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Considering that research of adverse effects of mono(2-ethylhexyl) phthalate (MEHP) and monobutyl phthalate (MBP), two key metabolites
of the most common phthalates used as plasticisers in various daily-life products, has been scattered and limited, the aim of our study was
to provide a more comprehensive analysis by focusing on major organ systems, including blood, liver, kidney, and pancreas in 66 male pubertal
rats randomised into eleven groups of six. The animals wete receiving either metabolite at doses of 25, 50, 100, 200, ot 400 mg/kg bw a day
by gavage for 28 days. The control group was receiving corn oil. At the end of the experiment, blood samples were collected for biochemical,
haematological, and immunological analyses. Samples of kidney, liver, and pancreas were dissected for histopathological analyses. Exposure
to either compound resulted in increased liver and decreased pancreas weight, especially at the highest doses. Exposed rats had increased
ALT, AST, glucose, and triglyceride levels and decreased total protein and albumin levels. Both compounds increased MCV and decreased
haemoglobin levels compared to control. Although they also lowered the insulin level, exposed rats had negative islet cell and insulin
antibodies, same as control. Treatment-related histopathological changes included sinusoidal degeneration in the liver, glomerular
degeneration in the kidney, and degeneration of pancreatic islets. Our findings document toxic outcomes of MEHP and MBP on endoctine
organs in male pubertal rats but also suggest the need for additional studies to better understand the mechanisms behind adverse effects

in chronic exposure.
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Like many other endocrine disrupting chemicals (such as
industrial solvents, oils, polychlorinated biphenyls, polybrominated
biphenyls, dioxins, bisphenol A, pesticides, fungicides, and various
pharmaceuticals), phthalates tend to accumulate in the adipose tissue
and can be more toxic when metabolised (1, 2). For years, di(2-
cthylhexyl) phthalate (DEHP) had been the most important
plasticiser used in the production of polyvinyl chlorides (3, 4).
Second to DEHP in terms of exposure is di-z-butyl phthalate (DBP)
used in adhesives, varnishes, paints, printing inks, softeners, solvents,
and different cosmetic products. Because of their persistence in the
environment and adverse effects on human health, they have been
classified as priority pollutants by several international health and
environment organisations (5, 6). Both phthalates owe much of
their toxicity to their metabolites, most notably mono(2-ethylhexyl)
phthalate (MEHP) and monobutyl phthalate (MBP), respectively
(7,8), yet many of their harmful effects are still pootly documented.
In addition, among many recent studies, none investigated the effects
of these metabolites in a way that would involve hormonal,
biochemical, haematological, and histopathological analysis to give
more comprehensive profiles of MEHP and MBP in developing
organisms.
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The aim of our study was therefore to complete the scattered
and limited information gathered so far by looking into a wide range
of effects caused by a 28-day exposure to these two metabolites on
endocrine organs of pubertal male rats. To estimate the extent of
damage, we ran an array of biochemical, haematological, and
immunological tests and detailed histopathological analyses.

MATERIALS AND METHODS

Chemicals and reagents

Mono(2-ethylhexyl) phthalate (CAS No. 4376-20-9, 97 % purity)
and monobutyl phthalate (CAS No. 131-70-4, 97 % purity) as well
as the following kits — alanine aminotransferase (ALT) activity assay
(catalogue No. MAK052), aspartate aminotransferase (AST) activity
assay (catalogue No. MAKO055), urea assay (catalogue No. MAK266),
triglyceride quantification (catalogue No. MAK006), bromocresol
purple albumin assay (catalogue No. MAK125), creatinine assay
(catalogue No. MAKO080), total protein kit (catalogue No. TP0100),
and glucose assay kit (catalog No. CBA08G) — were obtained from
Sigma-Aldrich (Steinheim, Germany). To measure insulin levels, we
used the insulin rat ELISA Kit (Thermo-Fisher Scientific, Waltham,
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USA). Rat islet cell antibody (catalogue No. BG-RAT11369) was
obtained from Novatein Biosciences (Woburn, MA, USA), and rat
insulin antibody (catalogue No. RAB0904) from Sigma-Aldrich.

Animals

Six-week-old Wistar albino (Ra#tus norvegicns) male rats (N=060),
each weighing 150200 g were obtained from the Kobay Laboratory
of Experimental Animals (Ankara, Turkey). They were housed in
bisphenol A (BPA)-free polycarbonate cages (dimensions
20%40%22 cm) under standard laboratory conditions (22.5%1.5 °C
temperature, 47.1%1 % relative humidity, 12:12 h light-dark cycle)
and had free access to tap water and standard pellet food throughout
the experiment.

The study was approved by the Hacettepe University
Expetimental Animals Ethics Committee (2020/06-04).

Experimental design

The study was designed as a 28-day subchronic toxicity study.
The age of animals and duration of exposure were adjusted to the
recommendations of the US EPA Endocrine Disruptor Screening
and Testing Advisory Committee (9).

For the experiment, a total of 66 rats were randomly divided
into eleven groups of six. Five groups were receiving five different
MEHP doses or five different MBP doses, and the control group
was receiving 1 mL of corn oil (used as phthalate solvent) by oral
gavage every morning for 28 days. Exposed groups were receiving
MEHP or MBP in daily doses of 25, 50, 100, 200, and 400 mg/kg
bw by gavage. These doses are based on the no-observed-adverse-
effectlevel NOAEL) and the lowest-observed-adverse-effect level
(LOAEL) of the parent phthalates. The NOAEL for DEHP is
5.8 mg/kg bw a day, and the LOAEL 29 mg/kg bw a day (10, 11).
The NOAEL of DBP is 19.9 mg/kg bw a day, and the LOAEL
52 mg/kg bw a day (12). Since literature does not report NOAELSs
and LOAELs for the MEHP and MBP metabolites used in the
experiment, the dose of 25 mg/kg bw a day was chosen as the lowest
dose in the experimental protocol, taking into account toxicologically
relevant values for DEHP and DBP, which should be between the
NOAEL and LOAEL. Finally, our experimental protocol consisted
of five daily doses, whete 25 and 50 mg/kg bw of MEHP and MBP
represented low doses, 100 mg/kg bw of MEHP and MBP
represented a moderate dose, and 200 and 400 mg/kg bw of MEHP
and MBP represented high doses.

The amount of consumed food and water was measured every
morning before dosing. Animals were inspected daily to assess
survival, clinical signs of toxicity, behavioural impairments, and
body weight changes. Body weight of each animal (expressed in
grams) was measured at the beginning and end of the experiment.
The experiment was terminated after the final gavage at the end of
day 28. Animals were humanely euthanized by cervical dislocation
under ether anaesthesia.

286

Biochemical analysis

The blood for biochemical analysis was taken from the hearts
with a sterile syringe and put into hepatinised vacutainers to prevent
clotting. To obtain serum, tubes were centrifuged at 3000 g and
+4 °C for 25 min. At the end of centrifugation, serum aliquots were
taken to measure ALT and AST, urea, total protein, glucose, albumin,
and creatinine levels using commercial measurement kits specified
above. The analyses were performed on an automatic SMT-120V
chemistry analyser (Chengdu Seamaty Technology, Chengdu, China).

