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OVARIAN TOXICITY OF FAC CHEMOTHERAPY IN RATS AND 
POSSIBILITY OF ITS CORRECTION WITH PLATELET-RICH PLASMA

V.A. Shamrai1, 2, O.I. Misiurko1, 2, D.I. Grebeniuk1, *, I.V. Taran1

1National Pirogov Memorial Medical University, Vinnytsia 21018, Ukraine
2Communal non-profit enterprise “Podillian Regional Oncology Center of Vinnytsia Regional Council”, 

Vinnytsia 21000, Ukraine

Aim: To compare the dynamics of changes in the hormonal status of female rats in the setting of the FAC (5-fluorouracil, doxoru-
bicin and cyclophosphamide) chemotherapy and after local administration of platelet-rich plasma (PRP). Materials and Methods: 
The study was carried out on female Wistar rats treated according to the FAC chemotherapy scheme (4 courses with a 3-week 
interval). The ovariotoxic effect of the FAC chemotherapy was assessed by the levels of anti-Mullerian hormone, estradiol (E2) and 
follicle-stimulating hormone in the proestrus phase. Three weeks after the last course of chemotherapy, 5 rats were administered 
with local intra- and periovarian injection of PRP (triply with a 1-week interval). Results: The dynamics of all investigated hormonal 
markers of the ovarian reserve in experimental animals was characterized by a progressive decrease in anti-Mullerian hormone and 
E2 levels and an increase in follicle-stimulating hormone level. The dynamics of the studied parameters after the serial administration 
of PRP demonstrated an improvement in the hormonal status. Conclusion: FAC chemotherapy in the experiment causes premature 
ovarian failure, and local administration of PRP improves the hormonal parameters of the ovarian reserve.
Key Words: FAC chemotherapy, ovarian toxicity, platelet-rich plasma, anti-Mullerian hormone, estradiol, follicle-stimulating 
hormone.
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Breast cancer �BC� is the most common cancer 
among women [1]. Even in developed countries� one 
in eight women is at risk of developing this pathol-
ogy [�]. The incidence of BC varies in different parts 
of the world� ranging from �7 per 1������ in Central 
Africa and East Asia to �� per 1������ in North Amer-
ica [�� �]� and continues to grow despite the progress 
in its diagnosis and treatment. Given current growth 
rates� the incidence of BC may reach �.� million 
�y ��5� [5].

The com�ination of 5-fluorouracil� doxoru�icin 
and cyclophosphamide �FAC chemotherapy regimen� 
is commonly prescri�ed to the BC patients in many 
countries [6]. The undenia�le advantage of this treat-
ment regimen is its proven effectiveness and low cost 
of treatment. Usually� the FAC scheme is used in adju-
vant� neoadjuvant or palliative settings [7].

Among the toxic effects of the FAC chemotherapy 
are those manifested �y premature chemo-induced 
ovarian failure and su�sequent infertility [8].

Taking into account the fact that the incidence 
of BC in women of reproductive age is steadily in-
creasing� the question of preserving and/or restoring 
the ovarian reserve �ecomes relevant [�].

Platelet-rich plasma �PRP� is a fraction of autolo-
gous �lood plasma enriched with the platelets that 
is widely used in the regenerative medicine [1�� 11]. 
In alpha granules of platelets there is stored a complete 
set of coagulation factors� growth factors� and differ-

entiation factors �insulin like growth factor� platelet-
derived growth factor� transforming growth factor β� 
vascular endothelial growth factor� epidermal growth 
factor� fi�ro�last growth factor�� which contri�ute 
to the regeneration process [1�]. The effect of PRP 
is manifested in the reduction of the inflammatory 
reactions� and activation of cellular elements� which 
leads to neoangiogenesis and increases tissue tro-
phicity [1�� 1�].

The aim of the study is to compare the dynamics 
of changes in the hormonal status of female rats under 
the conditions of FAC chemotherapy application and 
local PRP administration.

MATERIALS AND METHODS
55 female Wistar rats aged less than 1 year and 

weighing from 16�.� to �16.� grams �18�.6� ± 1�.�6 g� 
were studied. The experiment was carried out in ac-
cordance with the “Regulations on the Use of Animals 
in Biomedical Experiments” with the permission 
of the �ioethics committee and in accordance with 
the provisions of Directive ��1�/6�/EU of the European 
Parliament and the Council of the European Union 
adopted �eptem�er ��� ��1� “On the Protection 
of Animals Used for �cientific Purposes”.

