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OBJECTIVES: To evaluate the effect of Carbopol gel formulations containing pilocarpine on the morphology
and morphometry of the vaginal epithelium of castrated rats.

METHODS: Thirty-one female Wistar-Hannover rats were randomly divided into four groups: the control Groups |
(n=7, rats in persistent estrus; positive controls) and Il (n=7, castrated rats, negative controls) and the experimental
Groups, Il (n=8) and IV (n=9). Persistent estrus (Group I) was achieved with a subcutaneous injection of
testosterone propionate on the second postnatal day. At 90 days postnatal, rats in Groups II, 1l and IV were
castrated and treated vaginally for 14 days with Carbopol gel (vehicle alone) or Carbopol gel containing 5% and
15% pilocarpine, respectively. Next, all of the animals were euthanized and their vaginas were removed for
histological evaluation. A non-parametric test with a weighted linear regression model was used for data analysis
(p<0.05).

RESULTS: The morphological evaluation showed maturation of the vaginal epithelium with keratinization in
Group |, whereas signs of vaginal atrophy were present in the rats of the other groups. Morphometric
examinations showed mean thickness values of the vaginal epithelium of 195.10+ 12.23 um, 30.90+ 1.14 pum,

28.16 £ 2.98 um and 29.84 + 2.30 um in Groups |, II, Ill and IV, respectively, with statistically significant differences
between Group | and the other three groups (p<0.0001) and no differences between Groups II, 1l and IV
(p=0.0809).

CONCLUSION: Topical gel formulations containing pilocarpine had no effect on atrophy of the vaginal
epithelium in the castrated female rats.
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B INTRODUCTION post-menopausal women (2). This treatment is particularly
relevant for women with breast cancer. Other treatments
include lubricants for vaginal dryness and dyspareunia (3).

The use of estrogen is contraindicated for the treatment of
vaginal atrophy in menopausal women with hormone-
dependent cancer; therefore, alternative treatments need to
be identified. Pilocarpine chloride is a non-hormonal
substance that has attracted the interest of investigators. It
is a cholinergic parasympathomimetic agonist with a broad
pharmacological effect and predominant muscarinic activity
(34) that induces an increase in glandular secretion,
principally in the salivary and sweat glands (5). Some
Copyright © 2016 CLINICS - This is an Open Access article distributed under the investigators have demonstrated an improvement in dry
terms of the Creative Commons License (http://creativecommons.org/licenses/by/ mouth and dry eye symptoms as well as an improvement in
4.0/) which permits unrestricted use, distribution, and reproduction in any Vaginal dryness in patients with Sjogren’s Syndrome who use
medium or format, provided the original work is properly cited. pilocarpine (6). Nevertheless, other authors have failed to
No potential conflict of interest was reported. confirm that oral pilocarpine produces an improvement in
DOI: 10.6061/clinics/2016(05)09 vaginal dryness humans (7).

Menopausal symptoms resulting from ovarian failure,
such as hot flashes, bone mass loss, urinary complaints and,
principally, vaginal dryness and dyspareunia caused by
vaginal atrophy, are common symptoms that cause menopau-
sal women to consult their physicians (1). Estrogen is the most
common treatment for vaginal atrophy resulting from hypoes-
trogenism; however, alternative treatments exist. Recently,
CO2 laser therapy has been shown to be a safe and effective
option for the treatment of vulvovaginal atrophy symptoms in
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The oral use of pilocarpine is associated with undesirable
side effects; however, for ethical reasons, studying the
application of pilocarpine directly on the vaginal tissue of
menopausal women is not possible. Therefore, experimental
models need to be identified. From a morphological and
endocrine viewpoint, the animal model that is most similar
to humans is the female rat (8). The castrated female rat is a
biological model with a vaginal epithelium that mimics that
of postmenopausal women and therefore, growing interest
exists in studying the interaction of various substances in this
model. Conversely, the female rat in persistent estrus is a
biological model that is characterized by interruption of the
estrous cycle and persistent keratinization of the vaginal
epithelium due to the effect of constant estrogen production,
thus mimicking polycystic ovary syndrome (9,10). Therefore,
due to the controversies associated with the relatively few
studies that have been conducted and the need for
alternatives to estrogen therapy for women with vaginal
atrophy and hormone-dependent cancer, the present study
was conducted.

