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Abstract

Objective(s)

Quinazolinones are heterocyclic components (able to form cyclized compounds) which have several medical
effects such as anti-malarial, spasmolytic, anti-microbial, sedative, etc. They are also known for their
fungicidal properties, inhibition of tyrosine-kinase and DNA repair enzyme poly (ADP-ribose) polymerase
(PARP) and are also effective in treatment of cancer, diabetes, and parkinsonism complications.

Materials and Methods

In this study, for the first time different aspects of developmental effects of two new Quinazolinone
components (QPPE and QEPE), on kidneys of BALB/c mice embryos were investigated. Pregnant BALB/c
mice were divided into four groups of control (n=30), sham (n=30), experimental 1 (n=30) and experimental
2 (n=30). Control mice remained intact, sham and two experimental groups received 0.05% methyl
cellulose and 100 mg/kg/body weight (most effective dose) of QPPE and QEPE, intraperitoneally (IP), on
day 10th of gestation. Kidneys were removed by c-sections, stained with H&E, PAS, trichrome, reticholin
and jones staining. Some embryonic kidneys were prepared for measurements of level of alkaline
phosphatase and TEM studies.

Results

Light and TEM microscopes, and level of enzyme surveys demonstrated that QPPE and QEPE are toxic
components, creating protrusions at the surface of convoluted proximal tubules, protein casts, renal necrotic
cells, pseudothyroidezation, mitochondria degeneration, hyperemia, glomeruli hypertrophy, widening of
renal spaces, vacuolization, as well as decrease in the number of brush border villi and level of alkaline
phosphatase.

Conclusion

By being teratogens and toxins, these two new derivatives affected development of embryonic kidneys at
histological, biochemical and intracellular levels; QEPE had more effects and convoluted proximal tubules
were more sensitive than convoluted distal tubules.
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Introduction
Different teratogens and toxins have different
developmental effects on different species with
different severity (1, 2). By passing through
placenta (3, 4), treatments with teratogens such
as alcohol, quinazolinones, etc create early
death, malformations and irregularities in
different parts of developing embryos (5-11).
Quinazolinones are heterocyclic components
with  various characteristics; such as:
anti-inflammation, anti-malaria, anti-spasm,
anti-microbial, anti-hypertensive, anti-allergic,
sedative, anti-tuberculosis, anti-
hyperlipidemic, anxiolytic, analgesic, anti-
convulsant, as well as hypnotic activities. They
are also known for their fungicidal properties,
inhibition of tyrosine-kinase (involved in
tubulin and 8-hydroxy-2-methyl quinazolinone
polymerization), DNA repair enzyme poly
(ADP-ribose) polymerase (PARP), and hhs
signalling pathways. They are also effective in
treatment of osteoarthritis, cancer, diabetes
and parkinsonism complications (12-15).
Based on few other reports about
specific properties of quinazolinones, and our
previous (for the first time) observations of
abnormalities at morphological, skeletal and
histological levels, in this study we evaluated
the effects of intraperitoneal (IP) injections of
two new derivatives of quinazolinones: QPPE
and QEPE (16), on the level of alkaline
phosphatase (which is active during embryonic
development) (17-22), histology (using
different staining methods), and intracellular
structures (TEM) of one of the most sensitive
organs of BALB/c mice embryos: kidneys
(which different aspects of its abnormalities
have been studied in adult organisms) (17-37).

Materials and Methods

3-4 months old BALB/c mice (38) were
originally obtained from Pars Company
(Tehran, Iran). Random breading was
implemented in our local facility. They were
housed in room temperature (24+1 °C,
50+0.5% humidity) and light controlled room
(12 hr light-dark), provided with lab chow and
tap water. After overnight mating of virgin
females (about 30 g) with males, those with
vaginal plugs were considered to be on day 0
of pregnancy.
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Pregnant BALB/c mice of experimental
groups 1 (n=30) and 2 (n=30), received
100 mg/kg/body weight of QPPE and QEPE,
synthesized at Department of Chemistry,
University of Shahid-Beheshti, Tehran, Iran
(28), intraperitoneally (IP), on day 10 of
pregnancy (6-8). Sham (n=30) and control
groups  (n=30) were injected  with
10 ml/kg/body weight of 0.05% of methyl
cellulose (the solvent) (6-8), and distilled
water (10 ml/kg/body weight), respectively.
Effects of these two new components
(QPPE and QEPE) on the level of alkaline
phosphatase  (using  spectrophotometer),
histology (with H&E, and reticholin, jones,
PAS and trichrome staining methods to
prove if there were any precipitation or
increase in connective tissues and making
reticulin ~ stroma  distiguishable),  and
intracellular structures of kidneys of randomly
chosen normal and abnormal 17-day old
embryos of pregnant BALB/c mice of different
groups were studied by light and transmission
electron microscopes (Center of Electron
Microscopy, Medical School, Shahid-Beheshti
University) (23).

