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Objective: To investigate toxic effects on basement membrane and diameter of seminiferous 
tubules caused by phthalates and protection by vitamin E.
Methods: Twenty four male albino rats were divided into three groups of eight animals each. 
Group A was given 0.4 ml of corn oil daily for 15 days. Group B was given 0.15 ml of Dioctyl 
phthalate (DOP) dissolved in 0.4 ml of corn oil daily for 15 days. Group C was given 0.15 ml Dioctyl 
phthalate and 10 mg of vitamin E, each dissolved in 0.4 ml of corn oil respectively, daily for 15 
days. The mode of administration was oral gavage.
Results: On histological examination the testes of animals of group B showed disrupted and 
ruffled basement membrane. The diameter of seminiferous tubules in different groups did not 
show much variation. Co-administration of vitamin E and DOP to group C showed that DOP in this 
group had less deleterious effect as it did in group B, where DOP was given alone.
Conclusions: Phthalate induced testicular toxicity, effect on basement membrane and 
diameter of seminiferous tubules was prevented by co-administration of vitamin E and DOP.
 phthalates, dioctyl phthalate (DOP), vitamin E.Keywords: 

Introduction
Phthalates are synthetic chemical esters of  phthalic 
acid and serve multifunctional roles in a variety of  
consumer products resulting in ubiquitous daily 

1
exposures in adults and children.  DOP also known 
as di (2-ethylhexyl) phthalate (DEHP), is one of  the 
commonly used compound. These compounds 
impart flexibility, transparency and durability to 
PVC  plastics, which are then used in an extensive 
range of  products including toys, clothing, building 
material, paints, curtains, wall papers, food 
packaging and plastic wraps. They are also used in 
cosmetics, including perfumes, soaps, shampoo, 

2hairspray, nail polish and skin moisturizers.  Fast 
3 food may be a source of  exposure to DEHP. They 

are, therefore, an unavoidable part of  
4,5 contemporary living. Phthalates are not 

chemically bound in the polymers. Therefore, 
migration or emission of  phthalates from the 

6
products into the environment is likely to occur.  
DEHP is also used in many medical devices 
including intravenous (IV) tubing, IV fluid bags, 
total parenteral nutrition bags/tubes, and 

7
catheters . Certain chemical in personal care and 
consumer products, including low molecular 
weight phthalates, or their precursors, are 
associated with altered pubertal timing in animal 

8studies.  Some phthalate exposures from personal 
care products are associated with menopausal hot 

9flashes in women.  Thereafter, considerable concern 
was raised regarding toxic effects of  all PAEs, 
especially DOP.
Plastic materials used in food processing and storage 
may also increase the phthalate content of  some 

10
foods.  Aging disposable plastic food wraps and 
bottles particularly at high environmental 
temperatures lead to transfer of  phthalates into the 
environment. Elevated temperatures of  microwave 
oven used in many households may lead to transfer of  
phthalate compounds from plastic packaging and 
crockery into the food being warmed. After exposure 
the route of  entry into the body can be ingestion, 
inhalation or dermal contact. 
DOP is rapidly absorbed and converted to mono (2-
ethylhexyl) phthalate (MEHP), which also leads to 
male reproductive organ damages in animals, chiefly 

11,12,13the testes when administered orally to rats.  Di-
ester phthalates are hydrolyzed into monoester 
phthalates in the intestine and parenchyma, i.e., 
phthalates are converted in the body to a metabolite, a 

14
break-down substance produced by metabolism.
Phthalates have been linked to adverse reproductive 
effects in male pubertal and adult rodents exposed in 
utero and during lactation, such as reduction in the 
weights of  reproductive organs and a reduction in 

15sperm count.  Oral administration of  DOP to rats 
has been reported to significantly increase the lipid 
peroxidation by generating ROS which in turn leads 
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16
to testicular degeneration and infertility.  Free 
radicals in the cell, such as hydroxyl radical, 
superoxide ion and hydrogen peroxide, attack 
lipids, sugars, proteins and DNA. Oxidative injury 
to these molecules may impair a range of  

