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ABSTRACT

Pentoxifylline (PTXF) is a vasoactive agent that plays a significant role in
the treatment of thin-layer endometrium cases. The PTXF, also identified as
oxpentifylline, is a member of xanthine derivatives and a competitive
nonselective phosphodiesterase inhibitor leading to the elevation of
intracellular cAMP, inhibition of tumor necrosis factor and leukotriene
synthesis, activation of protein kinase A, and reduction of inflammation and
innate immunity. Moreover, it is used as an agent to relieve muscle pain in
people with peripheral artery disease (vascular irregularities). It is also an
acceptable choice for the treatment of radiation-induced fibrosis. Therefore,
the present study aimed to determine the advantageous impact of PTXF and
PTXF-loaded poly lactic-co-glycolic acid (PLGA) on female rats after being
exposed to ethanol to create a thin layer of the endometrium. For this
purpose, 50 female rats were selected and divided into five groups (G1:
negative normal control, G2: positive control, G3: PLGA only, G4:
preference PTXF, and G5: PLGA-PTXF groups) for a 20-day treatment
period. In this study, the histopathological section revealed a perfect
improvement in the tissues of the uterine horn of female rats that induced
endometria and were treated with PLGA-PTXF. In this group of rats, clear
healing was achieved and there was an increase in the thickness of
endometrium and myometrium, compared to the ordinary PTXF-treated
group which had the lowest recovery characteristics. However, the positive
control group underwent a significant decrease in terms of endometrium and
myometrium thickness as well as vascular and glandular density. This study
showed that the PTXF-loaded PLGA had the capacity to heal the thin layer
of the endometrium by improving the levels of histopathological changes,
especially regarding the thickness of the endometrium and myometrium
more than the ordinary PTXF.

Keywords: Endometrium female rats, Myometrium thickness,
Nanoparticles, Pentoxifylline-loaded poly lactic-co-glycolic acid, Vascular
and glandular density
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1. Introduction

Thin endometrium is necessary for a fruitful
pregnancy; the threshold thickness for uterine
endometrium is less than the endometrial thickness
which is referred to as successful planting (1). For the
endometrium to be considered thin, it must be thinner
than the threshold thickness; hence, it is described as
the minimal expanse between the echogenic interfaces
of myometrium and endometrium, Asherman
syndrome, and other etc. (2).

In the implantation failure due to thin endometrial,
there is an increased number of inflammatory
cytokines, such as IFN-y, while the metabolism and
anti-oxidative stress are down-regulated by numerous
genes in the thin endometrium (3). In this regard,
several studies have explored the thin endometrium
and it has been found that the control endometrium
obviously had various mRNA expression profiles,
proposing that irregular gene expression is included in
implantation malfunction in a thin endometrium (4).
Therefore, animals with thin endometrium have been
subjected to a variety of therapeutic approaches to
increase endometrial thickness and its associated
receptivity (5).

These methods include hormonal organization of
human chorionic gonadotropin and estradiol,
gonadotropin-releasing hormone agonist, platelet-
rich plasma application, electrical stimulation,
regenerative medicine, tamoxifen, endometrial
receptivity array, and PTXF intrauterine infusion of
growth factors, such as granulocyte colony-
stimulating factor (6,7). Despite the wide range of
treatments, the majority of options only slightly alter
the endometrial thickness and are not currently
allowed (8,9). The therapy regimens of thin-layer
endometrium have been challenging; therefore,
further explorations are essential for the
amplification and ideal management of patients with
a thin endometrium (10).

Angiogenesis is considered to play a key role in
various female reproductive developments and be
involved in the formation of acorpus luteum,

growth of dominant follicles, and endometrial
pattern. Endometrial angiogenesis is vital in
endometrium renewal after menstruation and supply
of wvascularised endometrium for a successful
pregnancy (11). The PTXF is the vasoactive
agent that plays a significant role in the treatment of
the thin layer endometrium case (12). Pentoxifylline
(PTXF), which is recognized as an oxpentoxifylline,
is a member of xanthine derivatives and a
competitive nonselective phosphodiesterase
inhibitor leading to elevation of intracellular cAMP,
inhibition of tumor necrosis factor (TNF) and
leukotriene synthesis, activation of protein kinase A
(PKA), and reduction of inflammation and innate
immunity. Moreover, it can be used as an agent to
relieve muscle pain in people with peripheral artery
disease (vascular irregularities) and is an acceptable
choice for the treatment of radiation-induced fibrosis
(13-15).