Haematological analysis

Blood samples for haematological analyses were also taken from
the heart as described above. Samples were analysed on the same
day using an automatic haematology analyser (DH36, Dymind
Biotechnology Co., Shenzhen, China) that simultaneously measured
leukocytes (count), neutrophils (%), lymphocytes (%), monocytes
(%), red blood cell (count), haemoglobin, haematocrit, mean red
blood cell haemoglobin (MCH), mean red blood cell haemoglobin
concentration (MCHC), mean corpuscular volume (MCV),
thrombocytes (count), and platelets (volume).

Immunological assays

Serum samples were also used in immunological assays to
determine insulin levels and to detect islet cell and insulin antibodies.
These measurements were performed on an ELISA reader
(Shimadzu UV-1800 UV-Vis spectrophotometer, Kyoto, Japan) using
commercial kits.

Histopathological analyses

During necropsy, liver, kidney and pancreas were dissected and
weighed. Some parts of tissue samples were fixed in Bouin solution
for 8 h and put into 70 % cthanol. Other parts were fixed in 10 %
formalin for 24 h, passed through the ethanol and xylene series, and
then embedded in paraffin. Paraffin blocks were cutinto 5 pm thick
sections using a microtome (Accu-Cut® SRM™ 200 Sakura Finetek,
Tokyo, Japan). The slides were stained with haecmatoxylin and eosin
and examined under a light microscope (Zeiss Axio Scope Al, Jena,
Germany) using the ZEN imaging software (Zeiss, Jena, Germany).
Histopathological findings were photographed at magnifications of
200x and 400X.

Statistical analysis

The obtained results are reported as means * standard
deviations. Statistical analyses were performed using MedCalc®
(MedCalc Software Ltd., Ostend, Belgium). Normal distribution of
variables was tested with the Kolmogorov-Smirnov test, while
further comparisons were made with one-way analysis of variance
(ANOVA) and post-hoe Tukey’s test. Comparisons between groups
of variables that did not have normal distribution were made with

the Kruskal-Wallis H test and the Mann-Whitney U test. Fisher’s
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exact test was used to compare the frequencies of histopathological
lesions found in the tissues. The level of significance was set to

p<0.05.

RESULTS

Food and water intake

There were no differences in water consumption between the
MEHP-treated groups and control. However, food consumption
significantly increased in rats receiving MEHP doses of 200 and
400 mg/kg bw a day compated to control and the groups receiving
MEHP doses of 25 and 50 mg/kg bw a day (Table 1).

The MBP-exposed groups showed similar findings (Table 2).

Body and organ weights

Even though food intake was higher in the treated groups, we
found no significant treatment-related increase in body weights in
either MEHP or MBP groups (Tables 3 and 4, respectively).

As for individual organs, mean liver weight was significantly higher
in groups receiving MEHP doses of 100, 200, and 400 mg/kg bw a
day than control. Kidney weights did not differ significantly. Pancreas
weight significantly decreased in rats treated with MEHP doses of
200 and 400 mg/kg bw a day compared to control and groups exposed
to MEHP doses of 25, 50, 100 mg/kg bw a day (Table 3).

Similar to MEHP, rats receiving MBP doses starting with
100 mg/kg bw a day had significantly higher liver weight than
control, whereas kidney weights did not differ. Absolute pancreas
weight significantly decreased in the group treated with the MBP
dose of 400 mg/kg bw a day compated to control. We also noticed
a significant decrease in relative pancreas weight in the group
receiving the MBP dose of 200 mg/kg bw a day (Table 4).
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Blood biochemistry

Compared to control, ALT, AST, triglyceride, and glucose levels
significantly increased in rats treated with MEHP doses of 100, 200,
and 400 mg/kg bw a day, whereas total protein, albumin, and urea
levels significantly dropped in those receiving 200 and 400 mg/kg bw
a day of MEHP (Table 5).

MBP findings were similar to those of MEHP; ALT and AST
levels rose significantly with 100, 200, and 400 mg/kg bw a day,
both compared to control and the groups treated with lower doses
(Table 6). Glucose and triglycerides also increased in the rats
receiving MBP doses of 200 and 400 mg/kg bw a day compated to
control and the 25 mg/kg bw a day group. Significant drops in total
protein, albumin, creatinine, and urea were also observed at the
highest MBP doses.

Haematological findings

The group receiving the highest MEHP dose had significantly
higher MCV than control and the other dose groups, while
haemoglobin, leukocyte, and monocyte counts were significantly
lower. Other blood parameters did not differ significantly between
the MEHP-exposed groups and control (Table 7).

Treatment with MBP showed similar findings (Table 8), as the
highest dose significantly increased MCV and decreased
haemoglobin compared to the other groups. Other blood parameters
did not differ significantly.

Insulin findings

The highest two doses of both MEHP and MBP significantly
lowered insulin levels compared to the other groups (Tables 9 and
10, respectively). However, all blood islet and insulin antibody tests
were negative in all groups (Table 11).

Table 1 Food and water consumption by rats in the oil control and experimental groups treated with mono(2-ethylhexyl) phthalate (MEHP)

MEHP (mg/kg bw a day)

Groups Control

25 100 200 400
Food (g) 10.70%3.60 11.12+1.01 12.14+2.29 15.43+4.37 20.06%6.51%>F  30.05+5.724bebe
Water (mL) 9.8242.76 10.21+0.12 10.32+0.78 11.63%£2.95 11.53+1.39 12.13+3.81

Data are expressed as means T standard deviations (n=6). The level of significance was set to p<0.05. * significantly different from control group;
> significantly different from the group receiving MEHP dose of 25 mg/kg bw a day; © significantly different from the group receiving MEHP dose of
50 mg/kg bw a day; ¢ significantly different from the group receiving MEHP dose of 100 mg/kg bw a day; significantly different from the group receiving
MEHP dose of 200 mg/kg bw a day;  significantly different from the group receiving MEHP dose of 400 mg/kg bw a day

Table 2 Food and water consumption by rats in the oil control and experimental groups treated with monobutyl phthalate (MBP)
MBP (mg/kg bw a day)

Groups Control

25 50 100 200 400
Food (g) 10.70%3.60 12.18+1.03 13.67£2.32 14.2314.37 18.0716.51* 23.10%5.72+0ed
Water (mL) 9.8242.76 10.0120.54 10.34£0.33 10.23%£2.95 12.53+1.39 13.53+3.81

Data are expressed as means T standard deviations (n=6). The level of significance was set to p<0.05; * significantly different from control group,
" significantly different from the group receiving MBP dose of 25 mg/kg bw a day, © significantly different from the group receiving MBP dose of 50 mg/
kg bw a day, ¢ significantly different from the group receiving MBP dose of 100 mg/kg bw a day
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Table 3 Body and absolute and relative organ weights of rats in the oil control and experimental groups treated with mono(2-ethylhexyl) phthalate

