Annex 29

to the Procedure for Conducting Expert Evaluation of Registration
Materials Pertinent to Medicinal Products Submitted for the State
Registration (Re-registration) and for Expert Evaluation of
Materials about Introduction of Changes to Registration Materials

during the Validity Period of Registration Certificate
(item 10 of section I'V)

Non-Clinical Trials Report

1. Name of medicinal product (if
available - number of registration
certificate):

Winrevair

1) type of medical product which
proposed to registration

Medicinal product with complete dossier (stand-alone dossier).
New active substance.

2) conducted researches

V Yes oNo Ifno, please justify

2. Pharmacology:

1) primary pharmacodynamics

Primary Pharmacodynamics In Vitro

Mechanism of Action

Background Biology: Transforming Growth Factor Beta
Signaling in Pulmonary Arterial Hypertension

The transforming growth factor-p (TGF-f) family of proteins is
implicated in differentiation and proliferation of various cell
types, cell metabolism, motility, invasion and death as well as
extracellular matrix production. Thirty-three ligands have been
identified so far, comprising TGF-f isoforms, activins, growth
and differentiation factors (GDFs), inhibins, nodal,
anti-Mullerian hormone (AMH), and bone morphogenetic
proteins (BMPs). Each member of the TGF- family of ligands
require processing (cleavage) to become active. Once active,
they bind, assemble, and stabilize specific combinations of
heterotetrameric complexes of type I and type II serine/threonine
and tyrosine kinase receptors. In general, binding of the ligands
to their receptors induces type II receptor-mediated
phosphorylation of the type I receptor causing activation of its
kinase function. This phosphorylation induces intracellular
signals categorized into canonical and non-canonical events. The
canonical pathway engages mothers against decapentaplegic
homologs (receptor-regulated, R-Smads) transcription factors,
while the non-canonical one involves phosphorylation of
multiple kinases such as the p38 mitogen-activated protein
kinase (MAPK), extracellular signal-regulated protein kinase 1
and 2 (Erkl/2), c-Jun N-terminal kinase (JNK),
phosphoinositide-3-kinase (PI3K), Rho homologous (Rho)
GTPase that promote transcription.

At the endothelium, once type 1 receptors have been
phosphorylated by their type II partners, they notably mediate the
phosphorylation of Smad 2/3 (for type I (activin receptor-like
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(ALK4/5)) engagement by activins, GDFs and TGF-B) and that
of Smad 1/5/8 (for type I (ALK1/2/3) engagement by BMPs).
These then assemble into a complex with a common Smad
mediator (Co-Smad4) that facilitates internalization into the
nucleus and binding to deoxyribonucleic acid (DNA).
Endothelial cells simultaneously integrate both proliferative
(TGF-B/activins-Smad2/3) and anti-proliferative
(BMP-Smad1/5/8) signaling pathways that are also sensitive to
the biomechanical forces exercised at the vasculature.

Members of the TGF-f superfamily of ligands that signal through
Smad2/3 have been associated with hyperproliferation of
vascular cells leading to arterial remodeling of pulmonary
arteries and the cardiac chambers. As an example, TGF-B1 has
been shown to inhibit apoptosis of smooth muscle cells from
pulmonary arteries through an activation of the PI3K/AKT
pathway and to promote proliferation of pulmonary artery
smooth muscle cell. A direct participation of TGF-B1 to the
narrowing of pulmonary arteries has been showed in the
monocrotaline and Sugen-hypoxia models of pulmonary arterial
hypertension (PAH) via the use of a TGF-B ligand trap
(recombinant TGFBRII-Fc extracellular domain fusion protein
selective for TGF-B1 and TGF-f3). In that model, TGFBRII-Fc
blocked canonical Smad 2/3 signaling, inhibited vascular
remodeling and ultimately, decreased right ventricle
hypertrophy. Similar findings were reported with the use of a pan
TGF-B antibody as well as a TGF-B receptor antibody.
Dysregulated TGF-$ signaling has also been reported in the
cardiovascular manifestations of Marfan and Loeys-Dietz
syndromes.

Activin A and GDF-11, two other members of the TGF-f family
that trigger Smad2/3 signaling, have also been associated with
hyperproliferation. Elevated expression of activin

A and GDFI11 in lung lesions, together with the increased
circulating levels of activin A, has been shown in pulmonary
hypertension (PH) patients and in preclinical models of PAH. At
the lung, activin A seems to primarily localize at the bronchial
epithelial cells and macrophages and has been reported to
promote smooth muscle cell proliferation and expression of
endothelin-1 (ET-1), a key modulator of PAH. While activin A
stimulates proliferation of smooth muscle cell (SMCs), SMCs
from PAH patients also display enhanced synthesis of activin A,
providing a local feed-forward loop of proliferation. GDF-11’s
participation to PAH appears to be restricted to the endothelial
cell compartment and its selective downregulation has been
shown to be protective in a PAH model.

Genetic and function studies demonstrate that the attenuated
BMP signaling is highly associated with the development of
PAH. Dysregulation of bone morphogenetic protein receptor 2
(BMPR?2) signaling in pulmonary vascular endothelial cells, key
regulators of pulmonary vascular structure and function, has been
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shown to trigger the differentiation and proliferation of vascular
smooth muscle cells (VSMCs), leading to the remodeling of the
pulmonary vasculature, the identifying feature of PAH. The
association between loss-of-function mutations in BMPR2 and
development of PAH provides the most compelling evidence
linking this signal pathway to the disease. In addition, the
reduced protein levels of BMPR2 have been found in both
familial and idiopathic PAH, even in the absence of BMPR2
mutation. The compelling evidence suggests that the imbalance
between the activin/GDFs and BMP signaling pathway is a key
contributing factor to PAH.

Sotatercept Mechanism of Action

Sotatercept is an activin signaling inhibitor. Its mechanism of
action is through the restoration of balance between the opposing
Smad2/3 and Smad1/5/8 intracellular signaling

pathways. Sotatercept functions as a soluble form of activin
receptor Type ITA (ActRIIA) to trap TGF-f superfamily ligands
that normally bind to ActRIIA, such as activin A and B, GDF-11,
GDF-8, and BMP-10, and prevent their binding to ActRIIA and
induction of downstream Smad2/3 signaling. In the PAH disease
state, the Smadl/5/8 pathway within pulmonary vascular
endothelial cells is severely compromised, either by loss of
function mutations in the BMPR2 receptor, or by factors (eg,
triggered by activation of the ActRIIA/ALK(s) pathway)
affecting Smad 1/5/8 signal transduction, leading to unchecked
proliferation of vascular smooth muscle cells. Through inhibition
of the Smad2/3 signal pathway, sotatercept rebalances the
opposing Smad pathways, resulting in the restoration of
homeostasis with respect to smooth muscle cell proliferation.
Amino Acid Sequence Identity Across Species

The extracellular domain (ECD) amino acid sequence and
structure of ActRIIA is highly conserved across species
including rat, rabbit, cynomolgus monkey, and human, and is
identical between sotatercept and murine surrogate for
sotatercept, constructed by exchanging the human IgG Fc of
sotatercept with a murine IgG Fc (RAP-011). Amino acid
sequence alignment shows 100 % homology between rodent,
cynomolgus monkey, and human species for activin A and GDF-
11, and 97 to 98 % homology for activin B and BMP10. Primary
Pharmacodynamics In Vivo

Murine Surrogate RAP-011

In vivo nonclinical pharmacology studies have been conducted
with the sotatercept murine surrogate, RAP-011. The RAP-011
molecule was constructed by exchanging the human
immunoglobulin G, subclass 1 (IgG1) fragment crystallizable
region (Fc) of sotatercept with a murine immunoglobulin G,
subclass 2a (IgG2a) Fc. The murine surrogate RAP-011 showed
similar binding affinities (and selectivity profile) toward ligands
of the TGF-f superfamily as sotatercept.
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RAP-011 Activity in the Monocrotaline (MCT) and Sugen-
Hypoxia Rat Pulmonary Arterial Hypertension Models
RAP-011 was tested in two well-known rodent models of PAH
(monocrotaline and Sugenhypoxia). Both models replicate some
of the key pathology associated with PAH, including
endothelial and smooth muscle cells proliferation,
muscularization of pulmonary arterial vasculature, development
of pulmonary hypertension, and right ventricular hypertrophy.
In the monocrotaline (MCT) model, pulmonary hypertension
was induced in male Wistar rats within 4 weeks after a single
subcutaneous (SC) injection of monocrotaline at a dose of 40
mg/kg. Animals were treated with vehicle (10 mM tris-buffered
saline (TBS), SC), RAP-011 (15 mg/kg, intraperitoneally (IP)
twice weekly), or the vasodilator sildenafil (30 mg/kg, orally,
twice daily) for 4 weeks starting 1 day after MCT. Vehicle-
treated MCT rats showed significant elevation in mean
pulmonary arterial pressure (mPAP) and right ventricle (RV)
hypertrophy. RAP-011 treatment for 4 consecutive weeks
normalized mPAP and improved RV hypertrophy. Sildenafil had
modest effects on mPAP and did not improve RV hypertrophy.
RAP-011 treatment had a significant effect on pulmonary
vascular remodeling.

In a similar study in the MCT-induced PAH model, vehicle-
treated rats showed a significant increase in CDI11b+
macrophages (p<0.05) in the lungs, whereas RAP-011 treatment
significantly attenuated increase in CDI11b+ macrophages
(»<0.05). RAP-011 suppressed pulmonary inflammation and
prevented macrophage infiltration in this PAH model.

In the Sugen-hypoxia model, pulmonary hypertension was
established by a single SC injection of vascular endothelial
growth factor receptor antagonist Sugen 5416 (SU5416,
200 mg/kg) in adult male Sprague Dawley rats with immediate
onset of exposure to hypoxia (10 % oxygen) for 4 weeks.
Animals were treated with vehicle (10 mM TBS, SC), RAP-011
(10 mg/kg, IP twice weekly), or sildenafil (30 mg/kg, orally,
twice daily) for 4 weeks starting 1 day after vascular endothelial
growth factor receptor antagonist Sugen 5416 (SU5416).
Vehicle-treated Sugen-hypoxia rats showed a significant
elevation in mPAP and RV hypertrophy. RAP-011 treatment for
4 consecutive weeks normalized mPAP and improved RV
hypertrophy. Sildenafil had modest effects on mPAP and did not
improve RV hypertrophy.

RAP-011 Activity in the Sugen-Hypoxia-Normoxia
(SuHxNx) Rat Pulmonary Arterial Hypertension Model
RAP-011 was evaluated in the Sugen-hypoxia-normoxia
(SuHxNx) rat model when the pulmonary hypertension and RV
modeling were already established. In the SuHxNx model,
pulmonary hypertension was established by a single SC injection
of SU5416 (20 mg/kg) in adult male Sprague Dawley rats with
immediate onset of exposure to hypoxia (10 % oxygen) for 3
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weeks followed by normoxia (21 % oxygen) for another 6 weeks.
SuHxNx rats exhibited pulmonary hypertension and RV
hypertrophy at the onset of therapeutic treatment (Week 5) that
continued undiminished through Week 9. Animals were treated
with vehicle (phosphate-buffered saline (PBS); SC), RAP-011
(2.5 mg/kg, SC twice weekly), sildenafil (30 mg/kg, orally, twice
daily), or a combination therapy between Weeks 5 and 9.
Vehicle-treated SuHxNx rats showed a significant elevation in
right ventricular systolic pressure (RVSP)) and total pulmonary
resistance index (TPRI). Treatment with RAP-011 starting at
Week 5 reversed RVSP and markedly reduced TPRI by Week 9
compared with vehicle-treated SuHxNx rats. RAP-011
monotherapy and combination therapy with the vasodilator
sildenafil produced significantly greater improvement than
sildenafil alone.

In this model, pulmonary vascular remodeling was prominent in
SuHxNx rats by Week 5 with lesions leading to varying degrees
of vascular occlusion. At Week 9, there was a significantly
greater prevalence of the most severe grade of vascular occlusion
compared with the earlier time point, consistent with disease
progression during this interval. Treatment with RAP-011
starting at Week 5 almost completely reversed vascular
remodeling by Week 9 compared with untreated SuHxNx rats.
Treatment with RAP-011 reversed vascular occlusion more
effectively than sildenafil, and RAP-011 in combination with
sildenafil produced significantly greater improvement in
vascular occlusion than sildenafil alone.

RV remodeling and dysfunction were also observed in the model.
Right ventricular wall thickness (RVWT) and RV hypertrophy
were significantly increased in untreated SuHxNXx rats at the
onset of therapeutic treatment (Week 5) and continued through
Week 9.

Treatment with RAP-011 starting at Week 5 markedly improved
RVWT and RV hypertrophy by Week 9 compared with vehicle-
treated SuHxNx rats. In comparison to the normal group,
SuHxNx rats exhibited impaired RV function with a significant
decrease in tricuspid annular plane systolic excursion (TAPSE)
and RV fractional area change at the onset of therapeutic
treatment (Week 5) and continued through Week 9. Treatment
with RAP-011 starting at Week 5 improved these parameters by
Week 9 compared with vehicle-treated SuHxNx rats. RAP-011
monotherapy and combination therapy with the vasodilator
sildenafil produced significantly greater improvement than
sildenafil alone.

To assess whether the cardiopulmonary benefits of RAP-011
treatment in the SuHxNx PAH model is sustained after stopping
treatment, RAP-011 treatment was withdrawn at Week 9

and animals monitored for 4 additional weeks. Treatment with
RAP-011 starting at Week 5 produced significant improvement
in RVSP, TPRI, TAPSE, pulmonary artery acceleration time
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(PAAT), and RV hypertrophy by Week 9 which were sustained
through Week 13, 4 weeks after stopping RAP-011
administration, compared with untreated SUHxNXx rats.
RAP-011 Activity in the bone morphogenetic protein
receptor 2 (Bmpr2"®8X) Mouse PAH Model

RAP-011 was also evaluated in a model of heritable PAH arising
from Bmpr2 haploinsufficiency (Bmpr2”®%°X mice). In this
model, pulmonary hypertension was induced by exposing
Bmpr2®899X male mice to hypoxic (10 % oxygen) conditions for
5 weeks.

Simultaneously, mice were treated with vehicle (PBS, SC) or
RAP-011 (10 mg/kg, SC twice weekly) for 5 weeks. Vehicle-
treated mice showed significant elevation in RVSP and RV
hypertrophy. RAP-011 treatment for 5 consecutive weeks
normalized RVSP and RV hypertrophy. In comparison with
Bmpr2®89X mice under normoxic control conditions, exposure
of Bmpr2"®X mice to hypoxia significantly reduced TAPSE
and PAAT, indicating RV dysfunction. RAP-011 significantly
prevented the decrease in TAPSE and PAAT.

RAP-011 Activity in the Pulmonary Artery Banding (PAB)
Mouse Model of Right Heart Failure

The cardioprotective effects of RAP-011 were evaluated in a
mouse model of right heart failure caused by pressure overload.
In this model, right ventricle pressure overload by pulmonary
artery banding (PAB) induces RV remodeling and dysfunction.
Animals were treated with vehicle (PBS, SC) or RAP-011 (10
mg/kg, SC. twice weekly) for 3 weeks starting 1 day post-
surgery. In response to surgery, PAB PBS-treated mice showed
a significant increase in RV developed pressure at Day 21
compared with the sham surgery group. RAP-011 treatment
significantly reduced RV developed pressure compared with
PBS-treated mice. PAB mice showed a significant decreased in
TAPSE values compared with the sham surgery group. RAP-011
treatment significantly increased TAPSE by Day 21 compared
with PBS-treated PAB mice.

In this model, RV remodeling was also observed. RVWT and
RV hypertrophy were significantly increased in PBS-treated
PAB mice. Treatment with RAP-011 significantly improved
these parameters compared with the PBS-treated PAB mice.
PBS-treated PAB mice also showed a significant increase in
collagen content in the right ventricle compared with the sham
surgery group. Collagen content increase is associated with RV
remodeling and dysfunction. RAP-011 treatment also
significantly reduced RV collagen content in PAB mice
compared with the PBS-treated group.

2) secondary pharmacodynamics

Nonclinical pharmacology studies using RAP-011 were
undertaken to evaluate mechanism-related hematologic effects as
it is known that activin, previously described as erythroid
differentiation factor, plays a role in regulating the terminal
differentiation of developing erythrocytes.
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Following administration of RAP-011 in C57BL/6 mice, the
erythrocyte-stimulating-agent-like activity of RAP-011 resulted
in significant increases in the numbers of red blood cell count
(RBC), hemoglobin (HGB), and hematocrit (HCT).

There was also a significant increase in erythropoietin protein.
No  other specific  studies  evaluating  secondary
pharmacodynamics of sotatercept were conducted because all of
the key elements of pharmacodynamics described in
International Council on Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) S6 for
biotechnological products, including in vitro assays to assess
biological activity and specificity, and in vivo studies to evaluate
efficacy, were included in the primary pharmacodynamics
section.

3) safety pharmacology

Consistent with ICH S6(R1), safety pharmacology endpoints
(neurological examinations and body temperature, respiration
rate, electrocardiogram (ECG), and blood pressure
measurements) were incorporated into the Good Laboratory
Practice (GLP) 9-month repeat dose toxicity study in monkeys.
There were no sotatercept-related changes in any in vivo safety
pharmacology endpoints.

The in vitro hERG assay was the only standalone safety
pharmacology study performed with sotatercept. The in vitro
hERG assay estimated the IC50 for inhibitory effects of
sotatercept on human ether-a go-go related gene (hERG)
potassium channel to be greater than 1000 pg/mL.

Sotatercept: Effect of Sotatercept on Cloned hERG
Potassium Channels Expressed in Human Embryonic
Kidney Cells

Sotatercept inhibited hERG current by (Mean = SEM; n=3) 7.2
+0.7% at 300 pg/mL, 28.6 = 0.7% at 600 pug/mL and 33.8 +1.7%
at 1000 pg/mL versus 2.4 £ 0.8% in control. hERG inhibition at
all concentrations was statistically significant (p<0.05) when
compared with vehicle control values. The ICso for the inhibitory
effect of sotatercept on hERG potassium current was estimated
to be greater than 1000 pg/mL. The highest test concentration of
sotatercept at 1000 pg/mL represents approximately a 100-fold
margin as compared with the clinical observed maximum
concentration (Cmax = 9.67 pg/mL) at the maximum
recommended human dose (MRHD).

4) pharmacodynamic interactions

Nonclinical ~studies evaluating pharmacodynamic drug
interactions with sotatercept have not been conducted. In
agreement with a position paper from an international consortium
regarding drug-drug interactions between therapeutic proteins
and small molecule drugs, nonclinical in vitro and in vivo studies
are not considered predictive of human pharmacodynamic drug
interactions. The potential interaction with other drugs can only
be addressed in clinical studies.

3. Pharmacokinetics:
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1) analytical procedures and
validation reports

Concentrations of sotatercept in plasma or serum samples from
Sprague-Dawley rats, New Zealand white (NZW) rabbits, and
cynomolgus monkeys were determined by either a sandwich
enzyme-linked immunosorbent assay (ELISA) or by a
competitive ELISA during the development of the program.
Methods were validated in rat serum initially with a quantitation
range of 0.98 to 31.25 ng/ml and then subsequently with a higher
quantitation range of 40.0 to 2,000 ng/mL. A method was
validated in rabbit serum with a quantitation range of 40.0 to
2,000 ng/mL. Methods were validated in monkey plasma with a
quantitation range of 86 to 2,333 ng/mL and then subsequently
in monkey serum with a quantitation range of 7.81 to 250 ng/mL.
Accuracy of sotatercept from the low range rat serum assay was
96.0 to 103.0% of the nominal values of the calibration curve and
precision was 3.3 to 10.8% at all calibration concentrations.
Inter-day accuracy and precision from the quality control (QC)
samples ranged from 95.0 to 101.0% and 10.3 to 22.6%,
respectively.

Accuracy of sotatercept from the high-range rat serum method
was 96.6 to 103.2% of the nominal values of the calibration curve
and precision was 2.9 to 8.4% at all calibration concentrations.
Inter-day accuracy and precision from the QC samples range
from 84.4 to 91.6% and 6.7 to 19.3%, respectively.

Accuracy of sotatercept from the rabbit serum assay was 98.4 to
103.5% of the nominal values of the calibration curve and
precision was 1.3 to 5.6% at all calibration concentrations.
Inter-day accuracy and precision from the QC samples ranged
from 99.8 to 114.3% and 6.6 to 16.0%, respectively.

Accuracy of sotatercept from the monkey plasma assay was 91.0
to 136.0% of the nominal values of the calibration curve and
precision was 3.0 to 29.0% at all calibration concentrations.
Inter-day accuracy and precision from the QC samples range
from 83.0 to 91.8% and 6.0 to 15.0%, respectively.

Accuracy of sotatercept from the monkey serum assay was 98.2
to 113.1% of the nominal values of the calibration curve and
precision was 1.2 to 29.8% at all calibration concentrations.
Inter-day accuracy and precision from the QC samples range
from 86.1 to 92.8% and 8.1 to 15.6%, respectively.

To detect the formation of anti-drug antibody (ADA) in Sprague-
Dawley rats, NZW rabbits and cynomolgus monkeys, bridging
immunoassays by ELISA or electrochemical luminescent (ECL)
methods were validated for rat, rabbit, and monkey serum.

An initial method was validated in rat serum with positive control
(PC) values ranging from 25 to 1600 ng/mL. The inter assay
precision of these PC samples ranged from 4.9 to 20.0%. The
sensitivity of the assay was determined to detect 500 ng/mL of
ADA.

A method was validated in rat serum with positive control values
ranging from 100 to 5000 ng/mL. The inter assay precision of
these PC samples ranged from 5.0 to 6.6%. The sensitivity of the
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assay was determined to detect 9.3 ng/mL of anti-sotatercept
antibody in rat serum.

A subsequent partial validation was conducted in rat serum with
positive control values ranging from 100 to 5000 ng/mL. The
inter assay precision of these PC samples ranged from 8.9 to
11.9%. The sensitivity of the assay remained 9.3 ng/mL anti-
sotatercept antibody in rat serum.

A method was validated in rabbit serum with positive control
values ranging from 100 to 5000 ng/mL. The inter-assay
precision of these PC samples ranged from 6.0 to 7.9%. The
sensitivity of the assay was determined to detect 24.5 ng/mL of
ADA in rabbit serum.

A method was validated in monkey serum with positive control
values ranging from 25 to 1600 ng/mL. The inter-assay precision
of these PC samples ranged from 5.7 to 24.3%. The sensitivity of
the assay was determined to detect 500 ng/mL of ADA in
monkey serum.

A subsequent method was validated in monkey serum with
positive control values ranging from 100 to 5,000 ng/mL. The
inter assay precision of these PC samples ranged from 6.8 to
10.9%. The sensitivity of the assay was determined to detect 17.1
ng/mL of anti- sotatercept antibody in monkey serum.

These method validations complied with the applicable guidance
at the time. (Food and Drug Administration (FDA) Guidance for
the Industry: Bioanalytical Method Validation (US FDA, 2001
and 2018) and US FDA Draft Guidance for Industry: Assay
Development for Immunogenicity Testing of Therapeutic
Proteins (US FDA, 2009 and 2019)).

2) absorption

Sotatercept PK parameters have been characterized in Sprague-
Dawley rats, NZW pregnant rabbits, and cynomolgus monkeys
following intravenous (IV) and/or SC injection. PK analysis was
conducted using WinNonlin software (version 5.0.1 or higher)
with first order absorption and first order elimination or
noncompartmental analysis (NCA).

Intravenous Route of Administration

The PK of sotatercept were assessed following a single IV
administration to rats and monkeys. In general, there were no
substantial sex differences in sotatercept IV PK in the animal
species examined.

Single-Dose Intravenous Pharmacokinetic Studies in Rats
Following single-dose IV administration to rats, sotatercept
exhibited linear PK, with mean t1/2 ranging from 140.8 to 203.9
h (6 to 9 days) across the dose range of 1 mg/kg to 30 mg/kg.
Mean clearance values were similar across doses, ranging from
0.12 to 0.14 mL/kg/h.

Single-Dose Intravenous Pharmacokinetic Studies in
Monkeys

Following single-dose IV administrations to monkeys,
sotatercept exhibited linear PKs with mean t1/2 of sotatercept
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ranging from 217 to 253 h (9 to 11 days) within the dose range
of 1 mg/kg to 30 mg/kg.

Subcutaneous Route of Administration

PK of sotatercept was assessed following SC administration to
rats and monkeys. In general, there were no substantial
differences in sotatercept SC PK with respect to sex in the animal
species examined after single and multiple dose administration.
Single-Dose Subcutaneous Pharmacokinetic Studies in Rats
A single SC dose administration of 3, 10, or 30 mg/kg of
sotatercept to rats resulted in a roughly dose proportional
increase in area under the concentration-time curve (AUC) and
Cmax.

Single-Dose Subcutaneous Pharmacokinetic Studies in
Monkeys

A single SC dose administration of 1, 10, or 30 mg/kg of
sotatercept to monkeys resulted in a less than dose proportional
increase in AUC and Cnmax values.

Repeat-Dose Pharmacokinetic Studies

Sotatercept exposures after SC administration of multiple doses
were assessed in GLP studies in rats, pregnant rabbits, and
cynomolgus monkeys. Repeat-dose administration was
performed once weekly in rat and rabbit and once every two
weeks in monkey based on the half-life of sotatercept observed
in rats (4 to 8 days), rabbits (2 to 3 days), and monkeys (7 to 9
days).

Repeat-Dose Pharmacokinetic Studies in Rats

Repeat-dose PK of sotatercept was evaluated following weekly
SC administrations to rats at dose levels of 0.3, 3, and 30 mg/kg
as part of a 3-month GLP toxicity study. On Day 1, sotatercept
systemic exposure increased in an approximately dose-
proportional manner and in a less than dose-proportional manner
on Day 92. No notable sex differences in exposure were apparent
except at 3 mg/kg on Day 92 where the exposure in males was
2.4 times higher than the exposure in females, possibly due to the
presence of ADA in some Day 92 samples. Sotatercept
accumulation in serum was

observed only at the 0.3 mg/kg dose with an accumulation ratio
(Rc) of 2.6. The accumulation at the higher dose levels may have
been impacted by the presence of ADA. Although some ADA
positive animals appeared to maintain drug levels, ADA
generally resulted in diminished exposure, a shorter half-life, and
minimal accumulation ratios. The overall ADA positive rate in
all sotatercept-dosed animals during the dosing phase was
43.6 %.

Repeat-Dose Pharmacokinetic Studies in Rabbits
Repeat-dose PK of sotatercept was evaluated following weekly
SC administration to pregnant rabbits at 0.5, 1.5, and 5 mg/kg.
After the first and last dose (gestation day (GD) 7 and GD 14),
Ciax and AUCy.168n increased approximately dose proportionally
within the dose range. The apparent t1/2 ranged from 97.6 to
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205.5 h (4.1 to 8.6 days) after the first dose and was shorter after
the second dose with values ranging from 47.6 to 85.2 h (2.0 to
3.6 days). There was no to minimal accumulation with Rc
ranging from 0.9 to 1.6. ADA were detected in 40.6% of
sotatercept-dosed animals. For the TK subset of animals,
antibodies had an impact on sotatercept exposure in 3 of 9
animals.

Repeat-Dose Pharmacokinetic Studies in Monkeys
Repeat-dose PK of sotatercept was evaluated following every
two-week SC administration to monkeys as part of the 27-week
GLP toxicity study. Sotatercept was administered at doses of 10,
30, and 50 mg/kg. There were no observed sex-related
differences in exposures. Cmax values increased approximately
proportionally with doses up to 30 mg/kg after the first and last
dose (Study Day 183), while at 50 mg/kg, Cmax increased greater
than dose proportional after the first dose and less than dose
proportional after the last dose. AUCo336h increased
approximately dose proportional after the first and last dose.
There was sustained exposures over the study with minimal
accumulation from the first to the last dose (mean Rc was 1.46).
Antibodies to sotatercept were detected in 16.7% to 33.3% of
dosed animals with one ADA-positive animal exhibiting
decreased exposures on Day 183. A similar PK interpretation is
also obtained from a 9-month repeat-dose toxicity study
following every two-week SC administration of sotatercept to
monkeys.

3) distribution

Sotatercept is a fusion protein therapeutic with a calculated
molecular weight (based on amino acid sequence) of the
sotatercept homodimer of 78 kilodalton (kDa) and consists
entirely of naturally occurring amino acids. Its distribution to
tissues is expected to be limited and similar to a monoclonal
antibody. Hence, typical distribution studies of sotatercept in
nonclinical species have not been conducted.

Repeat-dose PK of sotatercept was evaluated following weekly
SC administration to pregnant rabbits at 5, 15, and 50 mg/kg.
Sotatercept was detected in pooled fetal serum samples at each
dose level on GD 29 indicating that by the end of gestation the
fusion protein can cross the placental barrier. The fetal serum
concentrations ranged from 1 % to 39 % of maternal
concentrations.

In a pre- and postnatal developmental toxicity study in rats,
sotatercept was administered to lactating rats. Sotatercept-related
effects on the suckling offspring were observed, suggesting that
sotatercept is distributed into rat milk.

4) metabolism

Sotatercept is a protein therapeutic consisting entirely of
naturally occurring amino acids and typical proteolytic pathways
are expected to be the primary route of catabolism. No traditional
metabolism studies were conducted with sotatercept per current
ICH S6 (R1) guidance on preclinical safety evaluation of
biotechnology-derived pharmaceuticals.
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5) elimination

Sotatercept is a protein therapeutic consisting entirely of
naturally occurring amino acids and its excretion is expected to
be similar to monoclonal antibodies. Studies of the excretion of

sotatercept in nonclinical species and human have not been
conducted.

6) pharmacokinetic interactions
(non-clinical)

As a protein therapeutic, sotatercept is expected to be catabolized
into amino acids by general protein degradation processes and
not eliminated by renal or hepatic pathways, hence sotatercept is
not expected to be affected by potential drug-drug interactions
that occur for small molecules through interactions with
metabolic enzymes and transporters. Also, sotatercept impact on
drug metabolizing enzymes and transporters are expected to be
low as no modulation of cytokine levels are anticipated based on
its mechanism of action. Hence, studies describing the potential
of sotatercept to inhibit or induce drug metabolizing enzymes and
transporters have not been conducted nor are they needed.

7) other pharmacokinetic studies

No other PK studies have been conducted.

4. Toxicology:

1) single-dose toxicity

Sotatercept: Sprague Dawley Rats, Given a Single
Intravenous Injection (10 and 30 mg/kg) of Sotatercept Plus
Controls

Subsequent to the 4-week IV toxicity study in rats where the
adrenal gland was identified as a target organ, a non-GLP,
exploratory study was conducted to evaluate the time course of
sotatercept-related toxicity in

the adrenal gland following a single IV injection to female
Sprague Dawley rats.

Twelve control and 14 treated female Sprague Dawley rats/group
were administered single IV doses of 10 or 30 mg/kg sotatercept
Parameters evaluated were limited to anatomic pathology
examinations. On Study Days 8 and 28, half of the animals from
each group (6/control and 7/treated/groups) were euthanized, the
adrenal gland, liver, kidneys, and pancreas were collected, and
the adrenal glands were subsequently  examined
histomorphologically.

There were no test article-related gross or organ weight changes.
On Study Day 8, there were no test article-related histo-
morphologic changes in the adrenal glands. However, by Study
Day 28, moderate cortical necrosis with associated
mineralization was observed in the adrenals of 1 of 7 animals that
received 10 mg/kg and 3 of 7 animals that received 30 mg/kg.
Adrenal gland findings comprised approximately 30 to 70% of
adrenocortical cross-sectional area and were bilateral in all
instances. The findings were centered within the zona
fasciculata or zona reticularis with complete sparing of the zona
glomerulosa. The adrenal medulla, which was variably present in
the sections examined, was unaffected. Under the conditions of
this study a NOEL was not established.
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2)repeated dose toxicity

Subcutaneous Dosing in Rats

Sotatercept: A 3-Month Subcutaneous Toxicity Study in Rats
with a 1-Month Recovery

The purpose of this GLP study was to evaluate the toxicity of
sotatercept when administered once weekly (Q1 W) for 3 months
to male and female Sprague Dawley rats by the SC route.
Additionally, the study was designed to investigate the
reversibility of any treatment-related toxicity during a 1-month
treatment-free period.

Sprague Dawley rats (15/sex/group) were administered 0.3, 3, or
30 mg/kg of sotatercept SC QIW for 3 months (a total of 13
doses). Five rats/sex/group were retained for a 1-month
treatment-free period. Rats were approximately 6 to 8 weeks of
age at the time of first dose.

Assessment of toxicity was based on mortality, clinical
observations, body weights, food consumption, steroid hormone
determinations (females only), and clinical and anatomic
pathology evaluations. Serum concentrations of sotatercept
(treated animals) and immunogenicity (ADAs) (control and
treated animals) were determined.

There were no test article-related unscheduled deaths, clinical
signs, or changes in body weight, urinalysis parameters or follicle
stimulating hormone levels.

During the dosing period, test article-related increases in food
consumption occurred in females at > 0.3 mg/kg QIW in the
absence of body weight effects, and therefore were of nominal
toxicological significance. At the end of the dosing period (Study
Day 90), test article-related, pharmacologically-mediated,
hematology changes generally included mild increases in
indicators of circulating erythrocyte mass (RBC, red cell
distribution width (RDW), and/or HGB) and decreases in mean
corpuscular volume (MCV) and mean corpuscular hemoglobin
(MCH) at >0.3 mg/kg QIW, increases in reticulocytes at
>3 mg/kg Q1W, and/or increases in platelet volume at 30 mg/kg
QIW that were all non-adverse.

Clinical chemistry findings were limited to a minimal increase in
blood urea nitrogen (that remained within the range of historical
control values) at 30 mg/kg Q1W.

In animals necropsied on Study Day 90, postmortem changes
occurring at <3 mg/kg Q1 W were considered non-adverse based
on low incidence and the character and extent of the changes. The
sotatercept formulation was well tolerated at the SC injection
sites. Decreases in heart weight at >0.3 mg/kg Q1W in males and
females and increased liver weight at 30 mg/kg Q1W in females
occurred in the absence of a histological correlate and were not
considered adverse at any dose level. Test article-related effects
in the testes included minimal to moderate hypo-spermatogenesis
at 0.3 mgkg (1 animal) and 30 mgkg QIW, and
aspermatogenesis with minimal mononuclear cell infiltrates and
spermatid giant cells at 3 mg/kg QIW (1 animal) that correlated

095L37




with epididymal mass and reduced size of testis/seminal vesicle
at 3 mg/kg QIW and mild, multifocal unilateral atrophy of the
testis at 30 mg/kg Q1W. In the adrenal cortex, mild, focal or
diffuse congestion occurred at >0.3 mg/kg QIW and multifocal
mineralization of the adrenal cortex and increased adrenal
weights occurred at 30 mg/kg Q1W. Kidney findings included
minimal membranous or membranoproliferative
glomerulonephritis and minimal to mild tubular cell basophilia at
>0.3 mgkg QI1W, and mild/minimal focal tubular
degeneration/atrophy with tubular dilatation, interstitial fibrosis,
and/or mononuclear inflammatory cell infiltration at 30 mg/kg
QIW that correlated with fluid accumulation adjacent to the
kidneys noted grossly and decreases in kidney weight at 30
mg/kg QIW. Although these kidney changes were initially
attributed to immune complex deposition secondary to ADA
formation, additional investigation suggests that sotatercept-
mediated kidney toxicity is a direct effect.

During the treatment-free period and at the recovery necropsy
(Study Day 120), test article-related findings were limited to
moderate, unilateral, diffuse, or locally extensive
aspermatogenesis in the testis of 2 of 5 males at 30 mg/kg Q1W
that were consistent with testes changes observed during the
treatment period. Heart weight, adrenal and kidney changes
demonstrated recovery at all dosages following the treatment-
free period.

Serum sotatercept concentration data were determined prior to
dosing (at trough) on Study Days 7 (after the first dose), 14, 28,
56, 84, 90 (after the last dose), and 120 (at the end of the
treatment-free period). TK data did not include area under the
curve or Cmax due to limited sampling.

Serum concentrations measured during the dosing period showed
considerable variation among individual animals at each dose
level. These variations were considered consistent with
development of ADAs in a subset of animals. The overall rate of
positivity for ADA responses based on ELISA values above the
positive control threshold was 51 of 88 (58 %) of treated animals
evaluated. The rate of positivity for ADA responses based on the
specificity assay was 7 of 83 (8.4%). Comparison of individual
animal pharmacokinetic and ADA data from the treatment-free
period animals showed a high degree of correlation between
animals that failed to maintain sotatercept concentration levels
above the limit of quantitation during the dosing period and
animals that had ELISA positive ADA values, regardless of the
outcome in the specificity component to the immunogenicity
(ADA) assay.

In conclusion, adverse test article-related findings were limited
to 30 mg/kg Q1W animals and consisted of tubulointerstitial and
glomerular changes in the kidneys, mineralization of the adrenal
cortex, and atrophy or hypo-spermatogenesis in the testis. Heart
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weight, adrenal and kidney changes demonstrated recovery at all
dosages following the treatment-free period.

In contrast, testicular findings at 30 mg/kg QIW were not
reversible. Glomerular nephritis was originally considered a
consequence of immune complex deposition related to
immunogenicity (ADA), however, in a subsequent rat study it
was determined that this was likely a direct toxic effect of
sotatercept. Under the conditions of this study and based on the
non-adverse nature and complete reversibility of effects at
<3 mg/kg, the no observed adverse effect level (NOAEL) was
3 mg/kg Q1W, corresponding to an estimated area under the
concentration-time curve from zero to 168 hours (AUCo.-168n) of
2090 pg*h/mL (2-fold the clinical exposure at the maximum
human recommended dose [MRHD]).

Sotatercept: A 3-Month Toxicokinetic Study of Sotatercept
by Subcutaneous Injection in Rats with a 1-Month Recovery
Period

The objectives of this GLP study were to determine the TK and
immunogenicity (ADA) of sotatercept, and the potential utility
of urinary biomarkers of renal toxicity in monitoring kidney
changes, when sotatercept was administered SC to Sprague
Dawley rats Q1 W for 3 months followed by a 1-month treatment-
free period.

Sprague Dawley rats (16/sex/group) were administered 0.3, 3, or
30 mg/kg of sotatercept or vehicle only SC Q1W for 3 months (a
total of 14 doses). Six rats/sex/group were assigned for
TK/immunogenicity (ADA) sample collection and retained for a
1-month treatment-free period.

Assessment of toxicity was based on mortality, clinical
observations, body weights, clinical pathology (hematology,
clinical chemistry, urine biomarkers), and gross and anatomic
pathology evaluations of the kidney. Serum concentrations of
sotatercept (control and treated animals) and ADA (treated
animals) were determined.

There were no test article-related unscheduled deaths. One male
at 30 mg/kg Q1W was found dead on Study Day 57. This death
was of uncertain relationship to treatment as Study Day 29
hematology and chemistry (creatinine and blood urea nitrogen
(BUN)) changes were similar to values in other 30 mg/kg QIW
animals and the cause of death was not apparent based on the
gross or microscopic examination of the kidneys.

During the dosing period, test article-related clinical observation
findings were limited to distended abdomen that occurred in two
30 mg/kg Q1W animals. Small increases in mean body weights
were noted for females at >0.3 mg/kg QIW during the dosing
period and persisted at 30 mg/kg Q1W throughout the treatment-
free period.

Beginning on approximately Study Day 29 and usually
continuing to Study Day 93, test article-related,
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pharmacologically-mediated, hematology changes generally
included mild increases in indicators of circulating erythrocyte
mass (RBC, HCT, and HGB content), increases in RDW and
reticulocytes, and decreases in MCH, mean corpuscular
hemoglobin concentration (MCHC), and/or MCV at > 0.3 mg/kg
QI1W, and decreases in platelets at 30 mg/kg Q1W that were all
of minimal toxicological significance. The majority of these
findings persisted in males at > 0.3 mg/kg QIW and 30 mg/kg
Q1W females through the treatment-free period. There were no
test article-related clinical chemistry changes.

Dose and time-dependent increases in the urinary kidney injury
biomarkers osteopontin, lipocalin-2, and albumin were observed
in sotatercept-treated rats. Moderate increases (approximately 5-
fold over control) in osteopontin and lipocalin-2 were observed
during the dosing period (Study Day 93), primarily at 30 mg/kg
QIW. Albumin increases (up to approximately 50-fold over
control) were most apparent at 30 mg/kg QIW during the
treatment-free period (Study Day 121).

At the end of the dosing period (Study Day 93), left kidney
enlargement (attributed to fluid accumulation within the renal
capsule) observed in two 30 mg/kg Q1 W animals correlated with
minimal to mild cystic dilation and fibrosis of the renal capsule.
Minimal to moderate membranoproliferative glomerulonephritis
was noted in males at >3 mg/kg Q1W and females at > 0.3 mg/kg
QIW. Minimal to mild chronic progressive nephropathy was
noted in females at >3 mg/kg QIW, and minimal to mild
interstitial mineralization was noted in males and females at
30 mg/kg Q1W. At the end of the treatment-free period (Study
Day 121), gross and microscopic kidney changes from the dosing
period had not resolved, and minimal to moderate chronic
progressive nephropathy was now present in both males and
females at >0.3 mg/kg QIW.

However, there were no notable renal biomarker changes at
<3 mg/kg QIW and based on the low severity and incidence of
the histological findings, kidney changes at <3 mg/kg Q1W were
not considered adverse.

In general, sotatercept concentrations were lower in animals that
were ADA positive. In the TK animals, sotatercept serum
concentrations were below limit of quantification (BLQ) at
3 mg/kg in 2/4 ADA positive animals on Study Day 92 and in 3/5
ADA positive animals on Study Day 121. At 30 mg/kg, only 1
animal tested positive for ADA and its serum concentrations
were BLQ beginning on Study Day 92.

Sotatercept serum concentrations in the main study animals at
termination on Study Day 93 were similar to those in the TK
animals at 24 h postdose on Study Day 92. However, in the 0.3
and 3 mg/kg dose group there were 4/5 and 7/13 ADA positive
animals, respectively, that had sotatercept concentrations that
were BLQ. At 30 mg/kg in the main study animals, sotatercept
concentrations were significantly reduced in ADA positive
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animals. On Study Days 92/93, the overall incidence of ADA at
0.3, 3, and 30 mgkg QIW was 19 %, 65 %, and 28 %,
respectively.

Following multiple dosing, serum sotatercept concentrations
appeared to increase in some dose groups. The Study Day 92 to
Day 1 AUCy.16sn ratios at 0.3, 3, and 30 mg/kg QIW were 3.1,
1.4, and 1.7 in males, respectively, and 2.3, 0.55, 0.92 in females,
respectively. The presence of ADA in Study Day 92 samples
likely contributed to lower accumulation ratios in the 3 and 30
mg/kg QI'W groups.

An attempt to correlate the presence of ADA with glomerular
changes in all sotatercept-treated groups was unsuccessful and
demonstrated the opposite that, in general, urine albumin
increases and glomerulonephritis occurred in animals that were
ADA negative.

Instead, the glomerular changes correlated to increased
sotatercept serum levels on Day 93, indicating that the
glomerular changes are likely a direct effect of sotatercept and
not related to immune complex deposition.

In conclusion, administration of sotatercept QIW for 3
consecutive months at 0.3, 3, and 30 mg/kg resulted in body
weight, clinical pathology, and nonreversible kidney changes at
serum concentrations (Study Day 92) similar to those observed
in an earlier 3-month SC toxicity study in rats performed at the
same doses. In both 3-month rat studies, the NOAEL was
3 mg/kg QIW (AUCo-16sn 2090 pg*h/mL, 2-fold the clinical
exposure at the MRHD). In the current study, increases in the
urinary kidney injury biomarkers osteopontin, lipocalin-2, and
albumin generally correlated with adverse kidney toxicity
occurring at 30 mg/kg Q1W, and kidney findings at dosages
<3 mg/kg QI'W were not adverse based on the low incidence and
severity of the histological findings. Additionally, glomerular
toxicity was shown to be greatest in ADA negative animals,
suggesting that sotatercept may have direct toxic effects on the
kidney.

Intravenous Dosing in Rats

Sotatercept: A Study To Determine The Potential Toxicity of
Sotatercept When Administered to Male and Female
Sprague-Dawley Rats via Intravenous Injection Once a Week
for 4 Weeks Followed by a 4-Week Recovery

The objective of this GLP study was to determine the potential
toxicity of sotatercept when administered to male and female
Sprague-Dawley rats via IV injection once a week for 4 weeks.
Sprague Dawley rats (15/sex/group) were administered 1, 10, or
30 mg/kg of sotatercept IV Q1W for 4 weeks (a total of 4 doses).
Five rats/sex/group were retained for a 4-week treatment-free
period.

Assessment of toxicity was based on mortality, clinical
observations, body weights, food consumption, and clinical and
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anatomic pathology (including bone marrow smear and male
reproductive capacity assessments) examinations. Plasma
concentrations of sotatercept and ADAs were determined in
treated samples.

There were 2 unscheduled deaths that were of uncertain
relationship to treatment. One 10 mg/kg Q1W male was found
dead on Study Day 19 after observation of blood in the urine

on Study Day 18. One 30 mg/kg Q1W male was euthanized in
moribund condition on Study Day 23. Hematology changes and
many postmortem changes in the moribund 30 mg/kg Q1W male
were consistent with findings observed in 30 mgkg QIW
animals at scheduled necropsy on Study Day 29. The cause of
death or moribund condition for the unscheduled death animals
was not determined.

There were no test article-related clinical observations or changes
in body weight, food consumption, or urinalysis parameters.

On Study Day 29, test article-related, pharmacologically-
mediated, hematology changes generally included mild increases
in indicators of circulating erythrocyte mass (RBC, HCT, and
HGB content) at > 1 mg/kg Q1W. These changes correlated with
slight increases in total erythroid cell count in males at
> 10 mg/kg QIW and in females at > 1 mg/kg Q1W, compared
to controls, as assessed via qualitative and quantitative
microscopic evaluation of bone marrow smears. Additional
hematology changes included mild increases in reticulocytes at
> 1 mg/kg QIW, mild increases in basophils (at 10 mg/kg Q1W
only) and large unstained cell count (at >10 mg/kg QIW) in
males, and mild decreases in MCH at >1 mg/kg Q1W, MCHC at
> 10 mg/kg Q1IW, and platelets in males at >10 mg/kg Q1 W, that
were all of minimal toxicological significance. The mild
increases in RBC, HGB, and HCT and decreases in MCH
persisted at > 10 mg/kg Q1W through the 1-month treatment-free
period. At the end of the treatment-free period there were no
microscopic findings in the bone marrow that corresponded to
these alterations. All hematology and bone marrow findings were
non-adverse.

There were very slight to slight increases in mean alanine
aminotransferase (ALT) (2 to 3-fold over control), aspartate
transferase (AST) (1 to 2-fold over control), and alkaline
phosphatase (ALP) (1-fold over control) at 10 mg/kg Q1W and
30 mg/kg QIW in females on Study Day 29. The 1 mg/kg QIW
female mean AST was also significantly higher than control (1-
fold over control). In males, changes in liver enzymes (ALT
increased very slightly at 10 mg/kg QIW only) were less
remarkable than those in females on Study Day 29.

After the 1-month treatment-free period (Study Day 57), mean
aspartate aminotransferase and alkaline phosphatase values were
increased 2-fold over control at 30 mg/kg QIW in females. On
Study Day 57 in males, ALP values were increased 2-fold over
control at 10 mg/kg Q1W only. Due to their small magnitude and

095L37




the absence of microscopic findings in the liver that
corresponded to these alterations, the increases in liver enzymes
were non-adverse. Notable increases in liver enzymes did not
occur at similar serum/plasma concentrations in the subsequent
SC 3-month rat toxicity studies.

Test article-related anatomic pathology changes were observed
in the testes/epididymides at > 10 mg/kg Q1 W, and pancreas and
adrenal gland at > 1 mg/kg Q1W. Additionally, there were
increases in ovarian weight at > 10 mg/kg Q1W, and decreases
in heart weight at > 1 mg/kg Q1W, kidney weight at > 10 mg/kg
Q1W, and uterine weight at 30 mg/kg Q1W that all occurred in
the absence of correlating microscopic changes and were non-
adverse. In the testes at > 10 mg/kg Q1W, sperm granulomas
noted microscopically correlated with nodules/foci in the
epididymides observed grossly. Additionally, testicular
degeneration (dilation of tubules, decreased number of
spermatids in the seminiferous tubules, spermatid giant cells)
often correlated with the presence of sperm granulomas and an
increase in mean testicular weight. In the adrenal gland in
females at > 1 mg/kg Q1W, necrosis in the cortex and medulla
correlated with increases 1in adrenal weights and
enlargement/discoloration and foci noted grossly. In the
pancreas, apoptosis of acinar cells, zymogen granule depletion
and atrophy of pancreatic acini occurred at > 1 mg/kg QIW and
were generally minimal to mild in severity. Due to the low
severity of the pancreas changes across the dose range, the
presence of acinar cell apoptosis in control and treated rats, and
because similar effects in the pancreas were not observed in
subsequent SC rat studies at doses up to 30 mg/kg QIW or in
monkeys at any dose level, the pancreas changes were not related
to treatment with sotatercept. The sotatercept formulation was
well tolerated at the injection sites.

At the end of the 1-month treatment-free period (Study Day 57),
pancreatic changes at > 1 mg/kg Q1W that were not considered
test article-related and decreases in heart weight, sperm
granuloma in the epididymides/testicular degeneration, and
adrenal gland necrosis/chronic necrosis at > 10 mg/kg Q1W had
not resolved.

In the male reproductive assessment, changes in sperm
parameters generally correlated with test article-related
histologic findings in the testes. Decreases in sperm motility and
epididymal sperm count, and increases in sperm fragmentation,
occurred at 30 mg/kg QIW at the end of the dosing period. At
the end of the treatment-free period, increased sperm
fragmentation and decreased sperm motility occurred in 2 of 5
animals at 10 mg/kg Q1W only.

Sotatercept plasma concentrations were determined on Study
Days 2 and 3 after the first dose, prior to dosing on Study Day 7,
and prior to each necropsy.
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At 1, 10, and 30 mg/kg Q1 W, anti-drug antibodies (ADAs) were
detected on Study Day 29 in 7/10, 1/10, and 2/10 animals and on
Study Day 57 in 4/10, 0/10, and 2/10 animals, respectively.
Higher titer antibodies detected on Study Day 29 that then
persisted through to Study Day 57 tended to be associated with
lower plasma concentrations of sotatercept. At 1 mg/kg Q1W,
sotatercept plasma concentrations were below the limit of
quantitation in 2/10 animals on Study Day 29 and 7/10 animals
on Study Day 57.

In conclusion, IV administration of sotatercept at 1, 10, and 30
mg/kg QIW for 4 weeks resulted in adverse changes at all dose
levels. Adrenal gland necrosis was observed in females at
>1mg/kg QIW, and 2 unscheduled deaths of uncertain
relationship to treatment as well as histomorphologic changes in
the testes/epididymides occurred at > 10 mg/kg Q1W.

Neither the adrenal nor testicular changes demonstrated
reversibility at doses > 10 mg/kg QIW following a 4-week
treatment-free period. Based on these findings, the NOAEL
following IV administration was < 1 mg/kg QI W.

Subcutaneous Dosing in Monkeys

Sotatercept: A 3-Month Subcutaneous Toxicity Study in
Cynomolgus Monkeys with a 2-Month Recovery

The purpose of this GLP study was to evaluate the potential
toxicity and TK of sotatercept when administered SC every 2
weeks for 3 months to male and female cynomolgus monkeys.
Additionally, the study was designed to investigate the
reversibility of any treatment-related toxicity during a 2-month
treatment-free period.

Cynomolgus monkeys (4 to 6/sex/group) were administered 10,
30, or 50 mg/kg sotatercept SC Q2W for 3 months (a total of 7
doses). Two/animals/sex in the control and high-dose groups
were retained for a 2-month treatment-free period.

Assessment of toxicity was based on mortality, clinical
observations, body weights, food consumption,
electrocardiogram and ophthalmology examinations, and clinical
and anatomic pathology evaluations. Plasma concentrations of
sotatercept (control and treated samples) and ADAs (treated
samples) were determined.

All animals survived until scheduled termination. There were no
test article-related clinical observations or body weight, food
consumption, ophthalmic, ECG, coagulation, or urinalysis
changes.