17, 18biomolecular processes . Since testicular 
physiology is impaired by reactive oxygen species 
(ROS)-dependent mechanism, suggestive of  the 
fact that antioxidant enzymes are important in the 
testes. Considering the fact that phthalates also 
have a role in reducing the male fertility by causing 
seminiferous tubules atrophy and seminiferous 
epithelial cells disintegration, it is suggested that the 
mechanism behind it is oxidative stress in testes of  

19adult rats.
These studies suggest that antioxidant enzymes are 

20customarily important in testes.  Antioxidants such 
as vitamins C and E have been shown to guard 

21tissues against ROS . Supplementation of  vitamins 
with antioxidant effects enhanced the regeneration 
of  damaged seminiferous epithelium in DOP 
treated animals, suggesting that these vitamins have 

 a beneficial effect on DOP-induced spermato-
22genetic toxicity.  Cells are normally fortified with 

antioxidant defense system to counter the effect of  
ROS, but when the generation of  ROS exceeds the 
capacity of  cells to counteract these, additional help 
is required. Therefore, excess ROS generated in 
testicular tissues due to DOP require antioxidants 
such as vitamins C and E.  

Methods
This study was carried out at the Experimental and 
Research Laboratories of  University of  Health 
Sciences, Lahore and rat was used as an 
experimental model, after approval from the ethical 
committee of  the University. Twenty four healthy 
adult male Albino rats of  Wistar strain, aged 6-
8weeks and weighing 200-250 gm were used; 
housed in cages of  appropriate size, kept in a 
controlled environment with room temperature of  
23±2˚C, and humidity of  55±5%, light and dark 
cycles were maintained for 12 hours each. They 
were fed on normal rat chow, given water ad libitum 
and allowed to acclimatize for a period of  two 
weeks. The rats were divided into three groups of  
eight animals each. Each animal in every group was 
labelled with eosin stain on their back.  Group A 
was given 0.4 ml of  corn oil daily for 15 days by oral 
gavage. Group B was given 0.15 ml of  Dioctyl 
phthalate dissolved in 0.4 ml of  corn oil daily for 15 
days by oral gavage. Group C was given 0.15 ml 
Dioctyl phthalate and 10 mg of  vitamin E, each 

dissolved in 0.4 ml of  corn oil respectively, daily for 15 
days. Animals were sacrificed on the sixteenth day and 
testes were removed under anesthesia, cut into two 
pieces each and kept in Bouin's fixative for 48 hours. 
Each half  was then washed with 70% alcohol for 72 
hours to remove yellow color of  Bouin's fixative; 
processing was done in an automatic tissue processor 
and paraffin blocks were prepared. Sections 4µm 
thick were obtained using rotary microtome. The 
slides were stained with hematoxylin and eosin and 
then examined under light microscope using X10 and 
X40 magnification. Diameter of  seminiferous tubule 
was measured with the help of  Leica, DM 1000 
microscope with 10X objective lens and ocular 
micrometer; the method described by Culling, 1974 
was used. The ocular micrometer was inserted into 
the eye piece of  the microscope and calibrated using 
10X objective lens, the eyepiece micro-metered and 
adjusted so that the scale on the linear micrometer 
seemed sharply focused. A stage micrometer was 
placed on the microscope stage and brought into 
focus. The area at which both ocular and stage 
micrometers exactly matched was observed. The 
factor calculated by calibration of  ocular micrometer 
with the stage micrometer. The stage micrometer was 
then removed and both vertical and horizontal 
diameter of  seminiferous tubules measured using 
ocular micrometer, and a mean diameter of  each of  
these seminiferous tubules was calculated and was 
multiplied with the factor calculated;
100 stage divisions = 1mm =1000µm
1 stage division = 1000/100 =10 µm
1 division of  ocular micrometer was = 1 stage division
1 division of  ocular micrometer = 10 µm
The calibration factor =10µm
The cross sectional profiles of  ten seminiferous 
tubules were identified in each section. The mean 
diameter of  each seminiferous tubule was calculated 
by measuring the diameters twice at right angles to 
each other and calculating their mean. Six sections 
from every animal were observed and a total of  144 
sections from 24 animals were examined; thus the 
diameter of  1440 seminiferous tubules were 
recorded. The basement membranes of  seminiferous 
tubules in each PAS stained section of  the Twenty 
four animals were observed regarding their thickness 
and regularity using 40X objective. The basement 
membranes showing irregularities were counted as 
ruffled and those showing breaks were counted as 
disrupted. SPSS 20 was used for statistical analysis. 
Mean±SD and Median with interquartile range was 
given for diameter of  seminiferous tubules. 
Normality of  the data was checked by Shapiro Wilk 
test. A comparison was done for the outcome, both in 
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tubules; one with vertical and horizontal diameter 
of  247µm as measured in cross-sectional profile, 
from group B showing several seminiferous 
tubules; one with vertical and horizontal diameter 
of  245 µm as measured in cross-sectional profile 
and from group C showing several seminiferous 
tubules; one with vertical and horizontal diameter 
of  247 µm as measured in cross-sectional profile. 
Reference line measures 100 µm. H&E stain. X100.

