and renal 
pelvis dilatation were mostly observed in the 0.75 g/kg group. Later, 
they noted that the highest incidence of malformed foetuses occurred 
after treatment with BBP on days 13–15. It could be concluded that the 
susceptibility to the teratogenicity of BBP varies with the developmental 
stage at the time of administration [75]. These data showed that few 
phthalate compounds such as DMEP, DEHP, MEHP, DBP, and BBP, have 
embryotoxic potential which might depend upon the dose as well as 
time of exposure during the pregnancy. Fig. 2 shows the possible 
pathway leading to embryotoxicity after phthalate treatment in rodents 
[76]. 

9. Phthalate induced testicular dysgenesis and oxidative stress 

Hormonally active environmental chemicals/compounds generally 
target the endocrine system which leads to reproductive anomalies [77]. 
An increase in these environmental contaminants causes disturbances in 
the pro-oxidant/antioxidant balance of testicular cells leading to 
impairment of testicular functions thereby activating apoptosis [78]. 
Physiological levels of reactive oxygen species (ROS) and apoptosis are 
necessary for the normal functioning of the testes and ovaries, but an 
imbalance may cause deleterious effects as shown in Fig. 3 [79]. Further, 
insufficient antioxidant enzymes and increased oxidative stress may 
attribute to the risk of declining semen quality in human [80]. 

Steroidogenesis and spermatogenesis take place within the seminif
erous tubules and interstitium tissue of the testes. Controlled and 
maintained levels of ROS play a constructive role in normal testicular 
function [77]. The testis consists of a very potent antioxidant system 
comprising of superoxide dismutase (SOD), catalase, glutathione family 
and several non-enzymatic antioxidants which protect it from the 
damaging effects of ROS. All this help the testis by counteracting any 
oxidative stress [81]. Several environmental contaminants affect germ 
cell, resulting in defective spermatogenesis. Phthalates are among a 

Fig. 1. Proposed model of MEHP interference in the granulosa cell via steroid hormone pathway [44].  
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Fig. 2. Possible pathway leading to embryo toxicity after phthalate treatment in rodents [76].  

Fig. 3. Deleterious effects of imbalance in ROS and apoptosis [79].  
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wide variety of environmental toxicants that can compromise male 
fertility by inducing oxidative stress in the testes, in addition to endo
crine disruption. At the level of testes, oxidative stress can disrupt the 
steroidogenic capability of leydig cells as well as affect the germinal 
epithelium. Several experimental studies implicate role for oxidative 
stress in phthalate-stimulated liver tumorigenesis [82], male reproduc
tive toxicity [83,84], and developmental toxicity [85,86]. 

In the developing fetal testis, toxic phthalate esters target numerous 
pathways. In fetal leydig cells, molecular pathways associated with 
synthesis and transport of lipid and cholesterol and with steroidogenesis 
are reduced, which results in a reduction in testosterone synthesis. Insl- 
3production by fetal leydig cells is also reduced which might be involved 
in phthalate-induced cryptorchidism [87]. Insl-3 is involved in testicular 
descend. A reduction in alpha inhibin production likely plays a role in 
alteration in sertoli cell maturation and function; this alteration along 
with phthalate-induced disruption in sertoli-gonocyte interaction likely 
plays a role in the development of multinucleated gonocytes. Free 
radical formation is a normal occurrence during steroidogenesis [88] 
and it is possible that the reduction in expression of genes associated 
with protecting the cell from oxidative stress such as glutathione 
transferase and superoxide dismutase are due to a reduction in oxidative 
stress following reduction of testosterone synthesis [89]. 

Low molecular weight phthalates such as DMP and DEP have no 
developmental effects but DIBP has some developmental effects. DIBP, 
butyl paraben and rosiglitazone were able to reduce the levels of plasma 
leptin in male and female offsprings at GD19 or 21. DIBP and rosigli
tazone also reduced the levels of fetal plasma insulin. DIBP reduced 
AGD, testosterone production and expression of Insl-3 in testis and ste
roidogenesis related genes in males. PPARα mRNA levels were also 
reduced at GD19 in testis and liver by DIBP [31]. DIBP decreased ex vivo 
testicular testosterone production, testosterone levels in testis and 
plasma, decreased AGD and induced pathological changes in the testes 
including clustering of small leydig cells and vacuolisation of sertoli cells 
in the male foetuses [90]. 