Test article-related, pharmacologically-mediated, hematology
changes included mild increases in indicators of circulating
erythrocyte mass (that generally included HGB, HCT, RBC, and
RDW) and reticulocytes and decreases in MCH and MCHC that
generally occurred at all dose levels and were of minimal
toxicological significance. These changes resolved during the
treatment-free period.
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Test article-related clinical chemistry changes at > 10 mg/kg
once every two weeks (Q2W) were limited to minimally
increased mean creatinine and blood urea nitrogen (BUN) values.
At the end of the treatment-free period (Study Day 148), mean
creatinine values were increased at 50 mg/kg Q2W in females
only. In all instances, creatinine and BUN values in treated
animals remained within the laboratory historical control data
range. Thus, these changes were considered non-adverse and of
minimal toxicological significance.

There were no test article-related gross or organ weight changes.
At the terminal necropsy (Study Day 92), test article-related
histomorphologic changes occurred in the kidney at > 30 mg/kg
Q2W and consisted of mild to moderate multifocal or diffuse
membranoproliferative hypercellularity of the glomeruli that
resulted in secondary tubular changes (corticomedullary fibrosis,
mononuclear infiltrate, tubular basophilia and tubular ectasia) at
50 mg/kg Q2W. At 30 mg/kg Q2W in the terminal sacrifice
group, these glomerular changes were mild and noted in 4/8
monkeys. At 50 mg/kg Q2W, these changes were mild to
moderate in all monkeys at the terminal sacrifice and mild in all
monkeys at the end of the treatment-free period. The severity and
distribution of the lesion was less in the treatment-free period
animals, suggesting that with time, resolution of the glomerular
lesion would occur. These findings were originally considered to
be related to ADA formation and antigen/antibody complex
deposition in the glomeruli. However, subsequent studies
indicated the kidney changes were likely a direct effect of
sotatercept and not due solely to immune deposition.

Predose trough plasma levels obtained at 2, 4, 8, and 12 weeks
remained stable throughout the dosing period. A comparison of
trough concentrations obtained from single timepoints collected
prior to the second dose (Study Day 14) and prior to the last dose
(Study Day 84) indicated that group mean plasma concentrations
were similar on both days and that adequate exposure was
maintained in the animals throughout the dosing period.

ADAs were detected in only 1 animal on Study Day 15 and did
not impact exposure in this animal.

In conclusion, minimal non-adverse clinical pathology changes
were observed at all doses and membranoproliferative,
hypercellularity of the glomeruli occurred in the kidneys at

> 30 mg/kg Q2W (mild at 30 mg/kg Q2W and mild to moderate
at 50 mg/kg Q2W) with secondary renal tubular effects at 50
mg/kg Q2W. Compared to the terminal necropsy findings, the
severity and distribution of the glomerular change was less in the
50 mg/kg Q2W treatment-free period animals, suggesting that
with time, resolution of the glomerular lesion would occur.
Because of the mild degree of glomerular change at 30 mg/kg
Q2W, the indication of at least partial reversal at 50 mg/kg Q2W,
and lack of biologically significant alterations in correlating
clinical chemistry parameters, the NOAEL for this study was
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30 mg/kg Q2W, corresponding to a Study Day 1 Cmax and AUCo.
312n of 351 pg/mL and 82,389 pg*h/mL (32-fold the clinical
exposure at the MRHD), respectively.

Sotatercept: A 27-Week Subcutaneous Toxicity Study in
Cynomolgus Monkeys with a 13-Week Recovery

The purpose of this GLP study was to determine the potential
toxicity and TK of sotatercept when administered SC once every
2 weeks for 27 weeks to male and female cynomolgus monkeys.
Additionally, this study was designed to investigate the
reversibility of any treatment-related toxicity during a 13-week
treatment-free period.

Cynomolgus monkeys (6/sex/group) were administered 10, 30,
or 50 mg/kg of sotatercept SC Q2W for 27 weeks (a total of 14
doses). Three monkeys/sex/group were retained for a 13-week
treatment-free period.

Assessment of toxicity was based on mortality, clinical
observations, body weights, food consumption,
electrocardiogram and ophthalmology examinations, and clinical
and anatomic pathology evaluations. Serum concentrations of
sotatercept and ADAs were determined in control and treated
samples.

This study was initially designed as a 9-month study with a 2-
month treatment-free period. Doses were selected based on data
from the 3-month toxicity study.

However, following the unscheduled deaths of two 30 mg/kg
Q2W-dosed females with clinical and anatomic pathology
findings suggestive of immune complex-mediated glomerular
nephritis and renal toxicity, the study was amended to terminate
dosing at 27 weeks to reduce the potential impact of putative
immunogenicity (ADA) reactions on animal welfare and data
interpretation.

There were 2 test article-related unscheduled deaths. Two 30
mg/kg Q2W females were euthanized in moribund condition on
Study Days 142 and 156. Prior to termination, test article-related
changes in these animals included hunched and thin appearance,
cold to touch, low activity, rough hair coat, severe appetite loss
and dehydration, and moderate to marked increases in BUN and
creatinine values (compared to historical controls). Postmortem

findings included moderate to severe tubulointerstitial nephritis
and glomerulonephritis that correlated with tan appearance of the
kidneys noted grossly and increases in BUN and creatinine.
Additional postmortem changes included moderate lymphoid
depletion in the thymus in both animals. Minimal focal acute
myocardial necrosis with mononuclear cell infiltrates, multifocal
chronic inflammation in the pancreas with focal arteritis, and red
adrenals noted grossly occurred in 1 early death animal.

In surviving animals, there were no sotatercept-related clinical
signs or effects on body weight, food consumption, ECG,
ophthalmic, coagulation, or urinalysis parameters.
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Test article-related, pharmacologically-mediated, hematology
changes included mild increases in indicators of circulating
erythrocyte mass (HGB, HCT, and RBC) and reticulocytes that
occurred at all dose levels, resolved during the treatment-free
period, and were non-adverse. Total white blood cell and
lymphocyte counts in control and treated animals were
comparable.

Test article-related clinical chemistry changes in surviving
animals were limited to mild increases in BUN and creatinine in
females at 50 mg/kg Q2W that were noted beginning on Study
Day 152 and continued to Study Day 190 (end of dosing period).
During the treatment-free period, mean BUN and creatinine
values decreased but remained above baseline, and creatinine
remained increased in 1 female with glomerulonephritis and
tubulointerstitial nephritis.

At the terminal necropsy on Study Day 190, test article-related
histomorphologic changes were observed at all doses in the
kidneys and thymus, and in the choroid plexus of the brain at
> 30 mg/kg Q2W.

Tubulointerstitial nephritis in the kidney was present at all dose
levels, affected females more than males, and increased in
incidence and severity (minimal to marked) in a dose-related
manner. The finding of tubulointerstitial nephritis correlated with
gross findings of pale/tan/mottled kidney discoloration of the
kidneys present at all doses and with increased mean kidney
weights at 50 mg/kg Q2W only. Tubulointerstitial nephritis was
characterized by multifocal to coalescing tubular atrophy with
variable degrees (often prominent) of interstitial fibrosis.
Masson’s Trichrome stains performed in representative tissue
from animals with tubulointerstitial nephritis showed prominent
deposition of loose connective tissue (collagen) in the
interstitium, primarily distributed along cortical tubules and
around glomeruli and adjacent tubules (compared to control).
Associated glomeruli were sometimes atrophic and sclerotic.
Minimal to moderate glomerular membranoproliferative
hypercellularity (glomerulonephritis) was observed
predominately at >30 mg/kg Q2W and was present at higher
incidence in females. There was generally a direct correlation
between the severity of tubulointerstitial nephritis with
glomerular membranoproliferative hypercellularity and the
magnitude of BUN and creatinine increases in 50 mg/kg Q2W
females on Study Day 183. At the end of the treatment-free
period (Study Day 274), minimal to marked tubulointerstitial
nephritis and/or minimal glomerular membranoproliferative
hypercellularity remained present in the kidney at >10 mg/kg
Q2W at an incidence comparable to that observed at the end of
the dosing period. The severity of the glomerular
membranoproliferative hypercellularity had lessened compared
to the terminal necropsy, suggesting possible partial recovery.
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At the end of the dosing period, decreases in mean thymus weight
at 50 mg/kg Q2W correlated with minimal to moderate lymphoid
depletion were observed at >10 mg/kg Q2W.

The incidence and severity of lymphoid depletion was not dose-
related but was most pronounced in the unscheduled death
animals. At the end of the treatment-free period this lymphoid
finding was no longer present in any dose group.

In the choroid plexus at terminal necropsy, minimal to slight
foamy macrophage infiltrates were observed in 1 to 2
animals/group at > 30 mg/kg Q2W. During the treatment-free
period, this change remained present at a comparable incidence
and severity.

AUC-336n and Cmax increased in a dose-proportional manner over
the dose range tested.

Sotatercept accumulated in the circulation following repeated SC
dosing every 2 weeks. In Week 27, mean accumulation ratios
were 1.82 and 1.46 for Cmax and AUCo-336n, respectively. ADAs
were consistently detected in 8/48 animals; 2/12 animals at 10
mg/kg Q2W, 2/12 animals at 30 mg/kg Q2W, and 4/12 animals
at 50 mg/kg Q2W. In one 50 mg/kg Q2W-dosed male, ADAs
increased sotatercept clearance, resulting in pre-dose drug levels
below the limit of quantitation beginning on Study Day 57
through Study Day 183 (the end of the dosing period).

In conclusion, sotatercept administration to cynomolgus
monkeys for 27 weeks resulted in tubulointerstitial nephritis
and/or glomerulonephritis at all doses that generally increased in
incidence and severity in a dose-related manner and correlated
with increases in BUN and creatinine in 50 mg/kg Q2W final
necropsy females and two 30 mg/kg Q2W females that were
terminated in Study Weeks 21/23 in moribund condition
resulting from moderate to marked renal toxicity. Following the
13-week treatment-free period, renal histomorphologic changes
showed little evidence of recovery. In contrast, BUN and
creatinine values decreased during the treatment-free period,
which was consistent with partial functional recovery of the
kidneys. In the choroid plexus, foamy macrophage infiltrates
noted at >30 mg/kg Q2W were of similar incidence and severity
in final and treatment-free period necropsy animals.

Lymphoid depletion noted at final necropsy at > 10 mg/kg Q2W
did not correlate with changes in circulating total white blood cell
or lymphocyte counts and was not present at any dose level in
treatment-free period necropsy animals. Based on renal findings
present in treatment-free period necropsy animals at all doses, the
NOAEL for this study was < 10 mg/kg Q2W.

Sotatercept: A 9-Month Subcutaneous Toxicity Study in
Cynomolgus Monkeys with a 2-Month Recovery

The objective of this study was to determine the potential
toxicity of sotatercept when administered Q2W for 9 months to
cynomolgus monkeys at doses of 0, 10, 30, and 50 mg/kg.
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In Study Week 9 (after a total of 4 SC doses), data collection was
suspended and the study was terminated to eliminate any
interpretative complications due to an unusually high incidence
of Plasmodium spp. organisms identified in peripheral blood
smears of control and treated animals. One animal that received
50 mg/kg Q2W sotatercept was euthanatized moribund in Study
Week 5 with fulminant malaria. Subclinical Plasmodium spp.
infection was present in several animals prior to study start (as
determined via blood smears), which may have resulted from
sourcing the animals from a region where Plasmodium spp.
infection was endemic in nonhuman primates.

It is unlikely that the increased incidence and severity of
plasmodium infection in this study was test article-related. No
evidence of an immunosuppressive basis for increased
susceptibility to infection has been observed in any test species
treated with sotatercept.

There have been no adverse effects on peripheral blood leukocyte
numbers or bone marrow histomorphology in any test species
treated with sotatercept, and when juvenile rats were

challenged with keyhole limpet hemocyanin (KLH) to assess
T-cell dependent antibody response (TDAR), rats treated with
sotatercept were able to mount an immunoglobulin G (IgG)
response comparable to controls.

In mouse models of early plasmodium infection, erythropoietin-
induced reticulocytosis and increased red blood cell counts
accelerated parasite replication and increased mortality. In
contrast, [FN-o-mediated reductions in blood parasite load were
associated with reductions in erythropoiesis and reticulocytosis.
Based on these data, it is plausible that the modest effects of
sotatercept on red cell maturation (small reversible increases in
HCT, RBC, HGB, and reticulocyte count) increased the
susceptibility of plasmodium-infected monkeys to the
development of overt malaria.

Sotatercept: A 9-Month Toxicity Study of Sotatercept
Administered Subcutaneously in Cynomolgus Monkeys, with
a 3-Month Recovery Period

The objectives of this GLP study were to assess the potential
toxicity of sotatercept when administered subcutaneously to
cynomolgus monkeys for 9 months (every 4 weeks for a total

of 10 doses or every 2 weeks for a total of 20 doses), and to
evaluate recovery from the effects of sotatercept over a
treatment-free period of at least 3 months. The dose levels were
selected based on the 27-week toxicity study in monkeys.
Cynomolgus monkeys (4/sex/group) were administered vehicle
(PBS) or sotatercept at doses of 1, 2.6, and 10 mg/kg once every
four weeks (Q4W) (a total of 10 doses) or 10 mg/kg Q2W (a total
of 20 doses) SC at a dose volume of 0.2 mL/kg. An additional
2/monkeys/sex were assigned to the vehicle, 2.6 and 10 mg/kg
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Q4W, and 10 mg/kg Q2W dose groups and retained for a 3-
month treatment-free period.

Assessment of toxicity was based on mortality, safety
pharmacology core battery evaluations (neurological
examination, body temperature, respiration rate, and blood
pressure measurements), clinical observations, body weights,
food consumption, -electrocardiogram and ophthalmology
examinations, and clinical and anatomic pathology (included
bone marrow smear) evaluations. Transmission electron
microscopy (TEM) was used to further characterize changes in
the choroid plexus and kidney. Kidney, choroid plexus, liver and
lung formalin-fixed paraffin-embedded tissues were examined
via immunohistochemistry (IHC) (non-GLP) to evaluate the
biodistribution of sotatercept and the potential involvement of
immune complex deposition in glomerular and vascular changes.
Serum concentrations of sotatercept and ADAs were determined
in control and treated samples.

There were no test article-related unscheduled deaths.
Unscheduled deaths occurred in two animals (one 2.6 mg/kg
Q4W female and one 10 mg/kg Q4W male) that were euthanized
on Study Day 153 in moribund condition resulting from
enterocolitis. Because enterocolitis was not uncommon in the
testing facility and did not develop in additional animals in a
dose-responsive manner, these deaths were considered unrelated
to treatment.

There were no sotatercept-related clinical signs or effects on
neurological, body temperature, respiration rate, blood pressure,
food consumption, ECG, coagulation, or ophthalmic parameters.
Test article-related body weight gain was decreased in males and
females administered 10 mg/kg Q2W, resulting in final body
weights during Week 40 that were 18 % and 8 % lower than
controls, respectively. At the end of the treatment-free period,
body weights in treated groups were comparable to or exceeded
controls.

Test article-related, pharmacologically-mediated, hematology
changes included mild changes in indicators of circulating
erythrocyte mass (increases in HGB, HCT, RBC, RDW and
decreases in MCV, MCH) and mild increases in reticulocytes that
were generally similar across dose groups and did not progress
in severity with increased dosing duration. Increases in
circulating erythrocyte mass correlated with minimally lower
bone marrow myeloid: erythroid ratios at 10 mg/kg Q2W.
Platelet counts were minimally decreased in males only at
10 mg/kg Q2W. Lastly, there were slight, sporadic, non-dose
responsive minimal to mild increases in monocyte counts in
some animals at all dose levels. All hematology changes were
non-adverse and demonstrated reversibility by the end of the
treatment-free period.

Test article-related clinical chemistry changes in males and
females included minimal to mild increases in BUN and
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creatinine at > 2.6 mg/kg Q4W.These changes became evident
on Study Day 85 and generally progressed in a dose-related
manner through Study Day 280, correlated with histopathologic
renal changes, and were considered adverse at > 2.6 mg/kg Q4W.
All clinical chemistry changes resolved by the end of the 12-
week treatment-free period.

Test article-related urinalysis changes in males and females
included minimal increases in urinary protein at >2.6 mg/kg
Q4W and in urine occult blood at > 10 mg/kg Q4W, that
generally began on Study Day 280 and resolved by the end of the
treatment-free period.

Test article-related postmortem changes were observed primarily
in the kidneys, choroid plexus, spleen, and liver of terminal
necropsy animals. The sotatercept formulation was well tolerated
at the SC injection sites. Minimal to mild membranoproliferative
glomerulopathy, minimal to mild interstitial inflammation with
fibrosis, minimal increased matrix deposition at the
corticomedullary junction, and/or increased incidence of small
glomerular tufts occurred in males and females at > 10 mg/kg
Q4W (the incidence and severity of membranoproliferative
glomerulopathy was greater at 10 mg/kg Q2W compared to
10 mg/kg Q4W) and correlated with increased kidney weight in
10 mg/kg Q2W males and with gross kidney changes
(enlargement, discoloration, and/or irregular cortical surfaces) at
>10 mg/kg Q4W. Kidney changes at 2.6 mg/kg Q4W were
limited to minimal interstitial inflammation with fibrosis in 1
male and increased incidence of small glomerular tufts in males
and females. At 1 mg/kg Q4W, kidney changes were limited to
minimal increased matrix deposition at the corticomedullary
junction that was present in 2 females and were non-adverse.
Further examination of the kidney from a subset of 10 mg/kg
Q2W animals via IHC demonstrated that glomerular and tubular
morphologic changes were co-localized with deposition of IgG,
immunoglobulin M (IgM), and/or complement (C3), which are
changes compatible with an immune reaction to sotatercept.
Classical immune complex deposition was not evident in kidney
sections examined using TEM. However, excess protein
deposition was observed in and around mesangial cells, which
may correlate with the cynomolgus IgM and IgG deposition
demonstrated by immunohistochemistry. Accumulation of
sotatercept (human IgG Fc portion and/or ActRIIA portions)
could not be demonstrated using multiple antigen retrieval and
amplification methods, preventing a conclusion on the
localization of sotatercept with host antibodies in the kidney.

In the choroid plexus, test article-related changes included
mononuclear cell (lymphocytes and plasma cells) and foamy
macrophage infiltrates. Small focal aggregates of mononuclear
inflammatory cells were seen at minimal to mild severity in the
choroid plexus of most animals at >1 mg/kg Q4W. Because
mononuclear cell infiltrates of this severity are occasionally
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observed as a background change and were not associated with
other sotatercept-related changes, they were considered non-
adverse. Minimal to mild perivascular accumulations of foamy
macrophages were seen at a low incidence (1 to 2 animals/group)
at 2.6 and 10 mg/kg Q4W. At 10 mg/kg Q2W, the incidence (6/8)
and severity (minimal to moderate) of this change was higher.
Accumulations of foamy macrophages were associated with
minimal intimal thickening of small arteries and arterioles
predominately at 10 mg/kg Q2W. IHC evaluation of choroid
plexus from a subset of 10 mg/kg Q2W animals confirmed that
foamy macrophages and vascular alterations were associated
with the deposition of monkey IgG, IgM, and/or C3, compatible
with an immune reaction to sotatercept. Similar to the kidney,
TEM demonstrated excess proteinaceous material in a
perivascular pattern, which may represent the host antibody
deposition seen by IHC. Accumulation of sotatercept could not
be demonstrated wusing multiple antigen retrieval and
amplification methods, preventing a conclusion on the
localization of sotatercept with host antibodies in the choroid
plexus. In the absence of associated clinical changes, and because
changes in the choroid plexus were reversible at all dosages,
these changes were not considered adverse. Liver and lung
tissues from a subset of 10 mg/kg Q2W animals were also
examined by IHC and did not detect the presence of immune
complexes.

Test article-related decreases in splenic weights at > 10 mg/kg
Q4W correlated with mild to moderate reductions in the size and
number of follicular germinal centers (lymphoid depletion) in the
spleen at > 2.6 mg/kg Q4W. There were no test article-related
effects in other lymphoid tissues.

A test article-related increase in the incidence of minimal
mononuclear cell infiltrate in liver was noted in all treated
groups. At 1 mg/kg Q4W, the incidence of this change was
similar to that occasionally seen in the livers of untreated
monkeys at the testing facility and was not considered adverse.
Minimal to mild perivascular or vascular basophilic deposits
occurred sporadically in the heart, aorta, and/or pancreas in 1 to
2 animals at each sotatercept dose level. This finding was not
considered adverse due to its low severity and the lack of
correlative adverse changes in these tissues.

At the end of the 3-month treatment-free period, all test article-
related changes at < 10 mg/kg Q4W had resolved. At 10 mg/kg
Q2W, test article-related findings at the end of the recovery
period were limited to minimal interstitial inflammation with
fibrosis in the kidney that correlated with irregular cortical
capsular surfaces and red discoloration of the renal cortex noted
grossly in a single male. Slightly increased incidences of small
glomerular tufts were observed at 2.6 mg/kg and 10 mg/kg Q2W.
The absence of membranoproliferative glomerulopathy at
> 10 mg/kg Q4W suggested that partial recovery had occurred.
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Because small glomerular tufts occur in some monkeys as a
background finding, this change was not considered adverse.
AUC and Cmax increased in a dose-proportional manner
following single and repeat doses.

Following repeat dosing, sotatercept accumulated in serum. In
Week 37, mean accumulation ratios for Q4W dosing were 1.55
and 1.19 for Cmax and AUCo.672n, respectively. For Q2W dosing,
Week 39 accumulation ratios for Cmax and AUCo-336n were 1.66
and 1.60, respectively.

One 10 mg/kg Q4W female was ADA positive, but ADA did not
impact sotatercept clearance in this animal. No ADA positive
animals were identified when the same samples were reanalyzed
using a more sensitive immunogenicity (ADA) assay.

In conclusion, sotatercept administration to cynomolgus
monkeys for 9 months resulted in test article-related findings at
all doses. At>2.6 mg/kg Q4W during the dosing period, adverse
test article-related findings included clinical chemistry changes
indicative of renal injury, interstitial inflammation with fibrosis
and increased incidence of small glomerular tufts in kidney, and
lymphoid depletion in the spleen. At dosages > 10 mg/kg Q4W,
adverse histomorphologic changes in the kidney included
membranoproliferative glomerulopathy, interstitial
inflammation with fibrosis, increased matrix deposition at the
corticomedullary junction, and/or increased incidence of small
glomerular tufts. At the end of the 3-month treatment-free period,
adverse findings were present in one 10 mg/kg Q2W male with
interstitial inflammation and fibrosis in the kidneys. The absence
of membranoproliferative glomerulopathy at > 10 mg/kg Q4W
suggested that partial recovery had occurred in the kidneys.
Slightly increased incidences of small glomerular tufts at
2.6 mg/kg Q4W and 10 mg/kg Q2W were not considered adverse
because small glomerular tufts may be present in control
monkeys as a background finding. All other test article-related
findings had resolved by the end of the 3-month treatment-free
period.

Because all findings at 1 mg/kg Q4W were of minimal/mild
severity, present at low incidence, and/or reversible, the NOAEL
for this study was 1 mg/kg Q4W (AUCo-672n 6030 pg*h/mL, 1-
fold the clinical exposure at the MRHD).

Intravenous Dosing in Monkeys

Sotatercept: A Study to Determine the Possible Toxicity and
Toxicokinetics of 4 Weekly Intravenous Doses of Sotatercept
Administered to Male and Female Cynomolgus Monkeys
The objective of this GLP study was to determine the potential
toxicity and TK of sotatercept when administered to male and
female cynomolgus monkeys via four Q1W IV injections.
Cynomolgus monkeys (5/sex/group) were administered 1, 10,
and 30 mg/kg sotatercept IV QI1W for 4 weeks (a total of 4
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doses). Two monkeys/sex/group were retained for a 4-week
treatment-free period.

Assessment of toxicity was based on mortality, clinical
observations (including assessment of respiratory rate, heart rate,
rectal body temperature, and capillary refill time), body weights,
food consumption, electrocardiogram and ophthalmology
examinations, and clinical and anatomic (including assessment
of bone marrow smear and male reproductive capacity)
pathology evaluations. Plasma concentrations of sotatercept and
ADAs were determined in treated samples.

There were no unscheduled deaths or test article-related clinical
observations, and no changes in body weight, food consumption,
ophthalmic, ECG (qualitative evaluation of morphology),
coagulation, urinalysis, or postmortem (gross, organ weight,
histology) parameters. The sotatercept formulation was well
tolerated at the injection sites.

Test article-related, pharmacologically-mediated, hematology
changes included mild increases in indicators of circulating
erythrocyte mass (HGB, HCT, and RBC) and reticulocytes that
occurred at all dose levels during the dosing and treatment-free
periods.

Increases in circulating erythrocyte mass correlated with mildly
lower bone marrow myeloid: erythroid ratios at >10 mg/kg Q1W
on Study Day 57.

Increases in mean alkaline phosphatase observed in males at all
doses on Study Days 15, 29, and, to a lesser extent, on Study Day
57 had no corresponding microscopic findings, were not present
in other sotatercept monkey studies, and were not considered test
article-related.

Due to the young age (3 to 4 years old) and sexual immaturity of
the animals, epididymal sperm counts ranged from low to none,
resulting in highly variable data in all dose groups.

The evaluation of the potential adverse effects of sotatercept on
epididymal sperm count and sperm morphology, therefore, was
not possible.

At 1,10, and 30 mg/kg Q1W, ADAs were detected on Study Day
29 in 0/10, 1/10, and 1/10 animals and on Study Day 57 in 0/4,
2/4, and 1/4 animals, respectively. High sotatercept
concentrations can interfere with the detection of ADAs in
serum, therefore the true incidence of anti-sotatercept antibodies
is uncertain. The plasma concentrations of sotatercept did not
appear to be affected by the presence of ADAs.

In conclusion, IV injection of sotatercept at up to 30 mg/kg QIW
for 4 weeks was generally well tolerated by cynomolgus
monkeys. Test article-related changes were limited to non-
adverse pharmacologically-mediated effects on erythroid
parameters at >1 mg/kg QIW that correlated with decreased
myeloid/erythroid ratios at >10 mg/kg Q1W. Based on these
findings, the NOAEL following intravenous administration was
> 30 mg/kg Q1W.
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3) genotoxicity:
in vitro

in vivo (including an additional
assessment of toxicokinetic)

Genotoxicity studies with sotatercept have not been conducted as
these studies are not required for biotechnology-derived
products, according to ICH S6(R1): Preclinical Safety
Evaluation of Biotechnology-Derived Pharmaceuticals.

4) carcinogenicity:

long-term stability studies

short-term or medium-term
studies

additional studies

Carcinogenicity studies were not performed with sotatercept due
to the potential for ADA to negatively impact exposure following
long-term administration to rodents and concerns related to renal
toxicity leading to decreased animal survival. In a short duration
rat study, sotatercept mean exposures were maintained
throughout the study.

However, ADA incidence reached up to 65 % by the end of the
3-month dosing period, and many individual animals had
sotatercept concentrations that were below the limit of
quantitation. In the male fertility study, which has a dosing
duration similar to the 3-month TK study, ADAs were detected
at a total incidence rate of 57.3 %. Following longer duration
dosing, ADA rates in rodents would be expected to further
increase and adversely impact sotatercept exposure and the
interpretation of data from long term rodent studies. Also, in the
3-month rat study, sotatercept-mediated renal toxicity
(membranoproliferative glomerulonephritis), an effect that has
not translated to the clinic to date, occurred in rats at dosages
> 0.3 mg/kg QIW and was associated with increases in urinary
kidney injury biomarkers at 30 mg/kg Q1W. Progression of this
toxicity, especially in conjunction with the development of
chronic progressive nephropathy common in aging rats, would
be anticipated to reduce animal survival and the feasibility of
long-term rat studies. Therefore, in accordance with ICH S6(R1):
Preclinical Safety Evaluation of Biotechnology-Derived
Pharmaceuticals, the carcinogenic potential of sotatercept was
evaluated in a weight of evidence-based risk assessment (Request
for Waiver of Carcinogenicity Studies). The weight of evidence
(WOE) risk assessment and a request to waive the requirement
for carcinogenicity studies was previously submitted to the US
Food and Drug Administration Executive Carcinogenicity
Assessment Committee. The committee confirmed that
carcinogenicity studies are not required for sotatercept.
Similarly, EMA informally agreed that carcinogenicity studies
are not required.

Key considerations presented in the WOE risk assessment are
summarized below.

Sotatercept is a biologic agent and an inhibitor of growth-
promoting cytokines that are members of the TGF-3 superfamily.
The principal sotatercept ligands are activin A, activin B, GDF-
11, GDF-8, and BMP-10. These ligands signal via an overlapping
set of receptors and are coupled to the same set of Smad proteins.
Despite this overlap, the functional redundancy between
members of the transforming growth factor (TGF) superfamily is
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limited by different spatiotemporal expression patterns of ligands
and receptors, differences in signaling dynamics, and regulatory
proteins that modulate responses at different steps.

In animal models of pulmonary hypertension, sotatercept had
anti-proliferative effects on vascular smooth muscle cells. In
normal, healthy animals, sotatercept treatment did not result in
proliferative or pre-neoplastic changes in any species examined
as part of the comprehensive nonclinical toxicology program. As
a biologic therapeutic, sotatercept does not pose a risk for
genotoxicity.

Activins may modulate hormonal signaling, mainly via the
stimulation of follicle stimulating hormone (FSH) release from
the pituitary. Increased FSH signaling and/or plasma
concentrations are associated with an increased incidence of
breast and ovarian epithelial cancers. Therefore, sotatercept-
related decreases in FSH could be beneficial in the context of
these tumor types. GDF-11, GDF-8, and BMP-10 involvement in
hormone modulation has not been described. In sotatercept-
treated male and female rats, changes observed in reproductive
tissue structure and/or function are likely due to activin inhibition
and not hormone modulation. In male rats, changes in the testes
and epididymis, and effects on male fertility, were considered
secondary to outflow obstruction at the level of the efferent ducts
and were not consistent with potential direct effects on sex
hormones. In female rats, increases in pre- and post-implantation
loss may be attributed to mechanism-based decreases in activins,
which are critical in endometrial decidualization and priming of
the endometrium for implantation. In the sotatercept juvenile rat
studies, very small changes in luteinizing hormone (LH), FSH,
and/or estradiol were not considered toxicologically significant,
and increases in erythropoietin concentrations in individual
animals were small and of uncertain relationship to treatment.
Although the monkeys in the nonclinical studies were not
sexually mature, sotatercept administration for up to 9-months
did not cause test article-related changes in male or female
reproductive organs. In summary, the scientific literature and
nonclinical data suggest that mechanism-based decreases in
sotatercept ligands are unlikely to modulate hormonal signaling
in a pro-carcinogenic manner.

Activin A plays a role in the regulation of immune responses and
is recognized as an important inflammatory and
immunoregulatory cytokine. Activin A, and its antagonist
follistatin, are increased during systemic inflammation, and the
majority of immune cells can produce and responds to activin A.
The response differs between cell types and depending on cell
maturation, cell activation status, as well as on the spatial and
temporal context of the immune response. Activin A may
regulate either pro- or anti-inflammatory responses in
macrophages, depending on their prior activation status.
Literature data also suggests that activin A can stimulate
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antibody production by B cells and can influence the
development of regulatory T cells. In contrast, the potential
effects of GDF-8 and GDF-11 on immune function are not well
described. Despite the potential role of activin signaling in the
regulation of immune function, there is no definitive evidence
that sotatercept affects immune function. One sotatercept
monkey study was terminated early due to the presence of
plasmodium infection in many animals and the early death of 1
animal due to fulminant malaria. Plasmodium was present prior
to study start, but increased in incidence and severity over the 9-
week dosing period. While it is possible that sotatercept-
mediated changes in immune function increased the
susceptibility of these animals to infection, it is well-recognized
that erythropoiesis-promoting drugs can increase plasmodium
infection by increasing the population of potential host cells. It is
therefore likely that sotatercept-mediated increases in RBC and
reticulocytes, and not changes in immune function, increased the
susceptibility of the treated animals to plasmodium infection. In
the completed sotatercept nonclinical studies, minimal to
moderate lymphoid depletion in the thymus occurred in monkeys
at dosages > 10 mg/kg Q2W in the 27-week study and in the
spleen at dosages > 2.6 mg/kg Q4W in the 9-month study.
However, in monkeys and adult rats at all tested doses, there was
no evidence of degeneration or necrosis in the thymus or spleen,
no adverse findings in other lymphoid tissues, and no meaningful
changes in circulating white blood cells. Lymphoid changes in
juvenile rats were generally limited to minimal to mild decreases
in cellularity in the marginal zone of the white pulp and/or
minimal to mild increases in cellularity in the red pulp of the
spleen. In the pivotal juvenile rat study, there were no test article-
related changes in the TDAR assay and immunophenotyping
data did not suggest immune suppression. The totality of the
nonclinical data indicate that sotatercept does not have
toxicologically meaningful immunomodulatory effects that
could impact its carcinogenic potential.

The scientific literature is largely inconclusive regarding the
roles of sotatercept ligands and their various intracellular
signaling pathways as they relate to tumor biology. Activin A and
GDF-11 were shown to induce apoptosis or growth suppression
in some contexts and increased proliferation in others. TFG-p,
which has structural similarity with activin A and shares
significant parts of the signal transduction pathway, has been
assigned a dual role in carcinogenesis. Given the pleiotropic
ligand binding profile of sotatercept, and the conflicting
scientific literature, it is challenging to draw meaningful
conclusions regarding the potential of this decoy receptor to
negatively or positively affect tumor growth. Similarly, the
effects of activin A in cancer immunology are difficult to predict
as they are also dependent on cell type/tumor entity as well as the
context of the immune response. Potential associations between
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sotatercept ligand receptors (ACVR2A, ACVR2B, activin
receptor-like (ALK)I, ALK4, ALKS, and ALK7) and human
cancer were evaluated using human genetics databases (Online
Mendelian Inheritance in Man [www.omim.org], the Open
Targets Genetics portal [https://genetics.opentargets.org]), and
human cancer gene databases (COSMIC
[https://cancer.sanger.ac.uk], and Intogen
[https://www.intogen.org]). Database searches were performed
during August and September 2022. No direct association of
these receptors with potential human carcinogenic concerns was
identified.

Together, the sotatercept nonclinical profile and literature data
indicate that this biologic molecule does not have genotoxic
potential, has anti-proliferative and anti-fibrotic activity in
animal models of PAH, did not negatively impact hormones, did
not cause immunotoxicity, hyperplasia, or tumor development in
animals, and that the receptors involved in sotatercept ligand
binding are not directly associated with carcinogenesis in
humans. Based on this weight-of-evidence, sotatercept is
considered to have low carcinogenic potential.

5) reproductive toxicity and toxic
effects on offspring
development:

effect on fertility and early
embryonic development

Sotatercept: A GLP Male Fertility Assessment of Sotatercept
Administered Once Weekly by Subcutaneous Injection in
Sprague-Dawley Rats with a 13- Week Recovery

The objective of this GLP study was to test for potential effects
on male fertility resulting from QI1W sotatercept treatment of
Crl:CD (standard deviation (SD)) male rats before cohabitation,
through mating with untreated female rats, and until termination.
A treatment-free period of approximately 13 weeks was included
to assess reversibility of any potential effects observed during
treatment.

Thirty male rats/group were administered vehicle or sotatercept
at doses of 0.3, 3, or 30 mg/kg SC QIW for 10 weeks before
cohabitation, during cohabitation, and continuing QIW for 3
weeks following cohabitation (a total of 13 doses). Up to 15
males/group were retained for a 13-week treatment-free period.
At least 45 untreated female rats/group were randomly assigned
to the four dose groups for mating to treated males. Female rats
were not administered vehicle or sotatercept during the course of
the study. The following parameters and endpoints were
evaluated for all rats: viability, clinical signs, body weights, body
weight gains, food consumption, mating and fertility, and
macroscopic observations. Male rats were further evaluated for
sperm motility, sperm concentration, reproductive organ weights
and histopathology, and untreated female rats were further
evaluated for estrous cycling and ovarian and uterine contents.
Sotatercept exposure in male rats was estimated based on TK
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data at 0.3, 3, and 30 mg/kg Q1W. The sotatercept ADA response
was determined in control and treated male animals.

There were no sotatercept-related unscheduled deaths. Of the 3
unscheduled deaths, 1 control male was found dead on Study Day
64, one 30 mg/kg QIW male was found dead during the
treatment-free period (Study Day 148) and did not have other
signs of toxicity, and one 30 mg/kg Q1W male was euthanized
on Study Day 36 due to adverse clinical signs considered
unrelated to treatment.

There were no test article-related clinical signs or effects on food
consumption.

Test article-related body weight changes were limited to transient
decreases in mean body weight gain at all dose levels during
Study Days 1 to 8 (-12, -14, and -18% from controls at 0.3, 3, and
30 mg/kg Q1W, respectively).

The fertility index and the pregnancy index were reduced at
30 mg/kg Q1W compared to controls (82.8 % versus 96.6 % in
controls for fertility index and pregnancy index) at the end of the
dosing period. There were no test article-related effects on
fertility or mating during the treatment-free period at any dose
level.

Test article-related gross changes were limited to the testis and
epididymis and included unilateral or bilateral small size or
abnormal consistency at >0.3 mg/kg Q1W at the terminal and
treatment-free period necropsies. These changes correlated with
degeneration/atrophy in the testis or decreased cellularity of
luminal sperm in the epididymis.

There were no sotatercept-related organ weight changes at either
the terminal or treatment-free period time points.

At the terminal necropsy, a spectrum of microscopic changes in
the efferent ducts at > 0.3 mg/kg Q1 W increased in incidence and
severity in a dose-responsive manner, and included minimal to
marked sperm granuloma, minimal to mild sperm stasis, minimal
fibrosis, minimal to mild mineralization, and/or minimal to mild
mixed cell infiltration.

These changes were often unilateral and occasionally bilateral
and ranged from small areas of focal mineralization and/or
fibrosis within the efferent ducts to larger areas with sperm stasis
and a surrounding mixed infiltrate. In several animals, sperm
granulomas were present with evidence of occlusion of the
efferent ducts. Changes in the seminiferous tubules in rats at
> 0.3 mg/kg QIW were generally associated with efferent duct
changes, and included an increased incidence and severity of
unilateral or bilateral degeneration/atrophy of the seminiferous
tubules with occasional animals at 30 mg/kg QI1W having
additional changes including mild tubular dilation,
dilation/sperm stasis in the rete testis, and/or sperm granuloma.
In these animals, moderate to severe unilateral or bilateral
decreased cellularity (decreased luminal sperm) was also present
in the epididymis. The testicular and epididymal effects were
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considered to be secondary to outflow obstruction at the level of
the efferent ducts.

At the treatment-free period necropsy at > 0.3 mg/kg Q1W,
microscopic changes in the efferent ducts included mild sperm
granuloma, minimal sperm stasis, minimal fibrosis, minimal
mineralization, and/or minimal to mild mixed cell infiltration.
These changes were often unilateral and occasionally bilateral
and ranged from small areas of focal mineralization and/or
fibrosis within the efferent ducts to larger areas with sperm stasis
and a surrounding mixed infiltrate or a fully formed sperm
granuloma. Mixed inflammatory cell infiltrates were also noted
within the fat adjacent to the epididymis in several animals.
These changes were dose responsive and generally similar to that
observed at the terminal necropsy. Associated with the efferent
duct effects, rats were occasionally noted to have unilateral or
bilateral degeneration/atrophy of the seminiferous tubules
with/without tubular dilation, sperm granuloma, sperm stasis,
and/or mineralization and decreased epididymal sperm
cellularity.

While there was not a notable increase in incidence over controls
at the treatment-free period necropsy (as a single control rat
presented with similar unilateral changes in the testis and
epididymis), the changes observed in the male reproductive tract
at all dosages were considered sotatercept-related and adverse
due to the increased incidence of efferent duct changes with
secondary effects in the testis and epididymis at both terminal
and treatment-free period necropsies.

The microscopic features noted in the efferent ducts in this study
and in the testes in the 3-month toxicity study, the low incidence
of these changes, and the predominately unilateral presentation
of these effects, are all consistent with altered fluid dynamics that
occurs following blockage of the efferent ducts. In contrast,
direct toxic effects to the testes would typically present
bilaterally.

Fluid secretion by Sertoli cells in the testis is needed to support
sperm viability and allow for sperm transport into the tubular
lumen and efferent ductules in the rat reabsorb nearly 90% of the
rete testis fluid. The effects observed in the male reproductive
tract of sotatercept-treated rats are consistent with obstruction of
the efferent ducts and/or blocking the reabsorption of fluid,
deleterious increases in back pressure within the lumen of
seminiferous tubules in the testis, and secondary pressure-related
atrophy in the testes.

Because of anatomical differences in the efferent ducts of rats
and humans, the risk of testicular toxicity resulting from efferent
duct blockage in humans is low. In contrast to rat efferent
ductules that are long and merge into a single duct that enters the
epididymis, human efferent ductules are much shorter, do not
merge into a single duct, and enter the epididymis at several sites.
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Thus, in humans, fluid outflow occurs even if several efferent
ductules become occluded or fluid reabsorption is inhibited.
Cauda epididymal sperm density was reduced in the 30 mg/kg
QIW dose group at the end of the dose period compared to
controls (-27% from controls). There were no sotatercept-related
changes in sperm parameters (vas deferens sperm motility or
cauda epididymal sperm density) at the end of the treatment-free
period at any dose level.

In summary, the existing data and literature information strongly
suggest that rat testicular toxicity resulted from alterations in
fluid dynamics secondary to efferent duct obstruction.

Similar testicular effects are unlikely to occur in humans due to
anatomical differences in efferent duct structure between rats and
humans.

There were no test article-related effects on ovarian or uterine
parameters in untreated females bred to treated males. ADAs
were detected in 0 of 30 control animals, 16 of 30 (53.3 %)
animals at 0.3 mg/kg Q1W, 17 of 30 (56.7 %) animals at 3 mg/kg
QIW, and 18 of 29 (62.1 %) animals at 30 mg/kg Q1W, for a
total incidence rate of 57.3 % (51 of 89).

In conclusion, once weekly SC administration of sotatercept to
male Sprague Dawley rats for 10 weeks before cohabitation,
during cohabitation, and continuing through the day before
euthanasia at doses of 0.3, 3, and 30 mg/kg Q1W resulted in test
article-related changes at all dose levels. Transient decreases in
body weight gain at the beginning of the dose period at all dose
levels were not considered adverse. At 30 mgkg QIW,
reductions in cauda epididymal sperm density, fertility index,
and pregnancy index that occurred at the end of the dosing period
were not observed at the end of the treatment-free period. Dose
responsive microscopic findings were present in the efferent
ducts with secondary effects present in the testis and epididymis
at all doses in the terminal and treatment-free period time points
and were considered adverse (NOAEL for efferent duct/testes
changes was < 0.3 mg/kg QIW).

There were no accompanying reproductive functional deficits to
findings in the efferent ducts and testes at <3 mg/kg Q1W. As a
result, only the reproductive functional findings at 30 mg/kg
QIW were considered adverse. Therefore, the reproductive
NOAEL was 3 mg/kg QI'W which corresponds to an estimated
Cmax and AUCo.i6sn of 20.3 pg/mL and 2960 pg*h/mL,
respectively (2-fold the clinical exposure at the MRHD).

Sotatercept: A Fertility and Early Embryonic Development
Study in Female Rats Administered Sotatercept
Subcutaneously

Twenty-five female Sprague Dawley rats/group were
administered vehicle or sotatercept at doses of 5, 15, or 50 mg/kg
SC QIW for 2-weeks prior to mating and continuing through GD
7 (up to a total of 5 doses). An additional 3 (control) to 5 (test
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article-treated) females/group were used only for TK
determinations and dosed according to the same schedule as the
main study animals.

All surviving females that were confirmed to have mated were
euthanized and necropsied on gestation day (GD) 13. Untreated
males were assigned to each treatment group (25 males/group)
and utilized for mating purposes only.

The following parameters and endpoints were evaluated:
viability, clinical signs, body weights, body weight gains, food
consumption, mating and fertility, organ weights, macroscopic
and microscopic observations (limited to the ovaries and uterus
with cervix from control and 50 mg/kg Q1W females), estrous
cycling, ovarian and uterine contents. TK analysis and
immunogenicity (ADA) analysis were performed on control and
treated groups.

There were 2 test article-related unscheduled deaths at 50 mg/kg
QIW. These animals were terminated on GD 5 or 8 due to
moderate to severe swelling of the hindlimbs that significantly
impaired mobility. Macroscopic findings in these animals
included enlarged and red adrenal glands and moderate to severe
edema of the hindlimbs.

Adverse test article-related changes were observed at > 15 mg/kg
Q1W. During the gestation period, five 50 mg/kg Q1W animals
had swelling of one or both hindlimbs and/or impaired mobility,
and 2 animals with these changes were terminated early in
extremis. During the premating period, increased estrous cycle
length was noted at 50 mg/kg QIW (6.7 days vs. 4.6 days in
controls) and correlated with a lower mean number of cycles (1.7
vs. 2.4 in controls). Fertility and fecundity indices were lower at
15 mg/kg Q1W (80 % and 83 %, respectively) and at 50 mg/kg
QIW (36 % and 43 %, respectively) compared to concurrent
(96 % and 100 %) and historical control data. At 50 mg/kg Q1W,
lower mating index (84 %) was observed compared to controls
(96 %) and the historical control range for this laboratory.

At 15 and 50 mg/kg Q1W, lower pregnancy rates, increases in
pre- and post-implantation loss (including increases in incidences
of fully resorbed litters), and reductions in litter size were
observed during uterine examination on GD 13. Enlarged and/or
discolored adrenal glands at 15 and 50 mg/kg Q1W were noted
grossly (microscopic evaluation not performed) and were
considered adverse based on similar findings in other rat studies.
Lower gravid uterine with cervix weights (absolute and relative
to body weight) were observed at 15 and 50 mg/kg QIW
(compared to controls) and were associated with a reduction in
the number of viable embryos and an increase in post-
implantation loss. Microscopic examination of ovaries and uteri
from 50 mg/kg QIW females determined that there were no
changes in these organs (except for the absence of implantation
sites in non-gravid uteri).
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The following changes were considered the result of sotatercept
administration, but not adverse. Increased mean body weight (up
to 7.7 %) and mean body weight gain (up to 2-fold control
values) occurred during the pre-mating period at > 15 mg/kg
QIW, and correlated with increased food consumption.
Decreases in the mean number of implantation sites (14.5 vs.
16.3 in controls) and in the mean number of viable embryos was
observed at 5 mg/kg Q1W (13.7 vs 15.6 per animal in controls).
However, the value for each was within the historical control
range for the laboratory. Slightly lower gravid uterine with cervix
weights (absolute and relative to body weight) at 5 mg/kg Q1W
were attributed to the reduced number of viable embryos.
Anti-drug antibodies were detected in 1 mid-dose and one high-
dose TK group animal.

Antibody formation may have lowered the exposure in these
animals but did not have an apparent effect on the overall serum
profiles for the dose groups.

The overall incidence of anti-drug antibodies in the 0, 5, 15, and
50 mg/kg Q1IW dose groups was 0/28, 14/30, 12/30, and 6/30,
respectively.

Based on the early sacrifice of 2 females at 50 mg/kg Q1W, the
NOAEL for maternal toxicity was 15 mgkg QIW,
corresponding to an AUCo.168n of 12,300 pg*h/mL.

Based on adverse effects observed at 15 and 50 mg/kg Q1W, the
NOAEL for female fertility and early embryonic development
was 5 mgkg QIW, corresponding to an AUCq.16s8n of
2735 pg*h/mL (2-fold the clinical exposure at the MRHD).

embryotoxicity

Sotatercept: Subcutaneous Developmental Toxicity Study of
Sotatercept in Rats, Including a Satellite Toxicokinetic
Evaluation

The purpose of this GLP study was to detect adverse effects of
sotatercept on presumed-pregnant female Sprague-Dawley rats
and development of the embryo and fetus.

Twenty-eight presumed pregnant rats/group were administered
sotatercept at doses of 5, 15, or 50 mg/kg or vehicle only SC on
GD 6 and 13 (a total of 2 doses). Of these animals, six rats/group
were designated only for TK evaluation. All surviving female
rats were euthanized and necropsied on GD 21. The following
parameters and endpoints were evaluated: viability, clinical
observations, body weight and body weight changes, food
consumption, Cesarean-sectioning observations, gravid uterine
weights, fetal gross external, soft tissue and skeletal alterations,
fetal body weights and terminal maternal body weights. TK and
immunogenicity (ADA) analyses were performed on control and
treated groups.

All main study rats survived to scheduled sacrifice. On GD 15
(during the period of TK sampling), one 50 mg/kg TK animal
aborted and was subsequently terminated. At necropsy, all
tissues for this animal were normal. Because of its isolated
occurrence, this abortion was not considered test article-related.
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There were no test article-related clinical observations or gross
findings.

There were no sotatercept-related changes in body weight or
body weight gain following the first and second dose (GD 6 to 7
and GD 13 to 14) at any dose level. Body weights, body weight
gain, and gravid uterine weights were unaffected in the 5 and 15
mg/kg dose groups.

A reduction in body weight gain (compared to control) in the 50
mg/kg dose group from GD 18 to 21 correlated with a non-
adverse minimal decrease in food consumption. Reduced body
weight gain at 50 mg/kg was considered secondary to a test
article-related reduction in gravid uterine weight at this dose
level. After correction for gravid uterine weight, maternal body
weight on GD 21 and cumulative body weight gain were
comparable among the dose groups.

There was a test article-related increase in the percentage of post-
implantation loss at 50 mg/kg (27.9%), in comparison to the
vehicle group (8.8 %). This change reflected an increase in the
average number of late resorptions per litter (2.6 Ilate
resorptions/litter compared to 0.0 in control), an overall increase
in the average number of resorptions per litter
(3.6 resorptions/litter compared to 1.2 in control), three dead
fetuses (from three litters), and total litter loss in another dam in
the 50 mg/kg dose group. Reflecting these increases in post-
implantation loss, the averages for litter size and live fetuses were
significantly reduced at 50 mg/kg, compared to the vehicle group
values.

A dose-dependent reduction in fetal body weights occurred at
> 5 mg/kg (sexes combined means 9 %, 15 %, and 22 % less than
controls). However, the reduction in fetal weight at 5 mg/kg was
slight and the mean value was within the historical control range,
and therefore, was not considered to be an adverse effect of
sotatercept.

Reflecting the smaller fetal body weights that occurred in the 15
and 50 mg/kg dose groups, delays in the ossification of the
thoracic and lumbar vertebrae, hindlimb metatarsals and/or
hindlimb phalanges occurred in these dose groups. In addition,
the 50 mg/kg dose group had significant changes in ossification
site counts reflecting increases in the incidence of several related
variations (supernumerary thoracic ribs with associated
significant increases and decreases in the numbers of thoracic
and lumbar vertebrae, respectively).

No gross external, soft tissues, or skeletal fetal alterations
(malformations or variations) were caused by doses of
sotatercept as high as 50 mg/kg.

Serum sotatercept concentrations were maintained in a dose-
dependent manner during the critical period of organogenesis
(GD 6 to 16), following two weekly injections. On GD 13, pre-
dose sotatercept concentrations were at least 20 % of the GD 6
Cuax at each dose level.
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After the second dose on GD 13, sotatercept levels reached a
plateau level through GD 16 and then rapidly declined by GD 18,
resulting in decreases in AUCo.16sn in the 5 and 15 mg/kg dose
group. It is likely that ADAs contributed to the rapid clearance
after the second dose.

Antibodies to sotatercept were detected in 64 % of the treated
main study rats and 83% of the treated satellite TK rats. The
development of anti-sotatercept antibodies following the second
injection did not significantly reduce serum levels of sotatercept
prior to GD 18.

On the basis of these data, the maternal NOAEL for sotatercept
was 50 mg/kg, corresponding to an AUCo.16sn of 19,885
pg*h/mL. At >15 mg/kg, reduced fetal weights and delays in
skeletal ossification were observed. At 50 mg/kg only, there was
an increase in late fetal lethality associated with an overall
increase in post-implantation loss and a reduction in live litter
size, as well as an increase in the incidence of supernumerary ribs
with corresponding increases and decreases in thoracic and
lumbar vertebrae, respectively. Therefore, based on the adverse
magnitude of decreased fetal weights at 15 mg/kg, the
developmental NOAEL was 5 mg/kg, corresponding to an AUCo.
16sh of 2642 pg*h/mL (2-fold the clinical exposure at the
MRHD).

Sotatercept: Subcutaneous Dosage-Range Developmental
Toxicity Study of Sotatercept in Rabbits, Including a Satellite
Toxicokinetic Evaluation

The purpose of this study was to provide information for the
selection of doses to be used in the pivotal developmental toxicity
(embryo-fetal toxicity and teratogenic potential) study of
sotatercept administered subcutaneously to New Zealand White
presumed-pregnant female rabbits.