(MEHP)
MEHP (mg/kg bw a day)
Groups Control
25 50 100 200 400
Baseline body weight (g) 220.8%£1.0 219.5+0.2 221.1£0.1 222.310.9 217.8%0.1 218.910.1
Final body weight (g) 330.9%1.2 340.4+0.3 340.3+0.5 333.2+0.7 340.510.4 348.711.1
Weight gain % 50.02%0.2 52.03+0.5 51.02%0.1 51.09+0.8 55.01+0.3 54.06+0.4
Liver
Absolute weight (g) 10.5+1.0 12.4%+1.2 14.2%+0.1 16.5+0.9° 16.9£0.1° 17.48+0.1*
Relative weight (mg/g) 34.8%1.2 32.1+0.2 33.1+0.4 32.7£0.7 32.9%0.4 33.1%1.1
Kidney
Absolute weight (g) 1.07+0.1 1.07+0.1 1.09£0.2 1.09£0.9 1.09£0.2 1.10+0.1
Relative weight (mg/g) 3.210.1 3.1£0.2 3.2%0.2 3.1£0.2 3.1%+0.1 3.0£0.2
Pancreas
Absolute weight (g) 0.253%0.1 0.240%+0.2 0.242+0.4 0.21240.2 0.198£0.3*>  0.160%0.4%><4
Relative weight (mg/g) 0.74£0.1 0.73%0.2 0.72%0.1 0.71£0.2 0.68+0.3*>¢  0.591+0.5%>¢

Data are expressed as means T standard deviations (n=6). The level of significance was set to p<0.05; * significantly different from control group,
b significantly different from the group receiving MEHP dose of 25 mg/kg bw a day, ¢ significantly different from the group receiving MEHP dose of
50 mg/kg bw a day, *significantly different from the group receiving MEHP dose of 100 mg/kg bw a day

Table 4 Body and absolute and relative organ weights of rats in the oil control and experimental groups treated with monobutyl phthalate (MBP)

MBP (mg/kg bw a day)

Groups Control

25 50 100 200 400
Baseline body weight (g) 220.8%1.0 220.4%0.1 221.3%0.2 224.4%0.8 219.7£0.1 217.910.1
Final body weight (g) 330.9+1.2 331.02£0.8 332.01£0.3 323.2%0.1 330.4£0.4 350.7£0.1
Weight gain % 50.02+0.2 50.09£0.7 51.07£0.8 50.09£0.8 54.01£0.2 55.06£0.3
Liver
Absolute weight (g) 10.5+1.0 11.520.1 12.41£0.3 17.410.9*° 17.9+0.1%> 18.4410.1%>¢
Relative weight (mg/g) 34.8%1.2 33.3%1.3 33.1+1.2 32.810.7 33.910.4 341411
Kidney
Absolute weight (g) 1.07+0.1 1.09+1.1 1.10£1.2 1.09+0.9 1.10+0.1 1.11+0.1
Relative weight (mg/g) 3.240.1 3.110.1 3.240.3 3.1£0.2 3.1£0.1 3.1£0.2
Pancreas
Absolute weight (g) 0.253+0.1 0.245%0.4 0.24010.3 0.220£0.2 0.210£0.3 0.201+0.1+°
Relative weight (mg/g) 0.74%0.1 0.73%0.1 0.73%0.1 0.71£0.2 0.68£0.3*>4  0.66+0.5>4

Data are expressed as means * standard deviations (n=6). The level of significance was set to p<<0.05; * significantly different from control group,
® significantly different from the group receiving MBP dose of 25 mg/kg bw a day, “ significantly different from the group receiving MBP dose of 50 mg/kg bw
a day, “significantly different from the group receiving MBP dose of 100 mg/kg bw a day



2 8 9 Karabulut G, Barlas N. Endocrine adverse effects of mono(2-ethylhexyl) phthalate and monobutyl phthalate in male pubertal rats
Arh Hig Rada Toksikol 2022;73:285-296

Table 5 Biochemical markers measured in the oil control and experimental groups treated with mono(2-ethylhexyl) phthalate (MEHP)
MEHP (mg/kg bw a day)

Parameters Control

25 50 100 200 400
ALT IU/L) 45.65117.41 50.31+0.22 55.4%0.11 65.25+15.99~> 85.63110.72%>< 96.9117.825bcd
AST (TU/L) 110.1£101.6 115.2+15.12 120.45+22.12%F 139.8+88.9* 182.61£36.9*" 268.3£110.6%"¢
Triglycetides (mg/dL) 945.8£704.6 1050.27£5.43 1210.12+3.544 1450.8+£294.5° 1650.31+250%" 1702.6£266.4+>¢
Glucose (IU/L) 191.5+61 201.27+13.07 205.17£0.6 211.1+£33.5%¢f 251.1+19.3*> 301.6143.5%0¢
Total protein (g/dL) 8.6+0.8 8.312.34 8.22+3.34 8.512.6 6.8%0.3%><d 6.6£0.4%><d
Albumin (g/dL) 32.35%2.73 29.8+4.44 29.8+1.14 27.9311.34 21.0311.88»bed 18.6611.53%bed
Creatinine (mg/dL) 0.461+0.22 0.47+8.91 0.461+6.45 0.491+0.25 0.48+0.16 0.45+0.15
Urea (mg/dL) 14.8+3.3 14.7+4.12 13.0912.44 13.7+1.8 12.3+8.3 11.5+20e

Dataare expressed as means T standard deviations (n=6). The level of significance was set to p<0.05; “significantly different from control group, significantly
different from the group receiving MEHP dose of 25 mg/kg bw a day,, “significantly different from the group receiving MEHP dose of 50 mg/kg bw a day,
4significantly different from the group receiving MEHP dose of 100 mg/kg bw a day, © significantly different from the group receiving MEHP dose of
200 mg/kg bw a day, * significantly different from the group receiving MEHP dose of different from 400 mg/kg bw a day

Table 6 Biochemical markers measured in the oil control and experimental groups treated with monobutyl phthalate (MBP)

MBP (mg/kg bw a day)

Parameters Control

25 50 100 200 400
ALT (IU/L) 45.65117.41 47.26%0.22 50.6210.11 55.25£14.99*  76.63+19.72P* 82.91£6.824P<d
AST (IU/L) 110.1+101.6 120.9+15.12 135.66+22.12 159.8£65.9° 191.61+36.9*" 276.3£90.6>4
Triglycetides (mg/dL) 945.8+704.6 960.8+5.43 1100.91+3.54 1550.8+294>">  1850.31+250*"< 1820.4+116.4~>¢
Glucose (IU/L) 191.5+61 220.27%£13.07 251.17£0.6 291.1£22.5° 351.1+18.3*" 401.6141.5%>¢
Total Protein (g/dL) 8.61 0.8 8.312.34 8.213.34 8.1£2.6 7.110.3* 6.410.4%>
Albumin (g/dL) 32.3512.73 31.914.44 31.211.14 29.92+1.32 22.03+1.98%>< 21.3311.43%>
Creatinine (mg/dL) 0.46£0.22 0.47£8.91 0.48%6.45 0.4810.15 0.38+£0.17 0.35£0.14%><
Utrea (mg/dL) 14.8+3.3 14.5+4.12 14.3+2.44 14.8+1.8 13.2+8.3 11.3£2504

Data are expressed as means T standard deviation (n=6). The level of significance was set to p<0.05; *significantly different from control group, " significantly
different from the group receiving MBP dose of 25 mg/kg bw a day, © significantly different from the group receiving MBP dose of 50 mg/kg bw a day, significantly
different from the group receiving MBP dose of 100 mg/kg bw a day

Table 7 Haematological parameters measured in the oil control and experimental groups treated with mono(2-ethylhexyl) phthalate (MEHP)

MEHP (mg/kg bw a day)