B MATERIALS AND METHODS

Animals

The present study was designed in accordance with the
ethical principles established by the Brazilian College of
Animal Research and approved by the Animal Research
Ethics Committee of the Federal University of Piaui, Brazil
(protocol number 012/14). All efforts were made to minimize
the number of animals used and to prevent pain, stress or
distress in the rats. Thirty-one virgin female Wistar-Hannover
rats weighing approximately 200 grams and obtained from the
animal laboratory of the School of Veterinary Science, Federal
University of Piauf were used in this study. The animals were
randomly divided into four groups: Group I: positive controls
(n=7 rats in permanent estrus), Group II: negative controls
(n=7 castrated rats treated with vehicle only, Carbopol gel),
Group III: 5% experimental group (n=8 castrated rats treated
with Carbopol gel containing 5% pilocarpine) and Group IV:
15% experimental group (n=9 castrated rats treated with
Carbopol gel containing 15% pilocarpine). Permanent estrus
was achieved in the animals in Group I by administering a
subcutaneous injection of 1.25 mg of testosterone propionate
diluted in 0.1 ml of corn oil on the second postnatal day. Estrus
was confirmed in the animals at 90 days postnatal based on the
total elimination of the external third of the vagina (11) and the
presence of keratinization of the vaginal wall epithelium,
which are the principal characteristics of persistent estrus that
are found during histological examinations at necropsy (9).
At 90 days postnatal, the rats in Groups II, III and IV were
castrated following a subcutaneous administration of keta-
mine/midazolam anesthesia. Hypoestrogenism, which is
characterized by the absence of mature cells and a predomi-
nance of basal cells, was confirmed in Papanicolaou-stained
vaginal smears performed 30 days after castration (12).
Subsequently, the animals in Group I were given only water
and food ad libitum, whereas those in Groups II, III and IV also
received 0.1 ml of Carbopol gel (the vehicle), Carbopol
gel containing 5% pilocarpine or Carbopol gel containing
15% pilocarpine vaginally for 14 days, respectively. On the
15™ day, all animals were euthanized. The vaginas were
removed through a longitudinal abdominal incision and fixed
in 10% bulffered formalin for 12-24 hours. The specimens were
then dehydrated in increasing ethanol concentrations until
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reaching absolute ethanol, cleared in xylene, embedded in
liquid paraffin and placed in an oven at a temperature of 59°C
to produce the tissue blocks (13).

Morphological and Morphometric Study

For the morphological and morphometric evaluations, 5-pm
cross sections were obtained and then the slides were stained
with hematoxylin and eosin. An evaluation was conducted
using a 400x light microscope connected to a color digital
video camera (model SCC-131), which captured and trans-
mitted images to a computer equipped with the Imagelab™
software program for image analysis. The morphological
evaluation analyzed maturation, cell stratification and the
presence of keratin. In the morphometric analysis of the
vaginal epithelium, the epithelial thickness was defined as
the mean of four linear measurements in um, measured in
the thickest areas (12).

Statistical analysis

A weighted linear regression model was fitted to compare
the mean epithelial thickness of the animals in the four
groups. The weight measurements consisted of the inverse of
the variance of each group compared to the heteroscedasti-
city of the control group (p <0.05).

B RESULTS

The morphological analysis of the vaginal epithelium of
the rats in Group I (persistent estrus) showed a mature
epithelium with a predominance of superficial cells and
keratin, whereas in the vaginal epithelium of the castrated
animals in Groups II (vehicle), IIl (5% pilocarpine) and IV
(15% pilocarpine) exhibited a predominance of deep cells
(basal and parabasal cells) (Figure 1). The morphometric
evaluation revealed mean thickness values (+standard
deviation) of 195.10+12.23 pum, 30.90+1.14 pum, 28.16+2.98
pum and 29.84 +2.30 pm in Groups I, II, III and IV, respectively
(Table 1). The mean thickness of the vaginal epithelium of
rats in Group I (permanent estrus) was significantly greater
than that of animals in Groups II, III or IV (p<0.0001), with
no statistically significant differences between groups II, III
and IV (p=0.0809).

B DISCUSSION

The number of menopausal women is increasing world-
wide. In a study conducted in six countries, approximately
45% of menopausal women reported symptoms occurring as
a result of ovarian failure (14). Vaginal atrophy, the principal
consequence of which is vaginal dryness and dyspareunia, is
the most common symptom, affecting between 10 and 50%
of menopausal women (15,16). In female breast cancer
survivors, the prevalence of vaginal dryness is 61.5%, which
is higher than that found in the general population of
menopausal women (17). Therefore, we have attempted to
identify a non-estrogenic alternative to improve vaginal
atrophy and dryness in these women.