Five presumed pregnant New Zealand White rabbits/group were
administered sotatercept at doses of 5, 15, or 50 mg/kg or vehicle
only SC on GD 7 and 14 (a total of 2 doses). An additional 3
rabbits/group in the 5, 15, and 50 mg/kg groups were similarly
dosed and dedicated for TK evaluation. All surviving animals
were euthanized and necropsied on GD 29.

The following parameters and endpoints were evaluated:
viability, clinical observations, body weights, body weight
changes, food consumption, hematologic parameters, necropsy
observations, Cesarean-sectioning and litter observations, fetal
body weights, fetal sex, and fetal gross external alterations. TK
and immunogenicity (ADA) analyses were performed on treated
groups, and pooled fetal blood concentrations were determined
in pups from treated animals.

Two rabbits in the 50 mg/kg dose group that were assigned to the
main study were humanely euthanized on GD 23 because of
adverse clinical signs that generally included scant feces, red
substance in cage pan, ungroomed coat, and/or cold to touch.
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Additional changes prior to termination included body weight
loss and decreases in food consumption. Abortions (animals were
subsequently euthanized) occurred in one rabbit in the 5 mg/kg
dose group and two rabbits in the 50 mg/kg dose group, each
assigned to the TK portion of the study. Rabbits that aborted had
clinical presentations similar to main study animals that were
euthanized. These mortalities and abortions were presumed
related to the sotatercept.

In surviving animals, adverse test article-related clinical
observations included red substance in the cage pan in three of
five rabbits in the 50 mg/kg dose group and red discolored and/or
swollen eyelids in three and two rabbits in the 15 and 50 mg/kg
dose groups, respectively.

At necropsy, fluid was observed in the pericardial sac of the heart
of one 5 mg/kg, one 15 mg/kg, and three 50 mg/kg rabbits.
Body weight loss occurred at 15 mg/kg for the entire post dose
period (GD 15 to 29) and body weight gains were reduced in the
50 mg/kg dose group during this same period. The overall
reduction in body weight gain at 50 mg/kg reflects a loss in body
weight from GD 15 to 20 and suppressed body weight gain from
GD 25 to 29, in comparison to control. Overall, body weight gain
was reduced in the 15 and 50 mg/kg dose groups for the
combined dose and post-dose periods (GD 7 to 29), in
comparison to control.

Post-implantation loss (ie, early and late resorptions and the
percentage of post-implantation loss) was increased at 15 and 50
mg/kg, in comparison to control. One dam in the 50 mg/kg dose
group had a litter of all resorbed conceptuses. Reflecting these
increases in post-implantation loss, the averages for litter size and
live fetuses were reduced and the percentage of resorbed
conceptuses per litter was increased in the 15 and 50 mg/kg dose
groups, as compared to control.

Fetal body weights (male, female, and combined) were reduced
at > 5 mg/kg (combined fetal body weights were 14 %, 35 %, and
23 % less than controls in the 5, 15, and 50 mg/kg groups,
respectively).

There were no other litter parameters, and no Cesarean-
sectioning, food consumption, or hematology changes at
sotatercept doses as high as 50 mg/kg. The litter averages for
corpora lutea, implantations, and percent live male fetuses were
comparable among the four dose groups. In animals that survived
to scheduled termination, there were no dead fetuses. All
placentae appeared normal.

Sotatercept serum concentrations were maintained, in a dose-
dependent manner, in pregnant rabbits for 2 consecutive weeks.
The mean AUC ratio (Week 2/Week 1) was 1.01 indicating there
was no accumulation when dosed Q1W.

Sotatercept was detected in pooled fetal serum samples at each
dose level on GD 29 indicating that by the end of gestation
sotatercept can cross the placental barrier. The fetal
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concentrations ranged from 1 % to 39 % of maternal serum
concentrations.

ADAs were detected in one 5 mg/kg rabbit on GD 14 only and
had no apparent effect on sotatercept serum concentrations in that
animal.

Based on these data, sotatercept doses < 15 mg/kg, administered
SC on GD 7 and 14, were recommended for the developmental
toxicity study in pregnant rabbits.

Sotatercept: A GLP Embryo-Fetal Development Study of
Sotatercept Administered Once Weekly by Subcutaneous
Injection in Rabbits

The objectives of this GLP study were to detect adverse effects
of sotatercept on pregnant New Zealand White females and
development of the embryo and fetus.

Twenty presumed pregnant New Zealand White rabbits/group
were administered vehicle or sotatercept at doses of 0.5, 1.5, or 5
mg/kg SC on GD 7 and 14 (a total of 2 doses). An additional 3
rabbits/group were used for TK and ADA determinations. All
rabbits were euthanized and necropsied on GD 29. The following
parameters and endpoints were evaluated: viability, clinical
signs, body weights, body weight gains, food consumption, gross
necropsy findings, ovarian and uterine examinations, fetal body
weight and sex, and fetal external, visceral, coronal, and skeletal
examinations. TK and immunogenicity (ADA) analyses were
performed on control and treated groups.

All rabbits survived to scheduled euthanasia and there were no
test article-related effects on maternal parameters at any dose
level.

Increased mean post-implantation loss resulted in a lower mean
number of live fetuses at 5 mg/kg. In addition, dose-dependent
lower mean fetal weight (male, female, and combined) was
observed in the 1.5 and 5 mg/kg groups (combined weights 13 %
and 18 % less than controls, respectively) that correlated with
lower mean numbers of ossification sites (metacarpals, forelimb
phalanges, and hindlimb phalanges) at 5 mg/kg.

No sotatercept-related fetal abnormalities (malformations or
variations) were noted in any dose group.

The majority of anti-sotatercept antibodies were detected on GD
29 after the second dose. Antibodies were detected in 1/23
(4.3 %) control animals, 10/23 (43.5 %) animals dosed at
0.5 mg/kg, 10/23 (43.5 %) animals dosed at 1.5 mg/kg, and 8/23
(34.8 %) animals dosed at 5 mg/kg. The total incidence rate in
sotatercept dosed animals was 40.6 %. In the TK subset, ADAs
in one 0.5 mg/kg animal and two 1.5 mg/kg animals appeared to
have an impact on sotatercept exposure on GD 14.

In conclusion, the maternal NOAEL in pregnant rabbits
administered sotatercept by SC injection once on GD 7 and 14
(total of 2 doses) was 5 mg/kg, which corresponded to a maternal
AUCo366n of 10,900 pg*h/mL. Developmental toxicity (higher
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mean post-implantation loss, lower mean number of live fetuses,
lower mean fetal weight, and lower mean number of ossification
sites) was observed at 5 mg/kg. In addition, lower mean fetal
weight was noted in the 1.5 mg/kg dose group. Based on these
results, the developmental NOAEL was considered to be
0.5 mg/kg, corresponding to a maternal AUCos366n Of
1070 pg*h/mL (0.4-fold the clinical exposure at the MRHD)
following dosing on GD 14.

prenatal and postnatal toxicity

Sotatercept: A GLP Developmental and Perinatal/Postnatal
Reproductive Study of Sotatercept by Subcutaneous
Injection in Rats, Including a Postnatal
Behavioral/Functional Evaluation

The objectives of this study were to detect sotatercept-related
adverse effects on Sprague Dawley rats and development of the
offspring. Because manifestations of effects induced during this
period may be delayed, observations were continued through
sexual maturity of the F1 generation rats. In addition, the ADA
effects of sotatercept to the FO generation females were
determined.

A total of 132 time mated female Sprague Dawley rats were
randomly assigned to 6 dose groups of 22 rats per group. Because
ADA formation in rats following repeated dosing is known to
decrease systemic exposure, FO generation maternal rats in this
study were treated with sotatercept either during gestation or
during the lactation period.

Presumed pregnant female rats were administered sotatercept,
and/or surrogate (saline) and the vehicle control, SC on GD 6 and
13, or lactation day (LD) 1, 8, and 15. FO female rats treated
during the gestation period (two groups) were dosed with
sotatercept at 1.5 or 5 mg/kg, respectively, on GD 6 and 13
followed by a saline dose on LD 1, 8, and 15. FO female rats
treated during the lactation period (three groups) were dosed with
saline on GD 6 and 13 followed by sotatercept at 1.5, 5, or 10
mg/kg, respectively, on LD 1, 8, and 15. FO generation control
rats were dosed with saline on GD 6 and 13 followed by doses of
vehicle on LDs 1, 8, and 15. FO generation female rats were
allowed to deliver naturally. On LD 21, F1 generation males and
females were weaned and 264 pups (1/F0O group/sex/litter) were
selected for continuation on study for the assessment of any
potential effects on growth and behavior. All dams, and any pups
not selected for continued evaluation, were euthanized on LD 21
postpartum. F1 generation rats were not directly administered
sotatercept, saline or control article during the course of the
study.

The following parameters and endpoints were evaluated in all FO
generation rats: viability, clinical signs, body weights, body
weight gains, food consumption, natural delivery and maternal
observations, ovarian and uterine examinations, and macroscopic
observations.
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Blood samples were collected from all FO generation rats before
initiation of dosing on GD 6 (Groups 1 to 3 only) and on LD 1
and prior to necropsy on LD 21 (all groups) for anti-sotatercept-
antibody evaluations.

The following parameters and endpoints were evaluated in all F1
generation rats: viability, clinical signs, body weights, sexual
maturation, motor activity, acoustic startle habituation, learning
and memory (Morris Water Maze), mating, ovarian and uterine
examinations, and macroscopic observations.

All FO generation females survived to the scheduled euthanasia.
No sotatercept-related effects were observed in the FO generation
females during the gestation or lactation periods for any of the
following parameters: clinical signs, mean maternal body
weights or body weight gains, natural delivery, maternal
behavior, and macroscopic observations.

Test article-related changes in FO females were limited to a
decrease in mean maternal food consumption from LD 10 to 15
for the 10 mg/kg maternal lactation dose group that was not
considered adverse in the absence of correlative clinical signs or
body weight effects.

No litter effects were observed in the FO generation at any dose
level administered during gestation or lactation as evaluated by
the number of dams delivering litters, the duration of gestation,
implantation sites per delivered litter, the gestation index
(percentage of pregnancies that result in birth of live litters), the
number of liveborn and stillborn pups, the viability index
(percentage of pups that survived from birth to LD 4), the
lactation index (percentage of pups born that survived to
weaning), surviving pups per litter, the sex ratio, and live litter
size at weighing.

In FO animals dosed during gestation (bled on LD 1 and 21) or
dosed during lactation (bled on LD 21 only), ADA were detected
in 2/22 (9.1 %) animals in the control group, 7/22 (31.8 %)
animals in the 1.5 mg/kg gestation group, 16/22 (72.7 %) animals
in the 5 mg/kg gestation group, 4/21 (19.0 %) animals in the
1.5 mg/kg lactation group, 7/20 (35.0 %) animals in the 5 mg/kg
lactation group, and 3/21 (14.3 %) animals in the 10 mg/kg
lactation group, for a total antibody incidence rate of 34.9 % (37
of 106) in the sotatercept-treated animals.

During the preweaning and postweaning periods, no test article-
related deaths or adverse clinical observations were observed in
the F1 generation male and female offspring for any maternal
dose group.

During the preweaning period in pups from dams treated during
gestation with 1.5 and 5 mg/kg sotatercept, transient test article-
related decreases in mean pup body weights (male, female, and
sex combined, compared to control) were noted on postnatal day
(PND) 1 only and were not considered adverse.

In pups from dams treated during lactation at > 5 mg/kg, there
were reductions in body weight and body weight gain that were
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dose dependent (in magnitude and timing of onset). Mean pup
body weights were reduced prior to weaning in males at 5 mg/kg
(beginning on PND 15; 9 % to 13 % less than controls) and in
both males and females at 10 mg/kg (beginning on PND 8§ and
10, respectively; 9 % to 20 % less than controls), and in females
at 5 mg/kg, mean body weights were reduced by the end of the
preweaning period (9 % less than controls on PND 21). In these
pups, reductions in body weight and body weight gain continued
during the postweaning period. The postweaning reductions in
body weight gain occurred during several measured intervals in
the males and females at 5 mg/kg such that body weight gain over
the entire postweaning period was reduced (11 % less than
controls from PND 22 to 106 for males; 4 % less than controls
from PND 22 to 92 for females). Similarly, postweaning
reductions in body weight gain in males and females at 10 mg/kg
occurred during all (males) or the majority (females) of the
measured intervals such that body weight gain over the entire
postweaning period was reduced (15 % less from PND 22 to 106
in males and 8 % less from PND 22 to 92 in females). As a result,
mean body weights remained reduced throughout the
postweaning period in the 5 mg/kg (11 % less than controls in
males on PND 106; 5 % less in females on PND 92) and
10 mg/kg (16 % less in males on PND 106; 10 % less in females
on PND 92). In addition, although mean body weight gain in the
10 mg/kg females was similar to controls during the gestation
period, mean body weights remained reduced during gestation
(8 % less than controls) due to the prior reduction in gains. Taken
together, results reflect sotatercept-related reductions in body
weight and body weight gain at 5 and 10 mg/kg beginning prior
to weaning and continuing into the postweaning period, which
resulted in reduced mean body weights into adulthood.
Therefore, these effects are considered adverse.

Delays in sexual maturation were observed in F1 animals in the
maternal lactation groups at > 5 mg/kg, secondary to decreases
in pup body weights in these dose groups. In the F1 generation,
an increase (compared to control) in the mean day of preputial
separation occurred in males in the 5 and 10 mg/kg maternal
lactation dose groups (+3.1 and +3.5 days, respectively) and in
the mean day of vaginal patency in females in the 10 mg/kg
maternal lactation dose group (+2.4 days). No effects on sexual
maturation were observed in the 1.5 mg/kg maternal lactation
dose group, and no changes were observed in the F1 generation
when FO generation rats were dosed during the gestation phase.
Furthermore, there were no effects on male or female
reproductive performance in F1 animals at any dose level from
either maternal segment.

No test article-related effects were observed during the acoustic
startle, motor activity and Morris Water Maze evaluations.

No sotatercept-related effects were observed in the F1 generation
from either maternal segment at macroscopic necropsy

095L37




examination, and there were no changes in ovarian and uterine
parameters as evaluated by number of corpora lutea,
implantations, the percentage of preimplantation loss, viable and
nonviable embryos, and the percentage of post-implantation loss.
In conclusion, sotatercept was well-tolerated in pregnant female
rats when administered SC at doses of 1.5 and 5 mg/kg on GD 6
and 13, or at doses of 1.5, 5, and 10 mg/kg on LD 1, 8, and 15.
Test article-related FO maternal effects were limited to a transient
non-adverse decrease in food consumption in the 10 mg/kg
lactation group. Therefore, the maternal NOAEL for sotatercept
was 5 mg/kg or 10 mg/kg when administered during gestation or
lactation, respectively, and the reproductive NOAEL is 5 mg/kg
when administered during gestation and 10 mg/kg when
administered during lactation. Adverse sotatercept-related
effects on pup body weight, pup body weight gain, and/or sexual
maturation occurred in both the F1 generation male and female
offspring from the 5 and 10 mg/kg maternal lactation dose
groups. There were no F1 generation effects related to the
maternal administration of sotatercept on pup mortality, clinical
signs, motor activity, learning and memory (acoustic startle or
Morris Water Maze), mating and fertility, or ovarian and uterine
parameters. On the basis of these data, the NOAEL for viability
and growth in the offspring when sotatercept is administered to
pregnant rats during gestation or lactation was 5 mg/kg (2-fold
the clinical exposure at the MRHD) and 1.5 mg/kg (0.6-fold the
clinical exposure at the MRHD), respectively.

studies in which the drug is
administered to offspring
(immature animals) and/or the
long-term action is evaluated

Sotatercept: A Twelve-Week Toxicity Study of Sotatercept
Administration by Subcutaneous Injection in Juvenile Rats,
Including a Recovery Period

The objective of this GLP study was to determine the potential
effects of sotatercept on growth and development,
neurobehavioral development, immune competence, and
reproductive function when administered to juvenile Sprague-
Dawley rats Q1W by subcutaneous injection from PND 7 to 91
and following a 13-week treatment-free period.

Sotatercept was administered SC to juvenile Sprague Dawley
rats Q1W beginning on PND 7 and continuing through PND 91
for a total of 13 doses. Sotatercept was administered at doses of
0 (vehicle), 0.3, 3, or 30 mg/kg QIW.

Ten animals/sex/group (Main Study Animals, Subset 1) and
20/animals/sex/group (Treatment-Free Period Animals, Subset
2) were assigned to assess toxicity endpoints on PND 98 (end of
the dosing period) and on PND 238 or 239 (end of the 13-week
treatment-free period), respectively. Separate groups of animals
were treated and used to determine sotatercept TK parameters
and ADA (21-24 animals/sex/group, Subset 3) and to evaluate
the TDAR and perform immunophenotyping assessments (20
rats/sex in the 0, 0.3 and 3 mg/kg QIW groups, Subset 4).
Juvenile rats were assessed for mortality, clinical signs, and
changes in food consumption, body weights, sexual maturation,
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motor activity, functional observational battery (FOB) and
Morris Water Maze endpoints, estrous cycle duration,
reproductive capacity, blood hormone concentrations (FSH, LH,
testosterone, progesterone, estradiol, and erythropoietin (EPO)),
TDAR and immunophenotyping parameters, bone (femur)
density, and clinical and anatomic pathology endpoints. Serum
TK (control and treated animals) and ADA assessments were
performed.

There were no test article-related changes in urinalysis, EPO,
FOB parameters, or changes in performance in the Morris
watermaze.

The 30 mg/kg Q1'W dose group was terminated on PND 30 (after
3 doses) due to a high number of test article-related unscheduled
deaths and the declining clinical condition of remaining animals.
At 30 mg/kg Q1W, dehydration, thin body appearance, decreased
motor activity and/or ungroomed coat were commonly observed
and correlated with decreased body weight gain. Clinical
pathology changes at 30 mgkg QIW generally included
increases in erythroid mass that were pharmacologically-
mediated, increases in liver transaminases, and changes in
parameters indicative of kidney injury. Test article-related
postmortem findings at 30 mg/kg Q1W generally included red
discoloration of the kidneys noted grossly, and histomorphologic
changes that included tubular
dilation/atrophy/hypoplasia/mineralization in kidney,
hemorrhage/congestion in the renal medulla, adrenal
congestion/vacuolation, mineralization of the glandular stomach
mucosa, and decreased cellularity of the white pulp and/or
marginal zone in the spleen.

There were no test article-related unscheduled deaths at
<3 mg/kg QIW in animals designated for TK and ADA
determinations  (subset 3 animals) or TDAR and
immunophenotyping (subset 4 animals).

At 3 mg/kg QIW in Main Study Animals during the dosing
period, test article-related antemortem findings were similar but
generally less severe than those present at 30 mg/kg Q1W. At 3
mg/kg QIW in Main Study Animals, there were test article-
related unscheduled deaths, adverse clinical signs, reductions in
mean body weights and body weight gain in females (transient)
and males, and reduced food consumption in males. Other
antemortem changes at 3 mg/kg QIW during the dosing period
included delays in sexual maturation in males and females that
were considered secondary to effects on body weights, and a
decrease in the total time spent in movement during the motor
activity assessment in males. At 0.3 mg/kg QIW during the
dosing period in Main Study Animals, clinical signs were limited
to transient limited use of a limb.

Test article-related clinical pathology changes in Main Study
Animals during the dosing period at > 0.3 mg/kg Q1W included
minimal to mild increases in parameters indicative of erythrocyte
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mass. At 3 mg/kg Q1W, additional changes included minimal
increases in white blood cell parameters, minimal increases in
fibrinogen, and minimal decreases in platelets.

Changes in clinical chemistry parameters indicative of renal
toxicity (mild increases in blood urea nitrogen, creatinine, and/or
phosphorous and mild decreases in albumin) at > 0.3 mg/kg QIW
correlated with microscopic findings in the kidneys.

At scheduled euthanasia on PND 98 for Main Study animals (0,
0.3, and 3 mgkg Q1W), sotatercept-related effects were
observed at > 0.3 mg/kg Q1W and included gross findings in the
testes (abnormal consistency and small in size), prostate (small
in size), and/or kidneys (discoloration, fluid filled cysts). Organ
weight changes included decreased heart weight in males at
> 0.3 mg/kg, decreased weights of the testes/epididymis,
prostate, and spleen (females only) at 3 mg/kg QIW, and
increased kidney weights at 3 mg/kg Q1W.

On PND 98 for Main Study animals, histomorphologic findings
were present in the kidneys at > 0.3 mg/kg Q1W and included
minimal to mild mineralization of the tubules, minimal to marked
tubule dilatation, minimal to moderate chronic progressive
nephropathy, minimal to moderate membranoproliferative
glomerulonephritis, minimal to mild hemorrhage, minimal to
moderate atrophy/hypoplasia of the tubules in the medulla, and
increases in stroma in the medulla. Minimal to mild
mineralization of the glandular mucosa of the stomach was
observed in males at > 0.3 mg/kg Q1W and females at 3 mg/kg
QIW. Marked to severe degeneration and atrophy of the
seminiferous tubules and mild to moderate edema in the testes
was observed at > 0.3 mg/kg Q1W. Minimal to mild hyperplasia
of Leydig cells occurred in the testes at 3 mg/kg Q1W. In the
prostate and seminal vesicles, minimal to mild atrophy was
observed at 3 mg/kg Q1W. A marked reduction in sperm with
minimal to mild increased cellular debris was noted in the
epididymides at > 0.3 mg/kg Q1W and considered secondary to
degeneration/atrophy of the testes. In the spleen, decreased
cellularity in the periarteriolar sheaths and/or marginal zones of
the white pulp, decreased extramedullary hematopoiesis in the
red pulp, and/or increased cellularity in the red pulp was noted in
males at 3 mg/kg Q1W and in females at > 0.3 mg/kg QI1W. In
bone marrow of females at > 0.3 mg/kg Q1W, decreased numbers
(islands) of immature (blast) myeloid elements were observed
with relative or absolute increased erythroid elements and
neutrophils. In the thymus of a few females at > 0.3 mg/kg Q1W,
increased single cell necrosis was observed in the cortex and
medulla. Lastly, in females only, there was hypertrophy of the
cells in the cortex of the adrenal gland at > 0.3 mg/kg QIW and
in the pars distalis/pars intermedia of the pituitary gland at
3 mg/kg QIW.

During the treatment-free period, there was 1 test article-related
unscheduled death at 3 mg/kg QIW. Clinical signs and
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postmortem findings were generally similar to those present in 3
mg/kg Q1W animals that died during the dosing period. There
were no test article-related unscheduled deaths at 0.3 mg/kg
QI1W during the treatment-free period.

There were no test article-related clinical signs at <3 mg/kg Q1W
during the treatment-free period (excluding those present in
unscheduled death animals).

In males only, reductions in body weights at 3 mg/kg QIW
persisted into the treatment-free period but had fully recovered
prior to cohabitation.

There were no changes in food consumption at < 3 mg/kg Q1W
during the treatment-free period.

In treatment-free period animals on PND 237-239, test article-
related clinical pathology changes were generally minimal to
mild and limited to increases in erythroid mass in females at
3 mg/kg QIW, decreases in platelets in 3 mg/kg Q1W females,
increases in fibrinogen in 3 mg/kg Q1W males, decreases in
albumin in males at 3 mg/kg Q1W, and increases in cholesterol
at > 0.3 mg/kg QIW. On GD 13, clinical pathology changes in
sotatercept-treated females that were mated during the treatment-
free period were limited to minimal increases in ALT, AST, and
glucose at 3 mg/kg/ QIW, and mild increases in cholesterol at
> 0.3 mg/kg QIW.

During the treatment-free period, reductions occurred in male
and female fertility indices, in pregnancy rates in untreated
females mated to treated males at 3 mg/kg QIW, and in
pregnancy rates in treated females at > 0.3 mg/kg Q1W. In
sotatercept-treated females, there was also an increase in the
percentage of animals with nonviable embryos (including 1 litter
with only nonviable embryos) at 3 mg/kg Q1W.

At the end of the treatment-free period (PND 238/239),
sotatercept-related postmortem effects in Treatment-Free Period
Study animals at > 0.3 mg/kg QIW were similar to those
observed at the end of the dosing period and included gross
findings in the testes and kidneys, organ weight changes in the
testes, prostate, kidneys, and heart, and microscopic findings in
the kidneys, stomach, testes (with the exception of Leydig cell
hyperplasia), and spleen. In the adrenal gland in females at
0.3 mg/kg QIW, cortical hypertrophy was no longer present but
there was an increased incidence of cystic degeneration at 3
mg/kg Q1IW. There were no findings in the pituitary, bone
marrow, or thymus.

Slight changes in blood hormone concentrations were noted at 3
mg/kg Q1W only. At the end of the dosing period, there was an
increase in LH in males and decreases in LH and FSH in females.
At the end of the treatment-free period there were increases in
LH and FSH in males only. These changes were of uncertain
relationship to treatment and were not considered toxicologically
significant.
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As a measure of bone density, bone mineral content (BMC) and
bone mineral density (BMD) (global, proximal, mid, and distal
femur) were slightly increased at 0.3 mg/kg Q1W at the end of
the dose period in Main Study animals, with no concurrent
effects on hormones. Although the differences were small and
not dose-dependent at 0.3 mg/kg QIW, the differences were
consistent among males and females and were likely related to
sotatercept. At the end of the treatment-free period, global and
proximal BMD and mid femur BMC and BMD were statistically
significantly lower in males at 3 mgkg QIW, but were
considered to be of uncertain relationship to sotatercept
treatment.

Following weekly dosing for 12 weeks, sotatercept exposure
across the dose range (0.3 to 3 mg/kg Q1 W) increased by 1.7- to
3.2-fold in males and 1.5- to 3.8-fold in females.

ADAs were not detected in animals tested on PND 128.
However, ADAs were detected in 1 female at 0.3 mg/kg Q1W
and 1 female at 3 mg/kg Q1W on GD 13, and in 1 male on PND
239 at 3 mg/kg Q1W. At some timepoints, elevated levels of
circulating sotatercept may have interfered with the detection of
ADAs, leading to false negative results.

The TDAR and immunophenotyping assessments were
performed during the dosing period and the treatment-free
period. During the dosing period, there was a decrease in the T-
dependent IgM antibody response to KLH, but no change in IgG
antibody response, at 3 mgkg QIW. In the 2 to 6
animals/sex/group remaining during the treatment-free period
there was no discernible effect on KLH-specific IgM or IgG
production at < 3 mg/kg QIW.

Test article-related changes in the immunophenotyping
assessments included a dose-dependent trend of increased
(statistically significant) CD45+ lymphocyte counts observed on
PND 56 in males and females at > 0.3 mg/kg Q1W, relative to
the control group that resulted in dose-dependent increases in
absolute counts for total T cells, B cells, CD4+ T cells, and CD8+
T cells in males and females. Natural killer (NK) cell absolute
counts were not significantly different in sotatercept-treated
groups; however, increased absolute CD45+ lymphocyte counts
resulted in statistically significant decreases in NK cell
percentages for males at 3 mg/kg QIW and females at 0.3 and
3 mg/kg QIW. T cell percentages were statistically significantly
lower in females that received 0.3 and 3 mg/kg Q1W; however,
absolute T cell counts in these animals were increased overall
compared to controls. B cell percentages were statistically
significantly higher in males that received 3 mg/kg Q1W, which,
together with increased CD45+ lymphocyte counts, increased B
cell absolute counts in this group, relative to controls. T:B cell
ratios displayed a statistically significant trend of less T cells in
proportion to B cells in males administered sotatercept on PND
237 only. Overall, dynamic changes in subsets of lymphocyte
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were observed at > 0.3 mg/kg Q1W. These minimal to mild
changes (2-3 fold in B cells, and < 2 fold in total lymphocyte, T,
and NK cells) reflected a slight and transient effect in lymphocyte
activation after antigen (KLH) administration and were of
minimal toxicological significance.

Due to the small number of animals remaining for the treatment-
free period assessments (2 to 6 animals/sex/group), recovery for
immunophenotyping changes could not be definitely determined.
In conclusion, based on adverse clinical pathology and
postmortem changes that did not demonstrate reversibility, and
on decreases in female fertility and pregnancy indices occurring
during the treatment-free period, the NOEL and NOAEL for this
study were < 0.3 mg/kg Q1W (< 0.6-fold the clinical exposure at
the MRHD).

Sotatercept: A Thirteen-Week Toxicity Study of Sotatercept
Administered by Subcutaneous Injection in Juvenile Rats,
Including a Recovery Period

The objective of this GLP study was to determine the potential
effects of sotatercept on growth and development,
neurobehavioral development, immune competence, and
reproductive function when administered to juvenile Sprague-
Dawley rats Q1W by SC injection from PND 7 to 91 followed
by an 18-week treatment-free period.

Sotatercept was administered SC to juvenile Sprague Dawley
rats Q1W beginning on PND 7 and continuing through PND 91
for a total of 13 doses. Sotatercept was administered at doses of
0 (vehicle), 1, 3, or 10 mg/kg Q1W. Toxicity endpoints were
assessed in 10 animals/sex/group (Main Study Animals, Subset
1) through the end of the dosing period on PND 98 and in
20/sex/group (Treatment-Free Period Animals, Subset 2) through
the end of the 18-week treatment-free period on GD 15 for
females and PND 233 for males. Rats in Subset 1 received an
additional dose on PND 98. Separate groups of animals were
treated and used to determine sotatercept TK parameters and
ADA (24 animals/sex/group and 1 control group composed of 6
rats/sex, Subset 3) and to evaluate the TDAR and perform
immunophenotyping assessments (20 rats/sex/group, Subset 4).
Juvenile rats were assessed for mortality, clinical signs, and
changes in food consumption, body weights, sexual maturation,
motor activity, FOB and learning and memory (Biel maze)
endpoints, estrous cycle duration, reproductive capacity, blood
hormone concentrations (FSH, LH, testosterone, progesterone,
estradiol, and EPO), TDAR and immunophenotyping
parameters, bone (femur) density, and clinical and anatomic
pathology endpoints. Serum TK (control and treated animals)
and ADA assessments (treated animals only) were performed.
There were no test article-related unscheduled deaths, and no
changes in motor activity, learning and memory (Biel maze)
assessments, or GD 15 measures of intrauterine embryo survival
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(pre-implantation loss, post-implantation loss, and mean number
of viable embryos, corpora lutea, and implantation sites).

Test article-related findings occurred at all dose levels during the
dosing period. In Main Study animals, there was an increased
incidence of swollen hindlimbs/limited use of hindlimbs at
10 mg/kg QI1W, decreases in body weights and food
consumption in males at > 1 mg/kg QIW, and delays in sexual
maturation in males at > 1 mg/kg Q1W and females at > 3 mg/kg
Q1W. In the FOB assay, decreases in hindlimb grip strength
occurred in males at > 3 mg/kg Q1W.

Test article-related clinical pathology changes in Main Study
animals during the dosing period generally included small
increases in parameters indicative of erythrocyte mass (RBC,
HGB, HCT, absolute reticulocyte count, RDW, hemoglobin
distribution width (HDW)), and small decreases in MCH,
MCHC, MCV, and/or platelets at > 1 mg/kg QIW, and very
small increases in mean platelet volume (MPV) and fibrinogen
at 10 mg/kg QIW. Chemistry changes included very small
increases in alkaline phosphatase in females at >1 mg/kg Q1W
and changes suggestive of renal toxicity (small increases in BUN
and chloride [based on individual animals] at >1 mg/kg Q1W,
and increases in creatinine, and/or phosphorus, and minimal
decreases in albumin, globulin, and/or total protein that usually
occurred at >3 mg/kg QIW) that generally correlated with
increased positive protein reaction in urine at > 3 mg/kg Q1W
and decreases in urine specific gravity and increased urine
volume at 10 mg/kg Q1W and microscopic changes in the
kidneys.

At scheduled euthanasia of Main Study animals (subset 1) on
PND 98, test article-related changes included gross findings in
the testes and epididymides (soft consistency and small in size)
at > 1 mg/kg Q1W and the kidneys (dilated pelvis and nodules)
at >3 mg/kg QIW.

Organ weight changes included decreases in heart, epididymides,
and prostate weights and increases in ovary weights at > 1 mg/kg
QIW. Decreases in testes weights occurred at > 3 mg/kg QIW.
On PND 98 for Main Study animals, histomorphologic findings
were present in the spleen at > 1 mg/kg QIW and included
minimal to mild decreased cellularity of the marginal zone
lymphoid tissue and minimal to moderate increased cellularity of
the red pulp at > 1 mg/kg QIW. In kidneys at > 1 mg/kg Q1W,
findings included minimal to moderate chronic progressive
nephropathy and membranoproliferative glomerulonephritis,
minimal to severe atrophy/hypoplasia of medullary/papillary
tubules (with increased stroma), mild papillary necrosis, minimal
to moderate tubular and pelvic dilatation, and minimal to
moderate hemorrhage. Minimal mineralization of the glandular
mucosa of the stomach was observed at > 1 mg/kg Q1W. An
increased incidence of minimal to mild periportal hepatocellular
vacuolation occurred at > 1 mg/kg QIW. In the adrenal cortex,
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mild to severe necrosis occurred at > 3 mg/kg Q1'W and minimal
to moderate hypertrophy of the zona fasciculata occurred at
> 1 mg/kg Q1W. Moderate to severe bilateral testicular tubular
degeneration and reduced luminal sperm, and minimal to mild
luminal cellular debris in the epididymides occurred at > 1 mg/kg
QIW.

During the treatment-free period in Main Study animals (Subset
2), there were no test article-related deaths, and clinical signs
were limited to impaired use of hindlimbs and/or swollen
hindlimbs that occurred at 10 mg/kg Q1W. Mean body weights
in males remained decreased throughout the treatment-free
period at> 1 mg/kg Q1W and generally correlated with decreases
in food consumption. Changes in grip strength noted in the FOB
during the dosing period had resolved in treatment-free period
animals.

At the end of the treatment-free period, there were no test article-
related hematology or coagulation changes. Test article-related
clinical pathology changes were limited to increased blood urea
nitrogen, increased urine volume, and decreased urine specific
gravity in males at > 3 mg/kg Q1 W, and increases in creatinine
and phosphorus and decreases in chloride in one 3 mg/kg Q1W
male that were considered potentially related to treatment based
on correlative kidney changes.

During the treatment-free period, lower mean mating, fertility,
and copulation indices occurred in sotatercept-treated males at
> 1 mg/kg Q1W when paired with untreated (naive) females.
There were no test article-related changes in estrous cycle length
or reproductive performance parameters in sotatercept-treated
females paired with naive males.

At the end of the treatment-free period, gross changes persisted
in the kidneys, testes and epididymides. Organ weight changes in
the ovary and prostate had resolved by the treatment-free period
necropsy, and an increase in kidney weight was observed in
10 mg/kg Q1W females in addition to existing changes in heart,
testes, and epididymides weights.

Histomorphologic changes observed at the end of the treatment-
free period were generally similar to those observed at the earlier
necropsy with the general exceptions that minimal to moderate
atrophy of the zona fasciculata/zona reticularis was present in the
adrenal gland and minimal to mild chronic interstitial
inflammation in the kidney at > 1 mg/kg Q1W and decreased
cellularity of the splenic marginal zone, dilatation of the renal
pelvis, and periportal hepatocellular vacuolation had resolved.
In samples collected for hormone analysis at the end of the
dosing period (during estrus for females beginning on PND 92
and on PND 97 for males), test article-related changes were
limited to small decreases in FSH in females at > 3 mg/kg Q1W
and in FSH and estradiol in males at 10 mg/kg Q1W that were
not considered adverse. These were no test article-related
hormone changes on PND 184 in females and PND 232 in males.
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Erythropoietin concentrations were increased in individual males
at > 1 mg/kg Q1W and individual females at 10 mg/kg QIW at
the end of the dosing period, and were considered of uncertain
relationship to treatment. There were no test article-related
changes in EPO on GD 15 in females or PND 233 in males.
There were no changes in femur measurements determined at
either necropsy (end of dosing period and end of treatment-free
period). Using dual energy X-ray absorptiometry (ex-vivo),
minor changes in bone diameter (whole femur and subregions),
BMD, and/or BMC were noted at > 1 mg/kg Q1W at the end of
the dosing and treatment-free periods.

Following weekly dosing for 13 weeks, sotatercept exposure
across the dose range increased by 1.97 to 5.40-fold in males and
2.45- to 4.85-fold in females. No ADAs were detected in the TK
animals tested on PND 128.

Sotatercept concentrations in Main Study animals (Subset 1) on
PND 98 were similar to the concentrations present in TK animals
at 168 h after dosing on PND 91. With the exception of 4 animals,
no ADAs were detected in the main phase (Subsets 1 and 2)
animals tested on GD 15, PND 98, and PND 233. At some
timepoints, elevated levels of circulating sotatercept may have
interfered with the detection of ADAs, leading to false negative
results.

TDAR and immunophenotyping assessments were performed
during the dosing and treatment-free periods in Subset 4 animals.
There were no test article-related effects on T-dependent IgM or
IgG antibody response when animals were challenged with KLH
during the dosing or treatment-free periods. In the
immunophenotyping evaluation during the dosing phase,
lymphocyte counts were increased in males at > 3 mg/kg QIW
(effect was reflected in the B cell compartment, but not in NK or
T cells). In females, a dose-dependent trend of decreased NK cell
percentages at >1 mg/kg Q1W correlated with a reduction in
absolute NK cell number at 10 mg/kg Q1W in females. During
the treatment-free phase, lymphocyte counts remained increased
in 10 mg/kg QIW males, but NK cell changes in females
resolved. These minimal to mild changes (2-3 fold in B cells and
< 2 fold in total lymphocytes and NK cells) reflected a slight
increase in lymphocyte activation after KLH challenge and are
not considered adverse due to the low magnitude of the change
and a trend for recovery in most lymphocyte subsets.

In conclusion, based on adverse postmortem changes that did not
demonstrate reversibility, delays in sexual maturation in males
and females, and decreases in male fertility indices, the NOEL
and NOAEL for this study were < 1 mg/kg QIW (AUCo.168n =
3080 pg*h/mL, < 2-fold the clinical exposure at the MRHD).

6) local tolerability

Local tolerance was assessed as part of the IV and SC repeat-
dose studies in rats and monkeys. Sotatercept was well-tolerated
in rats and monkeys locally by both routes of administration.

7) other toxicity studies:
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antigenicity (antibody
production)

There was no evidence of hypersensitivity or anaphylaxis due to
potential immunogenicity induced by sotatercept in the routine
repeat-dose toxicity studies. Immunogenicity (the ADA
response) to sotatercept was evaluated in the repeat-dose toxicity
studies in rats and monkeys, in the developmental and
reproductive toxicity studies, and in the juvenile rat toxicity
studies. Sotatercept elicited ADA responses after repeat doses,
which is typical of many biopharmaceuticals in animals.

immunotoxicity

Activins are known to play a role in the regulation of immune
responses based on in vitro and in vivo data from the literature.
The response varies between cell types and differs depending on
cell maturation, cell activation status, as well as on the spatial and
temporal context of the immune response. Activin A has been
shown to regulate either pro- or anti-inflammatory responses in
macrophages, depending on their prior activation status. In
addition, activin A may stimulate antibody production by B cells
and may influence the development of regulatory T cells. In
contrast, the potential effects of GDF-8, GDF-11, and BMP-10
on immune function are not well described. Although sotatercept
can modulate activin levels in the circulation, it does not block
residual ligand signaling at target cellular receptors, and it is
unlikely to interfere with autocrine and paracrine activin
signaling.

Although there is literature evidence suggesting potential for
altered immune function, there is no definitive evidence that
sotatercept affects immune function. One sotatercept monkey
study was terminated early due to presence of plasmodium
infection in many animals and the early death of 1 animal due to
fulminant malaria.

Plasmodium was present prior to study start, but increased in
incidence and severity over the 9-week dosing period. While it is
possible that sotatercept-mediated changes in immune function
increased the susceptibility of these animals to infection, it is
well-recognized that erythropoiesis-promoting drugs can
increase plasmodium infection by increasing the population of
potential host cells. It is therefore considered likely that
sotatercept-mediated increases in RBC and reticulocytes, and not
changes in immune function, increased the susceptibility of the
treated animals to plasmodium infection.

In the completed sotatercept nonclinical studies, minimal to
moderate lymphoid depletion in the thymus occurred in monkeys
at dosages > 10 mg/kg Q2W in the 27-week study and in the
spleen at dosages > 2.6 mg/kg Q4W in the 9-month study.
However, in monkeys and adult rats at all tested doses, there was
no evidence of degeneration or necrosis in the thymus or spleen,
no adverse findings in other lymphoid tissues, no meaningful
changes in circulating white blood cells, and no changes in serum
globulin concentrations. Minor changes in the bone marrow
myeloid/erythroid ratio in monkeys and juvenile rats were
consistent with mild pharmacologically-mediated increases in
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erythroid parameters, and occurred in the absence of adverse
changes in circulating white blood cells. Lymphoid changes in
juvenile rats were generally limited to minimal to mild decreases
in cellularity in the marginal zone of the white pulp and/or
minimal to mild increases in cellularity in the red pulp of the
spleen. In the pivotal juvenile rat study, there were no test article-
related changes in the TDAR assay, and immunophenotyping
data did not suggest immune suppression. Lastly, there was no
strong signal for hyperplasia and no evidence of tumor formation
in any sotatercept nonclinical study. In conclusion, the totality of
the nonclinical data indicate that sotatercept does not have
toxicologically meaningful immunomodulatory effects.

investigation of mechanisms of
action

The mechanism of action was assessed as part of the secondary
pharmacodynamics studies.
No additional mechanistic studies were conducted.

drug dependence

Sotatercept is a large molecular weight protein that will not cross
the blood brain barrier. There was no indication that sotatercept
has a pharmacologic profile consistent with drug abuse liability
potential. In addition, there were no neurological evaluation
findings or clinical signs in the repeat-dose toxicity studies
suggestive of psychoactive effects (ie, sedative or stimulant
effects). As such, no animal abuse potential studies were
conducted, and the potential for abuse liability is considered to
be very low.

toxicity of metabolites

Sotatercept is a protein therapeutic consisting entirely of
naturally occurring amino acids and typical proteolytic pathways
are expected to be the primary route of catabolism. The potential
toxicity of sotatercept metabolites was assessed as part of the
repeat-dose toxicity studies. No additional metabolite studies
were conducted.

toxicity of impurities

No nonclinical studies were conducted with any individual
impurities. Impurities in the drug substance were qualified at the
specified levels in toxicity studies conducted with the various
batches/lots of sotatercept.

other

Phototoxicity

As discussed in ICH Guidance S10 (Photosafety Evaluation of
Pharmaceuticals), the guideline “generally does not apply to
peptides,  proteins, antibody drug  conjugates, or
oligonucleotides.” Therefore, the evaluation of a protein drug
like sotatercept for phototoxicity is deemed not warranted. Based
on this rationale, no preclinical phototoxicity testing was
performed for sotatercept and none is planned.

RAP-011: A 3-Month Intraperitoneal Toxicity Study in Mice
with a 1-Month Recovery

This GLP study was conducted as an investigational toxicity
study in CD-1 mice using RAP-011, which is a fusion protein
similar to sotatercept. RAP-011 contains a murine Fc fragment
(IgG2a) instead of a human Fc fragment (IgG1). The goal of this
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investigational study was to identify target organ toxicity
following repeated IP dosing in rodents, in which an antibody
response to the test article would not be expected to develop.
RAP-011 was administered IP twice weekly (TW) to mice. RAP-
011 dissolved in vehicle was administered at doses of 0 (vehicle),
10, 30, or 50 mg/kg TW for 3 months. Each dose group included
20 animals/sex/group. The first 10 animals/sex/group were
designated for necropsy on Study Day 92, and 10
animals/sex/group were designated for necropsy on Study Day
120 (following a 1-month treatment-free period).

Animals were assessed for mortality and changes in clinical
signs, body weight, body weight change, food consumption,
hematology and clinical chemistry, and postmortem parameters.
Test article-related mortality occurred primarily at doses
>30 mg/kg TW. Unscheduled deaths included a total of 34
treated animals that were sacrificed in a moribund condition or
found dead (2/40, 15/40, and 17/40 animals dosed at 10, 30, and
50 mg/kg TW, respectively, beginning around SD 60). Due to
continuing morbidity, surviving 50 mg/kg TW females were
terminated on Study Day 74, and all surviving 50 mg/kg TW
males (including those designated for the treatment-free period)
were terminated on Study Day 92 (end of the treatment period).
At necropsies, red fluid was observed in the thoracic cavity.

In unscheduled death animals and surviving animals across the
dose range, clinical signs included rapid respiration and rough
hair coat.

Test article-related small transient increases and decreases in
mean body weight/body weight change were observed in females
and males across the dose range, with increases in these
parameters sometimes correlating with increases in food
consumption.

Red blood cell parameters (RBC, RDW, HGB and HCT, and
reticulocyte counts) were elevated in all RAP-011-treated
groups. There was a slight, reversible dose-related increase in
liver enzymes (AST and ALT) along with increases in sodium
and triglycerides that had all resolved by Study Day 120 (end of
treatment-free period).

At scheduled necropsy on Study Day 92, red fluid in the thoracic
cavity, suggestive of hemothorax, was frequently observed
across the dose range. This finding occurred infrequently in
animals necropsied on Study Day 120.

Mean heart weights and kidney weights were decreased in
females and males at the end of the dosing (Study Day 92) and
treatment-free (Study Day 120) periods.

Histopathological findings were similar across dose groups and
were present in the brain, kidney, spleen, and thymus, and to a
lesser extent in the heart and lung. These included minimal
multifocal mineralization of the choroid plexus; minimal to mild
multifocal bilateral degeneration/necrosis of the tubule lining
cells in the renal cortex; minimal multifocal alveolar
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histiocytosis; and minimal to moderate degenerative/necrosis of
ventricular myocardium. In addition, mild to moderate increased
hematopoiesis was observed in the spleen. The lymphoid
depletion noted in lymphoid organs (spleen, thymus, and lymph
nodes) was likely the result of the debilitated condition of the
mice.

In summary, RAP-011 administered intraperitoneally (IP) at
doses of 10, 30, or 50 mg/kg TW resulted in excessive
toxicity/mortality at doses > 30 mg/kg TW. Dosages > 10 mg/kg
TW resulted in pharmacologically-mediated increases in
erythroid parameters and splenic hematopoiesis as well as
decreases in heart and kidney weights and histopathological
findings in the choroid plexus of the brain. At overtly toxic doses,
RAP-011 also caused lesions within the tubules within the renal
cortex, alveolar histiocytosis, and degeneration/necrosis of
ventricular myocardium.

Sotatercept, ACE-536, RAP-011, and RAP-536: A Renal
Toxicity Study of Sotatercept, ACE-536, RAP-011, and RAP-
536 in the 5/6 Nephrectomy or Unilateral Ureter Ligation
Models in Female Sprague-Dawley Rats

The objective of this study was to assess the potential effects of
sotatercept and its murine analog RAP-011, and ACE-536 and its
murine analog RAP-536, in two rodent models of renal
compromise: 5/6 nephrectomy and unilateral ureteral ligation
(UUL). Only results from sotatercept and RAP-011 are
summarized below. The 5/6 nephrectomy and UUL models of
renal compromise were used in this study. Each model was tested
in one of the two arms of the study. Each arm was composed of
seven treatment groups with 6 surgically-altered and 3 sham-
operated animals treated SC Q1W for 13 weeks. Sotatercept was
administered SC at doses of 1 or 10 mg/kg Q1W to animals in
the 5/6 nephrectomy study arm (Groups 2 and 3) and the UUL
study arm (Groups 9 and 10). RAP-011 was administered SC at
adose of 10 mg/kg Q1W to animals in the 5/6 nephrectomy study
arm (Group 6) and the UUL study arm (Group 13). Groups 1 (5/6
nephrectomy study arm) and 8 (UUL study arm) received the
vehicle control. The 5/6 nephrectomy surgery occurred during
Study Week 3 and the UUL surgery occurred during Study Week
11.

Study parameters evaluated included mortality, clinical
observations, body weights, food consumption, hematology,
serum creatinine, urea nitrogen, urine parameters (creatinine,
volume, and the biomarkers albumin, T cell Ig mucin, also
known as KIM-1 (Kidney Injury Molecule 1) (TIM-1),
Lipocalin-2, and osteopontin), and histomorphologic
examination of the kidney. Kidney expression data for 12 target
genes and 8 miRNA transcripts were examined. Sotatercept drug
concentrations were measured. ADA were determined for
sotatercept and RAP-011-treated animals.
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There were no test article-related mortalities, and no body
weight, food consumption, serum creatinine, urea nitrogen, or
urine creatinine and volume parameters changes. There were no
test article-related changes in kidney gene/ micro ribonucleic
acid (miRNA) expression.

Test article-related limb swelling occurred in 1 sotatercept (1
mg/kg Q1W)-treated animal, and pharmacologically-mediated
slight increases in red blood cell mass (RBC, HGB, and HCT)
occurred at all doses of sotatercept and RAP-011 in 5/6
nephrectomized rats and at 10 mg/kg Q1W sotatercept and RAP-
011 in UUL rats.

Test article-related increases in the kidney urinary biomarkers
albumin, TIM-1, lipocalin-2, and osteopontin occurred in most
sotatercept and RAP-011-treated groups of 5/6 nephrectomized
animals. Lipocalin-2 was minimally increased in sotatercept- and
RAP-011-treated UUL animals.

When compared with nephrectomized animals treated with the
vehicle, or the respective sham-operated ACE and RAP
treatment groups, average severity grades for a comparable
spectrum of glomerular changes were notably increased in
nephrectomized animals treated with sotatercept or RAP-011.
Additional findings in sotatercept and RAP-011 treated groups
included changes in the glomerulus (hyaline accumulation,
epithelial crescent formation, increased thickness of Bowman’s
capsule, dilation of Bowman’s space, and/or glomerular
atrophy), an increased incidence and/or severity of
tubulointerstitial lesions (tubular dilation and/or basophilia,
interstitial fibroplasia/fibrosis, and/or mononuclear
inflammatory cell infiltrates), and increased glomerular and
tubulointerstitial immunostaining for pSmad2 and aSMA.

In the UUL arm of the study, histomorphologic changes in
kidneys with wureteral obstruction were characteristic of
obstructive nephropathy and there was no notable difference in
the severity of obstructive nephropathy between vehicle,
sotatercept, and RAP-011 treatment groups.

Fifty eight percent (58 %) of sotatercept treated animals and
11 % of the RAP-011 treated animals were identified as ADA
positive on Study Day 92. In ADA negative animals, serum drug
concentrations measured after the last dose were 2 to 10-fold
higher than concentrations measured after the first dose,
indicating accumulation of drug. In contrast, drug concentrations
decreased over the course of the study in most ADA positive
animals.

In conclusion, the SC administration of sotatercept and RAP-011
QIW to 5/6 nephrectomized animals caused notable
exacerbation of glomerular and tubulointerstitial lesions,
increased pSmad2 and aSMA immunostaining, and increased
urinary albumin, TIM-1, lipocalin-2, and/or osteopontin levels
when compared to vehicle-treated nephrectomized or respective
sham-operated sotatercept and RAP-011 treatment groups. Due
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to the advanced state of the changes in renal morphology
associated with unilateral ureteral obstruction, the potential
histomorphologic effects of treatment with sotatercept and RAP-
011 could not be determined in obstructed kidneys.

