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OVARIAN TOXICITY OF FAC CHEMOTHERAPY IN RATS AND
POSSIBILITY OF ITS CORRECTION WITH PLATELET-RICH PLASMA
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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 [2]. The incidence of BC varies in different parts
of the world, ranging from 27 per 100,000 in Central
Africa and East Asia to 92 per 100,000 in North Amer-
ica [3, 4], and continues to grow despite the progress
in its diagnosis and treatment. Given current growth
rates, the incidence of BC may reach 3.2 million
by 2050 [5].

The combination of 5-fluorouracil, doxorubicin
and cyclophosphamide (FAC chemotherapy regimen)
is commonly prescribed to the BC patients in many
countries [6]. The undeniable 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 by premature chemo-induced
ovarian failure and subsequent 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 becomes relevant [9].

Platelet-rich plasma (PRP) is a fraction of autolo-
gous blood plasma enriched with the platelets that
is widely used in the regenerative medicine [10, 11].
Inalpha granules of platelets there is stored a complete
set of coagulation factors, growth factors, and differ-
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entiation factors (insulin like growth factor, platelet-
derived growth factor, transforming growth factor j3,
vascular endothelial growth factor, epidermal growth
factor, fibroblast growth factor), which contribute
to the regeneration process [12]. 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 [13, 14].

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 160.0 to 216.0 grams (189.60 = 14.46 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 bioethics committee and in accordance with
the provisions of Directive 2010/63/EU of the European
Parliament and the Council of the European Union
adopted September 22, 2010 “On the Protection
of Animals Used for Scientific Purposes”.

To study the ovariotoxic effect of the FAC-based
chemotherapy, the levels of anti-Mullerian hor-
mone (AMH), estradiol (E2) and follicle-stimulating
hormone (FSH) 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 by microscopy of vaginal smears according
to the criteria described by Fu et al. [15].
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Blood sampling was performed by percutaneous
puncture of the left ventricular cavity under ketamine
anesthesia. The blood levels of sex hormones were
assayed by immunoenzyme assay using Rat AMH
ELISA kit, Rat E2 ELISA Kit and Rat FSH ELISA Kit
(CUSABIO, 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 83.7 mg/kg,
doxorubicin — 8.37 mg/kg. Recalculation of human
doses of drugs was carried out according to the meth-
od proposed by Nairand Jacob [16]. Intotal, 4 courses
of chemotherapy were conducted with an 3-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 before 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-
aninjection of PRPinavolume of 0.1 ml per ovary. After
that, this manipulation was repeated two more times
with an interval of 1 week between the procedures.

To prepare PRP, 0.5 ml of blood was collected from
the tail vein of experimental animals in sterile hepa-
rinized tubes, followed by centrifugation at 160 g for
10 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 obtained data were processed using the sta-
tistical software package SPSS 20.0 for Windows.
The Student’s t-test was used to determine the reli-
ability of the differences between the mean values.
The differences were considered significant at p <
0.05.

RESULTS

The dynamics of changes in the main sex hor-
mones in the rats receiving the FAC chemotherapy
is shown in the Table. Levels of AMH in experimental
group of animals at all time points of the study were
significantly lower thanin 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 before the next course
of chemotherapy.

Repeated local PRP administration significantly
(p < 0.05) increased the levels of AMH in FAC-treated
animals by 20% compared with animals not treated
with PRP.

The levels of E2 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 by 16.9% (p < 0.05)
after the first course of chemotherapy, by 27.3%
(p < 0.01) after the second, by 37.8% (p < 0.001) after
the third and by 43.5% (p < 0.001) after the fourth.
It should be noted that similarly to AMH, the E2 levels
sharply decreased immediately after each course
of chemotherapy and partially recovered before
the next course.

Despite the fact that both AMH and E2 are pro-
duced by follicles, there was a varying degree of reduc-
tionintheirlevels. In our opinion, this can be explained
by the fact that AMH is produced exclusively by fol-
licles, while E2, in addition to follicles, is produced
by the adrenal cortex and adipose tissue.

Local injections of PRP significantly (p < 0.05)
increased E2 levels in experimental animals by 25.5%.