2. Materials and Methods

2.1. Experimental Design

In this study, 50 female rats were divided into five
equal groups, including G1: control negative and
G2: control positive groups with induced thin
endometrial that were treated with distilled water.
The other groups, G3, G4, and G5, were treated
with 1.1 mg/kg of poly lactic-co-glycolic acid
(PLGA), 34 mg/kg of ordinary PTXF, and 29.64
mg/kg of PTXF-loaded PLGA, respectively, for 20
days after they were subjected to the injection of
ethanol 95% in the uterine horn (0.5 ml) for about 5
min.
2.2. Doses of Pentoxifylline and Pentoxifylline-
Loaded Nanoparticle

The PTXF was administered orally at doses of 15,
20, 25, 30, and 35 mg/kg/day with concentrations of
solutions of 7.5, 10, 12.5, 15, and 17.5 mg/ml to rats
in G1, G2, G3, G4, and G5, respectively.
Furthermore, 0.2 ml/100 g b.w. of each stock
solution of PTXF was administered orally to the rats
by stomach tube.
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2.3. Preparation of Poly Lactic-Co-Glycolic Acid-
Pentoxifylline Nanoparticles

Nanoparticles were prepared by the
nanoprecipitation method (16) as illustrated in
figures 1 and 2 (17,18).
2.4. Induction of Thin Layer Endometrium

In total, 55 adult female rats were used in the
experiment of effective dose detection for ordinary
PTXF and PTXF-loaded PLGA. Moreover, 50
female adult rats were utilized in experiment two, in
which the surgical techniques were performed
according to the recorded method (figure 3-5) (19).

Regarding specimen collection, all rats were
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sacrificed in the estrus phase after recovery of two
normal estrus cycles. The phases of the estrous
cycle were determined by observing the vaginal
smear as described (20).
2.5. Histological Study

During the treatment period, the animals were
anesthetized by a ketamine (80 mg/kg) and xylazine
(12 mg/kg) cocktail at a dose of 0.1 ml/100 g b.w. that
was injected intraperitoneally for the secession of
tissue for the histopathological assessment of uterine
tissues. The samples were put in a 10% formalin
solution and then prepared following the steps
proposed by previous research (21,22).
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Figure 1. nanoprecipitation method for preparing PLGA —Pentoxifylline polymer nanoparticles (Jasim et al. (2019) (18)
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Figure 3. An incision of approximately 2.5 cm in rats was made
into the lesser abdomen through the skin and primary layers

3. Results

3.1. Histopathological Changes of The Uterus

The section of the endometrial layer of rats with
induced thin endometrium after two estrus cycles
showed severe vascular degeneration and infiltration
of inflammatory cells in the endometrium mucous as
illustrated in figure 6. The histopathological section of
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Figure 5. The abdomen of the rat was closed by silk non-
absorbable suture 80 cm. curved cutting 20 mm
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Figure 4. Injection 95% ethanol into the horn of the uterus with a
16-gauge needle of a 1 mL syringe

the endometrial layer of rats with induced thin
endometrium after 20 days of treatment with distilled
water (positive control group) showed severe vascular
degeneration in the endometrium mucosa. Moreover,
myometrium was infiltrated by mixed acute and
chronic inflammatory cells as shown in figure 6.
However, the histopathological section of the
endometrial thin layer of rats that were treated with
PTXF-loaded PLGA showed mild vacuolation, mild
edema, and proliferative endometrial glands as shown
in figure 7.

Nevertheless, the histopathological section of rats
with an endometrial thin layer, that were treated with
ordinary PTXF, revealed secretory endometrial glands
with slightly loose stroma as shown in figure 8,
compared to rats in the negative control group as
illustrated in figure 9. However, the histopathological
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Figure 6. Histopathological section of endometrial layer of rats
induced endometrium after two estrus cycle, showed sever
vascular degeneration and infiltration of inflammatory cells in the
endometrium mucosa. H&E 400x.

section of the endometrial thin layer of rats treated
with only PLGA revealed prominent infiltration by
eosinophils as depicted in figure 10.

The group of rats subjected to ethanol to induce thin
layer endometrium underwent a decrease in the
thickness of endometrium and myometrium as well as
inflammatory changes, such as acute and chronic
inflammation with edema and congestion. This result
can be attributed to ethanol. Reactive oxygen species
(ROS) creation, caused a slight reduction in cell
viability, an elevation in the cellular NADH/NAD1
ratio, acute and chronic ethanol exposure, exacerbated
mitochondrial ROS production, and therefore, cell
death (23,24).

The pathological conditions concerned with ethanol-

Figure 6. Histopathological section of endometrial layer of rats
induced endometrium after 20 days treatment with distilled water
(Control positive treated group), showed sever vascular degeneration
in the endometrium mucosa and myometrium is infiltrated by mixed
acute and chronic inflammatory cells. H&E 400 x.