5. Conclusions on non-clinical
study

In conclusion, the TGF-B superfamily of ligands bound by
sotatercept exhibit a diverse range of influences on growth,
development, and homeostasis in numerous tissues and organ
systems. The potential for adverse effects was broadly assessed
in the nonclinical toxicology studies conducted with sotatercept.
Kidney injury observed in rats and monkeys has not translated to
humans in clinical trials performed to date. Histomorphologic
changes noted in the monkey choroid plexus were not associated
with other structural brain changes or behavioral alterations, and
were not considered adverse. In rats, effects on heart weight were
nonadverse and reversible, and changes in the efferent
ducts/testes and adrenal gland are unlikely to translate to humans
based on differences in organ structure (see discussion in the
summary of the male fertility assessment of sotatercept) and
maturation patterns, respectively. Adrenal remodeling is
sensitive to alterations in activin signaling. Although rats are
susceptible to adrenal gland changes up until adulthood, human
adrenal remodeling is complete within 3 to 6 weeks after birth.
Sotatercept had adverse effects on fertility in male (reversible)
and female rats, caused pre- and postimplantation loss, has been
shown to cross the placenta, and caused decreases in pup weights
and ossification-related changes that were mostly reversible in
the rat and rabbit embryo-fetal development (EFD) and rat PPND
studies (including in rat pups exposed to sotatercept exclusively
via milk). In juvenile rats, sotatercept decreased body weights
and delayed sexual maturation. Other toxicities were similar in
juvenile and adult rats, with juvenile animals generally being
more sensitive that adults. Lastly, erythroid changes observed in
rats and monkeys were also observed in clinical trials, are
reversible, and nonadverse. The nonclinical profile supports the
safe use of sotatercept for the treatment of PAH, WHO Group 1.
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HomnaTox 29

1o [Nopsiiky mpoBeeHHs eKCIePTH3H
peecTpaliiiHux MaTepiaiiB Ha JIKapChbKi
3aco0H, 10 MOJAIOTHCS Ha JEP>KaBHY
peecTpalrliro (mepepeecTpatiio), a Takox
eKCIEepTU3H MaTepialliB PO BHECEHHS
3MiH JI0 peeCTpaLiiiHUX MaTepiaiiB
MIPOTATOM JIii peeCTpariiitHoro
MOCBITYEHHS

(mynkt 10 po3miny IV)

3BIT

PO JTOKJIIHIYHI JOCIIIKEHHS

1. HazBa nikapcbkoro 3aco0y (3a
HAasIBHOCTI - HOMEP PEECTPaLiifHOTO
MOCBITYCHHS):

Binpegeiip

1) Tum gikapchKoro 3aco0y, 3a
SIKAUM TIPOBOJIATIACS 200
TUTAHYETHCS pEECTpAIList

Jlikapcekuit 3aci0 3a TOBHUM J10Ch€ (aBTOHOMHE Jocke). HoBa
Jli0o4a peuOBHHA.

2) TpoBeACHI AOCTIIHKCHHS

\ Tak oHi  skmo Hi, 00rpyHTYBaTH

2. dapMakoJIorisi:

1) nepBuHHa (hapmakogHHAMIKA

IlepBunna ¢papmaxkonnnamika In Vitro

Mexamnizm aii

doHoBi oiosoriuni ACNEeKTH: CHUTHAJI3anisg
TpaHchopMyUoro ¢gaxkropa pocry 0Oera mHpH JereHeBii
aprepianbHiii rineprens3ii.

CynepcimeicTBo JlirasiiB Tpancopmyrodoro ¢pakropy pocty-f
(TGF-B) 6epe yuactp y mudepenmiamii ta mporideparii pisHUX
TUMIB KIIITHH, MeTa0OMi3Mi KIITHH, PYyXJMBOCTi, 1HBa3il Ta
CMEpTi, a TaKOX y MPOAYKIII MO3aKIITHHHOrO Marpukcy. Ha
JaHUM MOMEHT 11eHTU(}IKOBAHO TPUILATh TPU JITaHAH,
Brrouaroun i3opopmu TGF-B, axtuBiam, dakTopu pocty Ta
mudepenmianii  (GDF), iHri6iHu, By3/10Bi, aHTUMIOIEPOBI
ropmonn (AMH) Ta xicTkoBi Mopdorenernuni Oinku (BMP).
Koxxnomy uneny cimeiicta miranaiB TGF-f notpidHa o6pobka
(po3mieruieHnst), mo6 cratd akTuBHUM. [licist akTuBamii BOHU
MOB'SI3YI0Th, 30UPaIOTh Ta CTAOITI3yIOThH crienndiuHi KoMOiHaIii
reTepoTeTPAMEPHUX  KOMIUICKCIB  CEPHH/TPEOHIHOBUX  Ta
TUPO3UHKIHA3HUX penentopiB tumy | Ta tumy II. B minomy,
3B'sI3yBaHHS  JIITAaHOIB 3  1X  pEHEeNTOpaMd  BHKIIUKAE
¢dochopunroBanHd  penentopa Tumy I, omocepeakoBaHe
penienitopoM tuity 11, 1o MpU3BOIUTE 10 aKTUBAITIT HOTO KiHA3HOT
¢bynkuii. e docopuntoBaHHs BUKIUKAE BHYTPIITHBOKIITUHHI
CHUTHAJIH, AKI MOMIIAIOTECSA Ha KAaHOHIYHI Ta HEKAHOHIYHI SBUIIA.
Kanowiynmii nwuisx aktuBye TpaHcdopMaliiiHi  dakropu
MATepUHCHKUX  TPOTH  JIEKAlCHTAIUIETIYHUX  TOMOJIOTIB
(perynboBaHux penentopoMm, R-Smads), y Toii wac sk
HEKaHOHIYHHMHU NUISX BKIIOYae (hochoprimroBaHHS KITBKOX KiHA3,




Takux $K p38 wMmiToreH-aktuBoBaHa mnpoteinkiHaza (MAPK),
peryibpoBaHa IMO3aKJIITHHHUM CHUTHAJIOM NpOTeiHKiHaza 1 1 2
(Erk1/2), c-Jun N-tepminanbna kinaza (JNK), pochoinozutun-3-
kinaza (PI3K), romomoriuna Rho (Rho) GTPa3a, mo crpuse
TPAHCKPHUITLI.

B enpotenii, sk Tineku peuentopu Uy | dochoprimyroTses ix
naptHepamu  Tuny II, BOHM, 30Kpema, ONOCEPEIKOBYIOTh
dbochopmmroBanas Smad 2/3 (mist tuny | (akTHBIH-IOAIOHMIN
peuentop (ALK4/5)) B3aemonii 3 aktuBinamu, GDF ta TGF-f) Ta
Smad 1/5/8 (mns ey I (ALK 1/2/3) B3aemonii 3 BMP). ITotim
BOHHU 30MpalOThCsl B KOMIUIEKC 13 3arajbHUM MeaiaropoMm Smad
(Co-Smad4), skwii TONErmIye IHTepHATI3AIll0 B SIpO Ta
3B'SI3yBaHHS 3 J1€30KCUpUOOHYKIeiHOBo kucinororo (IHK).
EnnoremaneHi KJIITHHA OJIHOYACHO IHTETPYIOTh SIK
nposnidepaTuBHi (TGF-p/aktuBnHu-Smad?2/3), TaKk 1
aaTunpoiidepatusai (BMP-Smad1/5/8) curnanpHi nuisixu, siki
TaKOX YyTJIMBI A0 OlOMEXaHIYHUX CHJI, IO J1I0Th HAa CYJUHHY
cucremMy. UYnenm cymnepcimerictBa umiragiB  TGF-B, sxi
nepenaloTh curHaium uepe3 Smad2/3, Oynu moB'szaHi 3
rineprnporidepaliero CyIUHHAX KIITHH, IO TPU3BOIUTH JO
apTepiaJbHOr0 PEMOJEIIOBAaHHs JIETEHEBHX apTepill Ta Kamep
cepus. Hanpukian, Oymo mokazano, mo TGF-f1 mpuraigye
aronTo3 IJIaJKOM'SI30BUX KJIITHH JIETEHEBMX apTepid 3a
noromororo aktuBanii nusixy PI3K/AKT i cnipusie mpodmidepartii
IJIAIKOM'I30BUX KJIITUH JereHeBoi aprepii. [Ipsma yuacts TGF-
B1 y 3ByXeHHI JieTeHeBHX apTepiid Oyla MOKa3aHa y MOJIEINSX
MOHOKpPOTaJIIHy Ta Sugen-TilOKCii JereHeBoi apTrepiajbHOi
rineprensii (JIAI') 3a 1OmMOMOror BHUKOPWUCTaHHS JITaHIHOI
nactku TGF-B (pekomOiHaHTHHI OLIOK 3JIUTTS MO3aKIITHHHOTO
nomeny TGFBRII-Fe, cenextuBnuii no TGF-B1 ta TGF-B3). ¥
uit  moneni TGFPRII-Fc 6nokyBaB KaHOHIUHY mHepenady
curHaiiB Smad 2/3, mpurHidYyBaB pPEMOJEIIOBaHHSA CYIHH I,
3peIlTO0, 3MEHIIYBaB TIinepTpodir0 MpaBoro IMUIYHOUKA.
[oni6Hi pe3ynpTaTy Oy OTPUMAaHi 3 BAKOPUCTAHHSIM aHTHUTLIA
no TGF-B, a Takox antutina go peuentopa TGF-B. Takox
MOB1IOMJISIOCS TIPO MOpYyIIeHHs perysuii curnamizanii TGF-3
y CepIleBO-CYIMHHUX MpOsiBax cuHIpoMmiB Mapdana ta Jloiieca-
JiTua.

AxtuBiH A 1 GDF-11, nBa inmux npeacraBauka cimeiictea TGF-
B, iK1 3amycKaloTh epeaavdy curuaiiB Smad2/3, Takox 1MoB’si3aHi
3 rinepnpomideparieto. IligBuiiena excrpecis akTuBiHy A 1
GDF11 mnpu ypaxeHHAX JIETeHIB pa3oM 13 MiJBUIICHUMHU
IUPKYJIIOIOUUMH  PIBHSAMH akTUBIHY A Oyjlo TIOKa3aHo Yy
MaIieHTiB 3 JereHeBoro rimeprensiero (JII') i Ha JOKIIHIYHUX
Mozemsix JIAT. V jereHsix akTUBIH A JIOKQTI3yeEThCS B MEPITY
4yepry B OpOHXIaJIbHUX €MiTeNiadbHUX KIITHHAX 1 Makpodarax i,
K TIOBIOMIISIETBCS, CHpusie mposidepaliii  TIagKkoM’ sI30BUX
KITHH 1 ekcmpecii enpgoreminy-1  (ET-1), ximouoBoro
monynsaropa JIAI. ¥V Toil wac SK aKkTHBIH A CTHUMYIIIOE
npoJtidepalriro riaaaKoM’ I30BUX KIIITHH, TJIAJIKOM S30B1 KIITHHU




nanieHTiB 3 JIAI' TakoX JE€MOHCTPYIOTh HOCHUJIEHUH CHHTE3
aKTUBiHYy A, 3a0e3meuyroud JIOKAIBHY TMPsSMYy  TETIIO
nponidepanii. Cxoxe, mo ydacte GDF-11 y JIAI' obmexena
KOMITAPTMEHTOM CHJIIOTEIIaTbHUX KIITHH, 1 OyJI0 TTOKa3aHo, 10
HOro CeNneKTUBHE 3HM)KEHHS peryislii € 3aXUCHUM Yy MOl
JIAT.

I'enetnyHi Ta QyHKIIOHATBHI JOCTIIKEHHS I€MOHCTPYIOTh, 110
ocrmabiieHa rmiepemada curHainiB BMP  TicHO TmoB's3aHa 3
po3ButkoM JIAI'. Byno mokaszaHo, IO MOpYIIEHHS pPeryJsiii
mepenadi CUTHAJIIB perenTopa KiCTKOBOTO MOP(HOTCHETHUIHOTO
Oinka 2 (BMPR2) B enoTeniaabHUX KIITHHAX JIETE€HEBUX CYANH,
KITIOYOBUX PEryJiaTopax CTPYKTypu Ta (yHKIIT JereHeBHX
CyIuH, 3amyckae nudepeHIialio Ta npomidepaiio CyIuHHUX
mmagkom'sizoBux  kimituH - (VSMC), mo mnpu3BOIuTh 110
PEMOJIEITIOBAaHHSI JIETEHEBOT CYyTMHHOI CUCTEMH, 1110 € OCHOBHOIO
o3Hakoto JIAT. 3B'S30k MiX MyTamisMd BTpatd (QYHKIII B
BMPR?2 i po3zsutkom JIAI" € HailOiIbII TEPEKOHIUBUM JT0Ka30M
3B'SI3Ky I[LOTO CHTHAIBHOTO MUIAXY 3 XBOpoOor. Kpim Toro,
3HIKEH1 piBHI Oinka BMPR2 Oynu BusiBieHi Sk mpH CiMeEiiHiH,
tak 1 npu imiomatuunii JIAI', HaBiTH 3a BIICYTHOCTI MyTaIlii
BMPR2. [lepexonnusi A0ka3u CBiAYaTh Mo Te, IO AucOaTaHC
Mik akTUBIHOM/GDF i curaansaum muisixom BMP e kimrodoBuM
¢dakropowm, mo crpusie JIATL.

Mexani3m aii coraTepuenty

Cotarepuent € iHri6ITOPOM CUTHAIY aKTHBIHY. MexaHi3M ioro
Iii mosArae 'y BIAHOBJIEGHHI OajlaHCy MK MPOTHICKHUMHU
BHYTPIIIHBOKJIITUHHUMHU CUTHAJIBHUMM LuisxamMu Smad2/3 Ta
Smad1/5/8. Corarepuent QyHKIIOHYE $SK pO3YMHHA (dopma
peuentopa akTtuBiHy Tumy I[IA (ActRIIA) mo6 3axoruoBaTu
miragaiB cynepcimeiictBa TGF-f, sixi 3a3Buuail 3B'S3yIOThCS 3
ActRIIA, Takux sk aktuBiH A 1 B, GDF-11, GDF-8 i BMP-10, i
3aro0iratu ix 3B's3yBaHHIO 3 ACtRIIA Ta iHayKIii cHTHATBFHOTO
nusixy Smad2/3. 'V crani 3axBoproBanHs JIAT mutsax Smadl1/5/8
B CHIOTENAIbHUX KIITHHAX JIETCHEBUX CYAWH CEPHO3HO
MopylieHu depe3 BTpary (YHKIIOHAIBHMX MyTaIllid y
peuentopi BMPR2 a6o ¢akropamu (Harpukiiai, CIpUInHEHUMA
aktuBaiiero 1naxy ActRIIA/ALK(s), ski BIUIMBaIOTh Ha
TpaHcaykuito curHary Smad 1/5/8, mo mnpusBoauTh a0
HEKOHTPOJIbOBaHOI Tpodidepariii CyIWHHUX TJIAJKOM SI30BUX
KIiTHH. Yepe3 1HriOyBaHHS CHUTHaJbHOTO HUIIXYy Smad2/3
COTATEpLENT BiJHOBIIOE OanaHC MPOTHUICKHUX NUIAXIB Smad,
110 TPU3BOJUTH 10 BiHOBJICHHS FOMEOCTa3y 111010 IpoJtidepartii
IJIAAKOM SI30BUX KJIITHH.

IneHTHYHiCTH aMiHOKHMC/IOTHOI IOCJIIIOBHOCTI y Pi3HUX BHIIB
AMIHOKHUCJIOTHA TIOCIIIOBHICTh To3akIiTHHHOTO AoMeHy (ECD)
Ta cTpykTypa ActRIIA € BUCOKOKOHCEPBATUBHUMH ISl PI3HUX
BUJIIB, BKJIIOYAIOUU LIypa, KPOJis, ABAHCHKY MaKaky Ta JIIOAUHY,
Ta € IIGHTUYHUMH MK COTaTEPLENTOM Ta MHUILIAYUM CypOraToM
Ul COTaTepLEnTy, CKOHCTPYMOBaHMM IIJISIXOM  3aMIHHU
mojacbkoro IgG Fc cortarepuenty na mumauuii 1gG Fc (RAP-




011). BupiBHIOBaHHSI aMiHOKHCIIOTHOI IOCIiIOBHOCTI MOKa3ye
100% romororito Mi>k BHIAMH TPU3YHIB, SBAHCHKHMX MaKak Ta
mroanau s aktuBiny A Ta GDF-11 ta 97-98% romomnorito ans
aktuBiHny B Ta BMP10.

IlepBunna ¢papmaxkonnnamika In Vivo

Mumaumii cyporat RAP-011

Bynu mpoBeneHni noxmiHIuHI (apMaKoOIOTIYHI TOCHIIHKEHHS in
vivo 3 Muiadum cyporarom cotatepuenty RAP-011. Monekyny
RAP-011 Oyno CKOHCTpYHOBaHO IIISXOM 3aMiHM OOMacTi
KpucTaiizoBaHoro gparmenty (Fc) moacskoro iMyHOTIO0YTiHY
G migknacy 1 (IgG1) cotarepuenTy Ha MUIIAYUN IMyHOTJIOOYJTiH
G mgkmacy 2a (IgG2a) Fc. Mumaunit cyporatr RAP-011
MPOJIEMOHCTPYBAB MOAIOHY a(iHHICTH 3B’SI3yBaHHS (a  TaKOX
npodinb CeIeKTUBHOCTI) 10 jdiranaiB cynepcimeiicra TGF-f3,
TaKuX SIK COTaTepLENT.

AxktuBHicTh RAP-011 y mMopensix JiereHeBolI aprepiajibHOL
rinepren3ii mypiB 3 moHokporajginom (MCT) i Sugen-
rinokciero

RAP-011 GyB nmpoTecToBaHU# Ha ABOX I0OpE BIJOMHUX MOJEIISAX
JIAT' Ha rpusyHax (MOHOKpoTaiiH 1 Sugen-rinokcis). O6uasi
MOJIEJTI BIATBOPIOIOTH JESIKI KIFOUOBI TATOJIOTiI, IMOB’s3aHl 3
JIAT, Bkmovaroud  mpomidepariro  eHAOTEeNiaNbHUX 1
IJAQAKOM SI30BUX ~ KIITHH,  MYCKYJISIpM3allil0  JIET€HEBOI
apTepiajJbHOl  CyIMHHOI  CHCTEMH, PpO3BUTOK  JIET€HEBOI
rinepTeHsii Ta rinepTpodiro MpaBoro MITyHOUYKA.

VY mognemn monokportaniny (MCT) nereneBa rimeprensis Oyna
IHIyKOBaHa y caMmIliB IIypiB JiHii Bictap mpotsrom 4 THXHIB
MiCJIs OJHOPA30BOT0 MiAIIKIPHOTO BBEIEHHS MOHOKPOTAJiHY B
1031 40 mr/kr. TBapuHM OTpUMYyBau JikyBaHHs HocieM (10 MM
Tpuc-0ypepuzoBaHuii ¢bizionoriyHuit pO34MH (TBS),
miamkipao), RAP-011 (15 mr/kr, BHyTpillIHBOYEPEBHO JIBIYl HA
THKJIEHb) abo BazomwiaratopoMm cuineHadpiny (30 wmr/kr,
TepopajbHO, /1Bl HA JCHB) MPOTATOM 4 THXKHIB, TOYMHAIOYH 3 |
IHS mmicns BBeAeHHA MoHokpoTaniny (MCT). ¥V mypis, sxi
orpumyBanu Hociit MCT, crocTepiranocsi 3Ha4HE ITiIBUILICHHS
CepeIHbOTO JIETEHEBOTO aprepiagbHOro TUCKY (mPAP) i
rineprpogist mpaBoro uuryHouka (ITLL). JlikyBanns RAP-011
MpOTAroM 4 THXKHIB MOCHiIL HopMamizyBaino mPAP 1 mokpamuio
rineprpodiro IIII. Cunpenadin mpoaeMOHCTpYBaB TOMipHUIH
BB Ha MPAP i He mokpamuB rineprpodiro ITIII. JlikyBanus
RAP-011 3HauHO BIIMHYJO HAa PEMOJEIIOBAHHS JIETEHEBUX
CYIMH.

Y noxibHomy nmocmimkeHHi Ha moxaeni JIAT, inmykoBanoi MCT,
y IIypiB, SKi OTPUMYBaIM HOCIH, cIOCTepiraiocsi 3Ha4HE
30impmenas CD11b+ makpodaris (p < 0,05) y nerensx, Toai sk
nikyBaHHs RAP-011 3Hayno 3menmmio 36inbmenHs CD11b+
makpodarie (p < 0,05). RAP-011 mnpurHiuyBaB IereHese
3amaneHHs Ta 3ano0iraB iH(iIbTpalii Makpodaris y i Mozeni
JIAT.




Y wmogzem  Sugen-rinokcii JiereHeBa rimepTeH3is  Oyina
BCTaHOBJICHA IUIIXOM OJHOPA30BOTO IMiJIIKIPHOIO BBEICHHS
aHTaroHicTa peuenTopa ¢akTopa pocTy CYAMHHOTO €HIOTENII0
Sugen 5416 (SU5416) y nos3i 200 Mr/kr  JOpOCIHM CaMIIsIM
urypiB jiHii Crper-/loyii 3 HeraifHUM MOYaTKOM BIUIUBY TiIOKCIT
(10 % xwucHio) mpotsaroM 4 TWXHIB. TBapWHU OTPUMYBAIH
nikyBaHHs HocieM (10 MM TBS, mimmkipao), RAP-011 (10
MI/KT, BHYTPIIIHBOYEPEBHO JBiYI HA  TWXKIEHb) abo
cunneHadiaoM (30 Mr/Kr mepopanbHO /Bl Ha JIEHb) IPOTATOM 4
TIOKHIB, TOYMHAOYM3 | [JHSA IIiC/IsS BBEICHHS aHTaroHicTa
penenrtopa (akropa pocTy CyIUHHOTO eHaoTenito Sugen 5416
(SU5416).

V urypiB 3 Sugen-rinoKci€lo, siKi OTpUMYBAJIH J1KYBaHHS HOCIEM,
CIOCTEPIrajocss 3HAYHE MIJABHUILEHHS CEPEAHBOrO JIETCHEBOTO

aprepianeHoro tucky (mPAP) Ta possutok rimeprpodii ITII.
JlixyBauass RAP-011 mpotsirom 4  TWKHIB — TOCHLIb
HopMmaiizyBano mPAP 1 mokpammno rinmeprpodiro  ITTIIL
Cunnenadin maB nmoMipHuid BB Ha MPAP 1 He mokpamus
rineptpodiro ITLLI.

AxktuBHicTb RAP-011 y Mogeai Sugen-rimokcii-HopMokcii
(SuHxNX) JiereneBoi aprepiajbHOI rineprensii mypis
RAP-011 omintoBanm Ha Mojem THIypiB  Sugen-Timokcii-
HopMokcii  (SuHxNx), xomu Bxke Oylno BCTaHOBJIEHO
MojieroBaHHs JiereHeBoi rineprensii ta [, Y moxem SuHxNx
JIeTeHeBY TiMepTeH3ito OyI0 BCTAHOBIICHO il Yac OJHOPA30BOTO
migmkipaoro BeeacHHs SUS5416 (20 MI/Kr) JOpOCITUM CaMIlsIM
urypiB jdiHii Crper-/loyi 3 HeraifHUM MOYaTKOM BIUIUBY TiIOKCIT
(10 % xucHIO) MPOTATOM 3 THXKHIB 3 HACTYITHOIO HOPMOKCIEIO
(21 % KUCHIO) MPOTATOM HACTYMHUX 6 THXKHIB. Y 1ypiB SUHXNx
Ha TIOYAaTKy TEpaneBTHYHOTO JIKyBaHHA (5-H TIDKICHB)
crioctepiranacs jereHeBa rineprensis Ta rinepTpodis I, sxi
HE 3MeHHIyBaucs 10 9-ro TwkHA. TBapuHM OTpUMYyBaJIN
JikyBaHHS HocieMm (3a0ydepenuit docdatom dizionoriuHuit
po3unn (®CB); minmkipao), RAP-011 (2,5 mr/kr, migmkipHO
IBIYl Ha THXKZEHb), cunaeHadinom (30 Mr/Kr nepopajibHO JBiui
Ha JIeHb) 200 KOMOIHOBaHy Teparrito Mix 5 1 9 TrxHsIMH. Y 1rypiB
SuHxNX, siki oTpuMyBajM JIIKyBaHHsS HOCIEM, CIIOCTEPIrayocs
3HAYHE ITiIBUIICHHS CUCTOJIYHOTO TUCKY B PAaBOMY HUTYHOUYKY
(RVSP) 1 inzmekcy 3aranbHOro JEreHEBOrO CYAMHHOTO OINOpPY
(TPRI). JlixyBanus RAP-011, nmoumnarounm 3 5-ro THXKHA,
BigaoBmiio RVSP 1 momitHo 3HM3MiI0 TPRI no 9-ro twxHs B
nopiBHSHHS 3 Imypamu SuHXNX, ki oTpuMyBaiM JIiKyBaHHS
HocieM. Mownotepamniss RAP-011 1 komOiHoBaHa Teparmis 3
Ba30IMJIATATOPOM CHIIICHA(1IOM TTPU3BEIIa A0 3HAYHO OLIBIIIOTO
MOKPAILIEHHS, HIXK 3aCTOCYBaHHs CUJieHadily OKpeMo.

Y miifi Momem peMOJENIOBAHHS JIETCHEBUX CYIOUH OYyJI0
BUpaXeHUM Y 11ypiB SUHXNX 110 5-ro THXKHS 3 ypakKeHHAMH, 1110
MPU3BOAMUIIM 0 PI3HOTO CTyHEHs CyauHHOI okiro3ii. Ha 9-my
THKHI ~ CIlocTepirajacs  3HA4HO  OifbIla  TOLIUPEHICTh
HalBa)X4oro CTYNEHs CYAMHHOI OKJIO31i TOpPIBHSHO 3




MomepeHiM  4YacoMm, [0  BIAMOBIZa€  MPOrPECyBaHHIO
3aXBOPIOBaHHS MPOTIroM Iboro iHtepBaiy. JlikyBanHs RAP-
011, mouMHaOYM 3 5-ro THXKHS, Mai’ke MOBHICTIO BiJTHOBHJIO
CyJIMHHE PEMOJIEIIOBAaHHS A0 9-ro THXKHS MOPIBHSAHO 3 LIypaMu
SuHxNx, siki He oTpuMyBanu JikyBaHHs. JlikyBanns RAP-011
e(eKTHBHIIIE BiTHOBIIOBAJIO OKJIIO310 CYANH, HIX cHIeHadi, 1
RAP-011 y moennanHi 3 cungeHadiioM MpHU3BENO 10 3HAYHO
OUTBIIOTO TOKpAIIEeHHS CYIMHHOI OKII03ii, HiX cuigeHadina
OKpeMo.

Y Mozenmi  TakoX ~ CIIOCTEpIraimcs pEMOJCTIOBAaHHS — Ta
mucdynkuis [T, ToumHa cTinku npaBoro nuryHouka (RVWT)
i rineptpodis [T Gynu 3HauHO 36inbHIeH] y nrypiB SUHXNX, siki
HE OTPUMYBAlIM JIKyBaHHA Ha T[I0YaTKy TepareBTUYHOIO
JTIKYBaHHS (THOKIIEHB 5) 1 TPOJTOBKYBAIUCS 10 THXKHSA 9.
JlixyBauuss RAP-011, moumnaroun 3 5-r0 THXKHS, 3HAYHO
nokpammio RVWT 1 rineprpodito ITIIII mo 9-ro TmkHS
nopiBHAHO 3 mypamu SuHXNX, sKi OTpUMYyBalM JiKyBaHHS
HocieM. [lopiBHSHO 3 HOpManbHOIO Tpymnoro, mrypu SuHxNx
npoaeMoHcTpyBanu mopymeHHs ¢yskmii [T 31 3HauHUM
3MEHIICHHSIM  CHUCTOJIIYHOTO  3MIIIEHHSI  TPHUKYCIIaIbHOTO
kinbusg (TAPSE) i 3miam ¢pakuiitnoi miomi TTHI Ha mowatky
TEPaNneBTUYHOTO JIIKYBaHHA (THXKIEHB 5), IO MPOJOBXKYBaI0Cs
1o 9 tuwxas. JlikyBanHs RAP-011, nounHatoun 3 5-ro THXKHS,
MOKPAIMIIO 11 TapaMeTpH 0 9-ro THXKHS MOPIBHSAHO 3 IypaMu
SuHxNx, ski oTpuMyBaJu JiKyBaHHS HocieM. MoHoTepamis
RAP-011 1 xomOiHOBaHa Tepamisi i3 Ba30IMIATATOPOM
cunieHad1710M MPU3BENHU 10 3HAUHO OLTBIIOTO MOKPAIIEHHS, HIXK
cugeHadisa oKpemo.

[Ilo6 ouiHuTH, 4M 30epiraloTbcs CepleBO-JIETeHEBl MepeBaru
nikyBauaHs RAP-011 y momeni SuHXNx JIAT micnst npunuHEeHHS
JikyBaHHS, JTikyBaHHA RAP-011 6yno ckacoBaHO Ha 9-My THXHI
1 TBapuH crocTepiraJii TNpOTAroM 4 JOAATKOBUX THIKHIB.
JlikyBanust RAP-011, mounHaroun 3 5-ro THXKHS, MPU3BENO 10
3HayHoro nokpauieHHst RVSP, TPRI, TAPSE, uacy npuckopeHHs
nereneBoi aptepii (PAAT) i rimeptpodii [T go 9-ro TwxHs, ki
30epiranucs 10 13-ro THxHS, yepe3 4 THKHI MICs TPUITHHEHHS
BBeaeHHsT RAP-011, mopiBHsHO 3 mrypamu SuHxNx, saxi He
OTPUMYBAJIU JIIKYBaHHS.

AxktuBHicTb RAP-011 y Mogeai JiereHeBoi aprepiajibHOL
rinepreHsii y Muieil 3 HeJOCTATHICTIO pelenToOpa KiCTKOBHUX
Mop¢oreneTHYHUX OiIKiB THITY 2 (Bmpr2t/R899X)

RAP-011 Taxoxx omiHoBaau Ha Mozenl cmagkosoi JIAIL, mio
BHHHMKA€ BHACTIJOK TalJIOHEJAOCTATHOCTI Bmpr2  (mumii
Bmpr2"R8°%) 'V niii Mmozesni nereneBy rineprensito inayKyBamm
IUISXOM MiAfaHHA Mumeii-camiiz Bmpr27*%X rinoxcuunnm
(10% xucHIO) yMOBaM IPOTATOM 5 THKHIB.

OnnouacHo mumielt nmikyBanu Hociem (DCbh, migmkipHO) abo
RAP-011 (10 Mr/kr, miJmkipHO ABIYi HA THXKICHB) MPOTATOM 5
THXKHIB. Y MHUIICH, SKI OTPUMYBaJd HOCIH, CIIOCTEPIrasocs
3raune miasumeHHs RVSP i rineprpodii TTI1I. JlikyBanus RAP-




011 mporarom 5 TWXKHIB mochiuis HopmamizyBaso RVSP i
rineprpodito M. ¥V mopisustaHi 3 Mumamu Bmpr27R¥°X p
HOPMOKCHYHHMX KOHTPOJILHUX YMOBAX, BIJIMB IIOKCIi Ha MUILIEH
Bmpr2 "R 3pauno samxysas TAPSE i PAAT, mo Bkasye Ha
muchynkiito ITHI. RAP-011 ictoTtHO 3amo6iraB 3HMKEHHIO
TAPSE i PAAT.

AxTuBHiCTH RAP-011 y Mogesi 0aHgaxyBaHHSl JereHeBoOl
aprepii (BJIA) y Mumeil npu HeAOCTATHOCTI NPaBOro
HIJYHOYKA

KapnionporekropHi edpextn RAP-011 ominroBamu Ha Mozeni
HEJOCTaTHOCTI MpPaBOro IIIYHOUKA Yy MHMIIEH, CIPUUYUHEHOI
MEPEeBaHTAKEHHSIM THCKOM. Y Il MoJeni TepeBaHTaKEHHS
[IPaBOr0 LUTyHOYKA THUCKOM uepe3 OaHJaXyBaHHs JIET€HEBOI
aprepii (bJIA) Bukimkae pemonentoBanHs ta auchynkmiro [TIHI.
TBapunu orpumyBaiu JikyBaHHs HocieM (PCB, miamkipHo) abo
RAP-011 (10 mr/kr, migmkipHO ABIYi Ha THXKICHB) MPOTATOM 3
TUKHIB, OYMHAIOUM 3 | JHA micas omeparii. Y BiINOBiAb Ha
xipypriune BrpyuyanHs mumi 3 BJIA, ski orpumyBamu DOCB,
MIPOJIEMOHCTPYBANU 3HauHe TifaBuiieHHsa tucky B 111 Ha 21-i
JICHb TIOPIBHSHO 3 TPYIOI0, SAKii MPOBOIMIN (DIKTUBHY OIEPALIiFO.
JlikyBanust RAP-011 cyrreBo 3uu3umno tuck y I mopiBHsSHO 3
Mutamy, ki orpumysanu @CBh. Mumri 3 BJIA nokasanu 3HauHe
3HMkeHHs 3HauyeHb TAPSE y mopiBHAHHI 3 rpynoo (QikTUBHOI
omepartii. JlikyBanus RAP-011 3nauno 36imemmmio TAPSE no 21
THsI TOpiBHAHO 3 Mutamu 3 BJIA, sxi orpumysanu ®Cb.

VY umiii mMozmemi Takox cmocrepiranocs pemonemtoBanHs 11
RVWT 1 rineprpodis ITHI Oynu 3HauHO 301IbIIEH] Y MUILEH 3
BJIA, sxi orpumyBamm DCB. JlikyBanHs RAP-011 3nauyno
MOKPAIIMIO i mapaMeTpu MOopiBHAHO 3 Mmumiamu 3 BJIA, ski
orpumysaiu OCb.

Muui 3 BJIA, siki otpumyBanu @Cb, Takox NpoJIeMOHCTpyBalu
3Ha4YHE 301JbIICHHS BMICTY KOJIATEHY B NPaBOMY MHUTYHOUYKY
MOPIBHSHO 3 Ipynoio (QiKTUBHOI oneparii. 30UIbIICHHS BMICTY
KOJIareHy TOB'si3aHe 3 pemojentoBaHHsAM 1 auchynkmiero [T
JlixyBarast RAP-011 Takok 3HAYHO 3HU3WIO BMICT KOJIar€HY B
NI y mumeii 3 BJIA mopiBHSHO 3 rpymnoro, 0 OTpHUMYyBasa
OCb.

2) BTOpHHHA (papMaKoIMHaAMiKa

JlokitiHiuHI (hapMaKOoJIOTIYHI JOCTIDKECHHS 3 BUKOPHCTAHHSIM
RAP-011 6ynu nmpoBeieH1 Asl OLIHKH MEXaHI13MiB, TIOB’I3aHHX 3
reMaToJIOTIYHUMH €(PEeKTaMHU, OCKUIBKH BIiJIOMO, IO AaKTHBIH,
paHimie omnucaHui sk (pakTop epUTpoiaHOl audepeHiiarii,
BiJZlirpae poJib y peryJisiiii KiHeBoi qudepeHiianii epuTpoIuTiB,
10 PO3BUBAIOTHCS.

ITicna BBenenas RAP-011 mumam C57BL/6 axruBHicTs RAP-
011, momibHa 1m0 CTUMYJISATOpa EPUTPOLMTIB, TpHU3BETIA IO
3Ha4yHOro  30umbImeHHs  KinbkocTi  epurporurtieB  (RBC),
remorno6iny (HGB) i remarokputy (HCT).

Takox criocrepiranocs 3HAYHE T IBUILIEHHS OlIIKa
EpUTPOTIOCTHHY.




KonHux 1HMMX creniadbHUX IOCIIIKEHb 3 OIIHKU BTOPUHHOI
(hapMakoIMHAMIKH COTATEPIIETITY HE MMPOBOIMIIOCS, OCKUITLKH BCI
KJIIOYOBI €JIeMEHTH (hapMaKOAMHAMIKH, ONKCaHI B HACTaHOBI SO
MixxHapoaHo1 KOH(epeHIIii 3 rapMOHi3allii TEXHIYHUX BUMOT JI0
peecTpartii JiKapcbKUX 3ac00iB A1 MEIUYHOTO BUKOPUCTAHHS
(ICH) GioTeXHOJIOTIYHHMX IperapariB, BKIIOYAIOYH aHATI3U in
Vitro A OUIHKHU O10JIOT1YHOI aKTHMBHOCTI Ta CHenu(pivyHOCTI, Ta
JOCIIJKSHHS i1 Vivo ISl OLIHKU €(eKTUBHOCTI, OyJIM BKITFOUEH]
JI0 PO3/ILTYy MEPBUHHOI (PapMaKOIMHAMIKH.

3) dbapmakororis 6e3neKn

Bigmosigao mo ICH S6(R1) xiHIeBi Touku (apMaKoJIOTIgHOL
Oe3neky (HEBPOJOTIYHI OOCTEXEHHS Ta TeMIlepaTrypa Tinia,
gacToTa nuxaHHs, enekrpokapaiorpama (EKI') Ta BumiproBanHs
apTepialbHOTO THCKY) OynM BKIIOYEHI A0 9-MiCSYHOTO
JOCITIDKEHHST ~ TOKCHYHOCTI  TIOBTOPHHX  J103  HAJEXKHOI
nabopatopHoi npaktuku (GLP) y makak.

XKomuux 3MiH, TOB'S3aHHUX 13 COTATEPUENTOM, Y OYIb-SIKHX
KIHIIEBUX ToukaxX (papmakonoriunoi Oe3meku in Vvivo He
criocTepirasnocs.

Amnani3z hERG in vitro 6yB €1MHUM HE3aJIKHUM JOCIIIKEHHSIM
(dapmakosoriyHoi O€3MeKH, NTPOBEACHUM 13 COTATEPIEIITOM.
Amnani3z hERG in vitro ouintoas IK50 nms iHriOyro4oro BIUTHBY
COoTaTeplenTy Ha KallieBl KaHAIW, IO TOBS3aHI 3TEHOM
cnenudiyHnx KaxieBux kanamiB cepus moauHu (hERG) Ha piBHI
nonaz 1000 mkr/mur.

CorarepuenT: BIUIMB COTATepUENTy HA KJIOHOBaHi Kagi€Bi
kanatu hERG, mo excnpecyorbesi B eMOpiOHAJIBbHHX
KJITHHAX HUPOK JHOAUHHA

Corarepuent inriOysas ctpym hERG Ha (cepenne + SEM; n = 3)
7,2 £0,7% npu 300 mxr/mi, 28,6 £ 0,7% npu 600 mxr/mi 1 33,8
+ 1,7% mipu 1000 Mkr/mut mopiBasHO 3 2,4 + 0,8% B KOHTPOJIBHIN
rpymi. [nriGysanns hERG mnpu Bceix KoHIEHTpauisix Oyno
cTaTUCTHYHO 3HauymuM (p<0,05) y mopiBHSHHI 3 KOHTPOJIEHUMHU
3HaueHHsAMU Hocis. IK50 mnsa imriOyrovoi aii corarepuenty Ha
ctpyM kamio hERG Oyno omineno sk Outbme 1000 MKr/mut.
HaiiBuma nocmimkyBaHa KoHIIeHTpallis cotatepuenty mpu 1000
MKI/MJI CTaHOBHUTH TpnuOm3Ho 100-KpaTHHUI 3amac MOPIBHIHO 3
KIIIHIYHO CIOCTEPE)XYBAaHOIO MAaKCHMAJIbHOIO KOHIIEHTPALIE0
(Cmax = 9,67 MKr/mMIT) Ipyu MaKCUMAJIbHIA PEKOMEHIOBaHIN 1031
s mroanad (MRHD).

4) hapmakoTMHAMIYHI B3a€MOIIT

JlokmiHiuHI ~ mochipkeHHs  (apMaKOAMHAMIYHOI — B3aeMOIi
JIKapChKUX 3ac00iB 13 COTATepIENTOM HE MPOBOJIUIKCH.
BinnoBimHO 10 MeMOpaHAyMy MIKHAPOJHOTO KOHCOPLIyMY
IOJI0 B3a€EMOJINM JIKApChKUX 3ac00iB MK TepaneBTHYHUMU
OiTKaMu Ta HU3BKOMOJICKYJISIPHUMH TperapaTtamMu, JOKITiHIYHI
JOCTIIKEHHS in Vitro Ta in vivo He BBAXKAIOTHCS MPOTHO3YIOUUMU
st (papMaKkoOAMHAMIYHUX B3a€EMOJIN JIKAPCHKUX 3acO0iB IS
moauau. [loTeHuiiiHy B3aeMOAil0 3 I1HIIMMH JKAPCHKUMU
3aco0amMu MOKHA BUBUWTH JIUIIC Y KITHIYHUX JTOCIIDKCHHSIX.

3. ®apMaKOKiHETHKA:




1) aHaITHYHI METOJIUKH Ta 3BITH
010 1X Baximarii

KonreHTpartii coratepuenty y 3pa3kax mia3Mu abo CHPOBaTKH
KpoBi 1rypiB JiHii Criper-Jloyti, HOBO3eIaHACHKUX OLTHX KPOJIiB
Ta SIBAHCHKMX MaKaK BH3Hayaucs abo 3a JOIMOMOTO CEHIBIY-
imynodpepmentnoro anamizy (ELISA), abo 3a nomomororo
KoHKypeHTHoro aHamizy ELISA mig gac po3poOku mporpami.
Metonu Oynm BamiioBaHI B CHUpPOBATIIl IMypiB CIIOYATKy 3
JIiama3oHoM KuIbKicHOro Bu3zHaueHHs Bix 0,98 mo 31,25 ur/mi, a
IOTIM 3r0JIOM 3 BUIIIUM J1alla30HOM KIJIbKICHOTO BU3HAYEHHS BiJl
40,0 mo 2000 ur/ma. Metoz O6yB BalliJOBaHHUI y CHPOBATIII KPOJIiB
13 miama3oHoOM KuIbKicHOro Bu3HaueHHS Bix 40,0 mo 2000 Hr/miL.
Metonu Oynu BamioBaHi B IUIa3Mi Makak 3 Jiama30HOM
KUIBKICHOTO BHW3HA4YeHHsS Big 86 mo 2333 Hr/mi, a mOTIM Yy
CHUpPOBATII MaKaK 3 Jiarma30HOM KiTbKiCHOTO BU3HaYeHHs Bix 7,81
10 250 ur/mu. ToyHICTP BH3HAYEHHS COTATEPLENTY B aHAi3i
CUPOBATKHU UIYpiB y HIXKHBOMY Jiama3oHi craHoBuia Bif 96,0 1o
103,0% Bim HOMIHAJNBPHHX 3HAYCHb KaJiOpPYyBaJbHOI KPHBOI, a
npenusidHicTh ckimana Bim 3,3 mo 10,8% mpm  Beix
KaJiOpyBaJbHUX KOHIICHTpAIisiX. MiXJIeHHa TOYHICTh Ta
Mpenu3iiHICTh 13 3pa3kiB KoHTpoito sikocTi (KS1) BapiroBanuch
Bix 95,0 mo 101,0 % ta Bix 10,3 mo 22,6 % BiAmoOBigHO.
To4HiCT, BU3HAYEHHS COTATEPICNITY METOJIOM JUISl CHUPOBATKH
IypiB y BHUCOKOMY Jiama3oHi craHoBmwia 96,6-103,2% Bin
HOMIHAJILHUX 3HAa4Y€Hb KaliOpyBalIbHOI KPHUBOI, a MPEHU3iiHICTh
ckmama 2,9-8,4 % mpu BCiX KOHIEHTpALisX KaliOpyBaHHS.
MixeHHa TOYHICTh Ta MPEIU31HHICTh 3pa3KiB KOHTPOIIO SIKOCTI
cTa”HOBIATE Big 84,4 10 91,6 % Ta Bix 6,7 mo 19,3 % BiAMIOBITHO.
TouHicTh coTaTepuenTy B aHaji3l CHPOBATKH KpPOBI KpOIs
cragoBmia 98,4-103,5 % Bim HOMIHAJIbHHX  3HAYE€Hb
KaJiOpyBajbHOT KpUBOi, a mpenu3iiHicTh cknana 1,3-5,6 % npu
BCiX KOHIICHTpAIliSX KaIiOpyBaHHS.

MixaeHHa TOYHICTb 1 Mpenu3iiHICTh 3pa3kiB K5 konuBamucek Bin
99,8 mo 114,3 % 1 Bix 6,6 mo 16,0 % BigmmoBigHO.

TouHiCTh BH3HAYCHHS COTATEPICNTY 3 aHali3y IUIa3MU KpPOBI
Makak ctanoBmia Big 91,0 1o 136,0 % Bijg HOMIHATBHUX 3HAYCHD
KamOpyBaibHOI KPUBOI, a Mpenu3iiHICTh cTaHoBmIA Bia 3,0 1o
29,0 % mpu Bcix KanmiOpyBalbHUX KOHLEHTpalisx. MiKIeHHa
TOYHICTH 1 Iperu3iiHICTh 3pa3kiB K konuBatotses Big 83,0 mo
91,8 % 1 Bix 6,0 1o 15,0 % BigmoBigHO.

TouHICTP BH3HAYEHHS COTATEPIENTY B aHANIi31 CHPOBATKH
Makakd craHoBmia Bim 98,2 mo 113,1 % Big HOMIHAJIBHHUX
3Ha4YCHb KaMOpyBaIbHOT KPUBOI, & MPEIU31HHICTh CTAHOBUJIA BiJ
1,2 no 29,8 % nua Bcix KaniOpyBalbHUX KOHIICHTpPALii.
MixaeHHa TOYHICTh 1 Iperu3iiHICTh 3pa3kiB K xonmBaroThes
Bix 86,1 10 92,8 % i Bix 8,1 mo 15,6 % BiAmIOBIAHO.

Jlnsi BUSIBIIGHHS YTBOPEHHS QHTHUTLI IO JIIKAPCHKOTO 3aco0y
(ATII) y mypis ninii Crper-/loyni, HOBO3eTaHICHKUX KPOJIB Ta
SBAaHCHKHMX MaKak OyJIM BaJIiIOBaHi 3B's13yBaJibHI IMyHOAHAITI3H 32
nonomoroto  ELISA  abo Meromum  eneKkTporeHepoBaHOl
xemimominectieHmii (EXJI) mist cupoBaTku 1mrypiB, KpoJliB Ta
Makak. [louaTkoBumii MeTo)i OyB BaliJIOBAaHMM Ha CHPOBATII




1IypiB 13 3HaueHHsAMU no3uTHBHOTO KOHTpOouto (I1K) y miamasoni
Bix 25 1o 1600 ar/mur. [Ipenu3iiHICTh MiXk aHATI3aMH IHX 3pa3KiB
IIK cranoBuna Bix 4,9 no 20,0 %. YUytnuBicTh aHamizy Oyna
BU3HaueHa s BusiBiieHHs S00 vr/mur ATII.

Meton OyB BamiioBaHWH Yy CHpPOBAaTIli KpOBI IIypiB 3i
3HAYCHHSMU TO3UTHUBHOTO KOHTpOIIIO B aiama3oHi Bix 100 mo
5000 ur/mn. I[pernusiiiHicTs Mik aHamizamu 1ux 3paskiB [IK
cra"oBmia Bix 5,0 10 6,6 %. UyTimBicTh aHaIi3y OyJia BU3HAUCHA
JUTsL BUSIBJICHHS 9,3 HI/MIT aHTHUTLI IO COTATEPIEHTY B CHPOBATII
KpOBI LIypiB.

[Tomanpiry 4acTKOBY Bajifallito MPOBOAUIN Y CHPOBATI KPOBI
IIypiB 31 3HAYCHHSIMH TIO3UTHBHOTO KOHTPOJIO B Jiaria3oHi BiJl
100 no 5000 ur/mu. IIpenu3iiiHicTh MK aHaNi3aMH IIUX 3pa3KiB
I[IK cranopwna Big 8,9 mo 11,9 %. UymmmBicte aHamizy
3anumanacs 9,3 HI/MJ aHTUTUI IO COTAaTepUENTy B CHPOBATII
KpOBI LIypiB.

MeTton Gy1o BaiiIoBaHO B CHPOBATIIl KPOBI KPOJIS 31 3HAUEHHSAMU
MO3UTHUBHOTO KOHTpoyo B aianma3oHi Bix 100 mo 5000 Hr/mu.
[penuziiinicTs Mix aHamizamu 1ux 3paskiB [IK cranoBuna Bin
6,0 no 7,9 %. UytnuBicTe aHamizy Oyna BU3HAYCHA IS
BusiBnieHHS 24,5 ur/mn ATII B cupoBatiii KpoBi KpoJIs.

MeTon OyJ10 BaIiIOBaHO B CHPOBATII KPOBI MaKakK i3 3HAYCHHSIMUA
MO3UTUBHOTO KOHTPOMIO B fAiama3oHi Big 25 mo 1600 Hr/mu.
[penm3iiinicTs Mik aHami3amMu 1uX 3pas3kiB [IK cranoBwmia Bix
5,7 no 24,3 %. YymusicTe aHamizy Oyjla BH3Ha4YeHa JUIs
BusBiieHHss 500 wr/mim ATII B cupoBarmi KpOBI Makak.
[Momanpmmii mMeton OyB BajdiloBaHWW y CHPOBATII Makak i3
3HAYCHHSMHU TMO3UTUBHOTO KOHTPOIIIO B jiama3oHi Bix 100 mo
5000 ur/mn. I[penusiiiHicTs Mk aHamizamu 1ux 3paskiB [IK
cranoBmna Big 6,8 mo 10,9 %. Uymmmsicte aHamilzy Oyna
BU3HAYCHA JIJIsl BUSIBJICHHS 17,1 HI/MJI aHTUTLI 0 COTATEPIENTY
B CHPOBATIIi KPOBI MaKak.

Ili Bamimamii METOAMK BIANOBIZAIM YMHHUM Ha TOM Yac
pekomeHaartisM (YTpaBIiHHS 3 CaHITAPHOTO HATVISMY 32 SIKICTEO
xapuoBux mpoaykTiB Ta MemaukameHtiB CIHIA (FDA) ans
MIPOMUCIIOBOCTI: Baiaanis Oioanamitnaaux meroquk (FDA CIIA,
2001 Ta 2018), ta mpoekry pekomeHmariii FDA CIHA s
MIPOMUCIIOBOCTI: pO3pOOKa aHaMi3iB Il TECTYBaHHS IMyHOT€HHOCTI
tepaneBruanux Ou1KiB (FDA CIIA, 2009 ta 2019).

2) BCMOKTYBaHHS

[MapameTpu @K corarepuenty Oyiu oxapakTepu30BaHi y IIypiB
minii Coper-Jloyni, BariTHUX HOBO3EJIAHACBKUX KpOJMIb Ta
SBAHCBPKMX  MaKaK IMicis  BHYTPIIIHBOBEHHOTO  Ta/abo
miamkipporo  BBeneHHs.  Anamiz  ®K  mpoBomuBes 3
BUKOPUCTaHHAM IporpamHoro 3abde3nedenHs WinNonlin (Bepcii
5.0.1 abo Bumie) 3 aOCOPOITIEI0 MEPIIOTO JIATy Ta €IiMIHAIIE0
NepuIoro Jiaay abo HeKoMnapTMEeHTHUM aHainizoM (NCA).
BHyTpilmiHb0BeHHMI CIIOCI0 BBEIEHHS

@K  corarepuenty  OIIHIOBaJIM  MICAs  OJHOPA30BOTO
BHYTPIIIHBOBEHHOTO BBEJCHHS IIypaM i MakakaM. 3arajioM He
crocTepirajgocs CYTTEBUX CTaTeBHX BiaMiHHOCTe y @K




coTaTeplenty npu BHYTPIITHLOBEHHOMY BBEJICHHS
JOCITIJKYBaHUM BHJIaM TBapHH.

dapMaKoOKiHeTHYHI JOCTiIKeHHA 0IHOPa30BOi
BHYTPilIHLOBEHHOI 1031 Ha IypPax

[Ticns oIHOPa30BOrO BHYTPIIIHROBEHHOTO BBEACHHS 103U
IIypaM coTaTeplent npoaeMoHcTpyBas niHiiHy @K i3 cepennim
nepiogom HamiBBUBeAeHH (t1/2) y mianazoni Big 140,8 mo 203,9
roauHu (Big 6 10 9 aHiB) y miana3oHi 103 Bif 1 Mr/kr 10 30 MI/KT.
CepenHi 3Ha4Y€HHS KJipeHCY Oyiau MOAIOHUMM JUIsl PI3HHX /103,
kosmmBarourch Bixg 0,12 mo 0,14 mi/kr/ro.

dapMaKoOKiHeTHYHI JOCTIiIKeHHA 0IHOPa30BoOi1
BHYTPilIHLOBEHHOI 1031 HA MaKaKax

[Ticns oIHOPa30BOrO BHYTPIIIHROBEHHOTO BBEACHHS 103U
MakakaM coTaTepIenT POJIEMOHCTPYBaB TiHIHHY
(hapMaKoKiHETHKY 13 cepeiHiM t1/2 coTaTepiienty B Jiana3oHi Bij
217 mo 253 romun (9-11 gniB) y mianasoni 103 Bix 1 mr/kr g0 30
MI/KT.