To study the ovariotoxic effect of the FAC-�ased 
chemotherapy� the levels of anti-Mullerian hor-
mone �AMH�� estradiol �E�� and follicle-stimulating 
hormone �F�H� were analyzed. To determine the refe-
rence values of the studied indicators� the hormonal 
status of 5 intact rats was studied. All studies of hor-
mone levels were performed in the proestrus phase. 
Determination of the menstrual cycle phase was car-
ried out �y microscopy of vaginal smears according 
to the criteria descri�ed �y Fu et al. [15].
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Blood sampling was performed �y percutaneous 
puncture of the left ventricular cavity under ketamine 
anesthesia. The �lood levels of sex hormones were 
assayed �y immunoenzyme assay using Rat AMH 
ELI�A kit� Rat E� ELI�A Kit and Rat F�H ELI�A Kit 
�CU�ABIO� China�.

The rest of the rats underwent chemotherapy ac-
cording to the FAC scheme. The drugs were adminis-
tered intraperitoneally. 5-Fluorouracil and cyclophos-
phamide were administered at a dose of 8�.7 mg/kg� 
doxoru�icin — 8.�7 mg/kg. Recalculation of human 
doses of drugs was carried out according to the meth-
od proposed �y Nair and Jaco� [16]. In total� � courses 
of chemotherapy were conducted with an �-week 
interval. After each course of chemotherapy� the hor-
monal status of experimental animals was studied 
twice: during the first proestrus after the course �to de-
termine the acute ovarian toxicity of the administered 
drugs� and during the last proestrus �efore the next 
course of chemotherapy �to study the recovery of ovar-
ian function�. For each study of hormone levels� 5 rats 
were removed from the experiment.

Three weeks after the last course of chemotherapy� 
5 rats were administered with local intra- and periovari-
an injection of PRP in a volume of �.1 ml per ovary. After 
that� this manipulation was repeated two more times 
with an interval of 1 week �etween the procedures.

To prepare PRP� �.5 ml of �lood was collected from 
the tail vein of experimental animals in sterile hepa-
rinized tu�es� followed �y centrifugation at 16� g for 
1� min. The upper layer was collected in a separate 
syringe. Two weeks after the last injection of PRP� sex 
hormone levels were assayed again.

The o�tained data were processed using the sta-
tistical software package �P�� ��.� for Windows. 
The �tudent’s t-test was used to determine the reli-
a�ility of the differences �etween the mean values. 
The differences were considered significant at p < 
�.�5.

RESULTS
The dynamics of changes in the main sex hor-

mones in the rats receiving the FAC chemotherapy 
is shown in the Ta�le. Levels of AMH in experimental 
group of animals at all time points of the study were 
significantly lower than in the intact rats. The dynamics 

of AMH levels demonstrated a tendency to a progres-
sive decrease. Immediately after each course of che-
motherapy� there was a sharp decrease in the AMH 
levels with their partial recovery �efore the next course 
of chemotherapy.

Repeated local PRP administration significantly 
�p < �.�5� increased the levels of AMH in FAC-treated 
animals �y ��% compared with animals not treated 
with PRP.

The levels of E� at all time points in FAC-treated 
animals were also significantly lower than in the intact 
animals. There was a significant decrease in hormone 
levels relative to reference values �y 16.�% �p < �.�5� 
after the first course of chemotherapy� �y �7.�% 
�p < �.�1� after the second� �y �7.8% �p < �.��1� after 
the third and �y ��.5% �p < �.��1� after the fourth. 
It should �e noted that similarly to AMH� the E� levels 
sharply decreased immediately after each course 
of chemotherapy and partially recovered �efore 
the next course.

Despite the fact that �oth AMH and E� are pro-
duced �y follicles� there was a varying degree of reduc-
tion in their levels. In our opinion� this can �e explained 
�y the fact that AMH is produced exclusively �y fol-
licles� while E�� in addition to follicles� is produced 
�y the adrenal cortex and adipose tissue.

Local injections of PRP significantly �p < �.�5� 
increased E� levels in experimental animals �y �5.5%.

Changes in F�H levels were characterized �y dy-
namics opposite to the dynamics of E� levels. The lev-
els of F�H at all time points after chemotherapy were 
significantly higher than those of intact animals. Dur-
ing the period �etween the first and second courses 
of chemotherapy� the levels of F�H significantly in-
creased �y 1�.�% �p < �.�5�. In the period �etween 
the second and third courses� the increase relative 
to reference values was �6.�% �p < �.�1�� �etween 
the third and fourth courses — ��.6% �p < �.��1�� after 
the fourth course — 85.�% �p < �.��1�.