Figure 7. Histopathological section of endometrial thin layer rats
treated with Pentoxifylline loaded PLGA, showed mild
vasculation , mild edema and proliferative endometrial glands.
H&E 400 x.

induced ROS formation have been described and
include oxidative protein modification, antioxidant
depletion, and mitochondrial dysfunction. In addition,
ethanol may cause an uprising in inflammatory
substances in the uterine horn in the female rats which
leads to the establishment of acute and chronic
inflammation. These inflammatory cells may undergo
activation (one of the pattern recognition receptors
recognizes pathogen-associated molecular patterns or
damaged-related molecular patterns) which leads to
the release of inflammatory mediators and the
cytokines that cause outward symptoms of
inflammation. The mediator molecules alter the blood
vessels to allow leukocytes, mostly neutrophils and
macrophages, to migrate into the tissue by

Figure 8. Histopathological section of endometrial thin layer rats
treated with ordinary Pentoxifylline , secretory endometrial glands
with slightly loose stroma. H&E 100 x.
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Figure 9. Histological section of endometrial layer rats (control
negative). H&E 100x.

extravasation outside of the blood vessels (25,26).

The neutrophils may travel along a chemotactic
gradient created by the local cells to reach the site of
injury and enhance the release of interleukin 6 (IL-6)
and TNF a levels. These results were in line with
those of previous studies (27, 28) that explained the
presence of proinflammatory substances, such as
cytokines and tumor necrosis factors, as
proinflammatory cytokines and discharged by
macrophages due to secretion of ROS as a series of
acute inflammatory reaction, in addition to that ROS
had been involved in the activation of many

intracellular signaling pathways, such as mitogen-
activated protein kinases (29,30). Therefore a
competitive nonselective phosphodiesterase inhibitor
caused the decrease of TNF a, IL-1, and IL-6.
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Figure 10. Histopathological section of endometrial thin layer rats

treated with Empty PLGA, prominent infiltration by eosinophils
(arrows). H&E 400x.

Moreover, the increase of glutathione peroxidase and
superoxide dismutase may be due to the antioxidant
effectiveness of treatment with PTXF (31,32).

Improvement in the thickness of the endometrium and
myometrium as well as the histopathological changes in
the uterus of the rats treated with ordinary PTXF may be
due to its mechanism of action through the inhibition of
phosphodiesterase  enzyme. Moreover, antagonist
adenosine receptors (Al and A3) caused an increase in
CAMP by elevation of the adenyl cyclase activity in the
uterine horn. Other factors that caused the retrieval of
the thickness of endometrium and myometrium may be
attributed to the effectiveness of PTXF on the activity of
sexual glands, especially the ovarian gland, that led to
the secretion of estradiol where the function of the latter
is to produce sexual features in female rats in addition to
increasing the thickness of endometrium and
myometrium (33).

4. Discussion

The results showed an improvement in the thickness
of the endometrium and myometrium as well as the
histopathological changes when treated with PLGA-
PTXF. This result can be attributed to the adverse
effects of the latter that may have affected the other
pathophysiological levels of female reproductive
organs in rats by decreasing the dose, whereas in
PLGA- PTXF the part of principle properties is
formed as nanoparticle to increase its activity, drug
delivery, penetrations and arrived to the target organ
speedily and augmented the antioxidants effectiveness
with minimal adverse effects that led successfully to
remodeling of damaged tissues (34,35). Therefore, the
loaded and formation by nanoparticle techniques led
to good results with minimum side effects, in contrast
to the ordinary PTXF treatment group that apparently
required high doses with the highest concentrations
and long duration of action.

Based on the results of this study, PLGA can be
characterized and it can be concluded that the
dimethyl sulfoxide-related organic phase alone gives
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the shape, particle size with a small diameter,
negatively charged, in addition to suitable drug
loading and encapsulation efficiency. Therefore, the
concentration (0.03%) of vitamin E-TPGS is the
optimal concentration utilized as a stabilizer and
coating of PLGA. However, PLGA-PTXF regimen
treatment with different concentrations had the ability
to recover female rats that were subjected to ethanol
which led to a thin layer of endometrium in the uterine
horn. Therefore, treatment via PLGA-PTXF regimen
resulted in clear histopathological development as is
evident in the uterine horn tissues of female rats.

5. Recommendations

It is recommended to use PLGA-loaded drugs via a
non-participation method for drug delivery in the
treatment of problems of the respiratory system.
Moreover, it is advised to employ the PLGA- PTXF
regiment in treatment of the reproductive system
disorders in male rats. In addition, it should be noted
that the pharmacokinetic efficacy of PTXF-loaded
PLGA needs further studies.
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