Parameters Control

25 50 100 200 400
Leukocytes (mm’) 2.55+1.43 2.5010.22 2.53+0.11 2.98+2.34 2.63+1.11 1.1910.17%b%¢
Lymphocytes (%0) 68.50£16.17 68.50£15.12 69.45£22.12 70.831£21.34 65.42£8.39 78.41£16.90
Monocytes (%o) 11.17+5.40 10.27+5.43 9.124+3.54 11.40+8.42 10.30+1.97 4.40£0.11%0ede
Neutrophils (%s) 19.27+11.06 18.27+13.07 20.17£0.6 17.73+13.12 24.28%6.89 17.48+12.79
Erythrocytes (mm?®) 13.22£3.53 14.23£2.34 14.22£3.34 11.6£2.68 13.3£1.76 8.26%0.68
MCV (fL) 27.815.34 29.8+4.44 28.8+1.14 29.41+1.13 25.78%3.89 53.1242.89bsxde
Haematocrit (%) 35.271+8.18 33.17£8.91 34.56106.45 33.6106.06 27.1+6.29 39.27+1.62
MCH (pg) 7.8714.52 8.77£4.12 9.01+2.44 8.8313.38 11.6£11.24 14.911.24
MCHC (g/dL) 26.7518.78 25.15+11.22 28.65%7.55 29.81+9.16 23.05%6.05 28.07£1.06
Haemoglobin (g/dL) 8.9241.26 8.92£0.1 8.44£1.77 8.50£1.16 8.0510.5 6.3310.22%04¢
Thrombocytes (mm?’) 3287.83£1276.73 3367.83+£1131.02 3266.83£1144.03 3299.33+2483.02 2265%1567.18 2764.17£1876.21
PCT (%) 3.92+1.45 4.62%1.76 4.12+1.22 4.5+2.31 3.96%+1.72 4.01+1.42

Data ate expressed as means + standard deviation (n=06). The level of significance was set to p<0.05; *significantly different from control group, * significantly
different from the group receiving MEHP dose of 25 mg/kg bw a day, significantly different from the group receiving MEHP dose of 50 mg/kg bw a day,
4significantly different from the group receiving MEHP dose of 100 mg/kg bw a day, © significantly different from the group receiving MEHP dose of
200 mg/kg bw a day. MCH — mean corpusculat haemoglobin; MCHC — mean cotpuscular haemoglobin concentration; MCV — mean corpuscular volume;
PCT - volume occupied by platelets in the blood (platelet ctit)
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Table 8 Haematological parameters measured in the oil control and experimental groups treated with monobutyl phthalate (MBP)
MBP (mg/kg bw a day)

Parameters Control

25 50 100 200 400
Leukocytes (mm®) 2.55+1.43 2.30+2.14 2.5510.84 2.5812.34 2.83+1.11 2.19£0.39
Lymphocytes (%) 68.501£16.17 67.51£17.17 70.60£26.01 71.83121.34 72.4218.39 73.41£16.90
Monocytes (%) 11.17+5.40 12.17+4.11 11.21+4.39 12.20+9.41 11.30+1.97 9.33+0.10
Neutrophils (%) 19.27+11.06 18.11+9.87 18.44+8.77 18.73+14.22 19.19%6.89 18.48+12.79
Erythrocytes (mm?®) 13.22+3.53 12.12+3.21 13.01+1.21 12.6+2.68 13.3+1.76 12.261+0.68
MCYV (L) 27.815.34 28.9+4.53 28.8+1.01 28.4212.13 29.78+3.89 62.11+1.89*bede
Haematocrit (%) 35.27+8.18 34.10+1.21 35.09+5.23 34.7+6.06 37.1+6.29 38.27+3.65
MCH (pg) 7.8714.52 8.17+2.33 8.41+1.43 7.93+3.39 9.6+11.24 8.9+1.24
MCHC (g/dL) 26.75£8.78 27.15%5.56 27.31£2.56 27.219.16 25.05£6.05 26.07£1.06
Haemoglobin (g/dL) 8.92+1.26 9.02+0.26 9.98+0.26 9.5%£1.16 9.02+1.6 6.0110.93*>ede
Thrombocytes (m1n3) 3287.831£1276.7 3311.83+£1222.01 3317.02£1143.3 3309.33+£2483.0 32661+1598.1 3765.17£1659.2
PCT (%) 3.92+1.45 3.81£1.11 4.01£0.22 4.7+3.34 3.87+1.89 3.51+1.42

Data ate expressed as means * standard deviation (n=6). The level of significance was set to p<0.05; * significantly different from control group, * significantly
different from the group receiving MBP dose 0f25 mg/kg bw a day, “ significantly different from the group receiving MBP dose of 50 mg/kg bw a day, ¢ significantly
different from the group receiving MBP dose of 100 mg/kg bw a day, © significantly different from the group teceiving MBP dose of 200 mg/kg bw a day. MCH
— mean corpuscular haemoglobin; MCHC — mean corpuscular haemoglobin concentration; MCV — mean corpuscular volume; PCT — volume occupied by
platelets in the blood (platelet crit)

Table 9 Insulin levels measured in oil control and experimental groups treated with mono(2-ethylhexyl) phthalate (MEHP)
MEHP (mg/kg bw a day)
25 50 100 200 400

Insulin (ng/mL) 1.43£0.48 1.35+0.12 1.3210.1 1.24£1.03* 0.77+ 0.82%b<d 0.69%0.61+>4
Data are expressed as means T standard deviation (n=6). The level of significance was set to p<0.05; *significantly different from control group,
significantly different from the group receiving MEHP dose of 25 mg/kg bw a day, significantly different from the group receiving MEHP dose of
50 mg/kg bw a day, ¢ significantly different from the group receiving MEHP dose of 100 mg/kg bw a day

Groups Control

b

Table 10 Insulin levels measured in oil control and experimental groups treated with monobutyl phthalate (MBP)

MBP (mg/kg bw a day)
25 50 100 200 400
Insulin (ng/mL) 1.43£0.48 1.40£0.70 1.38£0.60 1.33%£1.01 0.81+0.71%>< 0.80%0.51"4

Data ate exptessed as means + standard deviation (n=6). The level of significance was set to p<0.05; * significantly different from control group, * significantly
different from the group receiving MBP dose 0f25 mg/kg bw a day, “ significantly different from the group receiving MBP dose of 50 mg/kg bw a day, ¢ significantly
different from the group receiving MBP dose of 100 mg/kg bw a day

Table 11 Antibody levels measured in oil control and expetimental groups treated with mono(2-ethylhexyl) phthalate (MEHP) and monobutyl phthalate (MBP)

Groups Control

Groups Islet cell antibody (ICA) Insulin antibody (IAA)
Control () ()
MEHP (mg/kg bw a day)

25 ©) ©)
50 ©) ©)
100 © ©
200 © ©
400 © ©
MBP (mg/kg bw a day)

25 ©) ©)
50 ©) ©)
100 ©) ©)
200 ©) ©)
400 © ©

(-) negative
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Table 12 Incidence of exposure-related histopathological lesions observed in oil control and experimental groups treated with mono(2-ethylhexyl)
phthalate MEHP)

MEHP (mg/kg bw a day)