Changes in FSH levels were characterized by dy-
namics opposite to the dynamics of E2 levels. The lev-
els of FSH at all time points after chemotherapy were
significantly higher than those of intact animals. Dur-
ing the period between the first and second courses
of chemotherapy, the levels of FSH significantly in-
creased by 14.9% (p < 0.05). In the period between
the second and third courses, the increase relative
to reference values was 26.9% (p < 0.01), between
the third and fourth courses — 34.6% (p < 0.001), after
the fourth course — 85.9% (p < 0.001).

Such mutually opposite dynamics of changes
in the levels of E2 and FSH could be explained
as follows. The decrease in E2 levels is explained
by the ovariotoxic and general toxic effect of chemo-
therapeutic agents. At the same time, the decrease
in E2 levels caused anincrease in FSH levels by a feed-
back 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, Course 1, Course 2, Course?2, Course3, Course3, Course4, Course4, No treat- +PRP (P)
FEC (1) LEC (2) FEC (3) LEC (4) FEC (5) LEC (6) FEC (7) LEC (8) ment
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 AC; 03,4, AC;m8,4, oC,1,2,5 0C,1,2,5 0C,1,2,3, 0C, 1,23, 0C, 1,23, 0C, 1, 2,3, oC, 1,2, 3,
56,7,8P56,78P 6,7,8P 6,78,P 4,7,8 4,78 4,5,6,P 4,56,P 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, -C,8,4, -1,2;AC, -1,2;AC, -6;A3,4; -5 P;Al, OC,1,2,3, 0C, 1,23, - 6; A3, 4;
A6; 05,6, A6;05,7, 5 P;07,8 5 P;07,8 woC,1,2, 2;,0C,7,8 4,56,P 4,56,P oC, 1, 2,
7,8,P 8,P 7,8 7,8
E2, pg/ml 280.2 + 220.8 + 232.8 = 198.8 + 203.8 + 168.8 = 174.2 = 147.6 + 158.2 = 157.4 £ 198.6 +
30.39 34.46 30.79 29.07 30.61 26.99 25.59 25.55 20.78 23.56 23.59
p -C,5,6; -C,6;A5, -7,8,AC -7,8,AC -1;A2;1C -1,2;,0C -3,4,P; -3,4,P; -7, 8;AC
A7, 8 7,8 A1,2;0C A1, 2;0C

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; A — p < 0.01; 0 - p < 0.001.
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motherapy and partial regeneration of tissues made
it possible to restore slightly the levels of E2, and
accordingly, to reduce slightly the levels of FSH after
each course of chemotherapy.

Administration of PRP made it possible to signifi-
cantly (p < 0.05) reduce FSH levels in experimental
animals by 11.3%.

DISCUSSION

The FAC chemotherapy is a combination 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-
metabolites. Apart from reported slight ovarian toxic-
ity of 5-fluorouracil [17, 18], the latest data indicate
the reversibility of such changes in the ovaries [19].

Doxorubicin inhibits the topoisomerase Il enzyme,
causing DNA damage and apoptosis induction.
The mechanism of doxorubicin toxicity is complex
and not fully understood [17, 20]. A number of studies
both in vitro and in vivo demonstrated the doxorubicin-
induced ovarian toxicity [21-24].

The toxic effects of cyclophosphamide, an alkyl-
ating agent, are caused by damage to DNA and cell
destruction through p53-mediated apoptosis [25].
Reproductive toxicity of cyclophosphamide is mani-
fested by premature chemo-induced ovarian failure,
which has been demonstrated in a plethora of stud-
ies [26-30].