Discussion
In the present study the rats of  group A showed 
thin and regular basement membrane indicating a 
normal pattern. After 15 days of  administration of  
DOP to the rats of  group B,the basement 
membrane of  the seminiferous tubules revealed the 
detrimental effect of  DOP. Many tubules showed 
ruffled basement membrane, others showed 
disruption. The ruffled effect was seen due to the 
sloughing of  the germinal epithelium which lead to 
the collapse of  the tubule, resulting into ruffled 
appearance of  the basement membranes. The 
disrupted basement membrane however was due to 
possibly the oxidative stress mechanism of  the 
DOP which caused lipid peroxidation of  the 
membranes.
There was not much variation in diameter of  
seminiferous tubules in different groups. A few 
tubules in groups B showing some atrophy is 
attributed to the sloughing of  the germinal 
epithelium by the DOP. However, when the results 
were compared between different groups they were 
not statistically significant (p=0.200).   
The results observed in the present study are in 
accord with the previous reports which revealed 
that Phthalate esters are associated with tissue 

23
damage,  which is responsible for the disruption of  
the basement membrane. In other areas atrophy of  
the seminiferous tubules was shown by decreased 
diameter of  the tubules and ruffled basement 
membrane. However the rats in group C were given 
both DOP and vitamin E, it showed that DOP in 
this group did not have the same deleterious effect 

as it did in group B, where DOP was given alone. The 
basement membrane remained thin and regular 
indicating lesser or no damage to the cells in group C 
as compared to those in group B. This reveals a 
preventive effect of  Vitamin E which is due to its 
antioxidant properties. These results of  present study 
are in accordance with the previous study which 
suggests that one of  the important mechanisms of  
testicular damage is oxidative stress caused by 
phthalates which dissociate easily from their 

24
compounds, particularly at high temperatures.  The 
increase in global warming, therefore poses a great 
threat to human health by causing the release of  such 
chemicals into the environment. To reduce the 
oxidative stress, supplementation of  antioxidant 

25
vitamin E is highly beneficial.
It is evident from the discussion that phthalates are 
toxic to the normal health of  testes and the use of  
antioxidants can forestall its deleterious effects. The 
facts that phthalates are being used widely in the 

26manufactured goods;  the increasing utility of  such 
24

items in the modern lifestyle and that they are easily 
and constantly being ejected into the environment 
from the products they are used in, increase the 
problem many folds. The last and the most important 
fact is that they are a constant source of  health hazard, 
affecting not only the present but the future 
generations also. Consequently this complex problem 
needs to be tackled elaborately at the environmental 
level.

Conclusion
It is concluded that our observations confirmed the 
previous findings on phthalate induced toxicity on rat 
testes. The results also show the vitamin E has a 
beneficial effect in preventing the histological 
changes in the testes of  rats. Since vitamin is easily 
available and cheap, it can be employed in to reduce 
oxidative stress in the body produced by phthalates.