These results showed that the thickness of the vaginal
epithelium was significantly greater in female rats in perma-
nent estrus than in groups of castrated female rats treated
vaginally with Carbopol gel and pilocarpine. In addition, no
statistically significant difference was found between the
castrated rats that were treated with the vehicle (Carbopol)
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Figure 1 - Photomicrographs of histological sections of the vaginal epithelium of rats. Note the thickness of the vaginal epithelium (E)
and keratin in rats in persistent estrus (A) and the thin layer of basal and parabasal cells in the castrated rats of Groups Il (vehicle) (B),
Il (5% pilocarpine) (C) and IV (15% pilocarpine) (D). Original magnification 100x.

alone and those that were treated with the different concen-
trations of pilocarpine.

We are unaware of any other study in which the effect of a
Carbopol gel containing pilocarpine was evaluated in the
vagina of castrated female rats. Studies on the direct effects
of Carbopol gel containing pilocarpine on the urogenital
epithelium of women with vaginal atrophy are not possible
for ethical reasons. However, in some laboratory animals
such as female rats, the anatomical structure and the
histology of the urogenital tract are similar to those of
humans, rendering these models biologically relevant for the
study of factors that are related to female urogenital
disorders (18). Unlike the castrated female rats that were
used as negative controls in this study due to their ability to
mimic menopausal women, female rats in permanent estrus
were used as positive controls because the constant
estrogenic stimulus is a marked characteristic of polycystic
ovary syndrome, and women with this syndrome are
affected by a constant influx of estrogen (19).

The most effective therapy used to reduce the symptoms of
atrophic vaginitis is estrogen therapy, which is most commonly
administered topically, thus avoiding increased exposure to
systemic estrogen (20,21). Oral pilocarpine has been associated
with toxicity (7); therefore, the vaginal route of administration
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was selected for the present study. Pilocarpine was incorpo-
rated into a Carbopol 940-based gel because it is an inexpensive
hydrophilic gel that has the additional advantage of remaining
in place for a longer period of time due to its mucoadhesive
properties (22,23). The Carbopol gel contained 5% and 15%
concentrations of pilocarpine, which are doses that have been
used in other studies (6,7,24,25).

Table 1 - Means and standard deviations of the vaginal epithelium
thickness of female rats in persistent estrus (Group |, positive
control) and the castrated rats in Groups Il (negative control),

Il and IV (experimental groups) treated with gels with vehicle
and pilocarpine.

Epithelial thickness (um)

Group n Mean SD

| 7 195.10* 12.23
1l 7 30.90 1.14
n 8 28.16 2.98
\Y 9 29.84 2.30

Group | exhibited a significantly greater epithelial thickness than Groups II,
Il and IV (p <0.0001) and no difference was observed between Groups I, Il
and IV (p=0.0809).
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Vivino et al. (6) conducted a phase III trial with pilocarpine
in patients with Sjogren’s syndrome in which the main
endpoint was an improvement in oral and ocular dryness
and they also observed a statistically significant decrease in
vaginal dryness. Thus, these results suggested that pilocar-
pine could possibly be used to treat vaginal dryness. The
proposed mechanism of action is thought to occur via
cholinergic stimulation of Bartholin’s glands, thus increasing
mucus production and moisture in the vaginal area (7).

Conversely, Loprinzi et al. (7) conducted a clinical trial and
failed to find any beneficial effect of the oral use of pilocarpine
for reducing vaginal dryness in women with vaginal atrophy.
The results of these investigators are consistent with the
findings of the present study, which showed no detectable
effect of vaginal pilocarpine on atrophy of the vaginal
epithelium of castrated female rats. Further studies are needed
to identify other alternative treatments.

B ACKNOWLEDGMENTS

The authors thank the School of Pharmacy, Federal University of Piaui,
Teresina, Piaui, Brazil.

B AUTHOR CONTRIBUTIONS

De Sousa Lages CA, de Deus-Lages LP, de Sousa GV, de Moura-Leal AC
and Conde Junior AM conceived and designed the study and wrote the
final version of the manuscript. Costa-Silva DR, Barros-Oliveira MC,
Borges CS, Escorcio-Dourado CS, Sampaio FA, Cunha-Nunes LC, and da
Silva BB were responsible for conducting the study, statistically analyzing
the data and drafting and revising the manuscript.