Parameters / Groups Control

25 50 100 200 400
Liver
Sinusoidal degeneration 0/6 0/6 1/6 4/6% 5/6% 6/6%
Congestion 0/6 1/6 1/6 5/6% 3/6 5/6%
Cytoplasmic dissolution 0/6 1/6 1/6 1/6 4/6* 2/6
Mononuclear cell infiltration 0/6 0/6 1/6 4/6% 5/6% 5/6%
Kidney
Glomerulus degeneration 0/6 0/6 1/6 3/6 4/6 6/6%
Congestion 1/6 2/6 2/6 4/6* 3/6 5/6%
Cytoplasmic dissolution 0/6 1/6 1/6 3/6 3/6 3/6
Mononuclear cell infiltration 1/6 0/6 2/6 1/6 2/6 1/6
Pancreas
Degeneration of pancreatic cells 0/6 0/6 1/6 4/6* 4/6* 6/6%*
Congestion 1/6 1/6 2/6 4/6% 3/6 5/6%

Data are expressed as number of rats with the lesion / number of rats examined. * significantly different from control group (p<0.05; Fishet's exact test)

Table 13 Incidence of exposure-related histopathologic lesions observed in oil control and experimental groups treated with monobutyl phthalate (MBP)

Control MBP (mg/kg bw a day)

Parameters / Groups

25 50 100 200 400
Liver
Sinusoidal degeneration 0/6 0/6 1/6 4/6* 4/6* 6/6%
Congestion 1/6 2/6 2/6 4/6% 3/6 5/6%
Cytoplasmic dissolution 0/6 1/6 1/6 3/6 3/6% 3/6
Mononuclear cell infiltration 1/6 0/6 2/6 2/6 5/6* 5/6%
Kidney
Glomerulus degeneration 0/6 0/6 1/6 3/6 4/6* 5/6%
Congestion 1/6 2/6 2/6 4/6* 3/6 6/6%
Cytoplasmic dissolution 0/6 1/6 1/6 1/6 1/6 2/6
Mononuclear cell infiltration 1/6 0/6 2/6 1/6 1/6 1/6
Pancreas
Degeneration of pancreatic cells 0/6 0/6 1/6 2/6 5/6% 6/6%
Congestion 1/6 1/6 1/6 2/6 2/6 5/6%

Data are expressed as number of rats with the lesion / number of rats examined. * significantly different from control group (p<0.05; Fishet's exact test)
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Histopathological findings

Figures 1-3 show respective typical histological changes in the
liver, kidney, and pancreas of rats receiving either MEHP or MBP.
Liver changes included mononuclear cell infiltration and minimal
congestion (Figure 1B, E, and F), sinusoidal degeneration (Figure
1C), cytoplasmic dissolution (Figure 1D), and a necrotic region (1G).
Kidney changes included separation in parietal and visceral leaves
in glomerulus and minimal congestion (Figure 2B and C) and
congestion with atrophic glomerulus and tubular degeneration
(Figure 2D and E). Changes in the pancreas included congestion
and extensive destruction (Figure 3B) and degeneration and vacuolar
cytoplasm in the islets of Langerhans (Figure 3C, D, and E).

Lesions in all organs are visible in more than a half of treated
animals per group receiving the MEHP dose of 100 mg/kg a day
ot higher (Table 12). Similar are the findings for MBP, save for the
pancreas, where more than a half of the animals were affected at
the two highest doses (Table 13).

DISCUSSION

This is one of the first comprehensive iz vivo studies of MEHP
and MBP effects in a pubertal male rat model. As expected, our
results confirm the hepatotoxic effects of both. Starting with the
doses of 100, 200, and 400 mg/kg bw a day MEHP increased
absolute liver weight significantly, which may be related to lipid
accumulation, considering similar reports from previous studies
(13-15). As reported by Zhang et al. (16), accumulation of lipids in
hepatocytes increases susceptibility to liver damage, which could
lead to non-alcoholic fatty liver disease (NAFLD).

MBP also increased absolute liver weights starting with the doses
of 100, 200, and 400 mg/kg bw a day. Such toxicity was expected,
considering the effects of its parent compound DBP as a peroxisome
enhancer, which causes liver growth due to hepatocyte proliferation,
reduces blood triglyceride levels, can lead to weight gain, and
stimulates many enzymes and enzymatic pathways (17). It also
confirms the results of a study in Sprague Dawley rats (18) reporting
anincrease in liver weight after a brief exposure to phthalate diesters
and monoesters.

As for haematological findings, the highest MEHP dose
(400 mg/kg bw a day) led to a significant increase in leukocyte count,
which points to the activation of the defence system. Some
researchers (19) report a positive association between urinary
phthalate metabolites and serum biomarkers of inflammation and
oxidative stress. The significant decrease in monocyte count with
the highest MEHP or MBP dose, in turn, indicates a decrease in
immune resistance, whereas higher MCV indicates the presence of
large-volume red blood cells, which usually occurs due to vitamin
B12 and folic acid deficiency, lung diseases, some liver diseases, or
heavy alcohol use (20, 21). Higher doses of MEHP and MBP also
lowered the haemoglobin levels, which points to an increase in
glycated haemoglobin, called HbalC, associated with diabetes (22).
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This finding may also point to oxidative stress that may have
accelerated eryptosis and removal of red blood cells from the
circulation, as reported by Sicifiska (23).

A part of our research was focused on insulin, because insulin
deficiency in rodents is associated with pancreatic 3-cell dysfunction
(24) and because phthalate exposure may disrupt adipose tissue
signalling and trigger insulin resistance (glucose intolerance) through
antagonistic effects on the thyroid receptor and subsequent thyroid
hormone suppression (25) usually owed to oxidative stress (20).
Our findings confirm lower insulin secretion in rats exposed to
higher doses of MEHP (from 100 mg/kg bw a day up) and MBP
(from 200 mg/kg bw a day up), which is in line with eatlier reports
(27, 28). Considering that insulin deficiency may be owed to
autoimmune processes that damage insulin-producing beta cells, we
checked for the presence of autoantibodies against insulin and
pancreatic cells (29, 30), which have been reported in 70-90 % of
type 1 diabetes patients (31). However, antibody tests were negative
in all groups, which suggests that the lower insulin levels were not
related to the damage of the islets of Langerhans by autoantibodies
created by the immune system.

Inline with insulin findings, we also found an increase in glucose levels
in rats exposed to MEHP (starting with the dose of 100 mg/kg bw a day)
and MBP (starting with 50 mg/kg bw a day).

Previous studies (32, 33) suggest that both MEHP and MBP
increase oxidative stress and fatty acid oxidation. Yang et al. (34)
also found that antioxidant 6-gingerol could prevent oxidative stress
induced by MEHP. Hyperglycaemia is well known to lead to
excessive production of free radicals and consequently to affect
normal cell function, that of pancreatic §-cells in particular (29), by
making them vulnerable to oxidative stress (35). Excessive levels of
free oxygen radicals induce B-cell apoptosis, accelerate cellular aging,
and eventually lead to diabetes (36). This is why we believe that our
findings could be related to B-cell damage caused by insulin
deficiency and hyperglycaemia. Thatlipid metabolism is compromised
by the two phthalate metabolites has also been confirmed by the
increased triglyceride levels, starting with the daily MEHP dose of
50 mg/kg bw and the MBP dose of 100 mg/kg bw, which is in line
with earlier reports for their parent compounds, such as that by
Bastos Sales et al. (37). As we know, insulin participates in fat
metabolism by lowering plasma fatty acid levels as it stimulates
cellular uptake of triglycerides in the adipose and muscle tissues
(38). Insulin resistance, however, results in high plasma free fatty
acid level, caspase-3 activation, DNA fragmentation, and cytochrome
c release, leading to B-cell apoptosis (39). In the development of
type 2 diabetes, glucose tolerance decreases in the first phase of
beta cell function loss, and insulin secretion decreases in the second
phase (40). Taking into account the above literature data, we believe
that higher triglyceride levels in our study are closely related to the
decrease in insulin levels.