Data were analyzed with statistical packages
for social sciences (SPSS, wversion 15).
Histograms were drawn with excel software.
Level of significant difference was considered
meaningful at P<0.05.

Results
Morphological surveys of randomly chosen
17-day old embryos showed abnormal and
underdeveloped embryos (Figure 1A, B),
normal (Figure 1C) and abnormal placentas
(Figure 1D), and severe hemorrhages in the
neck regions of QEPE treated mice embryos
(Figure 1E). An embryo with one kidney on
the right side was also observed (Figure 1F).
Analysis of parametric data showed significant
differences between diameters (Histogram1) and
weights of placentas (Histogram 2), significant
decrease in weights (Histogram 3)and lenghts of
embryos (Histogram 4), significant differences
between diameters of Bowman’s capsule
(widening of renal spaces, Histogram 5) and
their glomeruli
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Figure 1. Demonstrating abnormal and underdeveloped
embryos (A, B), normal placenta (C), abnormal placenta
(D), severe hemorrhage in the neck region of an
embryo (E, yellow arrow), and single kidney on the
right side of an embryo (F, black arrow) of BALB/c
mice treated with QEPE (400x).

(Histogram 6), in groups treated with QPPE and
QEPE (P<0.05), comparing with control and
sham groups, while there were no significant
differences amongst diameters of kidneys and the
glomeruli of QPPE and QEPE treated groups.
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Histogram 1. Comparison between diameters
of placentas of 17-day old embryos of BALB/c mice
of control, sham, QEPE and QPPE treated groups,
with  significant differences between diameters
of treated groups, comparing with sham and control
groups. QEPE’s effect was more significant ("P<0.05).
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Histogram 2. Comparison of average weights of
placentas of 17 day old embryos of BALB/c mice of
control, sham, QEPE and QPPE treated groups, with
significant differences between treated, sham and
control groups. QEPE’s effect was more significant
("P<0.05).
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Histogram 3. Comparison of average weights of 17 day
old embryos of BALB/c mice of control, sham, QEPE
and QPPE treated groups, with significant decrease in
weights of treated, sham and control groups. QEPE’s
effect was more significant ("P<0.05).
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Histogram 4. Comparison of average lenghts of 17 day
old embryos of BALB/c mice of control, sham, QEPE
and QPPE treated groups, with significant decrease
between weights of treated, sham and control groups.
QEPE’s effect was more significant ("P<0.05).
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Histogram 5. Comparison of average diameters of
Bowman’s capsule (renal spaces) of 17 day old embryos
of BALB/c mice of control, sham, QEPE and QPPE
treated groups, with significant differences between
diameters of renal spaces of treated, sham and control
groups. QEPE’s effect was more significant ("P<0.05).
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Histogram 6. Comparison of average diameters of
glomeruli of kidneys of 17 day old embryos of BALB/c
mice of control, sham, QEPE and QPPE treated groups,
with significant differences between diameters of
glomeruli of treated, sham and control groups. QEPE’s
effect was more significant (*P<0.05).

Hematoxylin and eosin staining showed no
changes in kidneys of 17-day old BALB/c
embryos of control and sham groups
(Figure 2A, B), but demonstrated accumulation
of protein casts in convoluted proximal tubules
(Figure 2 blue arrows), widening of renal spaces
(Figure 2C, D), increase in diameters of
glomeruli  (Figure 2, black arrows),
vacuolization of parietal layer of Bowman’s
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capsule (Figure 2 grey arrows), damages in
convoluted proximal tubules cells (Figure 2C,
F green arrows) of kidneys of 17-day old
BALB/c embryos of treated mice.