In our study, immediately after each regular
course of chemotherapy, there was a sharp increase
in the levels of FSH, as well as a sharp decrease
in the levels of AMH and E2. A characteristic feature
was that the indicators partially recovered during
the period between chemotherapy courses, which,
at least in part, can be explained by the combination
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 3 local intra- and periovarian injections of PRP
demonstrated an improvement in ovarian function
with a significant increase in AMH and E2 levels, and
decrease in FSH levels, although without reaching
the levels in the control group. In our opinion, this ef-
fect of PRP can probably be explained by 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 by a progressive and reli-
able decrease in AMH and E2 levels and an increase
in FSH level. Local serial intra- and periovarian admin-
istration of PRP to rats with chemo-induced premature
ovarian failure considerably improves ovarian function,
significantly increasing AMH and E2 levels, and de-
creasing FSH levels.
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OBAPIAJIbHA TOKCU4YHICTb FAC-CXEMU
XIMIOTEPAII B EKCMEPUMEHTI TA
MOXJIMBOCTI Tl KOPEKLIT NJIASMOIO,
3BArA4YEHOIO TPOMBOLUUTAMU

B.A. Hlampaii-?, O.1. Miciopxo' 2, JI.1. Ipebeniox’, I.B. Tapan’

! BinHuubKuil HAUIOHAALHUL MEOUHHUL YHIgepcUumem
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Merta: BuBuntn gmnHamiky 3MiH ropMOHasIbHOro CTaTycy ca-
MOK LWypiB B yMOBax 3actocyBaHHs FAC-cxemu ximioTepanii
Ta nicns nokasbHOro BBEAEHHS nia3mu, 36aradyeHoi TpomMoo-
untamun. Martepianu Ta metogu: [JocnigXeHHs NpoBeneHo
Ha 55 camkax wypis niHii Wistar Bikom 4o 1 poky Ta macoto Tina
160,0-216,0 r. MpoBogunun ximiotepanito 3a FAC-cxemoio —
5-dTopypaumn (83,7 mr/kr), pokcopybiumH (8,37 mr/kr) Ta
umknodocdamig (83,7 mr/kr) y Burnaai 4 kypcis 3 iHTepBa-
noMm 3 TmX. [ns BMBYEHHS OBapioTOKCUMYHOro Bnamey FAC-
cxemu ximioTepanii BU3Havanu piBHi aHTUMIONNEPOBOro rop-
MOHY, ecTpagiony Ta @ONiKyNnoCTUMYNIOBA/IbHOrO0 FOPMOHY
y ®asi npoectpycy. Yepe3d 3 TWX Micns OCTaHHbLOrO Kypcy
ximioTepanii 5 wypam BUKOHYBanu nokKanbHe iHTpa- Ta nepi-
oBapiafnbHe BBeAEeHHs nna3mu, 3baradeHoi TpomboumuTamu,
o6’emom 0,1 MA1 Ha KOXEH sie4HUK. Micns uporo Taky MaHiny-
NAUII0 NOBTOPIOBaNM We ABiYi 3 iHTepBasoM B 1 TWX MiX npo-
uenypamu. Pesynbtatn: [JuHamika piBHIB yCiX 4OCIOXKYBaHUX
ropMOHasIbHMX MapKepiB OBapiasibHOro pe3epBy XxapakTepuay-
Basiacsl NPOrpPeCUBHUM 3HUXXEHHSM PIBHIB @aHTUMIOINEPOBOro
rOPMOHY Ta eCTpaziony i NiABULLEHHAM PiBHA GOSIKY0CTUMY-
NOBANIbHOrO rOPMOHY. [nHamika A0CNioXyBaHUX MOKa3HUKIB
nicns cepinHoro BBeAEHHs nnasmu, 3d6aradyeHoi TpomboumTta-
MW, NPOAEMOHCTPYBaia NOKPALLEHHSA FOPMOHANIbHOrO CTaTty-
cy. BucHoBok: XimioTepanis 3a FAC-CXeMO0 B eKCNepUMEHTI
BUKJIMKAE XIMIOIHAYKOBaHY nepeayacHy He4OCTaTHICTb SEYHU-
KiB. JlokanbHe BBeAEHHSA nna3mu, 3baradeHoi TpomboumutTamu,
[,03BOJISIE MOKPALLMTN FOPMOHaJIbHI MOKa3HMKM 0BapianbHOro
pe3epBy B EKCNEPUMEHTI.

KmoyoBi cnoa: FAC-cxema ximioTepanii; oBapianbHa TOK-
CUYHICTb; Nnasma, 36aradeHa TpomboLMTaMKN; aHTUMIONNEPIB
rOpPMOH; ecTpagion; Goniky10CTUMYIOBaNbLHUA FOPMOH.