Transitional phthalates produce anti-androgen effects by inhibiting 
production of fetal testosterone and Insl-3. Gestational exposure to BBP, 
DBP or DEHP induced a decrease in expression of Insl-3 in rat fetal testes 
[87] perhaps explaining the increased incidence of cryptorchidism. 
There are reports on reduced serum testosterone following gestational 
treatment with DEHP, BBP or DBP [91–94]. Prolonged in utero DBP 
exposure results in feminized phenotypic symptoms like malformed 
epididymis, hypospadias, cryptorchidism, retained thoracic nipples etc. 
which are likely due to decreased expression of steroidogenic enzymes 
and reduction in the testosterone biosynthesis [95]. 

Epidemiologic studies have shown relationships between biomarkers 
of phthalate exposure and increased levels of malondialdehyde (MDA), 
and 8-hydroxy-2-deoxy guanosine (8-OHdG) [96,97]. In a study by Ma 
et al. [98], SOD and glutathione peroxidase (GSH-Px) activities in DIBP 
treated groups were significantly lower while MDA and 8-OHdG con
tents were significantly higher, indicating that oxidative stress induced 
by DIBP can decrease antioxidative enzyme activities resulting in 
oxidative damage in tissues. Hong et al. [96] reported that polyaromatic 
hydrocarbons, volatile organic compounds, bisphenol-A and phthalate 
exposure are associated with oxidative stress in urban adult populations. 

In a study carried out by Zhou et al. [83], a significant decrease in the 
epididymal weight and in the activity of epididymal alpha-glucosidase, 
GSH-Px, and SOD was found in rats exposed to DBP (500 mg/kg). While 
the level of MDA increased significantly in the epididymal tissue at 250 
and 500 mg/kg DBP. They showed that DBP exposure altered the 
structure and function of epididymis by inducing oxidative stress. In 
another study, DEHP led to a significant decrease in GSH/GSSG redox 
ratio and increase in thiobarbituric acid reactive substances (TBARSs) 
levels indicating DEHP induced oxidative stress in rat testis [99]. Earlier, 
Lee et al. [100] induced hyperthyroidism in pubertal male rats by 
injecting triiodothyronine (10 µg/kg) intraperitoneally with a simulta
neous administration of DBP (750 mg/kg) to normal or hyperthyroid 

rats. Serum T3 levels were significantly higher while the serum thyroid 
stimulating hormone levels were markedly lower in the hyperthyroid 
rats. They found that hyperthyroidism can cause a change in the 
expression level of PPARγ in testes and may increase the levels of 
oxidative damage induced by the metabolic activation of DBP. Sperm 
motility and the anti-oxidative systems get affected by DBP exposure. 
DBP showed inhibiting effect on SOD activities in the testis, and it was 
significant in 1000 mg/kg group [101]. In another study by Wang et al. 
[102], GSHPx activities in the serum and GSH levels in the testis ho
mogenate showed a decreasing tendency with respect to control, but 
GSHPx activities increased markedly in the testis, after 2-week DBP 
exposure. After 4-week DBP exposure, alkaline phosphatase (ALP) ac
tivities in the serum increased; SDH activities were significantly 
inhibited in both the serum and the testis homogenate at 1000 mg/kg 
and GSH contents in the serum were also affected. A study by Kasahara 
et al. [86] also indicated that administration of DEHP increased ROS 
generation and decreased testicular GSH and ascorbic acid leading to 
apoptosis of spermatocytes. Later, So et al. [103], also reported that DBP 
and MBP induced developmental toxicity in rat embryonic limb bud 
cells which was thought to be through oxidative stress exerted by DBP. 
Recently, Sedha et al. [104] reviewed that phthalate compounds may 
also induce oxidative stress in the male reproductive organs i.e. testis 
and epididymis. Oxidative stress and apoptosis in germ cells or target 
sertoli cells result in impairment of spermatogenesis. They hamper the 
Leydig cell function by inducing ROS, thereby decreasing the levels of 
steroidogenic enzymes. 