Department of  Surgery
SIMS/Services Hospital, Lahore

www.esculapio.pk

1.Teitelbaum, S. L., Britton, J. A., 
Calafat, A. M., Ye, X., Silva, M. J., 
Reidy, J. A., Galvez, M. P., Brenner, 
B. L., Wolff, M. S. Temporal 
v a r i a b i l i t y  i n  u r i n a r y  
concentrations of  phthalate 
metabolites, phytoestrogens and 
phenols among minority children 

in the united states. Environmental 
research. 2008;106(2):257269.

2.Li, X.W., Liang, Y., Su, Y., Deng, H., 
Li, X.H., Guo, J., Lian, Q.Q. and 
Ren-Shan Ge. Adverse effects of  
di-(2-ethylhexyl) phthalate on 
Leydig cell regeneration in the adult 
rat testis. Toxicollet. 2012; 215: 84-

91.
3.Zota, A. R., Phillips, C. A., Mitro, S. 

D. 2016. Recent fast food 
consumption and bisphenol A and 
phthalates exposures among the 
U.S. population in NHANES, 
2003-2010. Environ Health 
Perspect. 2016, Oct; 124(10): 1521-

References

138

Esculapio - Volume 15, Issue 02, April - June 2019



1528.
4.Horn, O., Nalli, S., Cooper, d. and 

Nicelli, J. Plasticizer metabolites 
in the environment. Water 
Research. 2004; 38: 3693-3698.

5.Shea, K. M., 2003. Pediatric 
exposure and potential toxicity of  
phthalate plasticizers. Pediatric. 
2003; 111: 1467-1474.

6.Schettler, T. Human exposure to 
p h t h a l a t e s  v i a  c o n s u m e r  
products. Int. J. Androl.  2006; 
29(1):134-139.

7.Simmchen J, Ventura R, Segura J. 
Progress in the removal of  di-[2-
e t h y l h e x y l ] - p h t h a l a t e  a s  
plasticizer in blood bags. Transfus 
Med Rev. 2012; 26(1):2737. 

8.Harley, K. G, Berger, K. P., Kogut, 
K., Parra, K., Lustig, R. H., 
Greenspan, L C., Calafat, A. M., 
Ye, X., Eskenazi, B. Association 
of  phthalates, parabens and 
phenols found in personal care 
products with pubertal timing in 
g i r l s  a n d  b o y s .  H u m .  
Reprod.2019; 34(1): 109-117 

9.Ziy-Gal, A., Gallicchio, L., Chiang, 
C., Ther, S. N., Miller, S. R., Zacur, 
H. A., Dills, R. L., Flaws, J. A. 
Phthalate metabolite levels and 
menopausal hot flashes in midlife 
women. Reprod Toxicol. 2016, 
Apr; 60: 76-81.

10.Rudel, R. A., Gray, J. M., Engel, C. 
L., Rawyhorn, T. W., Dodson, R. 
E., Ackerman, J. M., Rizzo, J., 
Nudelman, J. L., Brody, J. G. Food 
packaging and bisphenol A and 
b is (2-ethyhexy l )  phtha la te  
exposure: findings from a dietary 
intervention.Environ. Health 
Perspect. 2011; Jul;119(7): 914-
920

11.David, R. M., Moore, M. R., 
Finney, D, C. and guest, D. 
Chronic toxicity of  di-(2-
ethylhexyl) phthalate in rats. 
Toxicol. Sci. 2000; 55: 433-443.

12.Gray, L. E., Ostby, J., Furr, J., 
Price, M., Veeramachaneni, D. N. 

and Parks, L. Perinatal exposure to 
the phthalates DEHP, BBP, and 
DINP, but not DEP, DMP, or 
DOTP, alters sexual differentiation 
of  the male rat. Toxicol. Sci. 2000; 
58: 350-365.

13.Parks, l. G., Otsby, j. S., lambright, 
C. R., Abbott, B. D., Klinfelter, G. 
R., Barlow, N. J. and Gray Jr. L. E. 
The plasticizer diethylhexyl 
phthalate induces malformations 
by decreasing fetal testosterone 
s y n t h e s i s  d u r i n g  s e x u a l  
differentiation in the male rat. 
Toxicol. Sci. 2000; 58: 330-349.