HigmkipHuii LUIAX BBeeHHS

OK corartepuenty OI[IHIOBATM Micls MIiAIIKIPHOTO BBEICHHS
nrypaM i MakakaM. 3arajiom, He OyJI0 CyTTE€BUX BiIIMIHHOCTEH y
OK cotarepuenty micias MiAMIKIPHOTO BBEICHHS 3alIe)KHO BiJl
CTaTi y JOCHiPKyBaHMX BHJIB TBapHH TICIs BBEICHHS
OJIHOPA30BOi Ta 0araTopasoBoi JO3H.

dapmakoKiHeTHYHI AOCJTiIZKeHH S 0IHOPA30BOr0
NiJMKIPHOr0 BBEICHHA HA LIypax

OnHOpa3oBe MiAIIKIpHE BBEJCHHS coTaTeplenty y 103i 3, 10 a6o
30 MI/KT mypaM Mpu3Beo 10 MPUOIU3HO MPOMOPIIHHOTO 1031
30UTBIICHHS TUTOIII T KpHUBOIO «KoHIEHTpamis-dacy (AUC) i
Cl’l’laX.

dapmakoKiHeTHYHI AOCJTiIZKeHH S 0IHOPA30BOI'0
NiJIMKIPHOT0 BBE/ICHHSA HA MaKaKax

OpnHopa3oBe MiJIKIPpHE BBEICHHS COTATEPLENITY MaKakaM y 1031
1, 10 a6o 30 MI/Kr mpU3BOIMIO O MEHII MPOMOPIIIHOTO 1031
30inpieHHs 3Ha4eHb AUC 1 Crax.

dapMaKOKiHETHYHI T0C/IiI>KeHHSI TOBTOPHUX /103
Excrno3unito coraTepuenty Mmicias MiAMKIPHOTO BBEACHHS
KUTbKOX 703 ormiHoBaau B GLP mgocmipkeHHAX Ha mIypax,
BariTHUX KPOJIMISAX 1 SBAHCHKUX Makakax. [lOBTOpHE BBeICHHs
71031 TIPOBOJIUJIM OJIMH Pa3 Ha THOKJICHb Y IIYPIB 1 KPOJIiB, 1 OUH
pa3 Ha JBa THXKHI Yy Makak Ha OCHOBI Nepio/y HaIliBBUBEICHHS
COTaTEpILIETTY, 110 CITOCTEpiraBcs y mrypis (4-8 mHiB), KpodiB (2-
3 mui) 1 makak (7-9 oHIB).

dapMaKOKiHETUYHI T0C/IiI>KeHHSI IOBTOPHMX /103 HA IIypPax
@K corarepuenty mpu MOBTOPHUX J03aX OIIHIOBATIHM ITiCIIs
IIOTHKHEBOTO IMAMIKIPHOTO BBEACHHS mypam y mo3ax 0,3, 3130
MI/KT y pamkax 3-micsgyaoro GLP nociikeHHs TOKCUYHOCTI. Y
JeHb | cUCTeMHa eKCMO3MIliSl COTAaTePIIeNTy 3pocia MPUOIU3HO
MPONOPIIHHO 1031 Ta MEHII MPOHOPLIHHO 1031 HAa JeHb 92.
Kogaux mOMITHUX BIIMIHHOCTEH Yy €KCIIO3HWIII 3a CTaTTIO HE
OyJ10, 32 BUHSATKOM JIO3HM 3 MI/KI Ha JACHb 92, Jie CKCIIO3HIIIS Y




camiiB Oyna B 2,4 pa3u BUIIOK, HDK EKCIO3WIIS Y CaMOK,
MOXJIHMBO, depe3 mpucyTHicth ATII B meskux 3paskax,
oTpuMaHuX y 92 nenb. HakonudyeHHs coTaTeplienTy B CHPOBATII
KpOBI crioctepiranocs nume npu g103i 0,3 Mr/kr i3 koedimieHTOM
HakonuueHHsa (Rc) 2,6. Ha nHakonmuueHHs mpu OLIbII BUCOKHX
J103aX MOTJIa BIUIMHYTH HasIBHICTh

ATII. He3Bakarouun Ha Te, 1m0 ACSIKI TBapWHU, MO3UTUBHI Ha
ATII, 3pmaBamocsi, migTpUMyBaidw piBeHb mnpemnapary, ATII
3arajqoM MPU3BOAMIIM 10 3MEHIICHHS EKCMO3WIlii, KOPOTIIOTro
Mepioy HANIBBHBEICHHS Ta MIiHIMATBHUX KOE(IIi€HTIB
HakonuueHHd. 3arainpHuiipiBenb ATII-mo3uTHBHUX cepen BCixX
TBapWH, SKi OTPUMYBAJIM COTATEPIENT IiJ 4ac (Ga3u J03yBaHHS,
cTtaHoBUB 43,6 %.

dapMakoKiHeTHYHI TOCTiI>KEHHsI MOBTOPHMUX 103 HA KPOJISAX
OK corarepuenty mnpu MOBTOPHUX J03aX OI[IHIOBAIM MicCIs
MIOTHKHEBOTO IMAIIKIPHOTO BBEJCHHS BariTHUM KPOJUISM Y
nozax 0,5, 1,5 ta 5 mr/kr. Ilicns mepmioi Ta octanHbo1 n03u (7
neHp BaritHocTi Ta 14 nmeHb BaritTHOCTI) Cmax 1 AUCo-168h
301bIIyBaIMCs MPUOIM3HO MPOMOPIIIHO 1031 B Jiana3oHi J03.
Oueuannii t1/2 xonmBaBcs Bixg 97,6 mo 205,5 romun (4,1-8,6
IHia) micast mepinoi 7034 1 OyB KOPOTIIUM MiCTs APYToi A03U 3i
3HAYEHHSIMU B Jiana3oHi Bix 47,6 no 85,2 rogunwu (2,0-3,6 nus).
Hakonuuenns He cioctepiranocs abo BOHO 0yJio MiHIMAJIbHUM 3
Rc B miamazoni Bix 0,9 mo 1,6. ATII 6ynu Buseieni y 40,6%
TBapHH, SIKi OTpUMYBau cotarepuent. Jis niarpymnu TBapun TK
AQHTHUTUIa BIUIMHYJIM HA CKCIO3UIII0 coTaTeprenty y 3 i3 9
TBapHH.

dapMakoKiHeTHYHI JOCTIIKeHHs] TOBTOPHUX /103 Ha
MaKakKax

®K coTareprienTy npy MOBTOPHOMY BBEICHHI OIIHIOBAIH ITiCIIS
KOXHOTO JIBOTMKHEBOTO IMIJIIKIPHOTO BBEJIEHHS MaKakaM B
pamkax 27-tmwxkHeBoro GLP  nmocimikeHHS TOKCUYHOCTI.
Cotarepuent 3actocoByBanu B no3ax 10, 30 i 50 wr/kr.
[ToB’si3aHMX 31 CTAaTTIO BIAMIHHOCTEH Yy €KCIIO3UWIli He
cnoctepiranocs. 3HaueHHS Cmax 30UIbLIYBANMCS NPUOIU3HO
MpomnopuiiHo go3aM 10 30 MI/KT micis mepmoi Ta OCTaHHBOI
no3u (183 meHb mociipKeHHs), TOI K mpu 50 MI/KT 3HAYCHHS
Cmax 3017bInyBasiocs Oinplle, HDXX NPOMOPIINAHO 1031, Micist
TIepIIoi 103H, Ta MEHIIIE, HIXK MPOTOPIIIMHO /1031, MICJIsI OCTAHHBOT
no3u. AUCo-336h 30UIbIIMIIACS TPUOJIMZHO TPOMOPLIHHO 1031
Michs TEepImoi Ta OCTaHHBOI 103. I[lpoTsarom mociimkeHHs
criocTepiramucss  TpUBaJl  EKCHO3WII 3  MIHIMaJIbHUM
HaKOMMMYCHHSM BiJI TepmIoi 10 OCTaHHBOI 703 (cepemniii Rc
cTaHoBUB 1,46). AHTUTINIA 10 coTarepuenty OyiM BUSBJICHI y
16,7%-33,3% TBapuH, SKUM BBOJWIH J03U, MPUUOMY Y OJHIET
ATII-no3uTHBHOI ~ TBapuWHU  CHOCTepirajacs  3HU)KEHHS
ekcrio3uiii  Ha 183-it  nmenb. IlomiOHy  iHTepmpeTalrito
(apMaKOKIHETHKH TaKOX OyJ0 OTpUMaHO B pe3yibTari 9-
MICSIYHOTO JOCIIDKEHHSI TOKCHYHOCTI NPU TIOBTOPHHUX J03aX




TMiCHs MiJUIKIPHOTO BBEJCHHS COTATEPIENTy MaKakaM KOXKHI 2
THKHI.

3) posmoain

Cotarepuent — 1€ TepaneBTUYHUI OIIOK 3IUTTS 3
pPO3PaxXyHKOBOIO  MOJIGKYJISIPHOIO ~ Macor  (Ha  OCHOBI
aMIHOKHUCIJIOTHOI MOCIiJOBHOCTI) TOMOJIUMEpPA coTaTeplenty 78
KiTo1ansToH (K/a), sIKuit TOBHICTIO CKIIQIA€THCS 3 AMIHOKHCIIOT
MPUPOAHOTO TOXO/KEeHHsS. OUiKy€eThCs, IO WOTO PO3MOALT B
TKaHUHaX Oy/e OOMEXEHUM Ta aHAJIOTTYHUM MOHOKJIOHAJTLHOMY
aHTuTLTy. OTKE, THUIOBI TOCTIIKEHHS PO3MOJUTYy COTaTepLEeNnTy
y JOKIIHIYHUX BHJIIB HEe TpoBoAmwInch. ®K MOBTOPHUX 103
COTaTepIENTy OLIHIOBAIM MiCIs MIOTH)KHEBOTO MiIIKIPHOTO
BBEJICHHS BariTHUM KpOJHIIM Yy go3ax S5, 15 ta 50 Mr/kr.
Cotarepuent OyB BUSIBUJICHHUH y 3pa3kax CHPOBATKH IIOJA MPU
KO>)KHOMY DiBHI /1034 Ha 29-i IeHb BariTHOCTI, IO BKa3ye Ha Te,
M0 10 KIHOM BariTHOCTI OUIOK 3JUATTS MOXE IOJIaTH
rutaneHTapHuid 6ap'ep. KoHueHTpariii corarepuery y cHpoBaTIii
ioa konuBamucs Bia 1% a0 39% maTepuHCHKOI KOHIIEHTpAI].
VY nocmiKeHHI TOKCHYHOCTI U151 JI0- 1 TOCTHATAIbHOTO PO3BUTKY
y LIypiB COTaTEpLENT BBOAMUBCA IIypaMm 3 JakTaiiero. byio
BHUSIBIICHO, 10 COTATEPICNTBIUINBAE HA IOTOMCTBO, IO
nepeOyBae Ha TPYAHOMY BUTOJOBYBaHHI, 1[0 CBIAYUTH MPO T€,
[0 COTATEPIICNIT MOTPAIUISIE Y MOJIOKO IIYPIB.

4) metabomizm

Cotarepuent — 11e OUIKOBUH TepaneBTUYHUN NpenapaT, SKUi
MOBHICTIO CKJIAJAETHCS 3 IPUPOJTHUX aMIHOKHCIIOT, 1
OUIKYETHCS, 1[0 TUTIOBI MPOTEOTITUYHI IIISAXHU Oy Iy Th
OCHOBHHM HIISIXOM Katabomizmy. TpaaumiiiHi 1ociimKeHHs
MeTaboIi3My cOTaTepUEenTy 3TiAHO 3 MOTOYHHUMH
pexomenmamismu ICH S6 (R1) momo goKITiHIYHOT OI[IHKH
0e3nekr O10TEXHONIOTTYHUX (papMalleBTUYHHUX IIpenapaTiB He
MIPOBOJIMIIHCH.

5) BUBeACHHS

CotarepuenTt — 1 OUIKOBUH TepaneBTHYHUI Npenapart, sSKui
MTOBHICTIO CKJIAJJAETHCS 3 IPUPOTHUX AMIHOKHUCIIOT, 1 O9IKYEThCH,
o Horo BHBEACHHS Oyae MOJIOHMM J0 MOHOKIIOHATBHUX
aHTUTLL. JlOCHi)KeHb BUBEICHHS COTATEPUENTY y MOKIIHIYHUX
BHU/IIB 1 JIFOJIMHHA HE ITPOBOIUIIOCS.

6) hapMaKOKiHETHYHI B3aEMOJIT
(moKITiHIYHI)

Sk OITKOBMII TepameBTUYHUN Tpenapar, OYIKYeThCS, IO
corarepuent Oyae KaTtabodi3yBaTHUCh JO aMIHOKHCIOT ILISXOM
3araJlbHUX MPOIIECIB Jerpanallii Oijka Ta He BUBOJUTHCS Yepe3
HUPKHU a00 TMEYiHKy, OTXKE, OUiKy€ThCS, 10 HAa COTAaTepLENT He
BIUIMBATUMYTh TOTCHLIWHI B3aEMOAil MiX JIKapCHKUMHU
3aco0aMu, SKi BHHHUKAIOTH U MAaJOMOJIEKYPSPHHUX CIHOJIYK
gepe3 B3aEMOJil0 3  Mera0oimiuHUMH  (epmeHTamMH  Ta
TpaHcropTepamMu. KpiM  Toro, oOdYiKyeTbcs, IO  BIUIUB
corarepruenty Ha (QEpMEHTH, IO METa0OoNi3yIOTh JIKHA 1
TpaHCTIOpTepH OyAe HHU3BKHMH, OCKUIBKH HE Iepen0adyaeThest
MOJIYJISIIISL PIBHIB ITUTOKIHIB Ha OCHOBI HOro MexaHi3My ii.
Takum 4YHHOM, AOCTIIKEHHS, SIKI O ONUCYyBalIM TMOTEHIA
coTaTeplenTty MpurHidyBatu abo IHAYKyBaTH (EpMEHTH Ta
TPaHCIIOPTEPH, IO METa0oMi3yl0Th JIKaphCKi 3aco0H, He
MTPOBOMIIMCE 1 HE MOTPiOHI.




7) 11 papMakoOKiHETUYHI
JOCI1JKEHHS

Konnux iHmux OK nocnimkeHb He TPOBOAUIOCS.

4. TOKCUKOJIOTIA:

1) TOKCHYHICTB y pasi
OJTHOPA30BOT'O BBEICHHS

Corarepuent: mypu Jinii Coper-JoyJi, sikuM BBeJIHn
O0JHOPa30By BHYTPilIHbOBeHHY iH’ekumiro (10 i 30 mr/kr)
coTaTepuenTy IUIIOC KOHTPOJIbHA Tpyna

ITicas 4-TUKHEBOTO IOCIIKEHHSA BHYTPIITHLOBEHHOT
TOKCHYHOCTI Ha Iypax, /Ie HaJHUPKOBI 3271031 OyJIH BU3HAYECHI
K LITbOBUM opraH, Oyno mnposeneHo He-GLP momrykose
JNOCHIPKEHHs, 100 OLIHUTU TPHUBAIICTh IIOB’A3aHOI 13
COTaTePIENTOM TOKCHYHOCTI B HAJHUPKOBII 3211031 MiCIIs OAHOTO
BHYTPIITHLOBEHHOT'O BBEJEHHS caMkaMm IypiB iHii Crper-
Joymi.

JIBaHaAUATH 3 KOHTPOJBHOI Ipynu 1 14 camkaM miypiB JiiHIi
Crper-/loyni/rpymi, siKi OTpUMYBaJIH JIIKYBaHHS, BBOJIUIN pPa30Bi
BHyTpilmHBOBeHHI a03u 10 abo 30 wmr/kr coTarepuenty.
OuintoBaHi  mapameTpu  OOMEXyBaluCsi  JOCTIIKEHHSIMU
aHaToMiyHoi marosiorii. ¥ 8 1 28 neHb 10CIHIIKEHHS MOJIOBUHY
TBapuH 3 KOXHOI Ipynu (6 3 KOHTPOJBHOI Ta 7 3 IpynH, II0
OTpUMYyBaJjia JIIKyBaHHsS) TMiJJaBaJid €BTaHa3li, HaJIHUPKOBI
3aJ034, MEYiHKY, HUPKU Ta MiJIUTYHKOBY 3aj03y 30upanu, a
HaJTHUPKOBI 3aJI03H 3T0JIOM JOCIIIHKYBaJIU TICTOMOP()OIOTIIHO.
He Oyno BusIBJIEHO »OIHUX 3MiH y 3araJlbHOMY CTaHi a0o Bas3i
OpraHiB, TOB’sI3aHUX 13 JOCIIUKyBaHUMH MaTepianamu. Ha 8-it
JIeHb JTOCIIDKEHHS He OyJIO JKOAHUX TicTOMOPQOIOTIYHUX 3MiH
HAaJHUPKOBUX 3103, IMOB’SI3aHUX 13  JIOCHIJKYBAaHUM
npenaparoM. OnHak Ha 28-if 1eHb JOCIIIKEHHS CIIOCTEpiraBcs
MOMIPHUN KOPTUKAJIbHUI HEKPO3 13 OB’ 3aHOI0 MiHEpaIi3ali€lo
B HAJHUPKOBUX 3ai03ax B | 13 7 TBapuH, ki orpumyBanu 10
MI/KT, 1y 3 i3 7 TBapuH, siki oTpuMyBaiu 30 MI/KT.

BusiBneHi 3MiHM B HaJHUPKOBHMX 3aJ103 CTAaHOBMJIM NMPHOIU3HO
Bim 30 ngo 70% rmomii KOpW HATHUPKOBHX 3all03, 1 Oyim
JBOCTOPOHHIMU B yCiX BUmNaakax. Pe3ynbratu Oynu 3ocepemkeHi
B ITy4KOBil a00 PEeTHKYJISAPHIN 30H1 3 TOBHUM 30€peKESHHSIM 30HU
Ki1y0ouka. Mo3KoBa pe4oBHHA HaIHUPKOBUX 345103, SIKA PI3HOIO
Mipoto Oyna TpUCYTHS B JOCITIDKYBaHHX 3pi3ax, He Oyna
ypakeHa. 3a yMOB LbOT'O JIOCIiIP)KEHHsI PiBEHb, 1110 HE BUKJIUKAE
BuarMux HeratuBHUX edekTiB (NOEL) He Oyi0 BCTAaHOBIICHO.

2) TOKCHYHICTB y pa3i MOBTOPHHUX
BBE/ICHD

HigmkipHe BBeAeHHS Iypam

CorarepuenTt:  3-micsiuHe  JOCJIIKeHHA  MiIIIKipHOL
TOKCHYHOCTI HA mypax 3 1-MicIYHUM BiHOBJICHHAM

Metoto nporo GLP nocnimpxeHHs Oyno OLIHUTH TOKCHYHICTH
coTaTeplenTy MpH BBEACHHI OJUH Pa3 Ha THXJIEHb MPOTAroM 3
MICSIIIIB caMIIsIM 1 camMkaM IypiB JtiHii Criper-Jloymi migmkipHo.
Kpim Toro, mocmimkeHHss Oyino po3poOJieHO [isi BHBUYCHHS
000pOTHOCTI OYIb-IKOi TOKCHYHOCTI, TIOB’SI3aHOI 3 JIIKYBaHHSM,
MPOTATOM 1-MicsiuHOTO Tepioay 6e3 JTiKyBaHHS.

Hlypam ninii Crper-Zloymi (15 Ha crate/rpyny) BBoguau 0,3, 3
a6o 30 Mr/kr coraTepuenTy MiAMIKIPHO OAMH pa3 Ha THUXKICHb
npotssroM 3 wicsamiB  (3araiom 13 no3). II'ate mrypiB Ha




CTaTh/TPYIy YyTPUMYBAIUCA MPOTITOM |-MicsyHOTO Tiepioay 0e3
nmikyBaHHS. Ha MOMEHT BBEIEHHS IEpIIOi JO3U IMypaMm OyJio
pUOIN3HO BiA 6 10 8 THKHIB.

Ominka TOKCHYHOCTI Oa3zyBayiacsi Ha CMEPTHOCTI, KIIIHIYHHX
CIIOCTEPEIKEHHSAX, Maci Tija, CHOXKUBAaHHI 1TKi, BHU3HAYCHHSIX
CTEpOiTHMX TOPMOHIB (TUTBKM y CaMOK) Ta KIIHIYHHX 1
AHATOMIYHUX OIlIHKax maTojorii. Bu3Hauamm CcupoBaTKOBI
KOHIIHTpalii coTarepuenty (TBapWHHU, SKi OTPUMYBAIU
JikyBaHHS) Ta imyHOreHHICTh (ATII) (TBapuHwu, sIKi OTpUMYBaIH
JTIKYBaHHS Ta 3 KOHTPOJIBHOI TPYIIH.

He Oyno xoaHMX HE3aIUIaHOBaHMX CMEpTEH, KIIHIYHUX O3HaK
abo 3MiH y Maci Tijla, mapaMmerpax aHajlizy cedi 4YM PiBHAX
(b OoIIKYTTOCTUMYTIOI0YOTO TOPMOHY, OB’ sI3aHUX 13
JOCITIUKYBaHUMH MaTepiaiaMHu.

[IpoTsirom mnepiofy A03yBaHHS IOB’s3aHE 3 JIOCIIIKYBAHUM
mpenapatoM 30UTBIICHHS CIIOKMBAaHHS 1K1 cHocTepiraiocs y
caMOK npu > 0,3 MI/Kr OAMH pa3 Ha THXKJEHb 3a BIJCYTHOCTI
BIUIMBY Ha Macy TiJia, i TOMy MaJjl0 HOMiHaJIbHE TOKCHKOJIOTIYHE
3HaueHHs. Hampukinmi nepiogy BBeaeHHs no3u (90-if neHb
JOCITKCHHS) reMaToJIOT19Hi 3MiHH, OB’ si3aH1 3
JOCTII)KYBaHUM pernapaToM, 110 dbapmakoIoriaHO
OTIOCEPEIKOBaHi, 3a3BWYail BKJIIOYAIM TOMipHE 30UTBIICHHS
MOKA3HUKIB MAacH MHUPKYITIOIOYNX EPUTPOLUTIB (EPUTPOIIMTIB,
mupuHA  posnoainy eputporurtiB (RDW) Ta/abo HGB) i
3HWKEHHs cepeAHboro o00’emy eputpouutiB  (MCV) i
cepenaporo remorniodiny epurponurie (MCH) mpu >0,3 mr/kr
OJIMH pa3 Ha TIXKJCHb, 301TbIICHHS PETUKYJIOLUTIB MPH >3 MI/KT
OJIMH pa3 Ha TWXKJIEHb Ta/a0b0 30UIbIICHHS 00’ €My TPOMOOLUTIB
npu 30 MI/KT OOuH pa3 Ha TIKICHb, SKI He Oynu
HECTIPUSTINBUMH.

Pesynpratu kimiHiyHOT XiMmil OOMeEXyBamucs MiHIMAJIbHUM
30UTBIICHHSM PIiBHS @30Ty CEYOBMHH KPOBI (IO 3aJMIIAIOCS B
MeXax Jiana3oHy ICTOPUYHMX KOHTPOJBHHMX 3HAUY€Hb) IpHU
30 MI/KT OMH pa3 HA THXKICHB.

VY TBapuH, miamaHux po3TuHy Ha 90- NEeHb JOCHIIHKCHHS,
MOCMEPTHI 3MiHM, 1[0 BiAOyBarOTbcAd NMpU < 3 MI/KT pa3 Ha
TH)KJCHb, HE BBAXKAJMCSI HECHPUATIMBUMHU Ha OCHOBI HU3BKOI
94acTOTH, a TaKOX XapakTepy Ta cTyneHs 3MiH. Corarepuent
n00pe MEPEeHOCHUBCS B MICIISIX TIAIIKIPHOT 1H €KITli. 3MEHIICHHS
MacH cepiis npu >0,3 MI/Kr pa3 Ha THXKAEHb y CaMIIiB 1 CaMOK, 1
30UIBIIIEHHST MAacH TMEYiHKH TpH 7031 30 MI/KT pa3 Ha THXKACHb Y
CaMOK Bi/10yBaJHcs 3a BiZICYTHOCTI T'iCTOJIOTIYHOTO KOPEJIATY 1 He
BBOXAINCS HECTPUATIUBUMH TIpH OyAb-SIKOMY pIiBHI JO3H.
[loB’s3aHi 3 AOCHIIKYBAaHHM IIpernaparoM eQeKTH B s€dKax
BKJTIOYAQJIM MIHIMQJIBHHUIN a00 MOMIpHUH TirmocrepMaToreHes mpu
no3ax 0,3 mr/kr (1 TBapuna) i 30 MI/KT pa3 Ha THXKIEHB, a TAKOXK
acrepMaToreHe3 3 MiHIMQJIbBHUMHU iH(piTBTpaTAMU
MOHOHYKJICAPHHUX KJITHH 1 MTaHTCHKUMHM KIIITHHAMHU CHIEpPMaTH]
pH 1031 3 MI/KT pa3 Ha THXACHB (1 TBapuHA), 110 KOPEITIOBAJIO 3
MacoI0 eMiTUANMY Ta 3MEHIICHHSIM PO3MIpy s€UKa/HACIHHEBOTO




MyXHpUS TpU 7031 3 MI/KT pa3 Ha THXIEHb, a TaKOX JIETKOIO
MYJIBTH(OKAIHHOIO OJTHOCTOPOHHBOIO aTpO(i€ro S€UKa MPH 1031
30 Mr/Kr pa3 Ha THXACHb. Y KOp1 HATHUPKOBUX 3aJ03 JIETKUH,
BOTHUIIIEBUH a00 nudy3HHU 3acTiil crioctepiraes mpu 1031 >0,3
MI/KT pa3 Ha TIKIEHb, a MyJIbTU(OKaIbHA MiHEpami3alis Kopu
HAJHUPKOBUX 3aJ03 1 30UIBIIEHHS Macu HAJIHUPKOBUX 3aJI03
criocTepiranucs npu 1031 30 MI/KT pa3 Ha THX/I€Hb. 3MiHU 3 OOKY
HUPOK  BKIIOYAllM  MiHIMambHHA  MeMOpaHO3HHUH  abo
MeMOpaHonpomiepaTUBHUN TIO0MepyIoHePpUT 1 MiHIMATIBHY
abo moMmipHy TYOymsipHy Oazodimito mpu >0,3 Mr/kr pa3 Ha
TIK/IEHb, @ TaKOX JIETKY/MiHIMaJIbHY BOTHHUIIEBY KAaHAIBIEBY
JeTeHeparlir/aTpodiro 3 TAITATAIIEI0 KaHaJIBIIIB,
iHTepcTUIianbaii  (i0po3 Ta/abo MOHOHYKIICApPHY 3amalibHYy
KITTHHHY 1H}imeTpanito npu 30 MI/Kr pa3 Ha THKICHbB, IO
KOPEJIIOBAJIO 3 HAKONMWYEHHSIM DPITUHM TOPA[ 13 HUPKAMH, L0
BiJ3HAYAJIOCS ~ MAaKpPOCKOIIYHO, a TaKOXX 3MEHIICHHS Baru
HUpOK npu 30 MI/KT pa3 Ha TIKAEHb. X04Ya IIi 3MiHU B HHPKax
CTOYATKy TOSICHIOBAJIM BiJIKIAJCHHSAM IMYyHHOTO KOMILIEKCY
BHacinok yrBopeHHs ATII, momatkoBe mOCTiKEHHS TOKa3ye,
IO OINOCEpPENIKOBaHA COTATEPIETITOM HUPKOBAa TOKCHYHICTH €
MPSIMUM €(PEKTOM.

[IpoTsirom mepioxy Oe3 NiKyBaHHA Ta IiJ] 4ac PO3THUHY ITiCIsS
Hporo (120-i neHp HOOCHIIKEHHS) pe3yJbTaTH, IOB’S3aHi 3
JOCTIDKYBATBHAM TpenaparoM, OyJld OOMEXKCHI IOMIpHHM,
onHOOIYHUM,  audy3HHUM  ab0  JOKAJIbHO  MOUIMPEHUM
acriepMaToreHe30M y si€dkax 2 i3 5 cammiB mpu 1031 30 Mr/kr pa3
Ha TIKIEHb, 10 BIAMOBIAAIO 3MiHAM SI€UOK, 1110 CIIOCTEePIraInucs
mig yac JikyBaHHA. Maca cepiis, 3MiHH HaJHUPKOBHX 3103 1
HUPOK TPOJEMOHCTPYBAJIH BiJHOBJICHHS MPHU BCIX J103aX MIiCIs
niepiomy 0e3 JiKyBaHHS.

JlaHi PO KOHIIEHTPAIil0 COTATEPIENTy B CUPOBATII BU3HAYAIN
710 BBEJICHHS J103M (HallHMXK4a) Ha 7-1 IeHb JOCTIIKEeHHs (Ticis
nepioi 103u), Ha 14, 28, 56, 84, 90 (micns octanHbOi 7031) 1 120
(mampukinmi nepioxy 6e3 nikyBanss) qHi. lani TK He BKimtogamu
IUIOIY MiJ KpUBOKO 200 Cmax uepe3 0OMexeHy BHOIPKY.
KonnenTparii B cupoBatiii KpoBi, BUMIPSIHI IPOTATOM IEPioay
J03yBaHHs, MMOKa3aJIy 3HaYHy Bapiallilo cepesl OKpEMUX TBAPUH
Ha KO>KHOMY piBHI f03u. L1 Bapiatii BBaxaIucs moCIiJOBHUMH
3 possutkoM ATII y miarpymi TtBapuH. 3arajJlbHH piBeHBb
MO3UTUBHUX pe3ynbTariB aius BiamoBigeit ATII Ha ocHOBI
3HaueHb ELISA, mo mnepeBuimyBaqd mMOpIT IMO3UTHBHOTO
KOHTpOITI0, cTaHoBuUB 51 3 88 (58%) ominenux TBapuH. PiBeHb
no3utuBHUX BignoBiged Ha ATII Ha ocHOBI aHamizy Ha
cnenudivynictb craHoBuB 7 13 83 (8,4%). IlopiBHsHHS
(hapMaKOKIHETHKH JTaHUX OKpeMHUX TBapuH 1 maHux mpo ATII y
TBapuUH Yy mepioa Oe3 JIKyBaHHS IMOKa3aj0 BUCOKHH CTYIHB
KOpeJAIii Mi>k TBApUHAMH, K1 HE MATPUMYBAJIM KOHIICHTPAIIIIO
COTaTEepPIENTy BUIIE MEXi KUIbKICHOTO BU3HAYCHHS MPOTATOM
Mepioay JI03yBaHHs, Ta TBAapWHAMH, SKI MaJd TO3UTHUBHI




3HaueHHs ATII 3a ELISA, He3anexxHo BiJ pe3yibTaTy B
KOMIOHEHTI cnerudivHocTi anani3zy imyHorenHocti (ATII).
[lincymoByI04UM, HECHpUSATIUBI pe3ylabTaTd, IMOB’SA3aHI 3
JOCTIPKYBAaHUM TIpermapaToM, Oyiu OOMEXKeHI TBapuHAMH 3
nozoro 30 wMr/kr pa3 Ha  THXKIEHb, 1  BKIIOYaIU
TyOyJIOIHTEpCTUITIABHI Ta KJIyOOYKOBI 3MIHM B HHUpPKax,
MiHepai3alio KOpM HaTHUPKOBHX 3ajlo03 Ta arpodito ado
rimocrepmMaroreHes y sieukax. Maca cepiis, 3SMiHA HaJHUPKOBHX
3aJ103 1 HUPOK MPOJAEMOHCTPYBAJIM BIAHOBJIEHHS IIPU BCIiX J103aX
micis nepiony 0e3 JIiKyBaHHS.

Ha BigmiHy BiJ 1bOTO, TECTUKYJSPHI pe3yibTatu mpu a03i 30
MI/KT pa3 Ha TWXKICHb He Oynu obopoTHUMU. [ momepynspHuit
He(PUT CIOYATKy BBa)KaBCsS HACTIAKOM BiAKJIaIEHHS IMyHHOTO
KOMIUIEKCY, TOB’si3aHOro 3 iMmyHoreHHictio (ATII), omnak y
HACTYIHOMY JIOCIIPKEHHI Ha Lrypax Oyjo BCTaHOBJIEHO, IO 11,
HWMOBIpHO, TPSMUN TOKCHYHUHN €PEeKT coTarepuenty. 3a yMOB
L[bOTO JAOCIII/DKEHHS Ta HA OCHOBI HECHIPUSATIIMBOTO XapakTepy Ta
MOBHOT 00OPOTHOCTI eeKTiB mpu 1031 <3 MI/KT, piBeHb, NPHU
AKOMy He crocrepiraetbess mnoOiunux peakuii (NOAEL)
CTaHOBMB 3 MI/KI pa3 Ha TIKACHb, IO BIAIMOBIIAE
PO3PaxXyHKOBIH IMIJIOMII i KPUBOIO KOHIIEHTpALlis-yac BiJ HYyJNS
10 168 romun (AUCo-168h) 2090 Mxr*ron/mia (y 2 pas3u Oinbimne
KJIIHIYHOI €KCTO3HUIIii MPH MaKCUMAallbHI PEeKOMEHIOBaHii 1031
st moanan). [MRHDY]).

Cotarepuent: 3-MicsiuHe TOKCHKOKIHETHYHE MOCJiIKEHHS
coTaTepuenTty HLISAXOM NMiIIIKipHOrOBBeAeHHsI miypam 3 1-
MiCSIYHUM TepPioI0M BiTHOBJIEHHSI

Himi uporo GLP nocnimxenHs nonsiranu y BuzHadeHHi TK Ta
imynoreHHocti (ATII) corarepuenTy, a TakoX NOTEHIIIHHOI
KOPHUCTI CeYOBHX OlOMapKepiB HUPKOBOI TOKCHYHOCTI Jif
MOHITOPUHTY 3MiH HHPOK, KOJM COTATEPIENT BBOJIMIN
niAWKipHO 1ypam aiHii Crper-Zloy:ni pa3 Ha THXAEHb IPOTATOM
3 MiCSIIiB 3 HACTYITHUM |-MIiCSIYHUM Tiepiogom Oe3 JTiKyBaHHS.
[ypam minii Coper-oyai (16 Ha crate/rpymny) BBoawmm 0,3, 3
a60 30 Mr/kr cotarepuenTy ado TIIBKH HOCIH MIAIIKIPHO KOXKHUH
THXKICHB MPOTATOM 3 MicsiiB (3arajgom 14 1o3). LlicTs mypiB Ha
cTaTe/Tpynmy  Oyiaum  mpu3HaueHi Uit 300py  3paskiB
TK/imynoreanocti (ATII) 1 3aymmanucst mpoTarom 1-mMics9HOTO
nepiony 0e3 JiKyBaHHS.

OriHKka TOKCHYHOCTI Oa3yBayiiacsi Ha CMEPTHOCTI, KJIIHIYHUX
CIIOCTEPEIKEHHSX, Maci Tija, KJIHIYHINA maTojorii (TreMaTooris,
KJIIHIYHA XiMis, OlomMapkepw cedi), a TaKOoX 3arajbHIi Ta
AHATOMIYHIN OIHII maToJorii HUPOK. BU3HAUaNM CUPOBATKOBI
KOHIIEHTpaIlii cotarepuenty (B KOHTPOJIBbHIN TPyIll Ta y TBAPHH,
aKi oTpumyBainu JikyBanHs) Ta ATII (y TBapuH, sSiKi OTpUMYBaIX
JKYBaHHS).

He Oyno >XOmHUX TMO3aIUIaHOBHX CMeEpTeH, IOB’S3aHUX 13
JOCIIDKyBaHUM TipenapaTtoM. OauH camens npu 1031 30 Mr/kr
pa3 Ha TWXJAeHb OyB 3HAWICHUNA MEPTBUM Yy J€Hb JOCIHIHKEHHS




57. 3B'A30K 1€l cMepTi 3 JIKyBaHHAM HE BHU3HAYEHHM, OCKIIBKH
reMaToJIOTIUHI Ta XiMiuHI 3MiHM (KpeaTWHIH 1 a30T CEYOBHHU
kpoBi (BUN)) y aenp nocnimkeHHs Oyiu moaiOHUMU 10 3HaUY€Hb
y iHmWX TBapuH y m03i 30 MI/Kr pa3 Ha THXKICHb, a PUIHHA
cMepTi He Oylna OYEeBHUIHOI HA OCHOBI MAaKPOCKOIMIYHOTO
JOCITIJIKEHHST HUPOK.

[lin yac mepiogy BBEOEHHS [J03U pE3yJIbTaTH KIIHIYHUX
CTIIOCTepEXKEHb, TOB’S3aHI 3 JOCHIHKYBAaHHM TIperapaToM,
00MEXyBaJIUCS PO3IYTUM KMBOTOM, 1110 CIIOCTEPIrajocs y ABOX
TBapuH 13 mo3yBaHHAM 30 Mr/Kr pa3 Ha TwxaeHb. Heznaune
301TBIICHHS CePEeIHbOT MacH Tijia CIIOCTEePIraiocs y CaMoK Mpu
> 0,3 Mr/Kr pa3 Ha THXKICHb MPOTATOM IEPioAy IO03YBaHHSI, Ta
30epiranocs npu 30 MI/KT pa3 Ha THKIEHB IPOTATOM Mepioay 6e3
JTIKyBaHHS.

[Tounnatoun npubIU3HO 3 29 OHSA MOCHIIKEHHS 1 3a3BUYal
TpuBarOYX 10 93 IHS JOCHIDKCHHS, T'eMaTOJOTIYHI 3MiHH,
MOB’sI3aH1 3 JOCIPKYBaHUM TIpernapaToM, 1o GpapMakoIOoTigHO
OIOCEPEIKOBaHI, 3a3BUYall BKJIOYATM JIETKE IIiABHUIICHHS
MOKa3HHUKIB MacH LUpKyIorounx epurpouutis (BMict RBC, HCT
1 HGB), 36inbmennss RDW i1 peTuKyTonuTiB, a TaKOK 3HWKEHHS
MCH, cepeaHboi KOHLEHTpalii IeMOrjao0iHy B €pUTpPOLUTaxX
(MCHC) ta/abo MCV Ha > 0,3 MI/KT pa3 Ha THKICHb 1 3HIDKCHHS
TpoMOouuTiB mpu 30 MI/KT pa3 Ha TIKICHb, SIKI Maiu
MiHIMaJdbHE TOKCHUKOJIOTIYHE 3HAYEHHA. DIIbIIICTE  IUX
pesynbratiB 30epiranucs y camuiB npu > 0,3 MI/kr pa3 Ha
THOKJIEHB 1 30 MI/KT pa3 Ha THKJICHb Y CAMOK TPOTITOM TIEPioay
0e3 mikyBanHsi. He Oyno XomHuxX 3MiH Yy KIIHIYHIA XiMii,
OB’ SI3aHUX 13 TOCITIHKYBaHUM TIPEIIapaToM.

Y mypiB, sKi OTPUMYB&JIM COTATEpLENT, CIOCTepiraiocs
3aJie)KHE BiJ /03U Ta Yacy WiJBHIICHHS PiBHA OilomMapkepiB
MOLIKOJKEHHSI HUPOK Y Ceul — OCTEONOHTUHY, JINOKaliHy-2 Ta
anpOyminy. CriocTepiraiaocs moMipHe MiABUIICHHS (TPUOJIU3HO B
5 pa3iB MOPIBHAHO 3 KOHTPOJBHOIO IPYIOI0) OCTEONOHTHHY Ta
JMOKaNiHy-2 TPOTATOM  repiogy mo3yBaHHsS (93  nmeHb
JOCIIIJDKEHHs), TepeBakHO mpu 30 MI/Kr pa3 Ha THXKICHB.
30utbeHHs anbOyMiHy (mpuban3Ho B 50 pa3iB MOPIBHSIHO 3
KOHTPOJIBHOIO TPYTOI0) Oyi10 HAMOUIBIIT OUeBUIHUM TipH 1031 30
MI/KT pa3 Ha TIKICHb MPOTAroM mepiogy Oe3 nikyBaHHs (121
JI€Hb JTOCITIJKEHHS).

Hampukinmi nepiogy BBeneHHS 1034 (93 1neHBb MOCIHIIHKEHHS)
301JIbIIICHHS JTIBOT HUPKH (TTOB’s13aHE 3 HAKOIMMYCHHSM PIUHU B
HUPKOBIH Kamcyi), 0 CIIOCTEpiranocs y ABOX TBAPUH 13 J03010
30 Mr/Kr pa3 Ha THKIEHb, KOPEIIOBAJIO 3 MiHIMaJIbHUM a0o
MOMIPHUM KICTO3HUM pPO3LIMPEHHSIM 1 (iOpo30oM HHUPKOBOI
KarcyJu. MinimManbHUI abo MOMIpHUH
MeMOpaHOnpoihepaTUBHUI TIIOMEPYIOHEPPUT CIIOCTEPIraBcs
y CaMIIiB IPH > 3 MT/KT pa3 Ha THXKACHB 1y caMOK 1pu > 0,3 Mr/kr
pa3 Ha TWKICHb. MiHiManbHa ab0 TMOMipHa XPOHIYHA
nporpecyroda HeponaTist criocTepiraiacs y CaMoK MpH > 3 MI/KT
pa3 Ha TWXKJCHb, a MiHIMAIbHA 200 MOMIpHA IHTEPCTHUIliATbHA




MiHepai3allis cnocrepiraiacs y camiliB i camok pu 30 Mr/Kr pa3
Ha THX/ICHB.

Hampukinmi nepiogy 6e3 mikyBanHs (121-i1 1eHb TOCHTiIKEHHS)
MaKpOCKOITIYHI Ta MIKPOCKOITIYHI 3MiHH HUPOK ICIIs TIEPioay
BBEJICHHS JI03M HE 3HUKIIM, 1 MiHIMallbHA a00 MOMipHa XpOHIYHA
nporpecyroda HedpormnaTis Terep Oya MPUCYTHS SIK y CaMIIiB, TaK
1y caMmok nipu > (0,3 MI/Kr pa3 Ha TUKICHb.

OpnHak He OyJlO TOMITHUX 3MiH HHUPKOBHX OioMapkepiB Npu
< 3 MI/KT pa3 Ha THXICHb, 1, HA OCHOBI HHM3BKOI TSKKOCTI Ta
YaCTOTH TiCTOJIOTIYHUX Pe3yJIbTATIB, 3MiHM HUPOK NpH < 3 MI/KT
pa3 Ha THKJCHb HE BBa)KAJIHCS HETaTUBHUMHU.

3arajaoM KOHIIEHTpallii coTaTepuenty Oyjau HUKUYMMU y TBapHH,
aki Oymu ATII-mo3utuBHMUMH. Y TBapuH, IO MPOXOIUIH
(hapMaKkoOKiHETHYHE nociimxenss (TK) KOHLIEHTpaLlis
coTaTeplenTty B CHUpPOBAaTLi KpOBI Oyjda HIXKYOIO 332 MEXY
KUTPKICHOTO BHW3HAueHHS mpu n03i 3 wmr/kr 'y 2/4 ATII-
MO3UTUBHUX TBapuH Ha 92 neHw mocmimpkeHHsa, Ta y 3/5 ATII-
MO3UTUBHUX TBapuH Ha 121 genp nocmimkennsa. [lpm mosi
30 mr/kr nmume 1 TBapuHa BusiBHIacs no3utuBHoto Ha ATIL, 1 11
CHPOBATKOBI KOHIIEHTpAIIi1 OyJIM HIKYUMH 32 MEXKY KUTBKICHOTO
BU3HAYEHHS, TIOUYNHAOUHX 3 92 JTHS TOCIIIKEHHS.

Konnenrparnii coratepuenty B CHpPOBATILli KpPOBI y TBapuH
OCHOBHOI'O JOCHI/DKEHHS Ticis NpUIUHEHHs Ha 93 neHb
JOoCTiKeHHsT Oyu moaiOoHuMu 110 KoHueHTpamin TK gepe3 24
TOJIMHH TICJIs BBEACHHS 1031 Ha 92 neHb fgociiukeHHs. OqHak y
rpymi no3yBanss 0,3 1 3 mr/kr Oyino 4/5 1 7/13 ATII-no3uTuBHUX
TBAapHH BIANOBITHO, y AKUX KOHIEHTpAIlli coTaTepuenty Oyiu
HIDKYUMH 32 MEXY KiJTbKicHOTO BU3Ha4eHHs. [Ipu no3i 30 mr/kr
y OCHOBHHX JIOCIIJDKYBaHUX TBApUH KOHIIEHTpALlli cCOTaTepLEnTy
Oymu 3HayHO 3HWKeHi y ATII-mo3utmBHHMX TBapuH. Y IHI
nocmimkenns 92/93 zaranbna yacrora ATII mpu 0,3, 3 1 30 mr/kr
pa3 Ha TIKIeHb cTaHoBmIA 19 %, 65 % 128 % BiAMOBITHO.
[Ticna 6araTopa3oBOro BBEJEHHS KOHLIEHTpALil cOTaTepLEnTy B
CHpOBATIli KpOBi 30iJbIIyBaUCS B JESKAX TpyHax Jgo3.
CuisBignotreHHSI AUCo-168h 92-10 IHS JOCTIIKEHHS 10 1-T0 IHS
mpu no3ax 0,3, 3 Ta 30 Mr/kr pa3 Ha THXKACHb cTaHOBWIH 3,1, 1,4
ta 1,7 y cammiB BignmoBigHo, Ta 2,3, 0,55, 0,92 y camok
BignoBigHo. [lpucyrtHicte ATII y 3paskax 92-ro nHs
JOCJIIJDKEHHS, HMOBIPHO, CHpHsUIa 3HIKCHHIO KOEQIIEHTIB
Hakomu4yeHHs B rpymnax 3 i 30 MI/Kr pa3 Ha THXKJICHb.

Cnpoba cmiBBimHectn HasBHICTH ATII 3 rmoMmepynsspHUMH
3MiHaMHU B yCiX Ipymnax, sKi OTpUMYBajHM coTaTeplent, Oyna
HEBAAJIOI0 Ta MPOAEMOHCTPYBala MPOTHIIEXKHE: y TBApUH, SKi
Oymu HeratuBHUMHU Ha ATII, 3aramom piBeHb anbOyMiHY B ceui
M1 IBUIIYETHCS TA TTIOYNHAETHCS TIIOMEPYJIOHEe(PPUT.

HartomicTh kiIyOOUYKOBI 3MiHM KOpETIOBAIH 3 IIiABUIICHHSIM
PIBHS COTATEPIIETITY B CHPOBATIII KPOBi Ha 93 eHb, 110 BKAa3y€e Ha
Te, IO KIyOOYKOBI 3MiHH, HMOBIPHO, € TpPSIMHM €(QEeKTOM
coTaTepuenty 1 HE TOB’SA3aHI 3 BUIKIQJACHHIM 1MYHHOTO
KOMILJICKCY.




[TincymoBy104H, 3aCTOCYBaHHs COTaTEpPLENTy pa3 Ha THUXKICHb
poTsIroM 3 MicsmiB mocinb y no3ax 0,3, 3 Ta 30 Mr/Kr npu3Beno
710 TiBUIIICHHS] MAacH Tijia, KJIIHIYHOI MaToNOrii Ta HEOOOPOTHUX
3MIH HHUPOK IIpU CHpPOBAaTKOBI KOHUEHTpamii (92 neHb
JNOCTI)KEeHHs), TOMIOHI [0 THUX, IO CHOCTepiragucs B
MOIEPETHBOMY 3-MICSIYHOMY  JOCTIKCHH1 T TITK I PHOT
TOKCUYHOCTI Ha IIypax, MPOBEJEHOMY B THUX CaMHX Jo03ax. B
000X 3-MicAYHHMX IOCHiDKEHHSX Ha Imypax piBeHb NOAEL
ctanoBuB 3 Mr/kr pa3 Ha THxaeHb (AUCo-168h 2090 MKr*roa/mi,
y 2 pasu Oimpmie kiiHigHOT ekcno3umii mpu MRHD). YV
MOTOYHOMY  JOCHI/DKEHHI  MIABUIICHHA  PIBHA  CEYOBHX
OloMapkepiB ypaKeHHS HUPOK OCTCOIOHTHHY, JINOKaIiHy-2 Ta
anpOyMiHY 3arajioM KOpEeNOBajio 3 HECTIPUSTIUBOIO HHUPKOBOIO
TOKCHYHICTIO, SIKa BUHUKaJA MpH 1031 30 MI/KT pa3 Ha THKICHb,
a MOKa3HUKH HUPOK MpH J03axX < 3 MI/KT pa3 Ha THKJIEHb He Oynu
HECHPHUSTIUBAMU HAa OCHOBI HHU3BbKOI YacTOTH Ta TSHKKOCTI
riCTOJOTIYHUX pe3ynbTariB. KpiM Toro, Oyno mMmokaszaHo, IIO
JIOMEpyJIipHa TOKCHYHICTH Oyna HauOuemow y ATII-
HEraTUBHUX TBAPUH, IO CBIAYUTH MPO T€, 110 COTATEPLEHT MOKE
MaTH NPSIMUA TOKCUYHUN BIUIMB HA HUPKH.

BuyTpilmiHbOBeHHEe BBeIEHHSI LIypam

CorarepuenT: I0CJTiIKeHHH AJs1 BHU3HAYEHHS NMOTEHUIHOL
TOKCHYHOCTI COTATEPUENTY MPH BBEJEHHI caMIsIM i camkam
mypiB Jginii Cnper-/loyai miasxoM BHYTPIIIHbOBEHHOIO
BBeJleHsI OJMH pPa3 HAa THKIeHb NPOTAroM 4 THKHIB 3
HACTYITHUM 4-THKHEBUM BiJITHOBJICHHAIM

Mertoro niboro GLP nocmimkenHs: Oyno BU3HAYUTH MOTEHIIHHY
TOKCUYHICTh COTATEPLENTy IMPH BBEACHHI CaMIsIM 1 caMKaM
mypis  miHii  Cnper-/Jloyni OUIIXoM  BHYTPIIIHBOBEHHOI'O
BBEJICHHS OJIUH pa3 Ha THXKJEHb MPOTATOM 4 THXKHIB.

Hlypam minii Coper-oymni (15 va crare/rpymny) BBoguau 1, 10
a6o 30 Mr/kr corareplenty BHYTPIIIHBOBEHHO OJHWH pa3 Ha
THXKICHB MPOTIToM 4 TXKHIB (3araynioM 4 no3u). [1'a1te nrypiB Ha
CTaTh/TPYITy YTPUMYBAIHUCS TPOTATOM 4-THXKHEBOTO Mepioay 0e3
JTIKyBaHHSI.

OriHka TOKCHYHOCTI Oa3yBayiiacsi Ha CMEPTHOCTI, KJIIHIYHUX
CIIOCTEPEIKEHHSAX, Maci Tila, CMOKMBaHHI XK1 Ta KIIHIYHUX 1
AQHATOMIYHUX JOCTIKCHHSIX (BKIIOYAIOUYM Ma30K KiCTKOBOTO
MO3KY Ta OLIIHKY PEHpOLyKTHBHOI 31aTHOCTI caMIIiB). Y 3pa3Kax,
10 MiJIATaIA JIIKYBaHHIO BU3HAYa M IUIA3MOBI KOHIICHTpAIil
corarepuenty ta ATIL.

byno 2 Bumagku He3amlaHOBaHOI CMEpTi, SKI Maldd HE
BU3HAUCHUN 3B’S30K 3 JiKyBaHHsIM. OJHOTO camiis, SKAN
OTpuMYyBaB A03yBaHHs 10 MI/KT pa3 Ha THXKJICHb OyJI0 3HAKHIECHO
MepTBUM Ha 19-if neHb JOCHIKEHHS TICls BHUSBICHHS KPOBI B
ceui Ha 18-if meHr gociimkenHd. OpgHoro camig, SKHH
oTpuMyBaB no3yBaHHsS 30 MI/Kr pa3 Ha TIKICHb MiIald
eBTaHa3li y MpeACMEepPTHOMY CTaHi Ha 23-U JIEHb JOCIIIHKCHHS.
I'emaTosioriuni 3MiHM Ta 0araTo MOCMEPTHHUX 3MIiH Y TIOMEPJIOro




camid 3 1o3yBaHHsAM 30 MI/KT pa3 Ha THXKACHD Y3TOJKYBaIUCS 3
pe3yJibTaTaMu, IO CIIOCTEPIrakcs y TBAPHH 13 103010 30 Mr/KT
pa3 Ha TIKICHb MiJl Yac 3alJIaHOBAHOTO PO3THHY Ha 29 JeHb
nocmipkenns. [lpuanaa cmepTi a6o epeicMepTHUI CTaH TBapUH
13 He3aIJIaHOBAHOIO CMEPTIO HE Oy BU3HAYCHI.

He Oyno XomHMX KITIHIYHHX CHOCTEPEKEHb, MOB’S3aHUX i3
JOCTII)KyBaHUM TpernapaTroM, abo 3MiH y Maci Tija, COKWBaHH1
XK1 UM mapameTpax aHaji3y cedi.