B REFERENCES

1. Ortmann O, Lattrich C. The treatment of climacteric symptoms. Dtsch
Arztebl Int. 2012;109(17):316-23.

2. Perino A, Calligaro A, Forlani F, Tiberio C, Cucinella G, Svelato A et al.
Vulvo-vaginal atrophy: a new treatment modality using thermo-ablative
fractional CO2 laser. Maturitas. 2015;80(3):296-301, http://dx.doi.org/
10.1016/j.maturitas.2014.12.006.

3. Mac Bride MB, Rhodes DJ, Shuster LT. Vulvovaginal atrophy. Mayo Clin
Proc. 2010;85(1):87-94, http://dx.doi.org/10.4065/mcp.2009.0413.

4. Wiseman LR, Faulds D. Oral pilocarpine: a review of its pharmacological
properties and clinical potential in xerostomia. Drugs. 1995;49(1):143-55,
http://dx.doi.org/10.2165/00003495-199549010-00010.

5. Wynn RL. Oral pilocarpine (Salagen): a recently approved salivary sti-
mulant. Gen Dent. 1996;44(1):26,29-30.

6. Nagler RM, Nagler A. Pilocarpine hydrochloride relieves xerostomia in
chronic graft-versus-host disease: a sialometrical study. Bone Marrow
Transplant. 1999;23(10):1007-11, http:/ /dx.doi.org/10.1038/5sj.bmt.1701752.

7. Vivino FB, Al-Hashimi I, Khan Z, LeVequeFG, Salisbury PL 3rd, Tran-
Johnson TK, et al. Pilocarpine tablets for the treatment of dry mouth and dry
eye symptoms in patients with Sjogren syndrome: a randomized, placebo-
controlled, fixed-dose, multicenter trial. P92-01 Study Group. Arch Intern
Med. 1999;159(2):174-81, http://dx.doi.org/10.1001/archinte.159.2.174.

294

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

CLINICS 2016;71(5):291-294

. Loprinzi CL, Balcueva EP, Liu H, Sloan JA, Kottschade LA, Stella PJ, et al.

A phase III randomized, double-blind, placebo-controlled study of pilo-
carpine for vaginal dryness: North Central Cancer Treatment group study
NO4CA. J Support Oncol. 2011;9(3):105-12, http://dx.doi.org/10.1016/
j-suponc.2011.02.005.

. Russo ], Russo IH. Biological and molecular bases of mammary carcino-

genesis. Lab Invest. 1987;57(2):112-37.

Barraclough CA. Production of anovulatory, sterile rats by single injections
of testosterone propionate. Endocrinology. 1961;68:62-7, http://dx.doi.org/
10.1210/endo-68-1-62.

Nogueira LT, da Silva BB. Effects of raloxifene on the mammary epithe-
lium of female rats in persistent estrus. Gynecol Endocrinol. 2009;25(6):
357-61, http:/ /dx.doi.org/10.1080/09513590802617788.

WrennTR, Wood JR, Bitman J. Oestrogen responses of rats neonatally ster-
ilized with steroids. J Endocrinol. 1969;45(3):415-20, http://dx.doi.org/
10.1677 /joe.0.0450415.

Dos Santos AR, Lopes-Costa PV, de Castro JC, Campos IC, Borges RS, Pires
CG, et al. Morphometric analysis of the urethra of castrated female rats
treated with tamoxifen. Maturitas. 2008;59(3):275-80, http://dx.doi.org/
10.1016/j.maturitas.2008.02.010.

Masson P.Tumeurs humaines. Histologie diagnostics et techniques. Paris:
Libraire Maloine, 1956.

Simon JA, Kokot-Kierepa M, Goldstein J, Nappi RE. Vaginal health in the
United States: results from the Vaginal Health: Insights, Views & Atti-
tudes survey. Menopause. 2013;20(10):1043-8, http:/ /dx.doi.org/10.1097 /
GME.0b013e318287342d.

Levine KB, Williams RE, Hartmann KE. Vulvovaginal atrophy is strongly
associated with female sexual dysfunction among sexually active post-
menopausal women. Menopause. 2008;15(4 Pt 1):661-6, http://dx.doi.org/
10.1097 /gme.0b013e31815a5168.

Bedell S, Nachtigall M, Naftolin F. The pros and cons of plant estrogens for
menopause. ] Steroid Biochem Mol Biol. 2014;139:225-36, http:/ /dx.doi.org/
10.1016/j.jsbmb.2012.12.004.

Stika CS. Atrophic vaginitis. Dermatol Ther. 2010;23(5):514-22, http://dx.doi.
org/10.1111/j.1529-8019.2010.01354.x.