PAS (Figure 3 A, B), trichrome (Figure 3C,
E), reticulin (Figure 3F) and jones (Figure 3G,
H) stainings confirmed the observations by
hematoxylin and eosin staining (Figure 2C, F).

There were reductions in the level of alkaline
phosphatse in QEPE and QPPE groups
compared to sham and control groups
(P<0.05), while there was no significant
difference amongst experimental groups
(Histogram 7).
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Histogram 7. Comparisons of average level of activities
of alkaline phosphatae of kidneys of 17-day old
embryos of BALB/c mice of control,sham and treated
groups. Reductions in the levels of alkaline phosphatse
in QEPE and QPPE treated groups, comparing with
sham and control groups occurred. QEPE effect was
significantly different in four groups ("P<0.05).

TEM investigations of tubules of 17-day old
embryos of BALB/c mice showed mass of
prutrusions from convoluted proximal tubules,
fragmented cells, debris, decrease in the
number and size of microvilli, and abnormal
large vesicles in degenerated cells (Figure
4A-M).
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Figure 2. No changes was found in the kidneys of 17-day old embryos of BALB/c mice of control and sham groups
(A_B), but an increase in diameters of glomeruli (black arrows, C), vacuolization of parietal layer of Bowman‘s capsule
(grey arrows, C, D), damages of convoluted proximal tubules cells (green arrows, C, D), accumulation of protein in
convoluted proximal tubules (blue arrows, E) and Henle loops (blue arrow, F) of kidneys of 17-day old embryos of
BALB/c mice treated with QEPE and QPPE was noticed (H&E staining, 400%). Yellow arrows are Bowman’s capsules.

Figure 3. Kidneys of 17-day old embryos of BALB/c mice treated with QEPE and QPPE, with increase in glomeruli
diameters (black arrows), vacuolized parietal layer (grey arrows) and protein accumulation in renal spaces (blue
arrows), damaged convoluted distal tubules (green arrows), after staining with PAS (A, B), trichrome (C, D), reticulin
(E, F), and jones (G, H), confirming the results demonstrated by H&E staining (Figure 2 C, F) (400x). Green arrows are
proximal tubules.
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Figure 4. Electromicrograph of convoluted proximal tubules (green arrow) of normal kidneys of 17-day old embryos of
BALB/c mice of control groups with normal brush border microvilli (A, red arrow, 7000x), nucleus (purple arrow),
mitochondria (B, orange arrow, 12000x), and convoluted distal tubules (C, 3000x, D, 7000%). Convoluted proximal tubules of
kidneys of 17-day old embryos of BALB/c mice treated with QEPE had prutrusions (black arrow) on the surface and large
vesicles (E, yellow arrow, 4400x, F, 7000%, G, 2000x), fragmented epithelial cells (white arrow) and damaged mitochondria
(H, red arrow, I, 4000%, J, 12000%). Convoluted proximal tubules of kidneys of 17-day old embryos of BALB/c mice treated
with QPPE had protrusions (K, black arrow, 3000x) inside the tubules (L, 3000x) and degenerated mitochondria (M, orange

arrow, 12000x%).
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Discussion

Environmental teratogens, defined as any
agent or substance which 1is capable of
interfering with the development of a fetus,
causing birth defects or deaths of the fetuses,
include vitamins and minerals deficiencies or
imbalances, numerous therapeutic drugs,
chemicals such as herbicides and pesticides,
noxious plants and viral and bacterial
infections. The impact a teratogen will have on
the fetus depends on several factors. The type
of agent involved may determine the area of
body or the developmental process which will
be affected. If several substances are involved,
their relationships may also have a significant
effect on the type of resulting abnormality.

Observation of morphological and skeletal
abnormalities, and histological surveys by our
groups demonstrated that quinazolinones pass
through placenta, affect BALB/c mice
embryos’and newborns’ brains, livers, intestines,
kidneys, stomachs, hearts and spleens
morphological and histological structures,
although some may have normal appearances.

Kidneys of embryos of control and sham
groups, showed no malformations, proved that
quinazolinones  were the reason for
abnormailities created in treated mice embryos
and their organs. Underlying mechanisms of
this effect are not understood yet.