Ha 29 neHr mgociimkeHHS I'eMaTOJIOTiIYHI 3MiHH, IOB’sA3aHi 3
JOCITIPKYBaHUM npenapaToM, 10 dhapmMaKoI0TIgyHO
OTOCEPEIKOBaHl, 3a3BHYail BKIIOYAIM TOMIpHE ITiABHILEHHS
MOKAa3HHUKIB MacH IUPKyITotounx epurporutis (BMict RBC, HCT
1 HGB) npu > 1 Mr/kr pa3 Ha TwxaeHb. Lli 3MiHM KopenoBaiu 3
HE3HAYHUM 30UTBIICHHSM 3arajbHOI KUTBKOCTI €pUTPOiTHHIX
KIIITUH Y caMIiB mipu > 10 MI/KT pa3 Ha TIXKICHb Ta y CaMOK IIpH
> 1 MI/KT pa3 Ha TIKICHB MOPIBHIHO 3 KOHTPOJIBHOIO TPYIIOL0,
Kl OLIHIOBAJIM 3a JONOMOIOK SKICHOI Ta KUIBKICHOI
MIKPOCKOTIIYHOT OITIHKM Ma3KiB KiCTKOBOTO MO3Ky. [lomaTkoBi
reMaToioriyHi  3MIHM  BKJIIOYANU  JIeTKe  301IbIIEeHHS
PETUKYJIOIHTIB IIPH > | MI/KT pa3 Ha THK]ICHb, JIETKE 301TbIIICHHS
6azodiniB (Tinbku mpu 10 MI/KT pa3 Ha THXKIEHB) 1 BEIUKY
KUIBKICTh He3abapBiieHUX KmituH (mpu > 10 Mr/kr pas Ha
TUKJICHB) Y caMIliB, a Takox Jjerke 3HwkeHHs MCH mpu > 1
Mr/kr pa3 Ha Tikaeab, MCHC nipu > 10 Mr/kr pa3 Ha THXACHB 1
TPOMOOLIUTIB y caMIliB Tipu > 10 MI/KT pa3 Ha TUKACHb, IKI MaJIH
MiHIMaJIbHE TOKCHKOJIOTiUuHE 3HadeHHs. [lomipHE MiABUIICHHS
eputpormtie, HGB 1 HCT 1 3umxenns MCH 36epiranocs Ha
piBHI > 10 MI/KT pa3 Ha THXKIEHBb TPOTITOM |-MiCSIYHOTO TIEPioTy
0e3 nikyBaHHA. HampukiHii nepioxy Oe3 ikyBaHHS He Oyio
BUSIBJICHO MIKPOCKOITIYHUX 3MiH y KICTKOBOMY MO3KY, SIKi O
BIAMOBIIaMM LMM 3MiHaM. YcCi pe3ylbTaTH TIeMaTOJOTIYHHUX
JOCTIDKEHb Ta JOCTIIKeHb KICTKOBOTO MO3Ky He Oy
HECIPUSTIUBUMHU.

Crioctepirajiocss Jaye He3HauHe a00 TIOMipHE TIiABHUIICHHS
cepeaHboro piBHA anaHiHamiHoTpaHcdepasu (AJIT) (y 2-3 pasu
MTOPIBHSIHO 3 KOHTPOJIHOIO rpyImolo),
acnaptataminoTpancdepasu (ACT) (y 1-2 pa3u mopiBHSHO 3
KOHTPOJILHOIO Tpy1or0) i 1ykHoi hocdarazu (JID) (y 1 pa3 Bume
KOHTPOJIBHOI TpynH) nipu 10 Mr/Kr pa3 Ha THKAEHB 1 30 MI/KT pa3
Ha TWKICHb Yy caMok Ha 29 geHp nociimkeHHs. Cepenne
3HaueHHsI ACT y caMok y 1031 | MI/KT pa3 Ha THXACHb TaKOXK
OyJ10 3HAUHO BUIIMM, HI)K Y KOHTPOJBHiH rpymi (y 1 pa3 Oinbiue,
HDK y KOHTPOJBHIN Tpymi. Y caMmiliB 3MiHH PIBHS TEYIHKOBUX
depmentiB (AJIT migBuIuIacs JHille HE3HAYHOIO MIipOIO JIHIIE
npu 1031 10 Mr/kr koxHi 1 TwkaeHs) OyJlIu MEHII TTOMITHUMH,
HIXK y caMOK Ha 29-i IeHb JOCIIIKSHHS.

[Ticna 1-micsyHoro mepiomy ©Oe3 mikyBaHHs (57- JcHB
JIOCITIJKEHHS1) cepelHi 3HaueHHs acnapraTaMmiHoTpaHcdepasu Ta
ayxHOi (docdarazu Oynu 30UTbIIeHI B 2 pa3ud TOPIBHSIHO 3
KOHTPOJIBHOIO Tpy1oto rpu 30 MI/Kr pa3 Ha THXKACHB Y caMoK. Ha




57-# neHb AOCHIKEHHS Y caMIliB 3HaYeHHS Jy»HOi (ocdaTazu
(JI®) Oynm 36impiIeHi B 2 pa3uW MOPIBHSHO 3 KOHTPOJIBHOIO
rpynoto numie npu Ao03i 10 mr/kr pa3 Ha TwxIeHb. OCKITbKU
MIIBUIICHHS ~ OyJ0  HE3HAYHMM Ta  3a  BIJICYTHOCTI
MIKPOCKOMIYHUX 3MiH y MIEYiHIIi, K1 BIAMOBIJAIH O [IMM 3MiHaM,
MiABUIIEHHS  PIBHA  TEYiHKOBHX  (epMeHTIB He  Oyio
HECHPUSTIUBUM. Y TMOAANbIINX MIAIIKIPHUX 3-MICAYHUX
JOCITIKEHHSAX TOKCHYHOCTI Ha IIypax MOMITHOTO ITiIBUIICHHS
PiBHA MEUiHKOBUX (DEPMEHTIB HE CIIOCTEPIranocs Mpu MmoaioHuxX
KOHIICHTPALISAX Y CHPOBATII/TUIA3Mi.

3MiHM aHATOMIYHOI MAaTOJIOTii, TOB’S3aHI 3 JOCIHIIKYBaHUM
MperapaToM, CIIOCTEPIralnucs B sS€YKAX/MPUAATKAX SE€YOK TPU
> 10 Mr/kr pa3 Ha THXKJIEHb, a TAKOXK Y MiAIUTYHKOBIH 3251031 Ta
HA/IHUPKOBIi 351031 1pu > | Mr/Kr pa3 Ha TwkAeHb. Kpim Toro,
crioctepiranocs 301TbIIEHHS! MacH SIEYHUKIB MpH > 10 Mr/Kr pa3s
Ha TWKJCHb Ta 3MEHIIEHHS MacH cepis mpu > 1 MI/Kr pa3 Ha
TUKJIEHb, MaCH HUPOK Tpu > 10 MI/KT pa3 Ha TWXKACHb Ta Baru
MaTK Tpu 1031 30 MI/KT pa3 Ha THXKJIEHB, SIKi BigOyBaimcs 3a
BIJICYTHOCTI BIAMOBITHUX MIKPOCKOMIYHUX 3MiH 1 He Oymu
HECTIPUATIUBUMH. Y se€dkax npu > 10 MI/Kr pa3 Ha THXKIEHBb
MIKpPOCKOMIYHO  BHUSBJICHI  TPaHylIbOMH  CIEPMaTO30iiB,
KOpEJTIOBaIIN 3 MaKpOCKOITIYHO BUSIBJICHUMHU
By3JIMKaMU/BOTHUIIAMH B emiguauminax. Kpim  Toro,
JeTeHepariss S€40K (PO3IMIUPECHHS KaHAIBIIB, 3MCHIICHHS
KIUJIBKOCTI CIepMaTH/ y CiM’ THUX KaHAbBIISIX, TITAHTChKI KITITUHU
CIepMaTH]) 4YacTo KOpelioBajlla 3 HAasABHICTIO TPaHyJIbOM
CHepMaro30ifiB 1 30LUIBIICHHAM CepeHbOi MacHu sieuka. Y
HAIHUPKOBHX 3aJI03aX CaMOK TIpW J1o3ax > | Mr/kr pa3 Ha
THKJICEHb HEKpPO3 y KOpl Ta MO3KOBI PEUOBHHI KOPENIOBaB 3i
30UTPIICHHSIM MacH HAJHUPKOBHX 3alio3, a TaKoX 3 Ix
301MbIICHHAM/3HE0APBICHHSIM Ta BOTHUIIAMH, fKI Oynu
MOMIYeHI MAaKpOCKOIIYHO. Y MIIITYHKOBIH 3a103i amonro3
alMHApHUX KIITUH, BUCHAXXCHHS TPaHyJl 3UMOTEHY Ta aTpodis
aIMHYCIB MiANUTYHKOBOI 32JI031 BUHUKAJIHN TIPH 71031 >1 MI/KT pa3
Ha THXKJACHB 1, K TPABUIIO, OYJIU BiJ MIiHIMQJIBHOTO J0 JIETKOTO
CTymneHs TsOKKocTi. UYepe3 HHM3bKY BUPAXEHICTh  3MiH
MIIMUTYHKOBOI 3aJI03M B Jliama3oHi /103, HasSBHICTH aIronTo3y
allMHApHUX KJIITUH Yy LIypiB 3 KOHTPOJBHOI I'PyNH 1 LIypiB, sIKi
OTPUMYBAJIU JIIKYBaHHS, a TAKOX Yepe3 Te, 10 MOoAI0H] epeKTH B
MiANUTYHKOBIM  3a71031 HE CHOCTepiraliucs B  HACTYIHHX
JOCTIPKEHHSX MiIIUTYHKOBOT 3271034 Ha Iypax mnpu ao3ax 10 30
MI/KT pa3 Ha THXJIEHb a00 Yy Makak Mpu Oy1b-sIKOMY PiBHI JJ03H,
3MIHU TMIANLTYHKOBOT 3a7103M HE OYyJM TOB’s3aHi 3 JIIKyBaHHSIM
coratepuentoMm. CortaTepuent ao0pe MEpPEeHOCHUBCS Yy MiCLsX
18’ ekmil.

Hanpuxkinni 1-micsyHoro mnepiogy 6e3 nikyBaHHS (57 naeHb
JTOCJTIJDKEHHST ) 3MIHH I AMUTYHKOBOT 3aJI03H MPH > 1 MI/KT pa3 Ha
THKJICHb, SIKI HE BBAXKAJHUCS TIOB’S3aHUMH 3 JIOCIHIKYBaHUM
mpemapaToM, 1 3MEHIIEHHS Macu cepus, TIpaHyJIboMa
CIEpMAaTO301/1iB Y MPHUAATKAX S€YOK/IeTeHepallisi S€90K i HEKpO3




Ha/THUPKOBHX 3aJI03/XpOHIYHMN HEKpo3 mpH > 10 Mr/kr pas Ha
THOKJICHb HE 3HUKIIH.

[Ipu owuiHIi penpoayKTUBHOI (PYHKIIIT cCaMIliB 3MiHU MTapaMeTpiB
CTIIEpMH 3arajioM KOPETIOBAIM 3 TICTOJOTIYHHUMH Pe3yJIbTaTaMHu
S€4OK, [TOB’A3aHUMHU 3 IOCII’)KYBaHUM IIPerapaToM. 3MEHIIEHHS
PYXJIMBOCTI CHEPMATO30i/MiB 1 KIJIBKOCTI CIIEPMATO30iliB Y
MpUaaTkax se€4yka, a TakoXX 30inblieHHsS (parmenTarii
criepMarTo30iniB crocrepiramocs mpu Ao03i 30 Mr/kr pas Ha
THKJICHb HAMPUKIHII TIepioAy No3yBaHHsA. HampukiHii nepiogy
0e3 JiKyBaHHSA WiABHINEHA (parMeHTalisi CrepMaro30iaiB i
3HIDKEHHS! PyXJIMBOCTI CIIEPMATO30i/iB criocTepiranucs y 2 i3 5
TBApWH JIMIIE TIPU 3aCTOCyBaHHI 10 MI/KT pa3 Ha THKICHb.
KonnenTtpariii cotatepuenTy B Iu1a3mi BU3HaYanu Ha 2-i 1 3-ii Hi
JOCITIIKSHHS TICIIS TIEPINOi T03H, TIepel BBEJCHHAM J031 Ha 7-1
JICHB TOCTIDKEHHS Ta Mepel KOKHUM PO3THHOM.

IIpu mozax 1, 10 i 30 Mr/kr pa3 Ha TWXICHb AaHTUTLIA IO
npenapaty (ATII) Oynu BusiBneHi Ha 29 neHb AOCTIIKEHHS Y
7/10, 1/10 1 2/10 tBapuH, i Ha 57 neHb gocmimkeHHs y 4/10, 0/10
12/10 TBapuH BiAMOBIIHO. AHTHUTLIA 3 BUIUM TUTPOM, BUSBIICHI
Ha 29 neHb AOCHIHKEHHS, SKi MOTIM 30epiramucs a0 57 mHs
JOCHIDKEHHS, SIK TPaBWIO, AacCOLIIOBAINCS 3  HWKYHUMHU
KOHIIGHTPALISIMU coTaTepuenTty B Tuiasmi. [Ipu 1031 1 mr/kr pa3
Ha THXKJICHb KOHIIEHTPAIIisl COTaTePIIETITY B IUTa3Mi Oyi1a HUKYOIO
3a M@Ky KiJIbKiCHOro Bu3HaueHHs y 2/10 TBapwH Ha 29 neHb
nocmimkenHs, Ta'y 7/10 TBapuH Ha 57 AeHb JOCIIIKEHHS.
[lincymMoByI04H, BHYTPIITHHOBEHHE BBEACHHS COTATEPLENTY B
no3ax 1, 10 1 30 Mr/kr pa3 Ha THXKACHb NMPOTATOM 4 THXKHIB
MIPU3BEIIO 10 HECTIPUSATIMBUX 3MiH IPH BCiX PiBHAX 103. Hekpo3
Ha/THUPKOBHX 3aJI03 CIIOCTEPIraBcsi y caMOK IpH 7031 >1 MI/Kr
pa3 Ha THXKACHB, a TPy 1031 > 10 MI/KT pa3 Ha TIKICHD BiIOYIHCS
2 He3aluslaHOBaHI CMeEpTi, 3B’A30K 3 JIKYBaHHAM SIKHX HeE
BU3HAYCHWH, a TakoX TrictoMopdoioriydHi  3MiHH B
se€qyKax/puaaTkax s€4ok. 3MIHM K HaJHUPKOBHUX 3aJl03, TaK 1
SIEYOK HE TIPOJACMOHCTPYBAIN 000POTHOCTI ipH A03ax > 10 Mr/kr
pa3 Ha TWXKJICHb Micla 4-TH)KHEBOTO Tepiogy Oe3 JIKyBaHHS.
Buxoasun 3 LUX pE3yIIbTaTIB, NOAEL miciIst
BHYTPIITHBOBEHHOTO BBEACHHS CTaHOBWIAa < | MI/KT pa3 Ha
THK/ICHb.

HigmkipHe BBeeHHS MaKaKam

Corarepuent: 3-micsaune OCJIiKeHH S MiIKipHOT
TOKCHYHOCTI Ha $SBaHCBKHX MaKakax i3 2-MicIUHHM
BiTHOBJIEHHAM

Merta uporo GLP mocrnimkeHHs nonsiraia B TOMY, 00 OMIHUTH
MOTEeHITIHY TokcuuHicTh 1 TK cotareprienty mpu mianikipHOMY
BBEJICHHI KOXHI 2 THXKHI TPOTITOM 3 MICSIIB CaMIsIM 1 caMKaM
SABaHCHKMX Makak. KpiM Toro, mociipkeHHs Oysio po3poOieHo
JUTSE BUBUEHHSI OOOPOTHOCTI OyIb-SKOi TOKCHYHOCTI, TIOB’SI3aHO1
3 JIIKYBaHHSIM, ITPOTATOM 2-MIiCSIYHOTO MepioAy 0e3 JiKyBaHHS.




SIBanchkUM MakakaMm (Bim 4 1m0 6 OCOOMH Ha CTaTh/TPYyILy)
BBOAMIIM cotatepuent y no3i 10, 30 a6o 50 Mr/kr migmkipHO
KOXHI 2 THXKHI TPOTATOM 3 MicsIiB (3aranom 7 103). JIBi TBapuHU
KOXKHOI CTaTi 3 KOHTPOJIGHOI TPYIN Ta IPYIH 3 BHCOKOIO J03010
OyJH 3aJIUIIEH] MPOTITOM 2-MICSYHOTO Nepioay Oe3 JiKyBaHHS.
OmiHKa TOKCMYHOCTI IPYHTYyBajacs Ha CMEPTHOCTI, KIIIHIYHHX
CIIOCTEPEIKEHHSX, Maci Tina, CIIOKUBaHHI Ki,
eJIeKTpoKapaiorpaMi Ta OQPTAIEMOJIOTIYHUX JOCTIIKEHHSAX, a
TAaKOX KJIIHIYHINA Ta aHATOMIYHIA OowiHI marosorii. BusHayamu
IJIa3MOBI  KOHIIEHTpAIlli  coTaTepuenty (KOHTPOJIBHUX Ta
nikoBaHux 3paskiB) 1 ATII (;rikoBaHi 3pa3ku).

VYci TBapMHM BIKHWIM 10 3aIuiaHoBaHoi eBTaHasii. He Oyio
KOJTHUX KIIHIYHUX  CIOCTEPEKEHb, OB’ sI3aHUX 13
JOCITIJKYBaHUM TIpENapaToM, 9Yd 3MiH MacH Tijla, CIIO)KMBaHHS
ki, opranemonorii, EKI', koarymsmii uu anamizy cedi.
@DapMakoJIOTiYHO  OMOCEPEAKOBAHI  TI'eMATOJNOTIYHI  3MiHH,
MOB’sI3aH1 3 JIOCHIKYBaHUM IpEenapaToM, BKIIOYAIW MOMipHE
301JIBIICHHS TTOKA3HUKIB MaCH IUPKYJIIOIOYHX SPUTPOIUTIB (IO
3a3Buyaii Bimodano HGB, HCT, RBC i RDW) i peTukynonuris,
a takox 3HmkeHHss MCH 1 MCHC, sxi 3a3Buuaii BinOyBasucs
MIPH BCIiX J03aX 1 MaJld MiHIMaJlbHE TOKCUKOJIOT1uHe 3HaueHHs. L{i
3MiHU 3HUKJIHM TIPOTITOM Tiepioay 0e3 JTiKyBaHHS.

3MiHU KJIIHIYHOT XiMii, TOB’s3aHi 3 AOCIIKYBaHUM IpenapaTom,
npu m031 >10 MI/Kr OouH pa3 Ha JBa TIXHI OOMEXyBalucs
MiHIMaJbHO MiJBUIICHUMH CEPEAHIMH 3HAYCHHSMU KPEaTUHIHY
Ta a3oTy cedoBuHu KpoBi (BUN). Hampukinmi mnepiomy 0e3
mikyBaHHS (148 gdeHb JOCHIIKEHHS) CepelHl 3HA4YeHHSA
KpeaTuHiHy MiABUIIYBAIHCS TUTBKH MpH 1031 SO MI/KT pa3 Ha /1Ba
THKHI JIUIIE Y caMOK. Y BCIX BUMAJKaX 3HaYEHHS KPEaTHHIHY Ta
BUN y TBapwH, sKi OTpUMYBaJIM JIIKyBaHHS, 3aJHINAINCS B
MeXax [lafna3oHy JaHuX J1abopaTOPHOrOo KOHTPOI0. Takum
9UHOM, 1[I 3MIHM HE BBKAIHUCS HECHPHATIUBAMU Ta Malld
MiHIMaJIbHE TOKCUKOJIOTIYHE 3HAUCHHSI.

He Oyno BusiBIEeHO >XOAHMX 3MIH 3arajibHoi Baru abo Baru
OprasiB, TOB’s3aHUX 13 JOCTiHKyBaHUMIIpenaparoM. [lig dac
TEPMIHALHOTO pO3TUHY (92 JIeHb JIOCITKEHHS )
ricromopdosoriyai  3MiHH, TIOB’s3aHI 3 JIOCTIIKYBaHUM
npernapaToM, BUHUKIM B HUpKaxX npu 7031 > 30 MI/Kr pa3 Ha J1Ba
THYKHI, Ta TIOJISITAIA B cJIa0Ki abo momipHiA MybTH(OKaIBHIT
abo mudysHiii MemOpaHonposiepaTUBHIN TiMepHeTOIIPHOCTI
KJIyOOUKiB, IO MPHU3BEIO 10 BTOPHUHHUX TYOYJISIPHUX 3MiH
(xopTuKOMenyIApHUA (iOp03, MOHOHYKJIEApHHH 1HQIIBTpAT,
TyOynsipHUit 6azodimis Ta TyOyspHa ektasis) mpu S0 Mr/Kr pa3
Ha 1Ba TwkHI. [Ipu no3i 30 Mr/kr pa3 Ha JIBa TWXKHI B rpyIi
KIHIIEBOI eBTaHa3ii 11l KIIyOOUYKOB1 3MiHM OyJW MOMIpHUMH Ta
cnioctepiranucs y 4/8 makak. [Ipu 1031 50 Mr/kr pa3 Ha JjBa THXKHI
11 3MiHH OyJIM JETKUMHU a00 MOMIPHUMH y BCIX Makak IIiJ 4ac
KIHLIEBOI ~ e€BTaHa3ii Ta JISTKUMH y BCiX MaKakax y KiHIl epioay
0e3 JiKyBaHHA. TSKKICTH 1 TIOIMIMPEHHS YPaKECHHS OyiH
MEHIIIMMH Y TBAPHUH, Ki HE OTPUMYBAJIH JIIKYBaHHS, II[0 CBIIYUTh




Ipo Te, 110 3 YacOM ypa)KeHHs KiIyOoukiB 3HUKHE. CrodaTky
BBaYKAJIOCA, 11O IIi pe3ybTaTh MoB’s3aHi 3 yrBopeHHsIM ATII ta
BIIKIIQJICHHAM KOMIUIEKCY AaHTUIEH/aHTUTIIO B KIyOouKax.
[Ipore momanbIm JOCHTIKEHHS TIOKAa3aJIH, 0 3MiHU B HHUPKaX,
HMOBIpHO, Oy/iM NpPSIMMM BIUIMBOM COTaTEpLENTy, a HE JIHILIE
HACJTIIKOM IMyHHOTO BiJIKJIQJCHHS.

Haiinmkui piBHI B IU1a3mi mepea BBENEHHSIM 103U, OTpUMaHi
gepes 2, 4, 8 1 12 TWKHIB, 3aUIIATUCS CTA0UTBHUMH MTPOTATOM
ychoro mepiogy BBeneHHsA.  [lopiBHSHHS ~ MiHIMaJbHHUX
KOHIICHTpallid, OTPUMAaHMUX 32 OJMHWYHI MOMEHTH 4Yacy,
3i0paHux 10 apyroi Ao3u (OeHb gociuifxkeHHs 14) i1 mepen
OCTaHHBOIO /03010 (JIGHb IOCTiKeHHs 84), IMoKaszaio, IIo
TPYHOBi cepefHl KOHIEHTpalii B Mmjaa3Mi Oynu MOAIOHUMHU B
o0uiBa IHI, 1 IO aJeKBaTHA EKCIO3HUIlis MIATPUMYBANacs y
TBapUH MPOTATOM YChOT'O MEPIOAY 103yBaHHS.

ATII 6ynu BusiBiieH1 jiutie B | TBapuHM HA 15 I€HD TOCIIKCHHSI,
1 BOHM HE BIUTMHYJIHM Ha €KCIIO3UIIIIO0 1i€1 TBAPUHU.

Ha 3aBepieHHs1, MiHIMaIbHI HECTIPHATINBI KIIHIYHI TATOIOT19H1
3MIHH criocTepiraiucs npu BCIX 703ax, a
MeMOpaHonpoJtihepaTuBHA rinepKIiTHHHA riiomMepyna
criocTepiranacsi B HUpKax mpu 1031 > 30 MI/Kr pa3 Ha JBa THXHI
(orerkxi mpu o031 30 Mr/Kkr pa3s Ha JBa THKHI, Ta BiJ JICTKUX 0
MOMIpHUX TpH 1031 50 MI/KT pa3 Ha ABa THUXHI) 3 BTOPHHHUMHU
edexTaMu Ha HUPKOBI KaHaNbII pu S0 MI/KT pa3 Ha JBa THXKHI.
[TopiBHSIHO 3 pe3yibTaTaMu KIiHIIEBOTOPO3THHY, TSKKICTh 1
PO3MOALT KITyOOYKOBHX 3MiH OyJIM MEHIIUMH Y TBApUH Y TIEPioJ
0e3 JiKyBaHHs 3 103010 50 MI/KT pa3 Ha JBa THKHI, 10 CBITYUTH
PO Te, 110 3 YaCOM YPaKeHHS KIIyOOUKiB 3HUKHE.

Uepes MNOMIpHUN CTYMiHb TJIOMEPYJISIPHUX 3MiH TMpU A03i
30 Mr/kr pa3 Ha JBa TWXKHI, 1HAWKAII0 MPUHAHMHI 4aCTKOBOI
peBepcii mpu 1031 50 MI/KT pa3 Ha ABa THXKHI Ta BIACYTHICTb
010JI0TIYHO 3HAYYIIMX 3MiH y BiMOBIIHUX KITIHIYHAX XIMIYHHX
napamerpax NOAEL nmns mporo nocmimkeHHs craHoBmia 30
MT/KT pa3 Ha JBa THKHI, IO BiAMOBITAE Cmax 1 AUCo-312n Ha 1
neHb nocmimpkeHHs 351 mxr/mn ta 82 389 mir*rop/mn (32-
KpaTHa KJIiHIYHa ekcro3ullis npu MRHD) BignosiaHo.

Cortarepuent: 27-THKHeBe  JOCTIIKEHHS  MiIIIKiPHOL
TOKCHYHOCTI Ha $fIBAHCBKMX Makakax 3 13-TH:KHeBHM
BiTHOBJICHHSIM

Mertoro nporo GLP nochimkerHs: Oyja0 BU3HAYUTH TMOTCHIIHHY
tokcuyHicTh 1 TK coTtarepuenty mpu miAmIKIpHOMY BBEAEHHI
OJIMH pa3 KOXkH1 2 THXKHI IPOTATOM 27 THXKHIB CaMIIM 1 caMKaM
SIBAHCHKUX Makak. Kpim Toro, 11e qocmimkeHHs 0yio po3pooieHo
JUTSl BABYEHHSI 000POTHOCTI OY/b-5KOi TOKCUYHOCTI, OB’ 3aHO1
3 JIKYBaHHSM, POTATOM 13-TH>KHEBOTO mepioay 0e3 JTiKyBaHHS.
SIBaHChKMM Makakam (6 Ha ctath/Tpyny) BBoawau 10, 30 a6o 50
MI/KT COTaTepLENnTy MiJIKIPHO pa3 KOXHI 2 THXKHI IpoTsarom 27
TWKHIB (3araniom 14 no3). Tpu Makaku Ha CTaTh/Tpymy
yTpUMYBaJIHCS TPOTATOM 13 THKHIB mepiony 0e3 JiKyBaHHSI.




O1iHKa TOKCHYHOCTI I'PYHTyBajacs Ha CMEPTHOCTI, KJIIHIYHHUX
CIIOCTEPEIKEHHSX, Mmaci Tia, CIIOKMBaHHI Ki,
eJIeKTpoKapaiorpaMi Ta OQTaIbMOJIOTIYHUX IOCTIIKEHHAX, a
TaKOK KJTIHIYHIM Ta aHATOMI4HIN omiHIi marosorii. CHpoBaTKOBI
KoHIeHTpalii cotatepuenty Ta ATII Bu3Ha4anu B KOHTPOJIbHIN
TpyIIi Ta TPyIi MaKak, siKi OTPUMYBAJIH JTIKyBaHHSI.

e mocmimkeHHS cmo4yaTtky OyJo po3pobieHo sK 9-micsuHe
JOCITIJKEHHS 3 2-MICSYHUM Tiepiofiom 0e3 mikyBanHs. [lo3u Oyin
o0OpaHi Ha OCHOBI JaHUX 3-MICSYHOTO JOCI1PKEHHS TOKCUYHOCTI.
OpHak micis He3aIUIaHOBOT CMEPTI IBOX CAMOK, SIKi OTPUMYBaIN
no3y 30 wMr/kr pa3 KOXHI 2 TIWKHI, 3 KIIHIYHUMH Ta
aQHATOMIYHUMU MATOJIOTISIMH, 10 CBIYAThH po
ONIOCEpPEIKOBAaHMM IMyHHMMH KOMIUIEKCAMH  KJIyOOYKOBUH
HEe(PPUT i HUPKOBY TOKCHUHICTb, AOCHIHKCHHS OYJI0 3MiHEHO,
100 MPUIMHUTH BBEJCHHS Ipenapary Ha 27 THXXHI, 3 METOI0
3MEHIINTH TIOTCHIIWHUN BIUIMB peakuid nepeadadyBaHOi
imyHorenHocti  (ATII) w©Ha camomouyyTTss TBapuH Ta
IHTEepIpETAIiIO JTaHHX.

Byno 3adikcoBaHo 2 He3amgaHOBI BUMAJIKH CMEPTi, MOB’sI3aH1 3
JOCTIPKYBaHUM TIpernaparoM. J[Box camok 3 103010 30 MI/Kr pa3s
KOXHI 2 TH>KHI MiIaIH eBTaHa31l y mpeICMEepTHOMY CTaHi Ha 142
1 156 mui nocnimkenns. [lepen mpuMUHEHHSM JTIKyBaHHS, y X
TBApUH CIIOCTEPIralucCh HACTYIHI 3MIHHU: 3ropOJIeHUil 1 Xyaun
BUTJISIA, XOJIOJHA Ha JIOTHK IIKipa, HU3bKa aKTUBHICTH, Ipyda
LIepCTh, CUJIbHA BTpaTa ameTUTy Ta 3HEBOJHEHHS, a TAaKOX B1Jl
MOMIPHOTO JI0 3HAYHOTO TiABHIeHHs 3HaueHb BUN 1 kpeaTuHiny
(MOpiBHSHO 3  TOMEpPEAHIMH  KOHTPOJbHHUMH  TpPyHaMH).
[TocmepTHi pe3ynbTaTH BKIOYAIA TOMIPHUNA a00 BaKKHUN
TyOynoiHTepcTUIlianbHuii HePpuUT 1 TIOMepyloHePpUT, sKi
KOPEITFOBAITM 3 BUPAKECHUM TTOTEMHIHHSM HUPOK 1 T ABUIICHHSIM
BUN 1 kpearuniny. [logaTkoBi NMOCMEpPTHI 3MIHM BKJIIOYald
noMipHe JiM(poinHEe BUCHAXKEHHS THMYCy B 000X TBapwHH.
MiHiManpbHUI BOTHMILNEBUN TOCTPUH HEKpPO3 MioKapaa 3
MOHOHYKJICAPHUMU KIIITHHHUMHU iH}inBbTpaTamuy,
0araToBOTHUIIIEBE XPOHIYHE 3aIMaJIeHHS B T1IUTYHKOBIH 3271031 3
BOTHUILIEBUM apTEPIiTOM 1 MOUYEPBOHIHHS HATHUPKOBUX 3aJI03
criocTepirangocs B 1 TBapuHi, sika 3arHHYyJIa paHiIle.

Y TBapuH, IIO BWXXWIM, HE CIIOCTEPIranocsi MOB’S3aHUX 13
COTaTEepLENTOM KITHIYHMX O3HaK a00 BIUIMBY Ha Macy Tijia,
cnoxwuBanns ixi, EKT', odpransmornoriuni mapamMeTpu, napameTpu
KOaryJIsiii 41 aHajizy cedi.

I'emaTosoriuni 3MiHH, OB’ sA3aH1 3 AOCHIHKYBAaHUM MPETIApPaTOM,
o  (papMaKoJIOTIYHO OMOCEPEAKOBaHI, BKIIOYAIA IOMIpHE
MIJBUIICHHS TIOKa3HUKIB MacH IUPKYJTIOIOUYUX EPUTPOIIUTIB
(HGB, HCT 1 RBC) i peruxynonuriB, sSiki BHHHUKAIU MPH BCiX
7103axX, 3HUKaJIM MPOTATOM Iepioqy Oe3 JiKyBaHHS Ta He Oynu
HECTIPUATIUBUMH. 3arajibHa KIJTbKICTh JICHKOIUTIB 1 TiM(OIHTIB
y KOHTPOJBHHMX 1 TBapuH, SKi OTpPUMYBalu JiKyBaHHs Oyla
MTOPiBHSHHOIO.




3MiHU KJIIHIYHOT XiMii, TOB’s3aHi 3 AOCIIKYBaHUM IpenapaTom,
y TBapwWiH, 1[0 BIDKWIH, Oyl OOMEXCHI JICTKHM IIiABUIICHHSIM
BUN i kpeaTHHiHYy y caMOK Ipu 71031 50 MI/KT pa3 KOXHi 2 THXKHI,
SKI CIOCTEpirajucs, MOYMHAIOYU 3 152 mHS MOCIIDKCHHS 1
TpuBanu A0 190 mHs mocmimxeHHs (KiHEUb Mepioay BBEICHHS
no3u). [lig wac mepioxy 6e3 mikyBaHHs cepenHi 3HadeHHsS BUN i
KpeaTWHIHy 3HM3WINCS, ajie 3aJlMIIaJucs BUIIUMH 32
MMOYaTKOBUW PIBEHb, a KPCATHHIH 3aJUIIABCS MiABUIICHUM Y |
caMKd 3 TJoMepyloHeppuToM 1 TyOylOiHTEpCTHUIIAIbEHUM
HEPPUTOM.

[lin dvac kiHmeBoro po3tTuHy y 190 pgeHb JOCHiIKEHHS
ricroMmopdoioriyHi  3MiHHM, TIOB’Si3aHI 3 JIOCIIPKYBaHUM
MpernapaToM, CIOCTepiraaucs mpu BCiX J03aX y HUPKax i TUMYCI,
a TaKOX y CYIWHHOMY CIUIETEHHI TOJIOBHOIO MO3KY TIpH
> 30 MI/Kr pa3 KOHi 2 THXKHI.

TyOynoinTepcTunianbHuil HePPUT y HUPKaX OyB MPUCYTHIN TIpU
OyIb-sIKUX J103aX, YacTillle Bpa)kaB CaMOK, HI’K CaMIIiB, 1 3pOCTaB
y YacToTi Ta TSKKOCTI (Bil MIHIMajabHOTO IO TOMITHOTO)
3aleXHO BiA J03U. BusiBieHHS TyOyJlOiHTEPCTUIIATBHOTO
HEe(PPUTY KOPETIOBAIO 3 MAKPOCKOMYHUMH 3MiHAMH, a caMe
3MiHa KOJbOPY HHUPOK Ha OJiAHil/KOpUYHEBUH /TIIMUCTUIN TpU
BCIX 703axX 31 30UIBIICHHSM CEepeIHbOI MACH HHUPOK JIUIIE TPU
no3i 50 mr/kr 1 pa3 koxHi 2 TwkHI. TyOynoiHTepCTUIIATbHUIMA
HE(PPUT XapaKTEPU3yBaBCS MYJIbTH(POKAIHHOI a00 CIIalOBaHOIO
aTpodi€r0 KaHAJBIIB 13 PI3HUM CTYIEHEM (YacTO BHUPAKEHUM)
iHTeperuiianpaoro  gpidbposy. Tpuxpomue QapOyBanHsS 3a
MaccoHoM, BUKOHaHE Ha PeNpe3eHTaTUBHIA TKAaHWHI TBApHUH 3
TyOyJIOIHTEPCTUIIIATBHAM ~ HE()PHUTOM, IIOKa3aJio  IOMITHE
BIIKIAJCHHA IyXKOi CHOJY4YHOI TKAaHUHM (KOJIareHy) B
IHTepCTHILlIi, TOJOBHMM YHHOM  PO3IMOMITICHOT  B3IOBXK
KOPTUKQJIBHUX KaHAJbBI[IB 1 HAaBKOJO KIyOOYKIB 1 MpUIIETINX
KaHaIbLIB (TIOPIBHSAHO 3 KOHTPOJBHOIO TPYIOI0). AcoliiioBaHi
KIyOouku 1HOAI Oynu aTpoiyHUMHU Ta CKJIEPO30BAHHMH.
MiniManpHa abo noMipHa JIOMepyJipHa
MeMmOpaHonpoidepaTUBHA TINEPIETIOSIPHICTh
(rmomepynonedpHT) cHocTepirajgacs MEpeBaXHO TPU 033X
> 30 Mr/Kr pa3 KOXKHI 2 THJKHI, Ta YacTillle Y CaMOK. 3arajiom

icHyBana npsima KOPEJISLis MIXK TSDKKICTIO
TyOyJIOIHTEPCTUIIIATBHOTO HepuTy 3 KITyOOUYKOBOIO
MeMOpaHonpotihepaTuBHOIO TrinepueoIsIpHiCTIO Ta

BenuuuHoto mijBumieHHss BUN 1 kpeaTuHiHy y caMOK 3 J03010
50 Mr/kr pa3 KokHI 2 TWXKHI Ha 183 nmeHb JOCTiIKEHHS.
Hanpukinii nepioxy 6e3 mikyBaHHs (274 neHb JOCTIKEHHS) Bi
MiHIMaJIBHOTO J10 BUPAXKEHOT0 TYOYIOIHTepCTULIIATbHUN HEPPUT
Ta/abo MiHIMagbHA TIOMEpPYJsipHA MeMOpaHorpodidepaTnBHa
TNepHeNOIIpHICTh 3aIMIIATUC MPHUCYTHIMA B HUpPKax INpHU
> 10 Mr/Kr pa3 KoXHi 2 THXKHI 3 4aCTOTOI0, TIOPIBHSHHOIO 3 TI€IO,
IO crocTepiranacs B KiHII Mepiofy BBEACHHS J03U. TSDKKICTh
KJIYyOOUKOBOi MeMOpaHOIpoJiepaTuBHOI TIMEPLUETIOIIPHOCTI




3MEHIIIHUIIACS TIOPIBHSHO 3 KIHIIEBUM PO3THHOM, 1110 CBIYUTH PO
MOJKJIBE YaCTKOBE Oy KaHHSI.

Hampukinmi mnepiogy [103yBaHHS CIIOCTEpIranocsl 3HIKEHHS
cepenHboi Macu TUMYyca Tpu 7031 50 MI/KT pa3 KOXHi 2 THXHI,
0 KOPETIoBaIo 3 MiHIMaJIbHUM a00 MOMIPHUM BUCHa)KEHHSIM
mimdoiniB mpu mo3i > 10 mr/kr pa3 koxHi 2 TkHI. YacTora
TaTSHKKICTh BUCHAKEHHS NMIM(OIAIB HE 3a1ekald BiA 103U, ale
Oynmu HaWOUTBII BHpPAXXEHUMH Yy TBapWH, SKi 3aruHyJIH
He3amnaHoBaHo. Hampukinii mnepiogy 0e3 JiKyBaHHS —Liei
TimMQoinHuii BUSIB OiybIe He OyB MPUCYTHIN Y )KOAHIN rpyTi 103.
Y CyIMHHOMY CIUIETIHHI Ha TEpMIHAJIbHOMY PO3THHI
CTIOCTepirainucs MiHiMaJibHI a00 HE3HAYHI MHUCTI 1HPUIBTpaTH
MakpodariB y 1-2 TBapuH Ha rpymy mnpu 1031 > 30 Mr/kr pas
KokHi 2 TmkHI. [IpoTsirom mepiomy 0e3 nikyBaHHSA ISl 3MiHA
3ajMIIaNacs TPUCYTHBOW 3 TIOPIBHSHHOK YacTOTOK  Ta
TsKKICTIO. AUC0-336h 1 Cmax 30UTBIITYBaITUCS] IPOTIOPITIHHO /1031 B
JOCTI)KyBaHOMY Jlarna3oHi 103.

CotarepuienT HAKOMMYYBaBCS B KPOBOOOITY TICIsl TIOBTOPHOTO
MIIIIKIPHOTO BBEACHHS KOXHI1 2 TikHI. Ha 27-My THkHI cepenHi
koe(imienTn HakonudeHHs craHoBwIM 1,82 1 1,46 miust Cmax 1
AUCo-336n BigmoBigHo. ATII Oynu mocTiiiHO BusiBIeHi y 8/48
TBapuH: 2/12 tBapuH npu no3i 10 mMr/kr xoxHi 2 THxHI, 2/12
TBapuH mpu 1031 30 MI/KT pa3 KoxHi 2 ThxkHI Ta 4/12 TBapuH npu
no3i 50 mr/kr pa3 KoxHi 2 TWkHI. B omHOro camip, skomy
3actocoByBanu na03y S50 wmr/kr pa3 koxHi 2 TwxkHi, ATII
MIIBUIIAIN KJIIPEHC COTATEPIICNTY, IO MPU3BEIO JO TOTO, IO
piBHI IIpenapary nepe BBEICHHIM 031 OYJIH HIDKYUMU 32 MEXKY
KUTbKICHOTO BU3HAYCHHS, TOYMHAIOYH 3 57-T0 JTHS JOCIHIHKEHHS
1o 183-ro nHs gociimkeHHs (KiHEIb Mepioay BBEICHHS J103H).
VY miacyMKy, BBEACHHS COTATEPIENTy SBAHCHKAM MaKakam
MPOTATOM 27 THXKHIB MPU3BOIMIO A0 TyOyJIOIHTEPCTUIIATBHOTO
Hepputy Ta/abo TiaomepylnoHeDpHUTYy B YCIX 032X, MPUIOMY
94acToTa Ta TSHKKICTh IIUX CTaHIB 3arajioM 3pOCTAIU B 3aJI)KHOCTI
Bin no3m. lle xopensBano 3i 30umpmieHHsM piBHiIB BUN Ta
KpeaTHHiHy y caMoK 3 50 MT/Kr pa3 Ha 2 THXKHI MICJIsI KIHIIEBOTO
po3THHY 1 1BOX camoK 3 30 MI/Kr pa3 Ha 2 THXHI, sKi Oynu
migmaHi  eBraHasli Ha  21/23  TWXKHSAX  JOCHIDKCHHS Yy
MPEeICMEPTHOMY CTaHI BHACHIJOK TIOMIpHOI Ta BHPaXEHOI
HUPKOBOi TOKcWuHOCTI. Ilicms 13-TmkHeBoro mepioxy 0e3
JIKYBaHHS TiCTOMOPQOJIOTiuHI 3MiHM HUPOK MOKa3aJl He3HauH1
03HaKW BimHOBIEHHsA. Ha Biaminy Bix mporo, 3HadeHHss BUN i
KpEaTHHiHy 3HU3WJIHMCS MPOTATOM Iepiofy 0Oe3 JiKyBaHHS, II0
BIIMOBIIAJI0O 9aCTKOBOMY  (DYHKI[IOHAJIbBHOMY  B1JTHOBJICHHIO
HUPOK. Y CyAMHHOMY CIUICTIHHI MIHUCTI  1HQIIBTpaTH
Makpodaris, siki criocrepiraimcs npu 1031 > 30 Mr/kr pa3 Ha 2
THDKHI, MajM MOJMIOHY YacTOTy Ta TSXKKICTb y TBapHH, SKUM
poOWIM  pO3THH HAMPUKIHI JOCTDKEHHS 1 B Tepiof
BIJTHOBJIEHHS.

3meHmeHHss  MiMQOiMHOT TKAaHWHW, BIAMIYEHE TMMJa  4ac
OCTAaTOYHOTO PO3THHY mipu > 10 Mr/kr pa3 Ha 2 THXKHI, HE




KOpEeIoBalo 31 3MiHAMU B IUPKYJIOIOUIN 3araibHii KiNbKOCTI
JTEUKOIUTIB 200 JMQOIHTIB 1 HE OYJI0 IPUCYTHE HA OYAb-TKOMY
piBHI 103U TpU PO3THUHY TBapHUH Yy IMepioa 0e3 JiKyBaHHS.
basyrounch Ha pe3ynbraTax HUPKOBOI (QYHKIIi, HAasSBHUX Y
TBapUH MpPH PO3THHI B Tepiof Oe3 JNiKyBaHHs IMPH BCIX 032X,
NOAEL nns niporo gociimkeHHs ctanoBuia < 10 mMr/kr pa3 Ha 2
THDKHI.

Corarepuenrt: 9-micsauHe JOCTIIKeHHSA miamKipHOL
TOKCHYHOCTI Ha MABAHCHKHX MAaKakax i3 2-MicIYHUM
BiTHOBJICHHAM

MeToro 1pOro JTOCTI/KEHHS OyJ0 BH3HAYEHHS IOTEHIIHHOI
TOKCHYHOCTI COTaTepIENTy MpHU BBEACHHI pa3 Ha 2 TIDKHI
MPOTATOM 9 MicsIiB sIBAHCHKUM Makakam y go3ax 0, 10, 30 i
50 mr/kr.

Ha 9-my tmxHi mocnimkeHHs (Ticis 3arainom 4 miamKipHaX 103)
30ip JgaHux OyJ0 TPU3YNUHEHO, a camMe JOCHiIKEHHs
MPUTTUHEHO, 00 YCYHYTH Oy/b-sIKi YCKIIQJIHEHHS iHTEpIIpeTarii
yepe3  HaJA3BUYAalHO BHUCOKY  4YacTOTy  MIKpOOpPTraHi3MiB
Plasmodium spp., inentndikoBaHUX B Ma3kax mnepudepuaHoi
KpOB1 KOHTPOJIBHUX 1 TBAPHH, SIKI OTPUMYBaIHU JiKyBaHHsA. OHa
TBapWHA, sIKa OTPUMYBaJia COTaTepuent y 1031 50 Mr/kr pa3 Ha 2
THXHI, OyJia mijnaHa eBTaHasil HA 5-My TIDKHI JOCHITKCHHS 3
¢dyneMinanTHOIO Massipieto. CyOkmminiuHa iHekuis Plasmodium
Spp. Oyna MPUCYTHS y KUTbKOX TBapHH JI0 MMOYATKY JOCIIKCHHS
(X BU3HAYEHO 3a JIOTIOMOTOI0 Ma3KiB KPOBi), IO MOTJIO OyTH
HACTIIKOM TOXO/PKEHHS TBapHH 13 perioHy, JAe iHQeKuisa
Plasmodium spp. Oyna eHIEeMIYHOIO cepell HEeIFOJUHOIIO I0HNX
MPUMATIB.

MaoiiMOBipHO, 110 301TBIIECHHS 3aXBOPIOBAHOCTI Ta TSHKKOCTI
iH(eKil MmIa3Mo/IieM Yy IIbOMY TOCTIKeHHI OyJo TOB’s3aHe 3
JOCITIPKYBaHUM penapaToM. Komgaux JTOKa3iB
IMYHOCYIIPECUBHOI OCHOBHU JUISl TMiJIBUIICHOI CIPUHHSTIMBOCTI
10 iH(]eKIii He crocTepirasocs B KOAHOMY 3 JOCIHIHKYBAaHHX
BHJIIB TBAPHH, SIKI OTPUMYBAJIA COTATEPIICTIT.

He cnocrepirajgocss HeraTMBHOTO BIUIMBY Ha  KUIBKICTh
neikonuTiB  mepudepudHoi  KpoBi abo  ricromopdoriorio
KICTKOBOTO MO3Ky B OYIb-SKUX JOCHIDKYBaHUX BHIIB, SKi
OTPUMYBAJIA COTATEPIEIIT, 1 KOJIM MOJIOJI IITypH OyiIH 3apakeHi
remorianinom  ¢icypenmma  (KLH)  gma  ouminku  T-
KJIITHHHO3AJIC)KHOT TyMmopanbHOi imyHHOI BiamoBimi (TDAR),
Iypu, SKi OTPUMYBQJIM COTATEpLENT, 3MOIJIM CTBOPUTH
BiamoBiap imyHornoOymina G (IgG), y mopiBHSHHI 3
KOHTPOJIBHOIO TPYTIOIO.

Y MUmIaYux MOJENAX PaHHBOTO 3apaKCHHS IUIa3MOMIEM
1HAYKOBaHUH EPUTPONOETHHOM PETHUKYJIOLUTO3 1 30UIBIICHHS
KUTBKOCTI €PUTPOIUTIB MPUCKOPIOBAIM PEILIIKAIIIO MAapa3uTiB 1
30impIIyBaTM  CMEpPTHICTh. Ha  BigMiHy  Bil  IbOTO,
OINOCEPEAKOBAHE IFN-a 3HUKEHHS Mapa3suTapHOro
HABAaHTAKCHHS. KpOBI  Oylno TMOB’si3aHE 31 3HIKCHHSAM




EpUTPOTIOE3y Ta PETUKYJIONHMTO3y. BHXOISUM 3 LUX JaHHX,
[UIKOM KWMOBIpHO, MIO TOMIpHMH BIUIMB COTAaTEpLENTy Ha
JO3piBaHHS EPUTPOLMUTIB (HE3HAUHE OOOpPOTHE TiABHUILCHHS
HCT, RBC, HGB 1 KiNBKOCTI pETHKYJIOIUTIB) 301LTBIINB
COPUMHATIMBICTG Makak, 1H(QIKOBAHUX IUIa3MOIIEM, bi (o)
PO3BHUTKY SIBHOI MaJIsIPii.

Cotarepuent: 9-micsiuHe  JOCTIIKEHHS  TOKCHYHOCTI
coTaTepuenTy, BBeJIEHOr0 MiIIIKIPHO IBAHCBKHUM MAaKaKaM,
3 3-MiCSIYHUM NepioloM BiTHOBJICHHS

im mporo GLP gocmimkeHHs MOJISAraid B OI[IHIN HOTCHI[IHHOL
TOKCHYHOCTI ~ COTaTeplenTy TNpd MiAMKIPHOMY BBEICHHI
SIBAHCHKUM MakKakaM MpoTAroM 9 MicsmiB (KOxkHI 4 TIKHI —
3arasioMm 10 103 abo koxHi 2 THxHI — 3aranom 20 103), a TaKOXK
OLIIHUTH BIJHOBJICHHSA BiJl BIUIMBY COTATE€pPUENTY MPOTATOM
nepiogy 0e3 JiKyBaHHS TPHBAIICTIO IIOHAHMEHIE 3 MiCSIIi.
PiBHi 1031 Oynu oOpaHi HA OCHOBI 27-THXKHEBOTO JOCIiIKEHHS
TOKCHYHOCTI Ha MaKakax.

SIBaHCHKMM MakakaMm (4 Ha cTaTh/rpyity) BBoauau Hociit (DPCBH)
abo corarepuent y no3ax 1, 2,6 i 10 Mr/kr onuH pa3 Ha YOTHPH
TrkHi (3aranom 10 1o3) abo 10 mr/kr pa3 Ha ABa THXKHI (3arajioM
20 no3) migmkipHo B 06’emi 0,2 mur/kr. JlomaTtkoBi 2 Makaku Ha
cTaTh OyNW MpU3HAUEHI B TPYNH 103yBaHHs HOCisA, 2,6 1 10 Mr/kr
pa3 Ha 4 TmwxHi, Ta 10 MI/KT pa3 Ha 2 TIKHI Ta yTPUMYBAIHCS
MPOTATOM 3-MiCSIUHOTO Tepioay Oe3 JMiKyBaHHS.

OmiHka  TOKCHYHOCTI  TIpyHTyBajacs Ha  CMEpPTHOCTI,
(hapMaKonoriyHUX OIHKaX Oe3neku (HEeBPOJOTIYHHUNA OTJIS,
TeMIlepaTypa Tija, 4YacToTa JUXaHHS Ta BHUMIPIOBAHHS
apTepialibHOTO THUCKY), KJIIHIYHUX CIOCTEPEKEHHAX, Maci Tina,
CTMOXHMBAaHHI 1Ki, €JeKTpoKapaiorpami Ta O(TaIbMOJIOTIYHUX
JOCIIDKEHHSAX, a4 TaKOXK OIlIHKAaX KIHIYHOI Ta aHaTOMIYHOL
MaToNIOTii (BKIIFOUAIOYH Ma30K KiCTKOBOTO MO3KY). TpaHcMmiciiiHa
enekTpoHHa wikpockomis (TEM) Oyna Bukopuctana amns
MOJIANIBIIOI XapaKTEPUCTUKU 3MiH Yy CyIWHHOMY CIUIETiHHI Ta
Hupkax. Hupkm, cynuHHe CIUIeTeHHS, MEYiHKYy Ta JIereHi,
3ahikcoBaHi opmaniHOM Ta 3anUTi napadiHoM, AOCHIHKYBAIN
3a pomomororo imyHorictoximii (II'X) (we GLP) ans orminku
010p0O3MO/ILTY COTaTePIENTY Ta MOTCHIIMHOT y9acTi BiKIaICHHS
IMyHHOTO KOMIUIEKCY B KIyOOYKOBHUX 1 CYIWHHUX 3MIHax. Y
3pa3kax KOHTPOJIbHOI TpymH 1 TBapuH, SKI OTPUMYBaJIU
JIKyBaHHS BHU3HAYaJIM CHPOBATKOBI KOHIIEHTpAIlii COTaTepIENTy
ta ATIL

[TozammaHoBUX cMepTed, TMOB’sA3aHUX 13  JIOCTIIHKYBaHUM
npenaparom, He Oyno. He3zamnanoBana cMepTh cTajacs y JBOX
TBapuWH (0JHA caMKa 3 /103010 2,6 MI/KT pa3 Ha 4 THXHI, Ta OAUH
camenp 3 g03010 10 Mr/kr pa3 Ha 4 THXKHI), SKHX IIiJaJIA
eBTaHa3li Ha 153 neHBb JOCHIKEHHS Yy MPEACMEPTHOMY CTaHi
BHACIIIJOK E€HTEPOKOMNITY. OCKUIBKH EHTEpPOKOJIT He OyB
PIOKICTIO B JOCIHIJHUIIBKOMY IIEHTPI Ta HE PO3BUBABCS ¥




JOJJATKOBUX TBApWH 3aJI€XKHO BiJ 103H, IIi CMEPTi BBAXKAIIUCS HE
OB’ SI3aHUMM 3 JIIKYBaHHSIM.