�uch mutually opposite dynamics of changes 
in the levels of E� and F�H could �e explained 
as follows. The decrease in E� levels is explained 
�y the ovariotoxic and general toxic effect of chemo-
therapeutic agents. At the same time� the decrease 
in E� levels caused an increase in F�H levels �y a feed-
�ack mechanism. Cessation of the toxic effect of che-

Table. Dynamics of changes in the AMH, FSH and E2 levels after the courses of FAC chemotherapy and local PRP injections
3 weeks after FAC

Control (C) Course 1,
FEC (1)

Course 1,
LEC (2)

Course 2,
FEC (3)

Course 2,
LEC (4)

Course 3,
FEC (5)

Course 3,
LEC (6)

Course 4,
FEC (7)

Course 4,
LEC (8)

No treat-
ment + PRP (P)

AMH, ng/ml 7.54 ± 0.34 6.74 ± 0.17 6.94 ± 0.15 5.92 ± 0.13 6.04 ± 0.18 4.68 ± 0.19 4.90 ± 0.21 2.88 ± 0.20 3.10 ± 0.21 3.06 ± 0.23 3.72 ± 0.27
p ΔC; 3, 4, 

5, 6, 7, 8, P
ΔC; 3, 4, 
5, 6, 7, 8, P

C, 1, 2, 5, 
6, 7, 8, P

C, 1, 2, 5, 
6, 7, 8, P

C, 1, 2, 3, 
4, 7, 8

C, 1, 2, 3, 
4, 7, 8

C, 1, 2, 3, 
4, 5, 6, P

C, 1, 2, 3, 
4, 5, 6, P

C, 1, 2, 3, 
4, 7, 8

FSH, mIU/ml 2.34 ± 0.28 2.73 ± 0.17 2.69 ± 0.19 3.03 ± 0.16 2.97 ± 0.16 3.41 ± 0.18 3.15 ± 0.16 4.47 ± 0.21 4.35 ± 0.18 4.38 ± 0.16 3.86 ± 0.24
p •C, 3, 4; 

Δ6; 5, 6, 
7, 8, P

•C, 3, 4; 
Δ6; 5, 7, 

8, P

•1, 2; ΔC, 
5, P; 7, 8

•1, 2; ΔC, 
5, P; 7, 8

•6; Δ3, 4; 
C, 1, 2, 

7, 8

•5, P; Δ1, 
2; C, 7, 8

C, 1, 2, 3, 
4, 5, 6, P

C, 1, 2, 3, 
4, 5, 6, P

•6; Δ3, 4; 
C, 1, 2, 

7, 8
E2, pg/ml 280.2 ± 

30.39
220.8 ± 
34.46

232.8 ± 
30.79

198.8 ± 
29.07

203.8 ± 
30.61

168.8 ± 
26.99

174.2 ± 
25.59

147.6 ± 
25.55

158.2 ± 
20.78

157.4 ± 
23.56

198.6 ± 
23.59

p •C, 5, 6; 
Δ7, 8

•C, 6; Δ5, 
7, 8

•7, 8; ΔC •7, 8; ΔC •1; Δ2; C •1, 2; C •3, 4, P; 
Δ1, 2; C

•3, 4, P; 
Δ1, 2; C

•7, 8; ΔC

Notes: FEC — the first estrous cycle after a course of chemotherapy; LEC — the last estrous cycle before the next course of chemotherapy. Statistically sig-
nificant difference relative to the indicated groups: • — p < 0.05; Δ — p < 0.01;  — p < 0.001.
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motherapy and partial regeneration of tissues made 
it possi�le to restore slightly the levels of E�� and 
accordingly� to reduce slightly the levels of F�H after 
each course of chemotherapy.

Administration of PRP made it possi�le to signifi-
cantly �p < �.�5� reduce F�H levels in experimental 
animals �y 11.�%.

DISCUSSION
The FAC chemotherapy is a com�ination of three 

chemotherapeutic agents� each of which creates 
an ovariotoxic effect of varying severity� affecting dif-
ferent pathogenetic links. 5-Fluorouracil is a widely 
used chemotherapeutic drug from the group of anti-
meta�olites. Apart from reported slight ovarian toxic-
ity of 5-fluorouracil [17� 18]� the latest data indicate 
the reversi�ility of such changes in the ovaries [1�].