Our results on biochemical markers AL'T and AST, often associated
with liver damage and fatty liver further confirm adverse effects of
MEHP and MBP at daily doses starting from 100 mg/kg bw.



29 3 Karabulut G, Barlas N. Endocrine adverse effects of mono(2-ethylhexyl) phthalate and monobutyl phthalate in male pubertal rats
Ath Hig Rada Toksikol 2022,73:285-296

Figure 1 Liver tissue photomicrographs in A) — the oil control group (X400 magnification); B and C — the group receiving MEHP dose of 100 mg/kg
bw a day (X400 and X200 magnification, respectively); D — the group receiving MEHP dose of 200 mg/kg bw a day (X200 magnification); E — the group
receiving MEHP dose of 400 mg/kg bw a day (X200 magnification): (F) 200 mg/kg bw a day of monobutyl phthalate (MBP) (x400), (G) 400 mg/kg
bw a day of MBP (X400). ¢ — congestion; cd — cytoplasmic dissolution; mci — mononuclear cell infiltration; sd — sinusoidal degeneration

= B2 N OGS e :
Figure 2 Kidney tissue photomicrographs in A — the oil control group (X400 magnification); B — the group receiving MEHP dose of 100 mg/kg bw a
day (X200 magnification); C — the gtoup receiving MEHP dose of 200 mg/kg bw a day (X200 magnification); D — the group receiving MBP dose of
200 mg/kg bw a day (X400 magnification); E — the group receiving MBP dose of 400 mg/kg bw a day (X400 magnification). ag — athropic glomerulus;
¢ — congestion; gd — glomerular degeneration; pvl — parietal and visceral leaves; td — tubular degeneration
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Figure 3 Pancreas tissue photomicrographs in A — the oil control group (

!

X400 magnification); B — the group receiving MEHP dose of 200 mg/kg bw

a day (X400 magnification); C — the group receiving MEHP dose of 400 mg/kg bw a day (X400 magnification); D — the group receiving MBP dose of
200 mg/kg bw a day (X200 magnification); E — the group receiving MBP dose of 400 mg/kg bw a day (X200 magnification). ¢ — congestion; dli —

degeneration of Langerhans islets

Considering that serum albumin is used as a marker of liver dysfunction
(41), liver damage is also indicated by significantly lower total protein
and albumin levels in our rats exposed to the highest MEHP and
MBP doses. All these results agree well with our histopathological
findings in the liver.

High blood creatinine levels, in turn, indicate kidney damage.
However, creatinine levels in MEHP and MBP-exposed rats mostly
did not deviate from control, save for the highest MBP dose, which
lowered it significantly. This calls for further investigation in the
context of kidney damage. Similar to creatinine, urea as another
indicator of kidney damage (42) did not significantly deviate control,
save for treatments with the highest MEHP and MBP doses, which
resulted in their significant decrease compared to all other groups.
While urea levels are expected to increase as a result of kidney tissue
damage, the opposite finding in our study suggests that the tested
doses of MEHP and MBP did not significantly impair kidney
function. However, what happens after prolonged exposure?
Namely, kidney is considered another target of phthalate toxicity,
as urinary excretion is the major elimination route of DEHP
metabolites (43). Previous studies (44, 45) show that DEHP
accumulates mostly in the kidney and liver after oral administration,
and that DEHP and its metabolites induce the expression of genes
associated with oxidative stress. Since we did not investigate oxidative
stress biomarkers, we cannot establish the connection between
MEHP and MBP treatment and ROS-mediated organ damage.

Even so, our extensive histopathological examination reveals
various histopathological changes in the liver, kidney, and pancreas

of MEHP- and MBP-treated rats that agree well and complement
our biochemical marker results and immunochemical insulin

measurements.

CONCLUSION

Our study has yielded several important novel findings that
contribute to the existing knowledge of the toxicity of phthalate
metabolites MEHP and MBP, including the exposure-related decline
in blood insulin levels and histopathological findings of damage in
the liver, kidney, and pancreas tissues. All these findings point to
oxidative stress, but this association needs to be confirmed by future
research, such as the one confirming a relationship between oxidative
stress and urinary concentrations of phthalate metabolites (46).

Future research should also investigate whether these
metabolites would produce different effects in chronic exposure
and should focus on cellular mechanisms and measurements 7 vivo.

Conflicts of interest

None to declare.

Acknowledgements

We wish to thank the Kitahya Dumlupinar University Faculty
of Science and Department of Biology for providing laboratories

to carry out this research.



295

REFERENCES

10.

11.

12.

Gore AC, Chappell VA, Fenton SE, Flaws JA, Nadal A, Prins GS,
Toppari ], Zoeller RT. EDC-2: The endocrine society’s second scientific
statement on endocrine-disrupting chemicals. Endocr Rev
2015;36(6):E1-150. doi: 10.1210/e1.2015-1010

Street ME, Angelini S, Bernasconi S, Burgio E, Cassio A, Catellani C,
Cirillo F, Deodati A, Fabbriz E, Fanos V, Gargano G, Grossi E,
Lughetti L, Lazzeroni P, Mantovani A, Migliore L, Palanza P, Panzica
G, Papini AM, Parmigiani S, Predieri B, Sartori C, Tridenti G, Amarri
S. Current knowledge on endocrine disrupting chemicals (EDCs) from
animal biology to humans, from pregnancy to adulthood: Highlights
from a National Italian Meeting. Int ] Mol Sci 2018;19(6):1647. doi:
10.3390/ijms19061647

Ortiz A, Sansinenea E. Di-2-ethylhexylphthalate may be a natural
product, rather than a pollutant. ] Chem 2018;1D6040814:1-7. doi:
10.1155/2018/6040814

Choi K, Joo H, Campbell JL, Jr, Clewell RA, Andersen ME, Clewell
HJ 3td. In vitro metabolism of di(2-ethylhexyl) phthalate (DEHP) by
various tissues and cytochrome P450s of human and rat. Toxicol In
Vitro 2012;26:315-22. doi: 10.1016/j.tiv.2011.12.002

United States Environmental Protection Agency. Priority pollutant
list [displayed 17/November/2022]. Available at https://www.epa.
gov/sites/default/files/2015-09/documents/ priotity-pollutant-list-
epa.pdf

Ditective 2008/105/EC of the European Patliament and of the
Council of 16 December 2008 on environmental quality standards in
the field of water policy, amending and subsequently repealing Council
Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 84/491/EEC,
86/280/EEC and amending Directive 2000/60/EC of the European
Parliament and of the Council [displayed 17/November/2022].
Available at: https://eur-lex.europa.cu/legal-content/ EN/TXT/
HTML/?uri=CELEX :320081.0105&from=EN