He Gy1o skxoHIX MOB’I3aHUX 13 COTATEPLENTOM KITHIYHUX 03HAK
YW BIUTMBY Ha HEBPOJIOTIYHI TapaMeTpH, TeMIIepaTypy Tija,
4acTOTy AMXaHHS, apTepianbHUil TUCK, crokuBaHHs ki, EKT,
KOaryJisiito 9 opTaabMOIIOTIYHI TapaMeTpHu.

30imbIIEHHS Macu Tilna, TOB’sA3aHe 3  JIOCIHIIKYBaHUM
mpemnapaTomM, OyJio 3MEHIIICHO Y CAMIIIB i CAMOK, SIKHM BBOIWIIA
10 Mr/kr pa3 Ha 2 THKHI, 1110 TPU3BEJIO JI0 TOTO, 1110 KiHI[eBa Maca
tinma nporarom 40 TwxkHs Oyna Ha 18% 1 8% HIKYOIO, HIXK Y
KOHTPOJIBHIN rpymi, BignoBimHo. Hampukinii mnepiogy 6e3
JTIKYBaHHS Maca TiJia B TpyTax, sSKi OTPUMYBaJIU JIIKyBaHHsI, OyIa
MOPIBHSIHHOIO 3 KOHTPOJIBHOIO IPyIoro abo mepeBuIyBana ii.
I'emarosnoriuni 3MiHH, TIOB’s3aH1 3 JOCTIDKYBAaHUM MPETIApaToOM,
110 (hapMaKoJIOTIYHO OTMOCEPEIKOBaH1, BKIIOYAI TOMipHi 3MiHU
MOKA3HHUKIB MacH IMPKYJIIOIOYUX EPUTPOIHTIB (30UTBIICHHS
HGB, HCT, RBC, RDW Ta 3umxenns MCV, MCH) i nomipae
30UTBIICHHS PETHKYJIOUUTIB, sIKe OyJ0 3arajioM OJHAKOBHM Y
rpynax Jo3yBaHHS Ta HE TMPOrPecyBalio Yy THKKOCTI 3i
30UTBIICHHSM ~ TPUBAJIOCTI  03yBaHHS. 3OLUIbIIEHHS Macu
LHUPKYIIOIOUNUX ~ EPUTPOIMTIB  KOPENoBaI0O 3  MiHIMajIbHO
HU3bKHAM Mi€JIO0IHO-EPUTPOiJHIM CITiBBITHOIIEHHSM KiCTKOBOTO
Mo3ky npu 10 mr/kr pa3 Ha 2 TwxkHIi. KigbkicTh TpoMOOLUTIB
MiHIMaJIEHO 3HMKYBaJlacs y CaMmIliB Juie npu 1031 10 Mr/kr pa3
Ha 2 TwxkHI. HapemTi, y Aeskux TBapuH CHOCTEpirasocs
HE3HAaYHE , CIOpaJWYHE, HE3aJIe)KHE BiJl JIO3W MiHIMalIbHE a00
MOMIpHE MiIBUILIEHHS KIJIbKOCTI MOHOIIUTIB MPH BCiX PiBHIX J03.
VYci reMaTosioriuHi 3MiHM HE BBaXKAIMCS HETATUBHUMHU Ta
MIPOJIEMOHCTPYBaNU OOOPOTHICTH A0 KIHIE Tepiogy 0e3
JTIKyBaHHS.

3MiHU KJIIHIYHOT XiMii, TOB’s13aHi 3 AOCIIUKYBaHUM IpenapaTom,
y CcaMmIliB 1 CaMOK BKJIIOYaJ M MiHIMalbHe abo TMoMipHe
niasumeHHss BUN 1 kpeaTuHiHy npu >2,6 MI/KT pa3 Ha 4 THXKHI.
Ili 3MiHM cTalM OYEBHUIHMMH Ha 85 IEHb JOCTIHKCHHS 1, SIK
MPaBUJI0, TPOTPEeCYBAIM 3ajekHO BiA 1o3u g0 280 mHs
JOCTIPKeHHSI, KOPETIOI0YU 3 TICTOMATONOTIYHUMHU 3MiHAMH
HUPOK, 1 BBOKAJINCA HECTIPUATIUBUMH TIPH 11031 >2,6 MI/KT pa3
Ha 4 TrokHl. Ycl 3MIHH KINHIYHOT XiMil 3HUKIA 10 KiHOoa 12-
THYKHEBOTO TepioAy 0e3 JiKyBaHHS.

3MiHM B aHaJIi3i ceyi, OB sA3aHi 3 JOCHIKyBaHUM IpenapaToMm,
y CaMIliB 1 CaMOK BKJIIOYQJIM MiHIMajabHE IIJBUIIECHHS PIBHSI
Oiska B cedi mpu 7031 > 2,6 MI/KT pa3 Ha 4 THXKHI Ta IPUXOBAHOT
KpoOBi B cedi npu 1031 > 10 Mr/kr pa3 Ha 4 TWXKHI, 10 3a3BUYail
nouynHanocsd Ha 280 JeHb NOCIHIHKEHHS Ta 3HUKAIO N0 KIHIA
nepioay 0e3 JiKyBaHHS.

[TocMepTHi 3MiHM, TOB’s3aHI 3 JOCHIIKYBaHHUM IPENIApaToOM,
CIIOCTEpIrajucsi B OCHOBHOMY B HHpKaX, CyJIMHHOMY CIUICTiHHI,
CeNe3iHIl Ta MEeYiHLi TBapuH MiA 4ac po3TuHy. CoTarepuent
n00pe MepeHOCHBCs B MICIISIX MIAMIKIPHOT 1H €KIii. MiHiManpHa
abo momipHa MemOpaHompoiidepaTuBHAa TIOMEPYJIONATis,




MiHIManbHEe a00 TIOMipHE IHTepCTHUIlialibHEe 3amajleHHs 3
¢i0po3oM, MiHIManbHE 30UIBIICHHS BiAKIAJACHHS MAaTPHKCY B
KOPTUKOMEIYIAPHOMY 3 €JHaHHI Ta/a0o0 MiJBUIIEHA YacTOTa
HEBEJIIMKAX KIYOOYKOBHUX ITYYKIiB CIOCTEpIrajiucs y CaMIliB i
caMok mpu 1031 > 10 mMr/kr pa3 Ha 4 THXKHI (4acTOTa Ta TAKKICTh
MeMOpaHoTpoTiepaTUBHOI TIIOMEpyJIonaTii Oyiu OiLIbIIUMHU
mpu 10 mr/kr pas Ha 2 TuxHI nopiBHsSHO 3 10 Mr/Kkr pa3 Ha 4
THDKH1), 1 KOpeloBana 31 30UIbIIEHHSIM Macu HUPOK y camiB 10
MI/KT pa3 Ha 2 THXHI Ta 3 3HAYHUMHU 3MiHAaMH HHUPOK
(30impIIeHHs, 3HEOAPBICHHS Ta/ab0 HENpaBMIIbHA KOPTHKAJIbHA
noBepxHs) npu > 10 MI/Kr pa3 Ha 4 THXKHI. 3MIHU B HUPKax MpU
no3i 2,6 Mr/kr paz Ha 4 TIKHI 0OMEXyBalIHCs MiHIMaJIbHUM
IHTepCTUIIATBbHUM 3amaneHHsaM 13 ¢ibposom y 1 camms Ta
301UTBIIEHHSIM YaCTOTH HEBEJIMKHX KITyOOUKOBHX ITyUKiB Y CaMIliB
1 camok. I[Tpu no3i 1 Mr/kr pa3 Ha 4 THXKHI 3MiHH B HUpKax Oynu
oOMexeH1 MiHIMATbHIM 30UTBIICHHSIM BiIKJIAJICHHS MaTPUKCY B
KOPTHKOMEYJISIPHOMY 3’ €JHaHHI, sIKe OyJIO IPUCYTHE y 2 CaMOK,
i He Oymu HectpusaTIMBUMU. [lomanpiie MOCTIIKEHHS HHPOK
MIArpynH TBapHH 13 A03yBaHHSAM 10 MI/Kr pa3 Ha 2 THXKHI 3a
noromororo [I'X nmpomeMorcTpyBasto, mo MophoJIoTiuHI 3MiHA B
KIyOoukax 1 KaHaIbLAX OyiaM JIOKami30BaHI CHUIBHO 3
BimknmageHasM IgG, imyHormoOyminy M (IgM) Ta/abo
kommuieMeHty (C3), siki € 3MiHaMH, CyMICHUMH 3 IMYHHOIO
peaxiiiero Ha coTaTepuenT. BigkimaneHHs KIaCHYHOTO IMyHHOTO
KOMIIEKCY He OyJI0 O4EBUIHUM Y 3pi3ax HUPOK, TOCITIHKEHHX 32
nornomoroto TEM. Opnak, cnocrepirajgocs HaJJIMILIKOBE
BigKJIazeHHs O1JIKa B Me3aHTIaAJIbHUX KIITHHAX 1 HABKOJIO HUX, 11O
MOKe KopemoBaTH 3 BimkianeHHs M IgM i IgG y sBaHCBKHX
MakKak, MIPOJIEMOHCTPOBAHUM IMYHOT1CTOXIMIYHUM
nocmkeHHsM.  HakonwueHHst — cotarepuenty — (Y4acTHHHU
moacekoro IgG Fc Tta/abo vactuau ActRIIA) He moxHa Oyno
MPOJAEMOHCTPYBATH 32 IOTIOMOT0I0 0araTb0X METO/IiB MOIIYKY Ta
amIutidikarnii aHTUreHy, 1o He T03BOJIsiE 3pO0OUTH BUCHOBOK PO
JOKaJi3aIliio COTaTePUENTy 3 aHTUTLIAMHU TOCTIOAAPS B HUPKaX.

VY cyauHHOMY CIUIETIHHI 3MiHHW, TIOB’sI3aHI 3 JOCHIIHKYBaHUM
IpernapaToM, BKIIOYAIM MOHOHYKJIEApHI KIITUHU (JTiM(OIHUTH Ta
MJIa3MaTHYHI KJIITHHU) Ta TIHUCTI 1HQIIBTpaTH Makpodaris.
HeBenuki BOTHMIIEBI arperaTd MOHOHYKJICADHUX 3amalibHUX
KJIITHH CIOCTEPIrajucs BiJ MIHIMQJIBHOTO JO JIETKOTO CTYIICHS
TSOKKOCTI B CyIMHHOMY CIUICTIHHI OUIBIIOCTI TBAapUH TIpU
> 1 mr/kr pa3 Ha 4 THxHI. OCKUTBKM MOHOHYKJICAPHI KIITHHHI
1HIIBTPATH TAKOTO CTYIEHS TSHKKOCTI 1HOMI CIIOCTEPITraroThCs
gk (oHOBa 3MiHa 1 He OyJW TOB’s3aHI 3 IHIIUMH 3MiHAMH,
MOB’S3aHUMH 13 COTAaTepLUENnTOM, iX  HE  BBaXalu
HECTIPUATAUBUMH. MiHIMaabHI a00 TOMIpHI TEPHBACKYJISPHI
HAKOMHWYEHHS MIHUCTUX Makpo(arip CrocTepiraimucs 3 HU3bKOI0
gacToToto (Bi 1 10 2 TBapuH Ha rpyIy) mpH go3ax 2,6 ta 10 mr/kr
pa3 Ha 4 trxHi. [Tpu 1031 10 Mr/kr pa3 Ha 2 TxHI yactoTa (6/8)
1 TSOKKICTH (Bi MIiHIMAIbHOI 1O TOMIPHOI) IiX 3MIH OyiH
BuluMU. HakonndyeHHsl miHUCTUX Makpodaris 0yJo MoB’sizaHe 3




MiHIMaJTbHUM TOTOBIICHHAM IHTUMHU MajMX apTepidl 1 apTepion
nepeBakHo mpu 7031 10 mr/kr pa3 Ha 2 TkHI. Omiaka IT'X
CYJMHHOTO CIUIETEeHHS MIATPYNH TBApHUH 13 A03yBaHHAM 10 Mr/Kr
pa3 Ha 2 THKHI MiATBEpIUIIA, IO MHUCTI Makpodaru Ta CyauHHI
3MiHM Oyin moB’s3aHi 3 BiaknaaeHHsMm IgG, IgM Tta/abo C3
Makak, CyMiCHUX 3 IMyHHOIO peakili€ro Ha coratepient. [lonioro
no Hupok, TEM mnpoaemMoHCTpyBaja HaJUIMIIOK O1JIKOBOTO
MaTepiany B IEPUBACKYIIPHOMY MATTEPHI, SKUHA MOXE CBITYUTH
PO BiAKJIA/IEHHS aHTUTLI Xa3siHa, o croctepiraerbes npu [I'X.
HakormmyenHs cotateprenty He BIAJIOCS MPOJEMOHCTPYBATH 3a
JIOTIOMOTOI0 METOJIiB 6araTopa3oBOro MOIIYKY Ta aMIuTidikarii
AQHTHUTEHY, 10 HE JI03BOJISIE 3DOOUTH BUCHOBOK IIPO JIOKATI3aIli0
COTaTepLEeNnTy 3 aHTUTUIAMH Xa3siiHa B Cy/IMHHOMY CIUIETIHHI. 3a
BIJICYTHOCTI CYINyTHIX KJIIHIYHUX 3MiH 1 OCKUIBKH 3MiHH B
CYIMHHOMY CIUIETiHHI Oynu OOOpPOTHHMMH MpHU BCIX A03aX, i
3MiHM HE BB@XKAIHCS HECHPHUATIMBUMHU. TKaHWHHM TICUIHKH Ta
JIeTeHIB MiATPYNHU TBApHH 13 103yBaHHAM 10 MI/KT pa3 Ha 2 THXKHI
TaKOX JOCHDKyBaym 3a pomomororo II'X, 1 He BHABWIN
MPUCYTHOCTI IMyHHHX KOMILIEKCIB.

3MEHIICHHSI Bard CeJe3iHKH, MOB’s3aHE 3 JOCIIKYBaHUM
npemnapatoM, npu > 10 Mr/kr pas Ha 4 THXHI KOPEIIOBalo 3
JeTKUM a00 TMOMIpHUM 3MEHIIEHHSIM pO3MIpy Ta KUIBKOCTI
(boNIKYISIPHUX 3apOJKOBUX HEHTPIB (JTiM(OigHE BUCHAKECHHS) Y
cene3iHmi npu > 2,6 Mr/kr pa3 Ha 4 TwkHI. He Oyno BusBICHO
3MiH, MOB’A3aHUX 3 JOCIIJUKYBaHUM IIpenapaToM, B IHIIMX
TiMQPOITHAX TKAaHWHAX.

[ToB's13aHe 3 IOCTIAKYBaHUM TpenapaToM 30UIbIICHHS 4aCTOTH
MiHIMQJIBHOTO 1H(QIIBTPATy MOHOHYKJICAPHUX KIITHH Yy TEUiHII
OyJ0 BiAMiueHO B ycix rpymnax JikyBaHHs. [Ipu 1031 1 mr/kr pa3s
Ha 4 TWKHI 9acToTa 1i€i 3MiHMA OyJia TIOIOHO0 IO Ti€l, M0 1HO I
crioctepiranacs B MEYiHIl MakKak, sIKi He OTPUMYBAIIU JIIKyBaHHS
y JOCIITHUIILKOMY IIEHTpI, 1 He BBa)KaJlacsi HECIIPUSATIUBOIO.
MiniManbHi 200 Jerki nepuBacKyysipHi a00 cyauHHI 6a30(]inbHI
BIJIKJIQZICHHSI CIIOPAIUYHO BWHHKAJIM B Ceplli, aopTi Ta/abo
MIIMTUTYHKOBIN 3a1031 y 1-2 TBapWH MpHU KOKHOMY PIBHI 703U
cotarepuenry. lleld pe3ynapTar HE BBaXKaBCs HECHPUATIMBUM
yepe3 HHM3bKY TSKKICTh 1  BIACYTHICTH  KOPEJSIIHHUX
HECTIPUATIMBUX 3MiH y ITUX TKAHHUHAX.

Hamnpukinmi 3-micsaHoro mepioay 0Oe3 JiKyBaHHS BCi 3MiHH,
MIOB’s13aHi 3 TOCHIKyBaHUM TpenaparoM npu < 10 Mr/kr pa3 Ha
4 twxH1 3HUKIH. [Ipr 1031 10 Mr/kr pa3 Ha 2 THXKHI pe3yJIbTaTH,
MOB’s13aHi 3 JOCHTIKYBaHUM HpenapaToM, HAIPUKIHII Mepioay
ONyaHHS OOMEXYyBaJIWCS MIHIMAIBHUM 1HTEPCTUIIAIBHUM
3amajieHHsM 13 ¢ibpo3oM y HHpKax, [0 KOPENIIOBAIO 3
HENPAaBUIBHOK KOPTHUKAJIBHOK KaICYJIbHOIO IOBEPXHEI Ta
YepBOHUM 3a0apBJIEHHSAM KOPU HHUPKH, MOMITHUM Y OIHOTO
camug. Jlemo miJBHUIEHA YacTOTa HEBEIMKHX KIyOOYKOBHMX
MyYKiB criocTepiranacs npu ao3ax 2,6 mr/kr i 10 mMr/kr pa3 Ha 2
THXKHI. BincytHictb MeMOpaHonpoJihepaTuBHOT
riomMepynonatii mpu > 10 Mr/kr pa3 Ha 4 THXKHI CBITYHUTH PO TE,




mo BigOynocs YacTKoBe BiMHOBIEHHA. OCKIIBKU HEBEIHKI
KITyOOUYKOBI MyYKHM BHHUKAIOTH Y JESKUX Makak sk (hoHOBHI
pe3yJbTart, 11l 3MiHa He BBAXKAETHCSL HECTIPUSTIMBOIO.

AUC 1 Crmax 301BIIYBaTHCS TIPOMOPIIIAHO 1031 MiCIs Pa3oBoi Ta
MOBTOPHUX JI03.

[licns TOBTOPHOTO BBEIEHHSI COTATEPIENT HAKOMHMYYBAaBCS B
cupoBatii kpoBi. Ha 37 TmwxkHiI cepeaHi koedimieHTH
HAKOTIMYEHHS /IS T03yBaHHS pa3 Ha 4 TkHI craHOBWH 1,55 1
1,19 nnst Cmax 1 AUCo-672n BiamoBigHo. [[1s1 1o3yBaHHS pa3 Ha 2
THKHI KoedimienTn HakonudeHHs Ha 39 TmwkHI A Cmax 1
AUCo-336n cTanoBuau 1,66 1 1,60 BiamoBigHO.

Opnna camka i3 103010 10 Mr/Kr pa3 Ha 4 THXXHI OyJia MO3UTHBHOIO
Ha ATIIL, ane ATII He BIUTMHYJIHM Ha KJIIPEHC COTATEPLENTY Y Li€i
tBapuHU. JKonHa ATII-nmo3uTuBHA TBapuHa He Oyja BHSIBIIECHA
i Yac MOBTOPHOTO aHaJi3y TUX CaMMX 3pa3KiB 3a JOMOMOTOI0
OlTpII 9y TIIMBOTO aHamizy imyHoreHHOCTI (ATII).

VY miJIcyMKy, 3aCTOCYBaHHs COTATEpLENTy Yy SIBAHCHKMX Makak
MPOTSTOM 9 MiCAIIB MPU3BENO JIO0 PE3YNIbTaTIiB, MOB’SI3aHUX 13
JOCIIJKYBAaHUM IIpenapaToM, MpH Beix no3ax. [Ipu > 2,6 mr/kr
pa3 Ha 4 TW)KHI TMPOTATOM IEPiOAY TO03yBaHHS HECHPHUSATINBI
pe3yiabTaTd, TMOB’s3aHI 3 JOCHIJUKYBAaHHUM  IIPENaparoM,
BKJTIOYAJTM KIIIHIYHI XIMI4HI 3MiHH, 10 BKa3yBaJHl Ha ypakKeHHS
HUPOK, IHTEpCTHUIliaNbHE 3amajeHHd 3 (iOpo30oM 1 MiJBUIIEHY
94acTOTy HEBEIMKUX KIIyOOYKOBUX ITyYKiB y HHPKaX, a TaKOXK
nimdoinHe BUCHaXKeHHA B cenesinui. [Ipu mo3ax > 10 Mr/kr pa3
Ha 4 TIWKHI HECTIPUSTIHNBI TicTOMOP(}OIOTIYHI 3MiHU B HUpPKax
BKJTFOUYAITH MeMOpaHomnpoiidepaTUBHY rIIOMepyJIonaTito,
iHTepCcTHLIabHE ~ 3amayieHHs 3 ¢iOpo3oM,  30UTbIICHHS
BIKJIAJICHHd MAaTPUKCY B KOPTUKOMEAYJISAPHOMY 3’ €IHaHHI
Ta/ab0 30UTBIIEHHS YaCTOTH HEBEIHKUX KIyOOUKOBHX IMYYKiB.
Hampukinmi 3-micsyHoro nepioay 0e3 JTiKyBaHHS HECHPUSITIUBI
pe3yJIbTaTh OyIJIH MPUCYTHI B OJTHOTO CaMIIsl 3 IHTEPCTHITIATBHIM
3amaneHHsM 1 pidpo3oM HUPOK i3 703010 10 MI/KT pa3 Ha 2 THXKHI.
BincytHicth MeMmOpaHOMpoidepaTHBHOI TIIOMEpYJIOnaTii 1pu
>10 mr/kr pa3 Ha 4 TWXKHI CBIAYUTH MPO T, IO B HUPKAX
BiIOYJIOCST YaCTKOBE BiJHOBJICHHS. JIEIO MiABHINEHA YacTOTa
HEBEJIMKUX KITyOOYKOBUX MYyYKiB IpH 103ax 2,6 MI/KT pa3 Ha 4
TikHi Ta 10Mr/kr pa3 Ha 2 TWXKHI He BBaXkaiacs
HECTIPUATIUBOIO, OCKUIBKM Maji KIyOOYKOBI IMY4YKH MOXYTh
OyTH TPUCYTHIMH y KOHTPOJBHUIA Tpymni Makak sk (HOHOBHUI
pe3yabTaT. Yci 1HIIN pe3yibTaTd, MOB’s3aHl 3 JOCTIHKYBaHUM
npernaparoM, 3HUKIM A0 KIHIHM 3-MicayHOro mepiony 0e3
JKyBaHHS.

OCKiIbKH BCl pe3yJIbTaTu MpH 1031 | MI/KT pa3 Ha 4 THXKHI Mali
MIHIMQJIBHUN/JIETKUN CTYMiHb TSDKKOCTI, CIIOCTEpiragucs 3
HU3BKOIO YacToToro Ta/abo Oymu oboporHumu, NOAEL nmns
BOTO JIOCTI/PKCHHS CcTaHoBWja 1 Mr/Kr pa3 Ha 4 TWXKHI
(AUCo-672n 6030 Mxr*ron/mi, mo B 1 pa3 nepeBuIlye KIiHIYHY
excriosuitito B MRHD).




BHyTpilIHbOBeHHEe BBe/IEeHHSI MaKaKaM

Corarepuent: IOCTII:KEeHH [Jisi BH3HAYEHHSI MOKJIMBOI
TOKCHYHOCTI TAa TOKCHKOKIHETUKM 4 IINOTHXKHEBHUX
BHYTPilIHLOBEHHHUX /103 COTATEPUENTY, AKi BBOIUIN CAMISIM
i caMKaM SIBAHCHKHMX MaKaK

Mera mporo GLP pmocmikeHHS Tonsirajia B TOMy, 00
BHU3HAYUTH TOTEHLIHHY TokcuuHicTh 1 TK cortatepuenty mnpu
BBEJICHHI CaMIISIM 1 CAMKaM SIBAHCHKUX MaKaK IIISIXOM YOTHPHOX
BHYTPIITHLOBEHHUX 1H €K1 OJMH pa3 Ha THKICHbD.

SBaHchkMM MakakaM (5 Ha crare/rpymy) BBomwim 1, 10 i
30 MI/Kr coTaTeplenTy BHYTPIIIHBOBEHHO pa3 Ha THXKICHb
npotsirom 4 TWkHIB (3aranom 4 no3m). JIBox Makak Ha
CTaTh/TPYIy YTPUMYBAJIH MPOTATOM 4-THXKHEBOTO Mepiony 0e3
JTIKyBaHHS.

OmiHka TOKCHYHOCTI Oa3yBajiacsi Ha CMEPTHOCTI, KJIIHIYHHUX
CTIOCTEPE)KEHHAX (BKJIIOYAIOYM OIIIHKY YaCTOTH JUXaHHS,
YaCTOTH CEPLIEBUX CKOPOYECHb, PEKTATBHOI TEMIIepaTypH Tila Ta
yacy HAIOBHEHHS KamuIIpiB), Macd TiJla, CIOXXKWBAaHHSA 1XKi,
eJNeKTpoKapaiorpaMu Ta O(TaIbMOJOTIYHOTO OOCTEKEHHS, a
TAaKOX KIIHIYHUX Ta aHATOMIYHUX (BKIIOYAIOYH OI[IHKY Ma3Ka
KICTKOBOTO MO3KYy Ta pempoOAyKTHBHOI 3JaTHOCTI CAaMIIIB)
OLlIHKax TmaTojorii. VY 3pa3kax TBapHWH, SKi OTPUMYBAIU
JIKyBaHHS BH3HAYalM TJIa3MOBI KOHIEHTpAIlli COTaTepLenTy Ta
ATIL

He Oyno >xogHMX He3aIUIaHOBAaHUX CMEPTEeH UM KIIHIYHUX
CTIIOCTEpPEXKEHB, TOB’SI3aHUX 13 JOCIIHKYBaHUM TIpenapaToM, a
TaKOX OSKOAHMX 3MIH y Maci Tilna, CHOXHMBaHHI —1Ki,
opranemonoriuanx, EKI (sxicHa ominka wmopdoorii),
KOaryJsiii, aHai3l cedi 4d MOCMEpPTHUX (3arajbHa Maca, Maca
opraniB, Tricronoris) mapamerpiB. Corartepuenty ao0pe
TIEPEHOCUBCS y MICIISX 1H’ €KIII.

I'emarosnoriuni 3MiHH, TIOB’sI3aH1 3 JOCTIDKYBAaHUM MPENIapaToM,
o ¢$apMaKkoJIOTIYHO OIMOCEPEKOBaHi, BKIIOYAIM MOMIpHE
MiABUIIEHHS TTOKAa3HUKIB Macu IUPKYIIOIUUX EPUTPOLUTIB
(HGB, HCT 1 RBC) i peTukynonurTiB, 1o Bi0yBagocs MpU BCiX
PIBHSAX 103 TPOTATOM IMEPiOAIB J03yBaHHSA Ta mepioxy 0e3
JKyBaHHS.

30UIbIIICHHS MacH LUPKYJIOIOYHX EPUTPOLUTIB KOPETIOBAIO 3
MMOMIPHO HIDKYHUM MI€EJIOITHO-EPUTPOITHUM CITIBBIHOIICHHSIM
KIIITHH KICTKOBOTO MO3KY pu > 10 MI/Kr pa3 Ha THXXKICHb Ha 57
IIEHB JTOCIIHKEHH.

[TigBuIeHHS cepeaHbOoi Ty>KHOI QocdaTasu, 0 CIocCTepiragocs
y CaMIIiB MpH BCIX 103ax Ha 15, 29 mHI AOCTIKEHHS Ta, MEHIIIOK0
Miporo, Ha 57 JAC€Hb JOCHIIKEHHS, HE MaJ0 BIAMOBITHUX
MIKPOCKOMIYHMX PE3yNbTaTiB, HE OYJO NPHUCYTHE B IHIIHUX
JOCIIJDKEHHSAX COTAaTepLENTy Ha Makakax 1 He BBaXkaJocs
OB’ SI3aHUM 13 JTOCJTIIPKYBAaHUMITPETIApaTOM.

UYepe3 momoauii Bik (Big 3 10 4 poKiB) 1 cTareBy HE3pLITICTh
TBApWH KUTBKICTh CIIEPMATO30i/liB Y CMAUINMI KOJHMBAJIACH BiJ




HU3BKOTO JI0 HYJIbOBOI'O pIBHS, W0 MpPHU3BEJIO [0 JIyKe
PI3HOMaHITHHX JIaHUX Yy BCIX IrpyTmax J103.

TakuM YWHOM, OIlIHKA TOTEHIIHHUX TOOIYHUX peakin
coTaTeplenTy Ha KUIBKICTh CIIEPMATO30iJiB y eMiauIuMi Ta
Mopoorito cnepMaro30iaiB Oysia HEMOKIHBOIO.

[pu nozax 1, 10 i 30 mr/kr pa3 Ha TixaeHs ATII Oynu BusiBeH1
Ha 29 nenp gocaimkenns y 0/10, 1/10 1 1/10 tBapuH i Ha 57 neHb
nocmimkenns 'y 0/4, 2/4 1 1/4 tBapun BimmoimHo. Bucoki
KOHIIGHTpalLli ~ cOoTarepuenty  MOXYTb  IEPeLIKOKATH
BusiBiieHHI0O ATII B cupoBarii KpoBi, TOMY CHpPaBXHs 4acTOTa
AHTUTLI bi (o) COTaTeplenTty  HeBiaoMa. KonnenTtparii
COTaTepIeNnTy B IUTa3Mi KPOBI, SIK BUSBHIIOCS, HE 3aJIeXalld BiJl
HasisHOCTI ATIL

VY mifgcymKy, BHYTPIITHHOBEHHE BBEACHHSI  COTATEPIIENTY B 1031
710 30 MI/KT KOXKHUH THOKIEHb POTATOM 4 THXKHIB 3arajoM 106pe
MEepPeHOCWIIacs SBAHCHKMMH MaKaKaMH. 3MiHH, IIOB’si3aHi 3
JOCIIJKYBAaHUM IIPEnapaToM, oOMEXyBaUCs HECIPUATINBUMU
(hapMaKoJIOTIYHO OTIOCEPEAKOBAHUMH e(PEKTaMH Ha €pUTPOITHI
napaMeTpu npu >1 MI/KT pa3 Ha THXKJEHb, 110 KOPEIIOBAJIO 31
3HMKCHHSIM MI€JI0iTHO-epUTPOITHOTO CIIBBIAHOIIEHHS pH > 10
MI/KT pa3 Ha TWKIeHb. Buxomsuu 3 uux nanux, NOAEL micns
BHYTPIIIHFOBEHHOTO BBEICHHS cTaHOBWiIAa > 30 MI/Kr pa3 Ha
THK/ICHb.

3) TCHOTOKCUYHICTD:
in vitro

in vivo (BKJIIOYAIOUU JOJaTKOBY
OIIIHKY 3 TOKCUKOKIHETHKH )

JlocmiI)KeHHS! TEHOTOKCHYHOCTI COTaTEePIIENITY HE TIPOBOIMIIHCS,
OCKIITBKHY II1 TOCIIKEHHS He TOTPiOHI J71st 010TEXHOIOTIYHUX
npenapartiB BignmosigHo 1o ICH S6(R1): JokiHivyHa omiHka
0e3nekr O10TEXHOIOTTYHUX (papMalleBTUYHHUX IIpenaparis.

4) KaHLIEpOTE€HHICTh:

JIOBIOCTPOKOBI JOCITIIKEHHS

KOPOTKOCTPOKOBI JOCTIIKEHHS
a00 AOCHTIIKEHHS CepeaHbOi
TPHUBAJIOCTI

JIOAATKOB1 JOCHIIKEHHS

JlocTiKeHHsT KaHIIEpOT€HHOCT] COTaTepLENTy HEe MPOBOIAMIHCS
yepe3 MOXKIIUBICTh HeraTuBHOTO BIUIMBY ATII Ha rpu3yHiB micis
TPUBAJIOTO BBEJCHHA Mpenapary Ta 3aHENOKOEHHS MO0
HUPKOBOI TOKCHYHOCTi, M0 MPHU3BOIUTH JO 3HWKCHHS
BIDKMBAHOCTI TBapHH. Y KOPOTKOTPHBAJIOMY JOCITIUKEHHI Ha
Imypax CepeaHs eKCIO3WINsl CcoTareprenty 30epiraiacs
MPOTATOM YCHOTO JOCII/PKESHHS.

Onnak, yactota BusBiaeHHs ATII mocsarimo 65 % no ki"ug 3-
MICAYHOTO TIEpioJy AO3yBaHHA, 1 y 0araTboX OKpeMHX TBapUH
KOHIICHTpALlisl COTaTepLENTy OyJia HIDKYOIO 32 MEKY KUTBKICHOTO
BU3HAUYEHHS. Y JOCTIIKEHHI (hepTHIBRHOCTI CaMIliB, sIKE Majo
TPHUBAIICTh JO3YBaHHS, MOMIOHE O 3-MiCSYHOTO JOCIiIKECHHS
TK, ATII Oynu BusBIEH1 i3 3araJbHUM pPIBHEM BUHEKHEHHS
57,3 %. OdikyeTbcs, MO Micas OUIBII TPUBAJIOTO JO3YBAaHHS
noka3Huku ATII y rpusyHiB 3poCcTyTh i HETaTUBHO BIUIMHYTH Ha
BIUTMB COTATEPIENTYy Ta IHTEPIPETAII0 JaHUX JOBTOCTPOKOBHX
JnochmikeHb Ha TpusdyHax. Kpim Toro, y 3-micsuHOMY
JOCTIPKeHHI Ha TIypax, HUPKOBAa TOKCUYIHICTh, OTIOCEPEIKOBAaHA
COTaTepIenToOM (MemOpanomnpodihepaTUBHHIMA
rIIoMepyJIoHeppuT), e(eKT, SKuii Ha CHOTOAHINIHIA JEeHb HE
MEPeHEeCeHO B KIIiHII, CHOCTEpiraBcs y IMypiB MpH J03aX
> 0,3 Mr/kr pa3 Ha | THXIEHB, i OyB MOB’sI3aHMA 31 301IBIICHHM




OGioMapkepiB ypakeHb CEYOBUX IIISAXIB mpu 1031 30 MI/KT pa3 Ha
1 Tmxnens. O4iKy€eThCs, IO MPOrPECyBaHHS i€l TOKCUYHOCTI,
0COOJIMBO B MO€JHAHHI 3 PO3BUTKOM XPOHIYHOI MPOrpecyrouoi
Hedpomnarii, SKa € MOMUPEHOI0 y CTApIFOYUX HIypPiB, 3MEHIINUTH
BIKMBAHICTh TBAPHH 1 AOLIIBHICTH JOBIOCTPOKOBHX JOCTiIKEHb
Ha mrypax. Takum ywmHOM, BigmoBimHo 10 ICH S6(R1):
JlokiiHiyHA OILlIHKAa Oe3neku 010TEXHOJIOTTYHUX
(dapMaleBTHYHUX IperapariB, KaHIEPOICHHUH MOTEHINa
coTarepuenty OyJo OILIHEHO B OIIHII PU3UKY HAa OCHOBI
BaroMoCTi JIOKa3iB (3alUT Ha BIAMOBY BIiJ JIOCIiIKCHb
KaHieporeHHocTi). OIiHKa pU3UKY Ha OCHOBI BArOMOCTI JOKa3iB
1 3amuT Ha CKacyBaHHS BHMOT  IIOJO  JOCIiIKEHb
KaHIIEpOTEHHOCTI paHime Oynu mnojgaHi 10 BukoHaB4oro
KOMITETY 3 OLIHKMA KaHIEPOTEHHOCTI YTIPaBIIiHHS 3 CaHITAPHOTO
HAarJsy 3a SKIiCTIO XapyoBHUX NPOAYKTIiB Ta MeankaMeHTiB CLIA.
Komiter miaTBepAWB, IO IOCT/KEHHS KAaHIEPOTEHHOCTI
corarepuenty He moTpiOHI. Tak camo EMA HeodimiitHO
MOTOJTUIIACS, IO JOCIIHKEHHS KaHIIEPOTeHHOCTI He MOTPiOHI.
KitouoBi MipKyBaHHsI, MPEACTaBIIEH] B OIIHII PU3UKY Ha OCHOBI
BaroMocCTi JIOKa3iB, MiICyMOBaHI HWXKYE.

Cortarepuent € Ol0JOriYHUM areHTOM Ta 1HTIGITOpOM
CTHMYJIIOIOYUX PICT HUTOKIHIB, SIKi € WICHAMH CyTepcCiMencTBa
TGF-B. OcHOBHUMM JiraHiaMu COTaTEpLENTY € aKTHBIH A,
aktuBiH B, GDF-11, GDF-8 i BMP-10. Ili niraaau nepenaroTsb
CUTHAJ Yepe3 Hadlp perenTopiB, 110 NepeKpUBAETHCS, 1 3’ €THAHI
3 TUM caMuM Habopowm OinkiB Smad. He3Baxaroun Ha Takwii 30ir,
(GyHKIIIOHATbHA HAAMIPHICTP MK YIEHaMH CymnepciMencTBa
Tpanchopmyrodoro ¢akropa pocty (TGF) oOmexena pisHUMEU
MOJIETISIMU MTPOCTOPOBO-YACOBOI €KCTpecii JIIraH IiB 1 pelenTopiB,
BI/IMIHHOCTSIMM B JMHaMIIll CHUTHAJII3AIil Ta PETYJISTOPHUMH
O1KaMH, K1 MOJYJIOIOTh BiJIMOBiAl Ha PI3HUX eTarax.

Y MozensX JIereHeBoi TinepTeHs3ii Ha TBaprHAX COTATEPIENT MaB
aHTUIpONi(epaTUBHY IO HA IMIAAKOM SI30B1 KIITUHHU CyJIUH. Y
HOpPMAaJIbHUX, 3[JOPOBUX TBAPHH JIIKyBaHHS COTATEPLENTOM HE
MPU3BEJIO 10 MpoipepaTHBHUX a00 MEPEANMYXJIHMHHUX 3MIiH y
OyIb-sIKHX BHJIB, JOCIIUKCHHX Yy paMKax KOMIUIEKCHOI
nmporpaMy  JOKIIHIYHOI ~ TOKcHMKoJoTii. Sk GlomoriyHuit
TepaneBTUYHHUI Ipenapar, COTaTeplenT He CTAaHOBUTH PU3HKY
T€HOTOKCUYHOCTI.

AKTUBIHM MOXYTh MOJYJIOBATH TOPMOHAJIBHY Iepenady
CUTHAIIB, TOJOBHUM YHMHOM Y€pe3 CTUMYJIAIII BUBLILHEHHS
¢donikynoctumymorogoro  ropmony  (OCI)  rimodizom.
[TinBumeni mepenauya curHamiB OCI' Ta/abo KOHIEHTpaIlis B
m1a3Mi TOB’s3aHI 3 MiABUINEHOK YacTOTOI PaKy MOJOYHOL
3aJI03U Ta EIITENI0 S€YHUKIB. TakuM 4YMHOM, IOB’s3aHe 13
coratepuentom 3HWKEeHHS @PCIT mMoxe OyTH KOPUCHUM Yy
KOHTEKCTI 1ux TumiB myxiauH. Yuacte GDF-11, GDF-8 i BMP-
10 y ropMoHanbeHI MOIYJSAIIi HE OnMucaHa. Y caMIliB i caMOK
I1ypiB, SIKI OTPUMYBAJIA COTATEPIIENT, 3MIHU B CTPYKTYpi Ta/abo
GyHKIT  penpoAyKTUBHOI TKAaHWHU, WMOBIpHO, CIPUYHMHEHI




1Hri0yBaHHSAM aKTHBIHY, @ HE TOPMOHAIBHOI MOJYJIAIi€0. Y
CaMIIiB IIypiB 3MiHH B SIEYKAX 1 MPHUIATKAX S€YOK, a TAKOXK BILTUB
Ha (EPTWIBHICTh CaMIliB BBKAIKUCA BTOPUHHUMHU IMIOJ0
OOCTpYyKIii BIATOKY Ha piBHI BHHOCHHX TIPOTOK 1 He
y3TO/DKYBAJHMCS 3 MOTCHIIHHUM TNPSMUM BIUIMBOM Ha CTaTeBi
TOPMOHH. Y CaMOK IIypiB 30UTbIIEHHS BTpAT 10 1 MiciA
iMIUTaHTalii Moxe OyTH TOB’s3aHE 3 MEXaHI3MOM 3HIKEHHS
AKTUBIHIB, SKI MAIOTh BHPIIIAIIEHE 3HAYCHHSI [Tl SIU Ty aTi3arii
€HJIOMETpisl Ta MIATOTOBKH EHAOMETpis [0 IMIUIaHTamii. Y
JOCTIPKEHHSX COTATEPIICTITY Ha MOJIOUX IIIypax Ty>Ke He3HAUHI
3MiHH JIfoTeTHI3ytouoro ropmony (JII'), ®CI" ta/abo ectpamiony
HE BBAKAJIUCS TOKCHUKOJOTIYHO 3HAYYIIMMH, a IIiJABHINCHHS
KOHIICHTpALlli epPUTPONOCTUHY B OKPEMHX TBapuH OyIJo
HE3HAYHUM 1 3 HEBU3HAYCHHWM 3 JIKYBaHHIM 3B’SI3KOM. Xo0d4a
MaKakK¥ B JOKJIIHIYHUX JIOCIIKEHHIX HE OYJU CTaTeBO3PIINMH,
BBEJICHHS COTATEPIENITY MPOTIATOM 9 MICSIIIB HE BUKJIHKAJIO 3MiH,
OB’ SI3aHUX 13 JIOCIIDKYBAaHUM IPETapaToM, Y PernpoayKTHBHIX
opranax camIliB u camok. [lizcymMoByrouHn, HayKoBa JiTepaTypa
Ta JOKJIIHIYHI JaHi CBIAYaTh MpPO Te, L0 3HWKEHHS JITraH[IiB
COoTaTeplenty, 3acHOBaHE HAa  MEXaHi3Mi, HaBpsSI YU
MOJIyJIOBaTUME  TOPMOHAQJIbHY  Mepefadyy  CUTHaliB  y
MIPOKAHIIEPOTeHHUH c110Ci0.

AKTUBIH A Bifirpae BaXJIUBY pOJIb y PETyJslii iMyHHHX
BIJIMOBIZACH 1 BU3HAHWI BaXIIMBUM ITUTOKIHOM, IO PETYIIIOE
3amajieHHsl Ta IMyHHY CUCTeMy. AKTHBIH A Ta MOT0 aHTaroHiCT
(doiricTaTUH MABUINYIOTHCS IIiJ] 9aC CHCTEMHOTO 3alaJICHHS, 1
OUIBLIICTh IMyHHUX KJIITHH MOXYTh BUPOOJISITH Ta pearyBatu Ha
akTUBiH A. BignoBimb BiJIpi3HAETHCS MK THUNIAMHU KIITHH 1
3aNeXHTh Bijl JO3pIBaHHA KIITHH, CTAaTyCy aKTHBallii KIITHH, a
TAaKOX BIJ TMPOCTOPOBOTO Ta YacOBOTO KOHTEKCTY IMYHHOI
BIAMOBiAI. AKTHBIH A MOXe peryntoBatd abo mpo-, abo
aHTUTU3ANAGHY BIAMOBIAE y Makpodarax, 3aJexHO BiI ix
MoTepeHhOro CcTaTycy aktuBamii. JliTepaTypHi daHi Takox
CBITYATH PO TE, IO AKTUBIH A MOXE CTUMYJTFOBATH BUPOOJICHHS
aHTUTIN B-kimiTMHaMM 1 MOXKE BIUIMBAaTH HAa  PO3BHTOK
perymsatopanx T-kmituH. Ha BimMiHY Bif 1bOTO, MOTCHIIHHHMIA
BB GDF-8 1 GDF-11 Ha iMyHHY QYHKIIIO OIUCAaHO
HelocTaTHRO. He3Bakaroum Ha TOTEHLIWHY poiib mepeaayi
CUTHAQJIIB AaKTUBIHY B peryysmii iMyHHOI (QyHKII, Hemae
OCTAaTOYHUX JIOKA3iB TOTO, IO COTaTEpPIENT BILUIUBAE HA IMyHHY
¢dbyukmito. OnHEe AOCHIHKEHHST COTAaTepIENTy HAa Makakax OyJio
MPUITMHEHO JTOCTPOKOBO Yepe3 HasBHICTH 1H(EKIIT mIa3Mois y
0araTbOX TBapWH 1 TEpeadacHy CMepTh | TBapuHHU Yepes
¢bynpmiHanTHY Manspito. [Inasmoziit 6yB nmpucyTHIN 10 OYaTKy
JOCIIIJDKEHHS, aje MWOro 3axBOPIOBAHICTh 1  TSIKKICTh
30UTBIIMIINCS IPOTATOM 9-THXKHEBOT'O Iepioly 103yBaHH:. Xoua
MOXJIHBO, III0 OTIOCEPEIKOBaHI COTATEPIICIITOM 3MIHU B IMyHHIH
GYHKIT M IBULMIINA CIIPUAHSATIUBICTD IIUX TBAPUH J0 1HQEKIIIT,
no0pe BiOMO, IO Tpemapard, MO CTUMYJIIOIOTh EPUTPOTIOE3,
MOKYTh TOCHJIUTH TUIA3MOJIEBY 1H(EKITIF0 NUISIXOM 301IbIICHHS




MOMYJIANil MOTEHUIMHUX KIITHH-TOCTIOAApiB. TakuM YHHOM,
WMOBIPHO, IO OIOCEPEAKOBAHE COTATEPIICITOM 301TBIICHHS
EpPUTPOLIUTIB 1 PETUKYJIOLUTIB, @ HE 3MIHH IMyHHOI (DyHKIIIT,
MIBUIIAIO CIIPUHHATIMBICTH OOPOOJICHUX TBapHH 10 1HQEKIIii
mia3Monia. Y  3aBepUICHUX JOKIIHIYHUX  JIOCHIJDKEHHSIX
coTarepuenty  BigMiYalocss  MiHIMaJbHE a0o0  TMOMipHE
BUCHAXEHHsI JTIM(OiiB y TUMYC1 MaKak mpu fo3ax > 10 mr/kr pa3
Ha 2 TYDKHI M1 9ac 27-THKHEBOTO JOCTIKEHHS 1 B CEJIC31HII TIPH
no3ax > 2,6 Mr/kr pa3 Ha 4 TWXKHI i 4Yac 9-mics4HOTO
nocmipkeHHss. OgHAK y Makak i JOpOCIHMX MIypiB MpH BCIX
BUNPOOYBaHMX J03aXx He OyJl0 BHUSABICHO JKOAHHUX O3HAK
nereHeparii abo HEKpPO3y B THUMYCI YHM CeJE3IHIl, KOTHUX
HeOakaHUX MPOSBIB B 1HIIUX JTIMQOIMHUX TKAHUHAX 1 MKOTHUX
3HAUYYIIUX 3MIH Y IUPKYIIIOYHX JIeHkoruTax. Jlim¢oinHi 3MiHHA
y MOJIOJIUX Iy PiB, SIK MPABUIIO, 0OMEKYBAIMCS MiHIMATLHUM 200
MOMIpHUM 3MEHIIEHHSIM KJIITHHHOCTI B MapriHaJIbHii 30H1 017101
MyNnbld Ta/ab0 MiHIMaIbHUM a00 TMOMIPHUM 301IbIIEHHSIM
KIITHHHOCTI B YEPBOHIA MyJbNi cene3iHkd. Y 0a30BOMYy
JOCTIIKeHHI MOJIOJIUX Iy PiB HE OYJI0 KOJAHUX 3MiH, TOB’SI3aHUX
i3 gocmipkyBaHUM mperapatoMm, B aHamizi TDAR, a nani
iMyHO(DEHOTHITYBaHHS HE BKa3yBaJl Ha MPUTHIYCHHS IMYHITETY.
CyKymHICTh OKJNIHIYHMX JaHUX CBIAYUTH TMPO Te, IO
coTaTeplent HE Mae TOKCHKOJIOT1YHO 3HAYyIIUX
IMYHOMOAYTIOIOUNX e(eKTiB, SKi MOTIM O BIUIMHYTH Ha HOTO
KaHLEpOTreHHUH MoTEeHIiall.

HaykoBa miTeparypa 3Ha4HOIO MipOIO HETIEPEKOHJIMBA II0JI0 PO
JiraHmiB coTaTeplenty Ta ix PI3HOMaHITHUX
BHYTPIIIHBOKJIITHHHAX CHTHAJBHUX IIISAXiB, OCKUIBKM BOHHU
cTocytoThkes Oiosorii myxnunu. ITokaszano, mo aktusid A 1 GDF-
11 iHOYKyIOTH amomnTo3 abo MpPHUTHIYEHHS POCTY B JICSAKHX
KOHTEKCTax 1 mocuieHHs npoiidepanii B iHmmx. TFG-B, skuit
Ma€ CTPYKTYpHY MOAIOHICTh 3 aKTHBIHOM A 1 Ma€ CIiIbHI
YaCTHHU NUIAXY TMepeaadi CUTHaly, BiJlirpae MOJABIWHY pOIb Y
KaHIEpOTeHe3I. BpaxoByroun npodinb 3B’sI3yBaHHS
IUIEHOTPOITHOTO JIIFAHY COTATEPLENTY Ta CyIepeuINBY HaAyKOBY
JaiTepatypy, BaXXKO 3pOOMTHM 3HAdyIll BHCHOBKH IIOJIO
MOTEHI[laly LBOrO0  PELENTOpa-NIPUMAaHKH HETaTUBHO YU
MO3UTHBHO BIUIMBATH Ha picT NyxJuHHU. [logiOHUM dYHMHOM,
e(eKTH aKkTUBIHY A B IMYHOJIOTIi PaKy BaXXKO TMepel0avuTH,
OCKIUJIBKM BOHHM TaKOX 3aJIe)KaTh BiJ| THITY KIITHHH/IIyXJIWHH, a
TaKOX BIiJl KOHTEKCTY iMyHHOI Biamosiai. [ToTeHmiiHmiA 3B’ 130K
MiX perieniropami Jiranay coratepuenty (ACVR2A, ACVR2B,
aktuBiH-penentop noaiouuii (ALK)1, ALK4, ALKS i ALK7) i
paKkoM JIOJMHY OI[IHIOBAJIM 3a JOMOMOIOI0 0a3 NaHWUX TeHETUKH
JIFOIVHA (Online Mendelian Inheritance in Man
[www.omim.org], nopran Open Targets Genetics
[https://genetics.opentargets.org]) 1 0a3 maHUX TEHIB paky
moguan  (COSMIC [https://cancer.sanger.ac.uk] 1 Intogen
[https://www.intogen.org]). [lomyk y 0a3i JaHUX MTPOBOAMBCS
npotsroM ceprHs Ta BepecHs 2022 poky. He Oyno BusIBIEHO




OpsIMOTO  3B’A3Ky LUX  PEHenTopiB 13  MOTEHUIMHUMU
KaHIEPOTEHHIUMH MTPOOJIeMaMHU sl JIFOJHH.

Pazom noxniHiuHMN npodisib coTaTeplenTy Ta JiTepaTypHi JaHi
BKa3ylOTh Ha Te, IO I OioloriyHa MoOJeKyJda HE Mae
T€HOTOKCUYHOTO MOTEHIiaJly, Ma€ aHTUIIpOdiepaTUBHY Ta
anTu(iOpo3Hy mir0 y TBapuHHHX Mozaensx JIAI, He BIuMBae
HEraTUBHO HAa TOPMOHHM, HE BHKIUKAE IMYHOTOKCHYHOCTI,
rinmepruiasii Yu po3BUTKY MyXJUHH Yy TBapHWH, 1 IO PELENTOPH,
3aJydeHi /10 3B’s3yBaHHs JIraHxy coTaTeplenTty, He OB’ sA3aHi
0e3rnocepelHbO0 3 KaHIIEPOTeHEe30M y Jiroae. Buxomsum 3
CYKYIHOCTI LHUX J0Ka3iB, BBAKAETHCSA, L0 COTATEPLENT MAae
HU3bKHUN KaHIIEPOTCHHUN TIOTSHIIIAJ.