Doxoru�icin inhi�its the topoisomerase II enzyme� 
causing DNA damage and apoptosis induction. 
The mechanism of doxoru�icin toxicity is complex 
and not fully understood [17� ��]. A num�er of studies 
�oth in vitro and in vivo demonstrated the doxoru�icin-
induced ovarian toxicity [�1���].

The toxic effects of cyclophosphamide� an alkyl-
ating agent� are caused �y damage to DNA and cell 
destruction through p5�-mediated apoptosis [�5]. 
Reproductive toxicity of cyclophosphamide is mani-
fested �y premature chemo-induced ovarian failure� 
which has �een demonstrated in a plethora of stud-
ies [�6���].

In our study� immediately after each regular 
course of chemotherapy� there was a sharp increase 
in the levels of F�H� as well as a sharp decrease 
in the levels of AMH and E�. A characteristic feature 
was that the indicators partially recovered during 
the period �etween chemotherapy courses� which� 
at least in part� can �e explained �y the com�ination 
of an acute ovariotoxic effect and a chronic cumulative 
toxic effect of the drugs used.

The dynamics of the studied hormones after a se-
ries of � local intra- and periovarian injections of PRP 
demonstrated an improvement in ovarian function 
with a significant increase in AMH and E� levels� and 
decrease in F�H levels� although without reaching 
the levels in the control group. In our opinion� this ef-
fect of PRP can pro�a�ly �e explained �y stimulation 
of neoangiogenesis� improvement of ovarian tissue 
trophism and activation of ovarian follicular apparatus. 
However� this hypothesis requires further thorough 
pathomorphological research.

Thus� our study demonstrated that FAC chemo-
therapy in the experiment causes premature ovarian 
failure� which is manifested �y a progressive and reli-
a�le decrease in AMH and E� levels and an increase 
in F�H level. Local serial intra- and periovarian admin-
istration of PRP to rats with chemo-induced premature 
ovarian failure considera�ly improves ovarian function� 
significantly increasing AMH and E� levels� and de-
creasing F�H levels.
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ОВАРІАЛЬНА ТОКСИЧНІСТЬ FAC-СХЕМИ 
ХІМІОТЕРАПІЇ В ЕКСПЕРИМЕНТІ ТА 

МОЖЛИВОСТІ ЇЇ КОРЕКЦІЇ ПЛАЗМОЮ, 
ЗБАГАЧЕНОЮ ТРОМБОЦИТАМИ
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Мета: Вивчити динаміку змін гормонального статусу са-
мок щурів в умовах застосування FAC-схеми хіміотерапії 
та після локального введення плазми� збагаченої тромбо-
цитами. Матеріали та методи: Дослідження проведено 
на 55 самках щурів лінії Wistar віком до 1 року та масою тіла 
16�����16�� г. Проводили хіміотерапію за FAC-схемою — 
5-фторурацил �8��7 мг/кг�� доксорубіцин �8��7 мг/кг� та 
циклофосфамід �8��7 мг/кг� у вигляді � курсів з інтерва-
лом � тиж. Для вивчення оваріотоксичного впливу FAC-
схеми хіміотерапії визначали рівні антимюллерового гор-
мону� естрадіолу та фолікулостимулювального гормону 
у фазі проеструсу. Через � тиж після останнього курсу 
хіміотерапії 5 щурам виконували локальне інтра- та пері-
оваріальне введення плазми� збагаченої тромбоцитами� 
об’ємом ��1 мл на кожен яєчник. Після цього таку маніпу-
ляцію повторювали ще двічі з інтервалом в 1 тиж між про-
цедурами. Результати: Динаміка рівнів усіх досліджуваних 
гормональних маркерів оваріального резерву характеризу-
валася прогресивним зниженням рівнів антимюллерового 
гормону та естрадіолу і підвищенням рівня фолікулостиму-
лювального гормону. Динаміка досліджуваних показників 
після серійного введення плазми� збагаченої тромбоцита-
ми� продемонструвала покращення гормонального стату-
су. Висновок: Хіміотерапія за FAC-схемою в експерименті 
викликає хіміоіндуковану передчасну недостатність яєчни-
ків. Локальне введення плазми� збагаченої тромбоцитами� 
дозволяє покращити гормональні показники оваріального 
резерву в експерименті.
Ключові слова: FAC-схема хіміотерапії; оваріальна ток-
сичність; плазма� збагачена тромбоцитами; антимюллерів 
гормон; естрадіол; фолікулостимулювальний гормон.
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