Kim R]J, Kerns JM, Liu S, Nagel T, Zaszczurynski P, Lin DL, et al. Striated
muscle and nerve fascicle distribution in the female rat urethral sphincter.
Anat Rec (Hoboken). 2007;290(2):145-54, http://dx.doi.org/10.1002/
ar.20420.

Da Silva BB, Gebrim LH, Sim&es MJ, Baracat EC, Rodrigues de Lima G.
Morphologic and morphometric study of the breast parenchyma of rats in
persistent estrus treated with tamoxifen and conjugated estrogens. Clin
Exp Obstet Gynecol. 2001;28(1):60-2.

Castelo-Branco C, CanceloM], Villero J, Nohales F, Julia MD. Management
of post-menopausal vaginal atrophy and atrophic vaginitis. Maturitas.
2005;52(Suppl 1):546-52, http:/ /dx.doi.org/10.1016 /j.maturitas.2005.06.014.
Suckling J, Lethaby A, Kennedy R. Local oestrogen for vaginal atrophy
in postmenopausal women. Cochrane Database Syst Rev. 2006;18(4):
CD001500.

Bonacucina G, Martelli S, Palmieri GF. Rheological, mucoadhesive and
release properties of Carbopol gels in hydrophilic cosolvents. Int ] Pharm.
2004;282(1-2):115-30, http://dx.doi.org/10.1016/j.ijjpharm.2004.06.012.
Merclin N, Bramer T, Edsman K. Iotontophoretic delivery of 5-aminole-
vulinicacid and its methyl ester using a carbopol gel as vehicle. ] Control
Release. 2004;98(1):57-65, http:/ /dx.doi.org/10.1016/j.jconrel.2004.04.010.
AhleniusS, Larsson K. Central muscarinic receptors and male rat sexual
behavior: facilitation by oxotremorine but not arecoline or pilocarpine in
methscopolamine pretreated animals. Psychopharmacology. 1985;87(2):
127-9, http:/ /dx.doi.org/10.1007 /BF00431794.

Andersen ML, Papale LA, Tufik S. Cholinergic mechanisms in cocaine-
induced genital reflexes in paradoxical sleep-deprived male rats. Phamacol
Biochem Behav. 2004;77(3):525-31, http://dx.doi.org/10.1016/j.pbb.2003.
12.005.


http://dx.doi.org/10.1016/j.maturitas.2014.12.006
http://dx.doi.org/10.1016/j.maturitas.2014.12.006
http://dx.doi.org/10.4065/mcp.2009.0413
http://dx.doi.org/10.2165/00003495-199549010-00010
http://dx.doi.org/10.1038/sj.bmt.1701752
http://dx.doi.org/10.1001/archinte.159.2.174
http://dx.doi.org/10.1016/j.suponc.2011.02.005
http://dx.doi.org/10.1016/j.suponc.2011.02.005
http://dx.doi.org/10.1210/endo-68-1-62
http://dx.doi.org/10.1210/endo-68-1-62
http://dx.doi.org/10.1080/09513590802617788
http://dx.doi.org/10.1677/joe.0.0450415
http://dx.doi.org/10.1677/joe.0.0450415
http://dx.doi.org/10.1016/j.maturitas.2008.02.010
http://dx.doi.org/10.1016/j.maturitas.2008.02.010
http://dx.doi.org/10.1097/GME.0b013e318287342d
http://dx.doi.org/10.1097/GME.0b013e318287342d
http://dx.doi.org/10.1097/gme.0b013e31815a5168
http://dx.doi.org/10.1097/gme.0b013e31815a5168
http://dx.doi.org/10.1016/j.jsbmb.2012.12.004
http://dx.doi.org/10.1016/j.jsbmb.2012.12.004
http://dx.doi.org/10.1111/j.1529-8019.2010.01354.x
http://dx.doi.org/10.1111/j.1529-8019.2010.01354.x
http://dx.doi.org/10.1002/ar.20420
http://dx.doi.org/10.1002/ar.20420
http://dx.doi.org/10.1016/j.maturitas.2005.06.014
http://dx.doi.org/10.1016/j.ijpharm.2004.06.012
http://dx.doi.org/10.1016/j.jconrel.2004.04.010
http://dx.doi.org/10.1007/BF00431794
http://dx.doi.org/10.1016/j.pbb.2003.12.005
http://dx.doi.org/10.1016/j.pbb.2003.12.005

	Effect of a gel containing pilocarpine on vaginal atrophy
in castrated rats
	INTRODUCTION
	MATERIALS AND METHODS
	Animals
	Morphological and Morphometric Study
	Statistical analysis

	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	REFERENCES