Kolena B, Petrovicova I, Pilka T, Pucherova Z, Munk M, Matula B,
Vankova V, Petlus P, Jenisova Z, Rozova Z, Wimmerova S, Trnovec
T. Phthalate exposure and health-related outcomes in specific types
of work environment. Int | Environ Res Public Health 2014;11:5628—
39. doi: 10.3390/ijerph110605628

Doan K, Bronaugh LR, Yourick JJ. Iz vivo and in vitro skin absorption
of lipophilic compounds, dibutyl phthalate, farnesol and geraniol in
the hairless guinea pig. Food Chem Toxicol 2010;48:18-23. doi:
10.1016/j.£¢t.2009.09.002

US EPA. Endocrine Disruptor Screening and Testing Advisory
Committee (EDSTAC) Final Report [displayed 31 October 2022].
Available at https:/ /www.epa.gov/endoctine-disruption/endoctine-
disruptor-screening-and-testing-advisory-committee-edstac-final
Vandenberg LN, Colborn T, Hayes TB, Heindel JJ, Jacobs DR, Duk-
Hee Jr T, Lee, Shioda Soto, vom Saal FS, Welshons WV, Zoeller RT,
Myers JP. Hormones and endocrine-disrupting chemicals: Low-dose
effects and nonmonotonic dose responses. Endocr Rev 2012;33:378—
455. doi: 10.1210/er.2011-1050

Karabulut G, Batlas N. Genotoxic, histologic, immunohistochemical,
morphometric and hormonal effects of di-(2-ethylhexyl)-phthalate
(DEHP) on reproductive systems in pre-pubertal male rats. Toxicol
Res 2018;7:859-73. doi: 10.1039/¢c8tx00045j

European Union Risk Assessment Report: Dibutyl Phthalate. CAS
No: 84-74-2. EINECS No: 201-557-4 [displayed 2 November 2022].

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

20.

27.

28.

Karabulut G, Barlas N. Endocrine adverse effects of mono(2-ethylhexyl) phthalate and monobutyl phthalate in male pubertal rats

Arh Hig Rada Toksikol 2022;73:285-296

Available at https://echa.curopa.cu/documents/10162/04£79b21-
0b6d-4e67-91b9-0a70d4ea7500

Qi W, Zhou L, Zhao T, Ding S, Xu Q, Han X, Zhao Y, Song X, Zhao
T, Zhang X, Ye L. Effect of the tyk-2/stat-3 pathway on lipid
accumulation induced by mono-2-ethylhexyl phthalate. Mol Cell
Endocrinol 2019;484:52-8. doi: 10.1016/j.mce.2019.01.012
Rajagopal G, Bhaskaran RS, Karundevi B. Developmental exposure
to DEHP alters hepatic glucose uptake and transcriptional regulation
of GLUT2 in rat male offspring. Toxicology 2019;413:56—64. doi:
10.1016/j.tox.2018.12.004

Zhang W, Shen XY, Zhang WW, Chen H, Xu WP, Wei W. Di-(2-
ethylhexyl) phthalate could disrupt the insulin signaling pathway in
liver of SD rats and 102 cells via PPARy. Toxicol Appl Pharmacol
2017;316:17-26. doi: 10.1016/].taap.2016.12.010

Zhang W, Shen XY, Zhang WW, Chen H, Xu WP, Wei W. The effects
of di 2-ethyl hexyl phthalate (DEHP) on cellular lipid accumulation
in HepG2 cells and its potential mechanisms in the molecular level.
Toxicol Mech Methods 2017;27:245-52. doi:
10.1080/15376516.2016.1273427

Rusyn I, Corton JC. Mechanistic considerations for human relevance
of cancer hazard of di(2-ethylhexyl) phthalate. Mutat Res
2012;750:141-58. doi: 10.1016/j.mrrev.2011.12.004

Kwack SJ, Han EY, Park ]S, Bae JY, Ahn 1Y, Lim SK, Kim DH, Jang
DE, Choi L, Lim HJ, Kim TH, Patra N, Park KL, Kim HS, Lee BM.
Comparison of the short term toxicity of phthalate diesters and
monoesters in sprague-dawley male rats. Toxicol Res 2010;26:75-82.
doi: 10.5487/TR.2010.26.1.075

Ferguson KK, Loch-Caruso R, Mecker JD. Urinary phthalate
metabolites in relation to biomarkers of inflammation and oxidative
stress: NHANES 2011. Environ Res 2011;111:718-26. doi: 10.1016/j.
envres.2011.02.002

Ballard HS. The hematological complications of alcoholism. Alcohol
Health Res World 1997;21:42-52. PMCID: PMC6826798

Metz ]. Appropriate use of tests for folate and vitamin B12 deficiency.
Aust Prescr 1999;22:16-8. doi: 10.18773 /austprescr.1999.010
Freeman VS. Glucose and hemoglobin Alc. Lab Med 2014;45:¢21-4.
doi: 10.1309/LMNSU432YJWCWZKX

Siciska P. Di-n-butyl phthalate, butylbenzyl phthalate and their
metabolites induce haemolysis and eryptosis in human erythrocytes.
Chem 2018;203:44-53. doi: 10.1016/j.chemosphete.2018.03.161
Stamateris RE, Sharma RB, Hollern DA, Alonso LC. Adaptive 3-cell
proliferation increases early in high-fat feeding in mice, concurrent
with metabolic changes, with induction of islet cyclin D2 expression.
Am | Physiol Endoctinol Metabol 2013;305:E149-59. doi: 10.1152/
ajpendo.00040.2013

Duntas LH. Chemical contamination and the thyroid. Endocrine
2015;48:53—64. doi: 10.1007/s12020-014-0442-4

Rajesh P, Sathish S, Srinivasan C, Selvaraj |, Balasubramanian K.
Phthalate is associated with insulin resistance in adipose tissue of male
rat: role of antioxidant vitamins. | Cell Biochem 2013;114:558—69.
doi: 10.1002/jcb.24399

Deng T, Zhang Y, Wu Y, Ma P, Duan J, Qin W, Yang X, Chen M.
Dibutyl phthalate exposure aggravates type 2diabetes by disrupting
the insulin-mediated PI3K/AKT signaling pathway. Toxicol Lett
2018;290:1-9. doi: 10.1016/j.toxlet.2018.03.004

Wang J, Li ], Zahid KR, Wang K, Qian Y, Ma P, Ding S, Yang X, Wang
X. Adverse effect of DEHP exposure on the serum insulin level of



Karabulut G, Barlas N. Endoctine adverse effects of mono(2-ethylhexyl) phthalate and monobutyl phthalate in male pubertal rats 2 9 6
Arh Hig Rada Toksikol 2022,73:285-296

Balb/c mice. Mol Cell Toxicol 2016;12:83-91. doi: 10.1007/s13273- immune function, and neurobehavior in adult C57BL/6]JxFVB mice

016-0011-4 after developmental exposure to di (2-ethylhexyl) phthalate. Front
29. The Committee of the Japan Diabetes Society on the Diagnostic Endocrinol (Lausanne) 2018;9:684. doi: 10.3389/fend0.2018.00684

Criteria of Diabetes Mellitus; Seino Y, Nanjo K, Tajima N, Kadowaki 38. Shulman GI. Celular mechanism of insulin resistance. ] Clin Invest

T, Kashiwagi A, Araki E, Ito C, Inagaki N, Iwamoto Y, Kasuga M, 2000;6:171-6. doi: 10.1172/JCI10583