Quinazolinones are lipophilic components
which can pass through cell membrane and
interact with cytosolic and nuclear receptors.
On the other hand, thyroid hormones are
involved in embryonic development and
quinazolinones have interactions with their
receptors, decreasing their activities which can
slow down the embryonic  growth
(underdeveloped embryos).

By using these kinds of drugs, amounts of
embryonic proteins would decrease, producing
smaller and lighter embryos, which confirm
our results. Meanwhile, direct dependence of
embryos to placentas on one side, having
malformed placentas on the other side, would
disturbe blood circulations, creating embryos
with lighter weights, since
glucuronosyltransferase, sulfotransferase and
CYP4s0 metabolise varieties of drugs and
chemicals.

It is shown that although kidneys, as a

whole, are the most sensitive organs to toxins,
glomeruli, convoluted proximal and distal
tubules, interstitial tissues and blood vessels
are the most reactive parts. They are active in
detoxications and excretions, and are the best
samples for investigating histological,
biochemical and intracellular changes affected
by these components.

Quite a few factors, such as increase in
glucocorticoid, decrease = of  vitamins,
malnutrition, etc would produce abnormal
kidneys after treatment of mother with
quinazolinones. By affecting sulphydril groups,
protein structure disrupts with resulting effects
on catalytic, regulatory and binding sites of
macromolecules. Inhibition of protein activities
such as proteins of anti-protease system of
kidney cells creates necrosis.

Changes in size of glomeruli of damaged
kidneys (hypertrophic changes, increase in
glomeruli volume, mesengial tissue, capillaries’
diameters of filtration part) have also occurred.
By considering the kind of damages, reactions
will be different (decrease or increase of
glomeruli  volumes). In  some  cases,
compensation of damages and hypertrophic
changes are quite common processes.

Drugs in blood stream, affect capillaries, and
decrease glomeruli filtrations. Reaction is the
formation of atrophied or smaller glomeruli.
On the other hand, contractions of contractive
filaments, affect function of mesengial cells,
and after a period of time hypertrophic
glomeruli by proliferation and stimulation of
angiotansin II will ensue.

Proteinuria also damages glomeruli. While
podocin is necessity for filtration, absence of
podocin  will create large vacuoles in
podocytes. So, by affecting podocin,
quinazolinones facilitate infiltration of proteins
into renal spaces, and damaged podocytes will
be the result. Nephrin expression also
increases renal spaces.

Cell death (necrosis and apoptosis) in
epithelial cells of convoluted proximal and
distal tubules demonstrated that convoluted
proximal tubules (immediately after glomeruli)
are more sensitive to teratogens. Swellings and
changes in nuclei are the beginning of
necrosis, which happened more often in
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kidneys of embryos of QEPE treated BALB/c
mice. In contrast, apoptosis happens in
sickness and normal conditions, while necrosis
appears when the cells are severely damaged.

Necrosis, an inactive process, is the
consequence of ATP declines with disruption
of ionic channels and inbalances. As a result,
cytoskeleton ruptures, membrane swellings,
prutrusions and disrutions occur.

Quinazolinones lack active chemical group.
By metabolization (in kidney) and production
of active metabolites and free oxygen radicals
cell membrane and organelles such as
mitochondria and peroxisom will be damaged
and necrosis will appear in renal tubule cells.

On the other hand, filtration by glomeruli,
and transformation processes and biosynthetic
reactions in tubules epithelial cells require
energy. Mitochondria provide 90% of the
energy and it is the first organelle to produce
ATP in kidney cells.

Toxins damaging mitochondria, inhibit chain
of electron complex, oxidative phophorylation,
transcription duplication and DNA translation.
Disruption of Ca™ heomostasis, creates
necrosis with mitochondria playing an
important role. Any change in this organelle
increases Ca™ ion and necrosis will happen.

Mitochondria were damaged as illustrated in
TEMs, and it is possible that quinazolinones
were the reason why level of ATP declined,
and processes dependent on energy in kidney
were disrupted. Meanwhile, convoluted
proximal tubules absorb toxins through
anionic transporters, inhibit protein synthesis,
disrupt energy production by mitochondria,
and chang the cells (nephropathy), which is
why the cell death happened in convoluted
proximal tubules.

Regarding the results of TEMs and disrupted
mitochondia with destroyed cristae, there is a
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