10. Mechanism of phthalate toxicity 

Definite understanding of mechanism of toxicity of phthalate is not 
fully known. However, several pathways are involved to induce toxicity 
by the phthalates. Some of the phthalates work as endocrine disruptors 
and are thought to be anti-androgenic. Under in vitro condition, 
phthalates are not androgen receptor (AR) antagonists directly at con
centrations of up to 10 μM, so phthalates and their metabolites do not 
bind to the AR [91]. Endocrine disruptors (EDs) also act by altering the 
function of the hypothalamus-pituitary-gonadal (HPG) axis [105,106]. 
Based upon the mechanism of toxicity [107], the secretion of gonado
trophin releasing hormone (GnRH) is controlled by hypothalamic 
kisspeptin-1 (KiSS-1) and its G protein-coupled receptor (GPR54) that 
regulates the anterior pituitary hormones (luteinizing [LH] and follicle 
stimulating hormone [FSH]) and testicular hormones (testosterone, 
activin, and inhibin B). As shown in the Fig. 4, EDs alter four functions. 
1) Eds modulate KiSS-1/GPR54 and HPG axis. 2) EDs dysregulate pi
tuitary FSH/LH secretion causing reduction in the expression of testic
ular LH and FSH receptors. 3) EDs interfere with steroidogenic acute 
regulatory protein (StAR), P450scc, 3β-HSD, and 17β-HSD involved in 
steroidogenesis. The altered serum levels of the steroid hormones may 
cause subsequent reproductive dysfunction by interfering with the 
feedback regulatory mechanisms of the HPG axis. This also stimulates 
aromatase enzyme leading to estradiol production and reduction in 
testosterone production. 4) Oxidative stress by EDs causes disruption of 
sertoli-sertoli and sertoli-germ cell interaction hampering 
spermatogenesis. 

One possible mode of action of phthalates is that phthalate metab
olites bind to peroxisome proliferators activated receptor (PPAR) [108]. 
The PPAR family consists of PPARα, PPARβ, and PPARγ receptors [109]. 
Rat fetal leydig cells (FLCs) express PPARα and PPARγ receptors [110]. 
Phthalates are known to activate the actions of PPAR receptors 
[111–113]. Latini et al. [114] proposed that impairment of reproductive 
development and function in both genders by phthalates relates to 
abnormal steroid biosynthesis and metabolism and seems to be at least 
in part mediated by the activation of PPAR signalling pathway as shown 
in Fig. 4. Another signaling pathway in leydig cells which might be 
affected by phthalates is the aryl hydrocarbon receptor (AHR) that be
longs to transcription factor family. In fact, foetal testes from animals 
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exposed to phthalates have high expression levels of aryl hydrocarbon 
receptor and its downstream gene cytochrome Cyp1b1 [115]. Inhibition 
of leydig cells function may perturb testosterone and Insl-3 synthesis 
resulting in disturbances in the reproductive tract of male development 
while interference with sertoli cells may result in failure to proliferate 
with subsequent depleted germ cells [11]. Generally, it is thought that 
DBP and DEHP cause leydig cell aggregation and inhibit the production 
of testosterone as well as Insl-3 while their monoesters act as agonists of 
PPARα and PPARγ [116]. Thus, several pathways are involved in 
reproductive toxicity of phthalates. 

Crain et al. [117] reviewed the data on the possible role of 
endocrine-disruptors on female reproductive disorders and mentioned 
that endocrine disruptors contribute to numerous human female 
reproductive disorders, emphasizing the sensitivity of early life-stage 
exposures. Caserta et al. [118] also concluded that for prevention and 
risk-communication strategies, detailed appraisal of compounds specif
ically related to adverse reproductive outcomes are very important. In 
addition to research needs, the current evidence is enough to prompt 
precautionary actions of exposure to these phthalates to protect repro
ductive health. Recently, Kumar [119] reported that, in general, work
ing women have a higher risk of undesirable reproductive outcomes and 
need to educate the child bearing women to avoid exposure to suspected 
reproductive toxicants. Both men and women should be protected from 
exposure to reproductive toxicants as sound reproductive health of both 
is necessary for healthy outcome. 

11. Future directions and conclusions 

The available studies indicate that phthalates (especially the transi
tional phthalates) interfere with the normal spermatogenesis leading to 
testicular atrophy, oxidative stress and DNA damage. They also disrupt 
the steroidogenic pathways leading to reduced testosterone synthesis 
and Insl-3 production by the fetal leydig cells which is likely to cause 
cryptorchidism. The data available indicate the need for the detailed 
experimental studies on various phthalate compounds on female 
reproduction, as very sensitive issues of reproductive outcome are 

involved with the exposure to these chemicals during pregnancy and 
development. Based upon the reported reproductive effects of phtha
lates in female even though data are scanty, more robust epidemiolog
ical studies are required and preventive steps must be taken to reduce 
the exposure to these compounds. Owing to this, alternative to phtha
lates may be developed which do not produce toxicity or uses of 
phthalates be rationalized. 
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