Hanafusa T, Haneda M, Ucki K. Report of the Committee on the 39, Choi SE, Jung R, Lee YL, Lee SJ, Lee JH, Kim Y, Jun HS, Lee KW,

classification and diagnostic criteria of diabetes mellitus. ] Diabetes Park CB, Kang Y. Stimulation of lipogenesis as well as fatty

Invest 2010;1:212-28. doi: 10.1111/].2040-1124.2010.00074.x acidoxidation protects againts palmitate-induced INS-1 beta cell death.
30. Hanafusa T, Imagawa A. Fulminant type 1 diabetes: A novel clinical Endocrinology 2011;152:816-27. doi: 10.1210/en.2010-0924

entity requiring special attention by all medical practitioners. Nat Rev 40 Cantley J, Ashcroft FM. Q&A: insulin secretion and type 2 diabetes:

Endocrinol 2007;3:36-45. doi: 10.1038/ncpendmet0351 why do B-cells fail? BMC Biol 2015;13:33. doi: 10.1186/512915-015-
31. Lampasona V, Liberati D. Islet autoantibodies. Curr Diab Rep 0140-6

2016;16:53. dot: 10.1007/511892-016-0738-2 41. Khasanah Y, Ratnayani Ariani D, Angwar M, Nuracni T. I sivo study

32. Hayashi Y, Ito Y, Yamagishi N, Yanagiba Y, Tamada H, Wang D,
Nakajima T. Hepatic peroxisome proliferator-activated receptor o may
have an important role in the toxic effects of di (2-ethylhexyl) phthalate
on offspring of mice. Toxicology 2011;289:1-10. doi: 10.1016/j.
t0x.2011.02.007

33. Nakashima R, Hayashi Y, Md K, Jia X, Wang D, Naito H, Nakajima
T. Exposure to DEHP decreased four fatty acid levels in plasma of
prepartum mice. Toxicology 2013;309:52-60. doi: 10.1016/j.
t0x.2013.04.010

on albumin and total protein in white rat (Raztus Norvegicus) after feeding
of enteral formula from tempe and local food. Procedia Food Sci
2015;3:274-9. doi: 10.1016/].pro0f00.2015.01.030

42. EPA. Toxicological Review of Urea [displayed 2 November 2022].
Available at https:/ /itis.epa.gov/static/pdfs/1022tr.pdf

43. Tanaka A, Adachi T, Takahashi T, Yamaha T. Biochemical studies on
phthalic esters I. Elimination, distribution and metabolism of di-(2-
ethylhexyl) phthalate in rats. Toxicology 1975;4:253—64. doi:

34. Yang G, Gao X, Jiang L. 6-gingerol prevents mehp-induced DNA 10.1016/0300-483x(75)90105-5
damage in human umbilical vein endothelia cells. Hum Exp Toxicol 44, Rhodes C, Orton TC, Pratt IS, Batten PL, Bratt H, Jackson SJ, Elcombe

2017:36:1177-85. doi: 10.1177/0960327116681650 CR. Comparative pharmacokinetics and subacute toxicity of di(2-
35. Giri B, Dey S, Das T, Sarkar M, Banerjee ], Dash SK. Chronic ethylhexyl) phthalate (DEHP) in rats and marmosets: extrapolation
of effects in rodents to man. Environ Health Perspect 1986;65:299—
distortion leads to organ dysfunction, infection, cancer progression 307. doi: 10.1289/¢hp.8665299 N _
and other pathophysiological consequences: An update on glucose 45, Erkekoglu P, Kocer-Gumusel B. Genotoxicity of phthalates. Toxicol

hyperglycemia mediated physiological alteration and metabolic

toxicity. Biomed Pharmacother 2018;107:306-28. doi: 10.1016/j. Mech Methods 2014;24:616-26. doi: 10.3109/15376516.2014.960987
biopha.2018.07.157 46. Ferguson KK, Cantonwine DE, Rivera-Gonzalez L.O, Loch-Caruso
36. Sone H, Kagawa Y. Pancreatic beta cell senescence contributes to the R, Mukherjee B, Anzalota Del Toro LV, Jimenez-Velez B, Calafat AM,
pathogenesis of type 2 diabetes in high-fat dict-induced diabetic mice. Ye X, Alshawabkeh AN, Cordero JF, Meeker JD. Urinary phthalate
Diabetologia 2005;48:58-67. doi: 10.1007/s00125-004-1605-2 metabolite associations with biomatkers of inflammation and oxidative
37. Bastos Sales L, van Esterik JCJ, Hodemackers HM, Lamoree MH, stress across pregnancy in Puerto Rico. Environ Sci Technol
Hamers T, van der Ven LTM, Legler J. Analysis of lipid metabolism, 2014;48:7018-25. doi: 10.1021/es502076j

Endokrini Stetni u¢inci mono(2-etilheksil) ftalata i monobutil ftalata u muZjaka Stakora u pubertetu

Bududi da su ogranicene spoznaje o $tetnim ucincima mono(2-etilheksil) ftalata i monobutil ftalata, dvaju klju¢nih metabolita najcesc¢ih
ftalata koji se rabe u izradi plastike u razlicitim proizvodima za svakodnevnu primjenu, cilj je naseg istrazivanja bio dobiti potpuniju sliku
o njima s obzirom na organske sustave, ukljucujuci krv; jetru, bubreg i gusteracu u 66 muzjaka $takora u pubertetu, nasumce rasporedenih
u jedanaest skupina po 6 zivotinja, od kojih su neke gavazom primale jedan od tih dvaju metabolita 28 dana u dozama od 25, 50, 100, 200
ili 400 mg/kg tjelesne mase na dan. Kontrolna je skupina ptimala samo kukuruzno ulje, koje je u drugim skupinama sluzilo kao otapalo
za metabolite. Na kraju pokusa prikupljeni su uzorci krvi za biokemijske, hematoloske i imunoloske pretrage. Uzorci bubrega, jetre i
gusterace uzeti su disekcijom za histopatolosku analizu. IzloZenost bilo kojemu od tih dvaju metabolita dovela je do povecanja mase jetre
1 smanjenja mase gusterace, posebice pti najvisim dozama. IzloZeni stakori imali su povisene vrijednosti ALT, AST, glukoze i triglicerida
te snizene vrijednosti ukupnih proteina i albumina u krvi. Oba su metabolita dovela do povecanja prosjecnog volumena eritrocita (MCV)
i pada hemoglobina u usporedbi s kontrolnom skupinom. Premda su doveli i do pada razina inzulina u krvi, nalazi na antitijela na stanice
Langerhansovih otoc¢ica i inzulin u izlozenih stakora bili su negativni, bas kao i u kontrolnoj skupini. Histopatoloske promjene povezane
s izlozenosti obuhvacale su sinusoidnu degeneraciju u jetri, glomerulsku degeneraciju u bubregu te degeneraciju otocica gusterace. Nasi
rezultati potvrduju toksicno djelovanje MEHP-a i MBP-a na endoktine organe muzjaka $takora u pubertetu, ali isto tako upuéuju na
potrebu za daljnjim istrazivanjima ne bi li se bolje razumjeli mehanizmi koji stoje iza stetnih dogadaja, narocito pri kroni¢noj izlozenosti
ftalatima.
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