14.Frederiksen, H., Skakkebaek, N. 
E., Andersson, A. M. Metabolism 
of  phtha l a tes  in  humans.  
Mol.Nutr. Food Res. 2007; 51(7): 
899- 911.

15 .Foster,  P.  Disr upt ion of  
reproductive development in male 
rat offspring following in utero 
exposure to phthalate ester. Int. J. 
Androl. 2006; 29(1):140-147.

16.Koksal, I. T., Usta, M., Orhan, I., 
Abbasuglo, S. and Kadioglu, A. 
Potential role of  reactive oxygen 
species on testicular pathology 
associated with infertility. Asian J. 
Androl. 2003; 5: 95-99.

17. Noguchi, N. and 
Niki, E. Chemistry of  active 
oxygen species and antioxidant 
CRC. Press. 1999;1-20.

18.Oshsendoerf, F. R. Infection in the 
male genital tract and reactive 
oxygen species. Hum. Reprod. 
Update. 1999; 5: 399-420.

19.Zhou, D., Wang, H., Zhang, J., 
Gao, X., Zhao, W., Zheng, Y. Di-n- 
Butyl Phthalate exposure induces 
oxidative damage in testes of  adult 
r a t s .  S y s t e m s  B i o l o g y  i n  
Reproductive Medicine. 2010; 56: 
413-419.

20 .Pe l to l a ,  V. ,  Manty l a ,  E . ,  
Huhtaniemi I. and Ahotupa, M., 
1994. Lipid peroxidation and 
antioxidant enzymes activities in 
the rat testis after cigarette smoke 

inhalation or administration of  
polychlorinated biphenyl or 
polychlorinated naphthalenes. J. 
Androl. 1994; 15: 353-361.

21.Chitra, K. C., Rao, K. R. and 
Mathur, P. P. Effect of  bisphenol A 
and coadministration of  bisphenol 
a and vitamin C on the epididymis 
of  adult rats. AsianJ. Androl. 2003; 
5: 203-208.

22.Ablake, M., Itoh, M., Terayama, H., 
Hayashi, S., Shoji, S., Naito, M., 
Takahashi, K., Suna, S. and 
Jitsunari, F. Di-(2-ethylhexyl) 
p h t h a l a t e  i n d u c e s  s e ve r e  
asper matogenes is  in  mice :  
however subsequent antioxidant 
v i t a m i n s  s u p p l e m e n t a t i o n  
accelerates regeneration of  the 
seminiferous epithelium. Int. J. 
Androl. 2004; 27: 274-281.

23.Richburg, J. H., Bockelheide, k. 
Mono-(ethylhexyl) phthalate 
rapidly alters both sertoli cell 
vimentin filaments and germ cell 
apoptosis in young rat testes. 
Toxicol Appl Pharmacol. 1996; 
137: 42-50

24.Ema, M. and Miyawaki, E. Effects 
o n  d e v e l o p m e n t  o f  t h e  
reproductive system in male 
offspring of  rats given butyl benzyl 
phthalate during late pregnancy. 
Reprode. Toxicol. 2001; 16: 71-76.

25.Srinivasan, C., Khan, A.I., Balaji, 
V., Selvaraj, J. and Balasubra- 
man ian ,  K.  Die thy l  hexy l  
phthalate-induced changes in 
insulin signaling molecules and the 
protective role of  antioxidant 
vitamins in gastroconemius muscle 
of  adult male rat. Toxicol. Applied 
Pharmacol. 2011;257: 155-164.

26.Howdeshell,K.L., Rider, C.V., 
Wilson, V.S. and Gray Jr.,L.R. 
Mechanism of  action of  phthalate 
esters, individuality and in 
combination, to induce abnormal 
reproductive development in male 
laboratory rat. Environ. Res. 2008; 
108: 168-176.

139

Esculapio - Volume 15, Issue 02, April - June 2019


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