S) penpoAyKTUBHA TOKCUYHICTH Ta
TOKCHYHHH BIUTMB HA PO3BUTOK
OTOMCTBA!

BIUTMB Ha (PEPTUIILHICTD 1
paHHilt eMOpiOHaTBEHUIN PO3BUTOK

Corarepuent: GLP ouninka ¢epTHibHOCTI caMuiB, AKHM
BBOAWJIM COTATepUENT OAUH Pa3 HAa THXKIEHb HLISAXOM
nigmwkipuoi in’exknii mypam Jginii  Coper-oyni 3 13-
THKHEBHM BiJIHOBJICHHSAM

Mera mporo GLP pmocmipkeHHS Tonsirajia B TOMYy, 00
MEepeBipUTH MOTEHIINHUI BIIIMB Ha (EPTUIBHICTH CaMIIIB Y
pe3ynbpTaTi JIKyBaHHS COTATEPIETITOM pa3 Ha THXKIEHb IIypiB
camiiB Crl:CD (cranmaptHe BigxuneHHs (CB)) nepexa cninbHUM
MIPOKUBAHHSM, TIiJT YaC CIIApOBYBAHHS 3 CaMKaMH HIypiB, SIKi HE
OTPUMYBJIN JIIKYBaHHs 1 10 NPUIIMHEHHS AOCHipKeHHs. s
OLIHKA OOOPOTHOCTI OyIb-SIKUX MOTEHIIHHUX eQeKTiB, sKi
criocTepiraiucs MiJ yac JiKyBaHHs, OyJi0 BKIIIOUEHO Tepiof 6e3
JTKyBaHHS TPUOIU3HO 13 THXKHIB.

Tpumusat  camisiM — [IypiB/Tpylly  BBOAWIM  HOCIH  abo
coratepuent y mo3ax 0,3, 3 a6o 30 MI/Kr migmkipHO pa3 Ha
TIOKJEHb NMPOTAroM 10 THXHIB 10 CHUJIBHOTO MPOXKUBAHHS, ITiJ]
9ac CHUILHOTO TIPOKUBAHHS Ta MPOJAOBKYBAIH KOXKHI 1 THXKIEHB
MPOTATOM 3 THXKHIB MICJIS CHIJIBHOTO MPOXKUBAHHAM (3arajom 13
n03). Jlo 15 camiis/rpymy 3anumanu Ha 13-TmKHEBUH miepio] 6e3
nikyBaHHs. [[{onaliMeHe 45 caMok L1ypiB, SIKI HE OTPUMYBAJIN
JTIKYBaHHS, HA TPymy OyJH BUIAJKOBUM YHMHOM DPO3IOMIJICHI B
YOTUPU TPYyHNU 103 JUIsl CHApPOBYBAHHSA 3 CaMLSAMH, SIKi
OTpUMYBaJIH JIiKyBaHHS. [1i7 9ac MOCiPKeHHS cCaMKaM IIypiB HE
BBOAMIN HOCIH abo coratepuent. [[is BCiX HIypiB OLiHIOBAJIA
HACTYIHI TapaMeTph Ta KIHIEBI TOYKU: >KUTTE3IATHICTD,
KJIIHIYHI O3HaKH, Macy TiJia, 30UTBIIIEHHS MacH Tijia, CIOKUBaHHS
ki, cnaproBaHHS Ta (DEPTUIBHICTh, @ TaKOXX MAaKpPOCKOMIYHI
crnoctepexxeHHs. CaMIliB IIypiB /0JAaTKOBO OLIHIOBAIM Ha
PYXJIUBICTh CIIEPMATO30i1iB, KOHIIEHTPAII0 CIEpMaTO3011iB,
Macy pempoayKTUBHUX OpraHiB 1 TICTOMATONOTIIO, a CaMOK
HIypiB, Ki HE OTPUMYBAJIH JIIKYBaHHS JOJATKOBO OLIIHIOBAIM Ha
eCTpaJbHUM IMHMKJI 1 BMICT S€YHUKIB 1 MaTku. Excrozuris
COTaTEPIICNITY y CAMIIIB IIypiB OyJia omiHeHa Ha ocHOBI qaHux TK
mpu 0,3, 3 Ta 30 mr/kr pa3 Ha THxaeHb. Bignosias Ha ATII mo




COTaTepIenTy BU3HAYAIH B KOHTPOJIBHIN TPYIIi 1 y TPy caMIliB
IIypiB, SIKi OTPUMYBAJIH JTIKYBaHHSI.

He Oyno XogHMX He3alJIaHOBaHMX CMEpTed, IMOB’sI3aHMUX 13
cotarepuentomM. 3 3 He3alUlaHOBaHUX cMmepTel 1 camenp 3
KOHTPOJIbHOI Tpynmu OyB 3HalaeHUl MepTBUM Ha 64 [eHb
JOCIIJKeHHS, OAMH caMmelb 13 mo3yBaHHsM 30 Mr/kr pa3 Ha
TIOKJICHb OyB 3HaliIcHUil MepTBMM HpOTAroM Inepiony O0e3
JTiKyBaHHS (eHb nociipkeHHs 148) 1 He MaB IHIIMX O3HAK
TOKCUYHOCTI, a OJIMH caMelb 13 Ao3yBaHHAM 30 MI/Kr pa3 Ha
TIDKJCHb OyB €BTaHA30BaHWU Ha 36 JeHb TOCITIDKCHHS Yepe3
HeOakaHl KIIHIYHI O3HAKH, SKI BBAXKAJIHCS HE MOB’I3aHHUMH 3
JTIKyBaHHSIM.

He Oyno BusiBIEHO >KOAHUX KIIIHIYHMX O3HAaK a00 BIUIMBY Ha
CTIOKMBAHHS 1K1, IOB’S13aHUX 13 JOCIHIHKYBAaHUM MPETIapaTOM.
3MIHM Macu Tula, MOB’sA3aHI 3 JOCHIUKYBAaHUM IpenapaToM,
00MEXyBaIIMCS] THMYACOBHM 3HI)KEHHSIM CEPETHBOTO MPUPOCTY
MacH TiJIa IPU BCIX PIBHSIX J03 MPOTATroM 1—8 MHIB JOCTiIKEeHHS
(-12, =14 1 —18% Bin xouTponbHOI rpynu mpu 0,3, 3 i 30 Mr/kr
pa3 Ha TIKICHb BIAMOBITHO).

[Hnexc GepTUIBHOCTI Ta iHIEKC BariTHOCTI OyIIM 3HMKEHI TPU
no3i 30 MI/Kr pa3 Ha THXJEHb IMOPIBHAHO 3 KOHTPOJIBHOIO
rpymoio (82,8% mpotu 96,6% y KOHTPONBHIN TPYIIi IS IHACKCY
(bepTUIBHOCTI Ta 1HAEKCY BariTHOCTI) HANPUKIHI TEpioay
no3yBaHHsa. He  Oyno  BHSBJICHO  JKOJHUX  BIUIMBIB
JOCTIIKyBaHOTO Tpernapary Ha (epTHIbHICTh a00 CIIapOBYBaHHS
MPOTSTOM Tiepioay 0e3 JTiKyBaHHS MpHU OyIb-sSKOMY piBHI JT03H.
MakpockomiyHi ~ 3MiHM, TOB’si3aHI 3 JIOCIHIIKYBaHUM
npernapaTomM, OyJii OOMEKEHI sIEUKaMH Ta IPUIATKAMU s€YKa Ta
BKJIFOYAIH OJHOOIYHUIT a00 IBOCTOPOHHIM HEBENIMKHI PO3MIp
a00 aHOMaJIbHY KOHCHUCTEHIIt0 rpu > 0,3 MI/KT pa3 Ha THXKIECHBb
Ha KIHIEBUX ayToONCisfx 1 B mepiox Oe3 mikyBanHs. Lli 3MiHM
KOPEITIOBAIIK 3 JIeTeHepalliero/aTpodi€cio sieuka abo 3HIKESHHSIM
KIIITUHHOCTI MIPOCBITY CIIEPMATO30i/IiB y MPUAATKY S€UKA.

He Oymo »omHuX 3MiH Macu OpraHiB, IIOB’S3aHHX i3
COTATEepLENTOM, aHI B KIHIIEBUM MepioJ, aHi B mepionx 0Oe3
JTIKyBaHHSI.

[Tix yac TepMIHATLHOTO PO3THHY CHEKTP MIKPOCKOIIYHUX 3MIH y
BUHOCHUX MPOTOKaxX MpHu > 0,3 MI/KT pa3 Ha THXKACHD 301IbIIUBCS
3a 4aCcTOTOIO Ta TSOKKICTIO 3aJIE)KHO BiJl JO3H, Ta BKIIIOYAB BiJ
MiHIMQJIBHOI O BHUPa)KE€HOi TI'paHYJIbOMY CIEPMAaTO30iMdiB, BiJ
MIHIMQJIBHOTO JO TOMIPHOTO CTa3y CIEePMH, MiHIMAIbHUI
¢i16po3, Bix MiHIMAIIEHOI 10 TOMIPHOT MiHEpai3ailiio Ta/abo Bif
MIHIMaJIBHOI 10 TOMIPHOI 3MiIlIaHy KJIITHHHY 1H(QUIBTpaIIifo.

i 3MiHK yacTo OyJIM OJJHOCTOPOHHIMHU, 1HOJII IBOCTOPOHHIMH, T
BapIOBAJIUCS BiJl HEBEJIIMKUX IUISTHOK BOTHUIIEBOT MiHEpasiamii
Ta/abo Gidbpo3y B epepeHTHUX MPOTOKAX IO OUTBIIMX AUISHOK 31
CTa3oM CIIepMaTOo301/1iB 1 HaBKOJIUIITHIM 3MIIIaHUM
iHO1IbTpaToM. Y KIJIBKOX TBapHH OyJIM MPUCYTHI I'paHyJIbOMHU
CriepMH 3 O3HaKaMW OKJII031l BHHOCHUX TIPOTOK. 3MiHH B
CiM’STHUX KaHANBIX Yy HIypiB mpu 1o3i > 0,3 mr/kr pa3 Ha




TUXKJICHb, SIK TIPABHJIO, ACOLIIOBAIKCS 31 3MiHAMHU e(epeHTHUX
NPOTOK, 1 BKIIOYAIM MiABHIIEHY YacTOTy Ta TKKICTh
OJTHOCTOPOHHBOI 200 JBOCTOPOHHBOI JereHeparii/aTpodii
CIM’SIHUX KaHAJIBIIB, TPHYOMY 1HOZI TBapuHHU mpH 1031 30 Mr/KT
pa3 Ha TIKAEHb Malli JOJATKOBI 3MiHM, BKIIOYAIOYM ITOMipHE
PO3MIMPEHHST KaHAJbBIIB, PO3MIMPEHHS/CTA3 CIEPMATO30iliB Y
ciTHi s€dka, Ta/abo TpaHylIboMa cHEpMU. Y IMX TBApUH Yy
NPUIATKY s€YKa TaKOX CIOCTEepIraJocs OJHOCTOPOHHE abo
JIBOCTOPOHHE 3HIDKEHHS KJIITHHHOCTI (3HIDKEHHS TPOCBITY
CIIEpMAaTO301/1iB) Bl TOMIpPHOTO J0 CHJILHOTO. BIuiiB Ha siedka Ta
eMiANIMM BBa)KaBCS BTOPHHHUM I10 BITHOILIEHHIO 0 OOCTPYKIIiT
BiJITOKY Ha PiBHI BHHOCHUX ITPOTOK.

[Tix yac po3tuny B mepioxa 6e3 jikyBaHHS mpH > 0,3 MI/KT OUH
pa3 Ha TIXKICHb MIKPOCKOMIYHI 3MiHU B €()epEHTHUX MPOTOKAX
BKJIIOYAJIM TIOMIpHY TpaHyJIbOMY CIIEPMH, MiHIMaJIbHHH CTa3
crepMu, MiHIManbHHNA (GiOpo3, MiHIMAIBHY MiHEpasi3alio
Ta/abo0  MiHIManbHy a00 TOMIipHY 3MilIaHy KIITHHHY
iHdinpTpanito. Lli 3MiEM YacTo OynM OJHOCTOPOHHIMH, 1HOII
JBOCTOPOHHIMH Ta BapiloBalHCs BiJ HEBEIUKHUX JUISHOK
BOTHHUINEBOI MiHepamizamii Ta/abo ¢ibposy B edepeHTHHX
MPOTOKaX A0 OUIBIIMX AUISHOK 13 CTa30M CIEepMaTo30iliB 1
OTOUYIOUMM  3MimIaHUM  iHQIIBTpaTOM  ab0  TOBHICTIO
c(OPMOBaHOIO TPaHyJbOMOIO CIHEpMH. 3MilllaHI 3anajbHi
KITHHHI 1HQIIBTpaTH TakKoX OyJM BiJ3HAYECHI B JKUPOBIH
KJIITKOBUHI, IPUJICTIIIH 10 MPUAATKA sS€UKa, Y KITbKOX TBapuH. L{i
3MIHM 3aJIeKaIM Bij JO3M 1 3arajioM OyiH MOAiOHI 0 THX, IO
CHOCTepirajgucs IMiJ 4yac KIHIIEBOTO pO3THHY. Y 3B’S3Ky 3
edexToM edepeHTHOI MPOTOKM y IMypiB iHOMI CHOCTepiragacs
OJIHOCTOPOHHS 200 IBOCTOPOHHS JereHeparlis/aTpodis ciM’ THIX
KaHaNbLiB  3/0e3  pO3MIMpPEHHS  KaHAIBIIB, TPaHYJIbOMHU
CIepMaTo30iMiB, cTa3y CHEpMaTo30idiB Ta/abo MiHepamizalii Ta
3HIDKEHHS KJIITHHHOCTI CIICPMAaTO301/1iB eI UMY .
HesBakatoun Ha Te, MO HE CIOCTEPIraiocs IOMITHOTO
30IBIICHHS 3aXBOPIOBAHOCTI TOPIBHSHO 3 KOHTPOJIBHOIO
TPYIIOIO i 9ac PO3TUHY B Mepio] 0e3 IIKyBaHHs (OCKUIBKH OUH
LIyp 3 KOHTPOJIbHOI TPpyNH MaB MOJIOHI OJHOCTOPOHHI 3MiHU B
s€YKaxX 1 TpHUAATKax sI€Y0K), 3MIHHM, IO CIOCTEpITaInCs B
PENpOIYKTUBHOMY TPakTi caMIls MpPU BCIX /103aX, BBa)KaIHUCA
MOB’SI3aHUMHU 13 COTATEpPLENTOM 1 HECTPUITIUBUMH dYepe3
MiABUILIEHY YacTOTy 3MiH BHHOCHOI MPOTOKM 3 BTOPUHHUMU
edbekTaMu B s€YKax 1 MpUIATKAX s€YKa SK MPU KIHIICBOMY
PO3THHI, TaK 1 IpU PO3THHI B NIepioa 6€3 JiKyBaHHS.
MikpocKoriuHi 0COOIMBOCTI, 3a3Ha4eH] B €PEPEHTHUX MPOTOKAX
y IbOMY JIOCHIJDKEHHI Ta B i€YKaX Y 3-MICSYHOMY TOCIiIKEeHHI
TOKCUYHOCTI, HH3bKa YacToTa IHMX 3MIiH 1 TIePEBaXKHO
OJTHOCTOPOHHIH TPOSIB IIMX €(EKTIB y3TOKYIOThCS 31 3MIHEHOIO
JTUHAMIKOIO PITUHU, SIKa BUHUKAE MICIISI 3aKyTOPKH e(hepeHTHUX
nporok. Ha BimMiHy Bil I[bOTO, IPSIMUA TOKCUYHHUN BIUIMB Ha
€YK, SIK IPABUJIO, IPOSBISIETHCSI IBOCTOPOHHEO.




Cexkpertisa piguau KiiTuHaMu CepToni B si€ukax HEOOXigHa AJis
MIITPUMKH JKUTTE3IATHOCTI CIIEPMATO30idiB 1 3a0e3MeUeHHS
TPAHCIIOPTY CHEPMATO301/1B y MPOCBIT KaHAJBIIB 1 eepeHTHUX
MIPOTOK y IIYPiB, Ki peadbcopOyroTh Maiixke 90% piIuHU CITKIBKA
seqok. EdexTn, siKi criocTepiratoThCs B penpoOAYKTUBHOMY TPaKTi
CaMIIiB IIypiB, SKi OTPUMYBAJIM COTATEPIUENT, Y3rOIKYIOTHCS 3
OOCTpYKIIi€l0  BHHOCHHUX TPOTOK Ta/abo  OJIOKyBaHHSIM
peabcopOrii piAWHM, MIKIIJIUBAM ITiIBHIIECHHSM 3BOPOTHOTO
TUCKY B TPOCBITI CiM’SIHHUX KaHaJbI[IB y S€4YKaX 1 BTOPHUHHOIO
aTpodi€ro A€YK, OB’ SI3AHOKO 3 THCKOM.

Uepes aHaTOMI4HI BIIMIHHOCTI B é()epeHTHUX MPOTOKaX ILIypiB i
JTFOIE PU3UK TOKCHYHOCTI SI€EYOK BHACHIJOK 3aKyHNOPKH
BUHOCHUX MPOTOK Y JIFOJeH € Hu3bkuM. Ha BiMiHY Bix HOBIUX
BUHOCHUX TPOTOKIB IIYPiB, SIKi 3JIMBAIOTHCS B OJTHY IPOTOKY, 110
BXOAMTH Y IPUIATOK S€UKA, Y JIFOAUHI BUHOCHI IPOTOKHU 3HAYHO
KOPOTIII, HE 37TMBAIOTHCS B OHY MPOTOKY Ta BXOAATH Y IPUIATOK
s€YKa B KUTbKOX MicIX. Takum 4MHOM, y JTIOAEH BIATIK PIAMHU
BiIOYBA€THCS, HABITh SIKIIO 3aKYTOPIOIOTHCS KiTbKa e(hepeHTHIX
MPOTOK 200 MPUTHIUYETHCS peadbcopOlis piAUHH.

HIinpHICTH CIIEPMATO30iiB Y XBOCTOBOMY BUIILII CIiTUANMY
Oyna 3HIWXKEHa B Ipymi 1o3yBaHHsA 30 MI/KI pa3 Ha THXJIEHb
HATPUKIHII MEepioAy BBEIEHHS 03U IMOPIBHIHO 3 KOHTPOJIBHOIO
rpynoto (-27% Bix KOHTpoabHOI rpynu). He Oyio xoHUX 3MiH,
MOB’S3aHUX 13 COTAaTepuenToM, Yy Tapamerpax CIepMHU
(pyXTUBICTH  CIIEPMATO30i[IB  CIM’SBUBIIHOT MPOTOKU abo
IIUTBHICT CIIEPMATO30iIiB Y XBOCTOBOMY BIIIUTI €IiAHIAMY )
HaAMpUKIHII Tepioay Oe3 JMiKyBaHHS MpH OyIb-SIKOMY PiBHI JO3H.
Y mincymKy, HasBHI JaHi Ta JiTeparypHa iH(opmaris
MIEPEKOHJINBO CBI1TYaTh NPO T€, 110 TOKCHUYHICTh SIEYOK LIYpIB
Oyna pe3yabTaTOM 3MiH Yy JWHAMIII PIAMHA BHACIIJIOK
00CTpYyKIIii BAHOCHOI MPOTOKHU.

[oni6Hi edexkTn Ha sieuKa HaBPs UM BUHUKHYTH Y JIIO/ICH Yepe3
aHATOMIYHI BIIMIHHOCTI B CTPYKTypi BHHOCHUX MPOTOK Y LIYpPiB
1 mozeit.

He ©Oyno BUABIEHO JKOAHOTO BIUIMBY, IIOB’S3aHOTO 3
JOCIIJDKYBAaHUM TIpernapaToM, Ha MapaMeTpu SE€YHHUKIB abo
MAaTKH y CaMOK, SIKi HE OTPUMYBAJIH JIIKyBaHHSA, 1 CaMIIiB, SKi
orpumyBaiu JikyBaHHA. ATII Oynu BusiBnieni y 0 3 30 TBapuH 3
KOHTpOJIbHOI rpynu, 16 3 30 (53,3 %) tBapun npu 0,3 mr/kr pa3s
Ha TwkaeHb, 17 3 30 (56,7 %) TBapuH npu 3 MI/KT pa3 Ha
TkeHb 1 18 329 (62,1 %) tBapun npu 30 MI/Kr pa3 Ha THXK/CHbD,
110 CTAaHOBUTBH 3arajbHy dactoty 57,3 % (51 3 89).

Ha 3aBeprieHHs, MiJIIKIpHE BBEJIEHHS COTATEPLENTy CaMISIM
urypiB Jinii Crper-/loyni oguH pa3 Ha TWXIEHb mpoTsrom 10
THXKHIB JI0 CIJBHOTO TIPOXUBAaHHS, IIiJ Yac CHIJIBHOTO
MIPO’KMBAHHS Ta MPOTATOM JHS Tepes eBTaHasiero B no3ax 0,3, 3
ta 30 MI/KT pa3 Ha TWKJEHb MPU3BEJIO JI0 3MiH, TTOB’SI3aHUX 13
JOCIIJKYBAaHUM IIperapaToM, Ha BCIiX piBHAX 103. TumuacoBe
3HIKCHHS 3017BIIICHHST MAaCH Tijla Ha TIOYaTKy Mepioay BBEACHHS
JI03M Ha BCiX PIBHAX J03 HE BBAXKAJIOCS HECHPHUATIUBUM. llpu




no3i 30 wMr/kr pa3 Ha TIKIEHb 3HWKEHHS MIIJIBHOCTI
CIepMATO30iliB Yy XBOCTOBIH YACTHHI eMiIUANMY, I1HAEKCY
(bepTUIBHOCTI Ta 1HJIEKCY BariTHOCTI, 10 BiA0YI0CS HANPUKIHII
nepioy M03yBaHHs, HE CIIOCTEPIrayocs HAPUKIHII Tepioxy 6e3
mikyBaHHS. J{0303aMekHI MIKPOCKOMIUHI pe3ylnbTaTd Oynu
MPUCYTHI Y BUHOCHHUX TIIPOTOKAaX 13 BTOPUHHUMH €(QEKTaMH,
MPUCYTHIMU B sI€YKax 1 MpHUIAaTKaX S€YOK Y BCIX J03aX y KiHIIEBUN
mepiox yacy Ta mepiox 0Oe3 JIKyBaHHS, 1 BBaKAJIUCS
HecnipusTauBuMu (NOAEL 115 3MiH BUHOCHHMX NPOTOK/S€YOK
cranoBmia <0,3 MI/KT pa3 Ha THKICHB).

He  Oyno  KOAHOrO  CYNYTHBOTO  PENpPOJYKTHUBHOTO
¢dbyHKIiOHANBEHOTO eDiIUTY 10 pe3yibTaTiB Yy BHHOCHHX
MIPOTOKAX 1 f€UKax Npu <3 MI/KI pa3 Ha THXACHb. Y pe3yibTaTi
HECTIPUATIMBUMHE BBAKAIUCS JIUIIE PE3yJIbTATH PENPOTYKTHBHOI
¢bynkuii npu no3i 30 MI/Kr pa3 Ha TUXKACHb. TakUM YHHOM,
penponykruBHa NOAEL cranoBmiia 3 Mr/Kkr pa3 Ha THKICHB, IO
BiAnoBizae po3paXyHKOBUM Cmax 1 AUCo-168n 20,3 MKr/mia i
2960 mxr*rog/mn  BiamoBigHO (y 2 pasW BHIIE KITIHIYHOI
excrio3utii mpu MRHD).

CorarepuenT: aocaigKeHHs (epTHIBHOCTI Ta PaHHbLOIO
eMOpPioHATBHOI0 PO3BUTKY HA CAMKAaX IYPiB, AKHM BBOIUJIH
coTaTepuent MiIKiPpHO

HBamusata  mw'sith camkam  1aypiB  miHii  Coper-Hoymi  y
KOXHINTPyMi BBOAWIM HOC1H a00 coTaTepuent y Ao3ax 5, 15 abo
50 Mr/kr mgmKipHO pa3 Ha THXKIEHb MPOTATOM 2 THXKHIB IO
CIHapIOBaHH: Ta MPOJIOBKYBAJIHU J10 7 JTHS BAariTHOCTI (3arajoM a0
5 no3). JlomatkoBo Bix 3 (KOHTpOJIbHA rpyma 10 5 (OTpUMYBaJIH
JIKyBaHHS  JIOCHIIUKYBaHHM  TperaparoM)  CaMOK/TPyIy
BUKOPUCTOBYBAJIM JnIIIe 1y Bu3HaueHHs TK, 1 im BBomm 1031
3riIHO 3 TUM caMuUM TIpadikoM, IO ¥ TBapMHaM OCHOBHOI'O
TIOCJI JUKEHHS.

VYcix caMoK, 110 BUXKHIIM Ta OyJI0 MiATBEPHKEHO CIIapOBYBaHHS,
IiIaBaJId eBTaHa3ii Ta po3TuHy Ha 13 meHb BariTHOCTI. CaMiliB,
AKI HE OTPUMYBAJIM JIIKYBaHHS PO3MOIUISIN B KOXHY TPyIy
JTiKyBaHHS (25 caMuUiB/Tpymy) 1 BHKOPHCTOBYBAIM JIUILE IS
LiJIel cCriapoBYBaHHS.

Bynu oumiHeHi HacTymHi mapaMeTpd Ta KIHIIEBI TOYKH:
KUTTE3ATHICTD, KJIIHIYHI 03HAKH, Maca TiJIa, TPUPICT MACH Tija,
CHOXXHMBAaHHS 1XKi, CIIapOBYBaHHS Ta IUTJIHICTh, Maca OpTraHiB,
MaKpOCKOITIYHI Ta MIKPOCKOMIYHI CIIOCTEPEKEHHS (0OMEXKEH1
sIEUHUKaMU Ta MaTKOIO 3 IIUKUKOK MAaTKU 3 KOHTPOJIBHOI IPYIIH Ta
rpynu 50 MI/Kr pa3 Ha THXACHb Y CaMOK), €CTpaIbHUN ITUKII,
BMICT sieyHMKIB Ta MaTku. AHamni3 TK Ta aHani3 iMyHOT€HHOCTI
(ATII) mpoBoawyiM B KOHTPOJIBHIM Tpymi Ta TpyIi, sKa
OTpHUMYBaJIa JIIKyBaHHS.

byno 2 Bumamku He3aluIaHOBAHOI CMEpPTi, TOB’s3aHl 3
JOCITIJKYBAaHUM TpenapaToM, Ipu 7031 50 MI/Kr pa3 Ha THXKACHb.
[ux TBapuH Oys10 €BTaHA30BaHO Ha 5 a00 § JTHI BariTHOCTI Yepe3
MOMIpHUH a00 CHJILHUN HAOPSK 3aJIHIX KIHI[IBOK, SIKMH 3HA4HO




MOTIPIIyBaB PYyXJIUBICTb. MaKpOCKOMIYHI 3MIHM y IMX TBapuH
BKJIIOYANM 30UTBIICHI Ta YEpBOHI HAJAHUPKOBI 3al03W Ta
noMipHUi a60 CHIIbHUN HAOPSK 3a/IHIX KIHI[IBOK.

Hebaxani 3MiHH, TOB’A3aHiI 3 JOCIHIIKyBaHHM IPETapaToM,
CTIOCTepIraucs mpu 1031 > 15 Mr/kr pa3 Ha TwxAeHb. [IpoTsarom
Mepioy BariTHOCTI y T'ATH TBapuWH i3 103yBaHHAM 50 MI/KT pa3
Ha THWXJIEHb CIIOCTepiraBcsi HaOpsK oOfHiel 4u 000X 3amHIX
KiHIIIBOK Ta/a00 MOPYIIEHHS PYXJIMBOCTI, & IBOX TBAPHH 13 IINMHU
3MiHamu Oylio eBTaHa30BaHO paHimie. [1ix yac mepeamnoaoroBoro
nepiogy  30IIBIICHHS  TPUBAJIOCTI  €CTPAIbHOTO  ITUKITY
cnoctepiranocs npu 1031 50 Mr/Kr pas Ha THXIeHb (6,7 THIB
npotd 4,6 OHIB y KOHTPOJIBHIM TpyIli), MO KOPEIIOBAIO 3
MEHIIIOI0 CEepPEeAHbOI0 KimbKicTIO 1ukiiB (1,7 mpotu 2.4 y
KOHTPOJBHIN rpymi). [Haekcn ¢pepTuiibHOCTI Ta TUTiIHOCTI OyIn
HIKYUMHU TIpU Ao3ax 15 mr/kr pa3 Ha tuxzaeHb (80 % 1 83 %,
BimmoBigHO) 1 50 wmr/kr pas Ha TKIeHL (36 % 1 43 %,
BIJIMOBIIHO) TOPIBHSAHO 3 oxHouacHUMHU (96 % 1 100 %) 1
icTOpHYHIMH JaHUMU KOHTpouto. [Tpu 50 Mr/kr pa3 Ha THXKIEHB
CTIOCTepiraBcs HIOKUYMM 1HIeKC criapoByBaHHs (84 %) MOpiBHIHO
3 KOHTPOJBHOIO Tpymnor (96 %) Ta ICTOPUYHHM Jialla30HOM
KOHTPOJIIO A7 ITi€T tabopatopii.

[pu mo3i 15 i 50 Mr/Kkr pa3 Ha THXKIEHB ITi]] Yac OISy MAaTKH Ha
13 1eHb BariTHOCTI CHOCTEPITamucs HUXKYl TOKAa3HUKHU
BariTHOCTI, 30LIBIICHHS BTpaT JO 1 TCAS  IMIUIAHTAIi
(BrTIOYarouM 30UTBIIEHHS KUTBKOCTI MOBHICTIO Pe30pOOBaHMX
MOCTI/TiB) 1 3MEHIICHHS po3Mipy mocmixy. 30UTbIIeHHS Ta/abo
3MiHa KOJIbOPY HaJTHHUPKOBHX 3aJ103 MpH Jo3ax 15 i 50 mr/kr pa3
Ha TIDKICHb CIIOCTEPIralMcs MaKpPOCKOMIUHO (MiKpOCKOMIYHA
OIlIHKA HE TPOBECHI), 1 BBAXKATUCS HECTIPUATIMBUMHU HA OCHOBI
aHAJIOTIYHUX PE3yJIbTATIB HIINX JOCITIKEHb Ha IIypax. Humkua
Maca BariTHOI MaTKH 3 IIMHKOIO0 MaTKH (a0COJIIOTHA Ta BITHOCHA
70 MacH Tijla) criocTepirayiacs mpu ao3ax 15 1 50 mr/kr pa3 Ha
THKJICHB (TIOPIBHSIHO 3 KOHTPOJIBHOIO TPYIOL0), 1 OyJia moB’si3aHa
31  3MEHIICHHSM  KUIBKOCTI  KHTT€3AATHUX €MOpIOHIB 1
30UIBIICHHSIM ~ BTpaT TIcAs  IMIUIaHTaIii. MikpocKomiyHe
JIOCITIJKSHHS SIEYHHUKIB 1 MATOK Y CaMOK 3 103010 50 MI/KT pa3 Ha
THXKICHb TIOKA3aJl0 BIJACYTHICTh 3MIH y IHMX opraHax (3a
BUHSATKOM BiZICYTHOCTI MICI[h IMILJIAHTAII1 B HEBaTiTHUX MaTKaXx).
Hactynmui 3MiHM BBaXadwcs pe3yJbTaTOM 3aCTOCYBAaHHS
COTaTepIeNTy, ajle He HECIIPUATIMBUMU. 30UIBIICHHS CepEIHBOT
Macu Tina (1o 7,7 %) 1 cepeqHbOro MPUPOCTY MacH Tija (1o 2-
KpaTHUX 3HAYCHb KOHTPOJIB) BiAOYIOCS MiJ Yac Mepioay mnepesn
CIapoOBYBaHHSM MpH > 15 MI/KT pa3 Ha THXKIEHB, 1 KOPEITIOBAJIO
31 30LIBIICHHSM CIOXHUBAaHHS 1Ki. 3MEHIICHHS CEepeaHbOi
KUTBKOCTI Micip imMrutadTarnii (14,5 npotu 16,3 y KOHTpOJIBbHIM
Ipymi) Ta cepenHboi KUIBKOCTI JKUTTE3NATHUX eMOpIOHIB
CIIoCTepirajgocsi mpu 1031 5 MI/Kr pa3 Ha TwkiaeHb (13,7 mpotu
15,6 Ha TBapuHy B KOHTpOJBHIN rpymi). OqHaK 3HAYCHHS IS
KO)KHOTO TIOKa3HHKa OyJIO B MEKaX ICTOPUYHOTO KOHTPOJIHHOTO
niana3zoHy s jabopatopii. Jlero Hik4ya Maca BariTHOI MaTKH 3




IMIKOI0 MaTKu (a0CONIOTHA Ta BIJHOCHA 70 MacH Tila) y 031
5 MT/KT pa3 Ha THXKJICHb IOB’si3aHAa 31 3MCHIIEHHSM KUTBKOCTI
KUTTE3IaTHUX eMOPIOHIB.

AHTHUTIIA 10 IpeniapaTy OyJIv BUSBIICHI B | TBAPUHH  CepeaHBOI
no3u Ta 1 TBapuHM BUCOKOi 1031 B rpymi TK.

YTBOpPEHHS aHTHUTLJI MOTJIO 3HU3UTH E€KCIIO3UIIII0 y IIUX TBAPHH,
ajyie He MaJio MOMITHOTO BIUIMBY Ha 3arajibHi Ipodiiai CUpOBaTKU
JUTSI TPYT IO3yBaHHS.

3aranbpHa 4acTOTa YTBOPEHHSI aHTHUTLI 0 MpemnapaTry y Trpymax
103 0, 5, 15 1 50 mr/kr pa3 Ha THxaeHb cTanoBuia 0/28, 14/30,
12/30 1 6/30, BigmoBigHO.

Ha ocHOBI paHHBOT eBTaHa3ii2 caMok npu 1031 50 Mr/kr pa3 Ha
tikaeHb, NOAEL 11 MaTepuHCHKOI TOKCHYHOCTI CTaHOBHMIIA
I5wmr/kr  pa3 Ha TmwkaeHb, 1o BiamoBigae  AUCo-16sh
12300 MiKr*ron/mir.

Ha migcraBi moOivyHUX eeKTiB, sSKi criocTepiraincs npu ao3ax 15
1 50 mr/kr pa3 Ha TwxeHb, NOAEL s pepTunbHOCTI caMoK Ta
PaHHBOTO eMOPIOHATBHOTO PO3BUTKY CTAHOBMIJIA 5 MI/KT pa3 Ha
Tk eHb, o Bignosinae AUCo-16sn 2735 Mxr*roa/mi (y 2 pasu
Oinpire KiIiHIuHOI ekcrio3umii mpu MRHD).

eMOpI0TOKCUYHICTh

Corarepuent: [IO0CJHIIKeHH MiJIIKIPHOI TOKCHYHOCTI
coTaTtepuenty /s PO3BUTKY Y MHIypiB, BKJINYANYH
CaTeJiTHY TOKCHKOKIHeTHYHY OLIHKY

Mertoro nporo GLP nociimkerHs Oyiio BUSBUTH HECTIPUSTINBUI
BIUIMB COTATEPLENTY Ha WMOBIPHO BariTHUX CaMOK IIypiB JiHii
Crper-/loyii Ta po3BUTOK eMOpioHa Ta TUIONY.

JIBaausTh BiCIM  IMOBIPHO BariTHUX CaMOK MIypiB/Tpymy
OTPUMYBAJI COTATEPIIEIT Y A03ax S5, 15 abo 50 Mr/kr abo TimbKu
HOCI# miamkipHo Ha 6 1 13 gHi BariTHOCTI (3araimom 2 ao3u). 3
[IUX TBapWH IIICTh CAaMOK IIYPiB/TpyIly OyJH NMpH3HAYECHI JIUIIE
s ominku TK. Ycix caMok mrypiB, sIKi BHXKHIHM, MigAaBallv
eBTaHa3ii Ta po3TnHy Ha 21 neHp BariTHOCTi. Bymm omiHeHi
HACTYMHI MapamMeTpu Ta KIHIEBI TOYKH: >KUTTE3TATHICTD,
KIIIHIYHI CIIOCTEPEXEHHs, Maca Tila Ta 3MIHM MacH Tija,
CIIOKMBAaHHS 1Ki, CIIOCTEPEXEHHsS KecapeBOro pO3THHY, Maca
MaTKH TIPY BariTHOCTI, 3araJibHi 30BHIIIHI 3MiHU TUTIO/IA, M’ SKHX
TKaHWH 1 CKeleTa, Maca Tila IJoja Ta Maca Tilna marepi B
tepMiHanbHid cranii. Anamiz TK Tta imyHorennocti (ATII)
MPOBOAMIM Ha KOHTPOJBHIN Tpymi 1 rpymi, sika OTpUMyBaia
JTIKyBaHHS.

VYci nypu OCHOBHOTO JOCHIDKEHHS BYDKWIM JI0 3aIUTaHOBAHOI
eBTaHa3ii. Ha 15 geHp BariTHOCTI (IIPOTSATOM TEpioAy BiAOOpPY
3paskiB TK) y ogHoi TBapunm, sika oTpuMmyBaiia 50 Mr/kr, cTaBcs
BHUKHJICHb, 1 ii Oyno 3romom eBTaHazoBaHO. [Ipw po3TuHI Bci
TKaHWHU 1€ TBApUHHU Oy HOpMaIbHUMU. Uepe3 OqMHUIHICTh
BUMAJKY L€l BUKUACHb HE BBaXKaBCS IOB’SI3aHUM 13
JOCIIIJDKYBaHUM TpernaparoM. He Oyno >KOgHUX KIIIHIYHUX
CHIOCTepeXXeHb a00 3arajlbHUX pe3yJbTaTiB, IOB’SI3aHUX 13
JOCITiPKYBaHUM HPEIapaToM.




He Oyno »xoaHuX MOB’A3aHUX 13 COTATEPIEITOM 3MIH MacH Tijia
a0o0 301JbIIEHHS] MAcH TiJia TICIIs MmepInoi Ta apyroi 103u (IeHb
BariTHOCTI 6—7 Ta feHb BaritHOCTI 13—14) npu Oynb-skoMy piBHI
Io3u. Maca Tina, 30UIbIIEHHS MacH TijIa Ta Maca BariTHOI MaTKH
HE 3MIHIOBAJIUCS B Tpymnax 103 5 ta 15 mr/kr.

3MEHIIeHHsI MPUPOCTY MacH Tijia (TMOPIBHSHO 3 KOHTPOJIBHOIO
rpynorw) y rpymi qo3yBanss 50 MI/KT BiJ IHS BaritHOcTi 18 1o
21 KopenroBai0 3 HECTPHUATIMBUM MiHIMaJIbHAM 3HHKCHHSIM
CIIOKMBaHHS DKi. 3MEHIIECHHS NPHUPOCTY MAacCH Tila NpH 031
50 Mr/kr  BBaXKaJoCs BTOPMHHHM 110  BiJHOUICHHIO [0
MOB’SI3aHOTO 3 JIOCII/DKYBAaHMM IIPENapaToM 3HWKEHHS Baru
BariTHOI MaTK® NpH 1boMy piBHI mo3u. Ilicmsa kopekmii macu
BariTHOi MaTKH, Maca Tina marepi Ha 21 JeHb BariTHOCTI i
KyMYJISITHBHUH TpUPICT MacH Tijda OyJM TOPIBHAHHUMH MiX
rpynamH J03.

Crocrepiraiocst TOB’si3aHE 3 JIOCHIDKYBaHHM TIperapaToMm
301BIICHHS BIJICOTKA MOCTIMIIAaHTAIMHUX BTpaT mpHu 50 Mr/Kr
(27,9 %) mnopiBasHO 3 Tpymot Hocigs (8,8 %). Llg 3MmiHa
BimoOpaskasa 30UTBIIIEHHS CEPEeIHbOT KITBKOCTI Mi3HIX pe30opOriit
Ha mochin (2,6 mi3HiX pe3opOuiit Ha mocmin nopisHsHO 3 0,0 y
KOHTPOJIBbHIN TpyTi), 3arajgbHe 301IbIIEHHS CePEAHbOI KITBKOCTI
pe3opOitiii Ha mociin (3,6 pe3opOiit Ha o MopiBHSIHO 3 1,2
y KOHTPOJIbHIH Tpymi), TpH MEPTBUX II0Aa (3 TPhOX MOCHIIIB) 1
3arajibHy BTpaTy TOCHIAYy B IHINOi MaTepi B TpPyIi JT03yBaHHS
50 mr/kr. BigoOpaxkatouu 1i 3017TbIIEHHS MOCTIMILTAHTAIIHUX
BTpAT, CEpellHi 3HAUEHHS TSl PO3MIPY MOCHITy Ta )KUBUX IJIOIB
Oynau 3HA4YHO 3HWXKEHI Ha piBHI 50 MI/KT TOpIBHAHO 3i
3HAYCHHSMU TPYIH HOCIsL.

Jlo303anexHe 3HWKEHHS Macu Tija IUioja BifOyJocs Mpu 1031
> 5 mr/kr (koMOiHOBaHi 3Ha4eHHs [Tt 000X craTeit Ha 9 %, 15 %
Ta 22 % MeHIle, HK Yy KOHTPOJIbHIN rpyni). OqHaK 3HUKEHHS
MacH IUIo/1a pH 5 MI/Kr OyJI0 He3HAYHHUM, a CepelIHE 3HAUCHHS
3HAXOJIMJIOCS B ME¥XKaX iCTOPUYHOTO KOHTPOJIBHOTO Jiana3oHy i,
OTXe€, HE BBAKAJIOCS HECTIPUSATIMBAM €(EKTOM COTATEPIICTITY.
BigOuBaroun meHmry macy Tija IJioja, sSika crocTepiraigacs B
rpynax 103 15 1 50 Mr/kr, y uux rpymnax o3 crocrepiraiacs
3aTpuMKa ocHudikallii TPyJHUX Ta TOMEPEKOBUX XPeOIIiB,
TUTIOCHEBUX KICTOK 3aJHIX KIHIIBOK Ta/ab0 ¢amanr 3amaHix
kiHIiBok. KpiMm Toro, y rpymi m03 50 MI/Kr cmoctepiraiucs
3Ha4HI 3MIHM Yy KUIBKOCTI [JUISHOK OKOCTCHIHHS, IO
B1IOOpaXarOTh 30LIBIIECHHS YacCTOTH JEKUIBKOX IIOB'SI3aHUX
Bapiauiii (3aiiBi rpyaHi peOpa 3 CynmyTHIM 3HAYHUM 301IBIICHHSIM
Ta 3MEHIIEHHSM KUIBKOCTI TPYAHHX Ta TMONEPEKOBUX XpeOIliB
BIJIMIOBITHO).

Kogaux MakpOCKOMIYHMX 3MiH 30BHIIIHIX, M'SIKHX TKaHUH a00
CKEJIETHUX 3MiH IUI0/y (MOPOKH PO3BUTKY abo Bapiallii) He Oyi0o
CIIPUYMHEHO JI03aMHU coTaTepienty A0 50 Mr/Kr.

KoHnenTpanii coratepuenty y CHpPOBATIi HiATPUMYBAIUCS
J0303aJIC)KHIM ~ YMHOM  INPOTSATOM  KPUTHYHOTO  Hepiofy
opraHoreHne3y (6—16 J1eHb BariTHOCTI) MIiCJII JBOX HIOTHXKHEBUX




iH'exuiid. Ha 13 meHp BariTHOCTI KOHIIEHTpAIIl COTaTEPLENTY A0
BBeJIeHHs 1031 cTaHOBWIH HE MeHIIIe 20 % Cmax 6 JHS BariTHOCTI
MIpU KOXKHOMY piBHI J103H.

[Micns npyroi no3u Ha 13 1eHB BariTHOCTI piBHI COTaTepUENTY
JOCATJIM PiBHA IUIaTO 10 16 JHA BariTHOCTI, a MOTIM IIBHAKO
3HH3WINACSA 10 18 JHS BariTHOCTI, IO TMPHU3BEIIO 10 3HKCHHS
AUCo-168r0x Tpymu 103 5 1 15 mr/kr. Linkowm itmoBipHo, mo ATII
CIPHSITU IIBHIKOMY BHBEICHHIO MPETapaTy Iicis APYroi 103u.
AnTHTINA 10 coTarepuenty Oynu BusiBieHi y 64 % umrypis, ski
OTPUMYBAJIM JIIKYBaHHS OCHOBHOTO JOCTiKeHHS Ta 83 %
catenitHuX urypiB TK, ski oTpumyBanu mikyBaHHs. BupoOienHs
AQHTHUTLUI IO COTATEPLENTY ICIIS IPYToi iH €KIIii He TIPU3BEIIO 10
3HAYHOTO 3HIDKEHHS PIBHS COTATEpIENTY B CHPOBATII KPOBi A0
18 1HA BariTHOCTI.

Ha ocnoBi nux nanux marepuncbka NOAEL nns cotatepuenty
CTaHOBWJIA 50 MI/KT, 110 BiamoBigae AUCo-168n
19 885 mxr*rog/mn. Ilpu mo3i > 15 wmr/kr cmooctepiranocs
3HMKCHHSI MacH IUIOJIa Ta 3aTpuMKa ocudikamii ckenera. [lpu
3actocyBaHHi Jume 50 MI/Kr croocrepiraigocs 301IbIIEHHS
mi3HBO1  (peTasbHOi JIeTanbHOCTI, TOB’S3aHE 13 3araJlbHUM
301MBIICHHSAM TMOCTIMIUIAHTAIIHHUX BTpaT 1 3MEHIIEHHSIM
pO3MIpy KHBOTO TIIOCHTIIYy, a TaKOX 30UTBIICHHSIM YaCcTOTH
HAJUIMIIKOBUX pebep 13  BIAMOBIAHUM  30UIBIICHHSIM 1
3MEHIICHHSM TPYIHUX 1 TONMEPEKOBUX XPEOIliB BiIIOBITHO.
TakuM 4YMHOM, BUXOJSYH 3 HECTIPUSATIMBOI BETUYMHU 3HIKEHHS
Baru mioja rmpu no3i 15 mr/kr, NOAEL st po3BUTKY CTaHOBHIIA
5 mr/kr, mo Bignosigae AUCo-168n 2642 Mxr*roa/min (y 2 pasu
Oinpire kiiHIgHOI excrio3umii mpu MRHD).

CortarepuenT: J0CTiAKeHHSI TOKCHYHOCTI cOTaTepuenTy Ha
PO3BUTOK KPOJIiB NPHU MiIIIKiPHOMY BBe/ICHHI, BKJIIOYa04YH1
caTeJliTHY TOKCHKOKIHETHYHY OLiHKY

Meta 1bOTO [OCHIKEHHS TWoJsiralia B TOMY, 00 HaaaTu
iHpopMamiro st BUOOPY 1103 JJIsi BUKOPUCTAHHS B OCHOBHOMY
JTOCITIJDKEHHI TOKCUYHOCTI (eMOpio-(heTambHOl TOKCHYHOCTI Ta
TEPATOTEHHOTO MOTEHITIATY) ISl PO3BUTKY COTATEePIENTY, SKUN
BBOJMJIM MMIAIMIKIPHO IMOBIPHO BariTHUM HOBO3EJAHICHKUM
OLIUM KPOIHUIISIM.

I[I’aTbOM  IMOBIpHO  BariTHUM  HOBO3ENAHACHKAM  OiTMM
KPOJHISIM/TPYIy BBOIWJIM COTaTepuent y npo3ax S5, 15 abo
50 mr/kr abo ynuire HOCi# miamKipHo Ha 7 1 14 neHb BariTHOCTI
(3aranom 2 no3m). JloxatkoBi 3 kponuui/rpymy B rpymnax 5, 15 ta
50 MI/KT OTpUMYBaJId aHAJIOTIYHY J03Y Ta OyJIM MPU3HAYCHI IS
omiaku TK. Yci TBapuHM, 110 BIKWIM, OyIIH MiA/IaHl eBTaHa3il Ta
po3THHY Ha 29 JeHb BariTHOCTI.

Bynu ouiHeHi HacTymHi mapaMeTpd Ta KIHIIEBI TOYKH:
KUTTE3ATHICTh, KIIHIYHI CIIOCTEPE)KCHHS, Maca Tiuia, 3MIHU
Macu Tijla, CIOXHUBaHHS 1Ki, TE€MAaTOJIOTIYHI TapaMeTpH,
CIIOCTEPEIKEHHSI PO3TUHY, KecapiB PO3THH 1 CIOCTEPEKEHHS 3a
MOCIIIOM, Maca TiJla IUIOJa, CTaTh IUIOAY Ta MaKpPOCKOMIIYHI




30BHIIHI 3MiHU oga. Anamizu TK ta imynorennocti (ATII)
MIPOBOJIMIIM HA TPYTIaX, sIKi OTPUMYBAIIHN JIKyBaHHSA, 1 00’ €THAHY
KOHIIEHTpaLio (eTalbHOi KpOB1 BU3HAYAIM Yy IUTHHYAT TBAPHH,
SK1 OTPUMYBAJIH JIKyBaHHSI.

JIBi kponuili B rpyii Ao3yBaHHs 50 MI/KT, siki Oyiu mpU3HaYeHi
IUTsi OCHOBHOTO IOCITIJPKEHHS, OyJIM TyMaHHO €BTaHa30BaHi Ha 23
JICHb BAriTHOCTI dYepe3 HECHPUATINBI KJIIHIYHI O3HAKH, SKi
3a3BHYall BKIIIOYAIH Mi3epHHI KaJl, YepBOHY PEUOBHHY B KJIITIII,
HEIOTJISHYTY IIepcTh Ta/abo XOJOJHY Ha JOTHK MLIKIPY.
JlomaTkoBi 3MiHH TIEpe]] eBTaHAa31€r0 BKIIOYAIN BTPATy MacH Tija
Ta 3MEHILIEHHS CIIOKUBAaHHA 1Xi. BukuaHi (TBapuHU 3rofoM Oyiu
€BTaHA30BaHi) CTaJKCS B OJHIE] KPOJHIN B TPy JO3yBaHHS 5
MI/KT 1y JBOX KPOJHIIb Y Tpymi A03yBaHHsA 50 MI/KT, KOKHY 3
SKUX OyJ0 BigHeceHO A0 dactuHu nociimkeHas TK. Kniaiuxi
MPOSIBH KPOJIMIb 3 BUKHIHAMU OynH MOAIOHI 70 OCHOBHHX
JOCTIPKYBaHUX TBAPHH, SKi OyJIM eBTaHa30BaHi. BBaxaocs, 1o
1l CMEPTHI BUIAJKU Ta BUKUIHI MOB'A3aH1 3 COTATEPILICTITOM.

Y Tux TBapuH, SKi BWKWIH, HECHPUATINBI KIIHIUHI
CTIIOCTEPE)KEHHS, MOB’sI3aHl 3 JOCHIUKyBaHUM IIperaparam,
BKJTIOYAJIM YEPBOHY PEUOBHHY B KJIITII Y TPHOX 13 I’ SITH KPOJIUIH
y rpymi no3yBaHHs 50 MI/Kr Ta 4epBOHI 3HeOapBieHi Ta/abo
HaOPSKIIl OBIKH Y TPHOX 1 TBOX KPOJIHIIG Y TpymHax qo3yBaHHS 15
ta 50 MI/KT BiAMOBIIHO.

[lix wac po3tmHy pimuHa Oyja BHSBICHA B TEpUKapIiabHIN
CyMIIl cepls Yy OAHIEI KPONMUIll y Tpymi 5 MI/KT, Ta y OJHI€l
KpoJuii y rpymi 15 MI/Kr, 1 y TppOX Kponuilh y rpymi 50 Mr/xr.
Brpata macu tina BigOynacs npu 103i 15 MI/KT IpoTAroM ychboro
nepioay micns BBeAeHHS 103 (3 15 mo 29 nenp BariTHOCTI), a
MpHUpPICT MacH Tina OyB 3MEHILIEHUH y rpyIi 1o3yBaHHs 50 MI/Kr
MPOTSITOM IIHOTO XK MEPioy. 3aranbHe 3HIKEHHS IPUPOCTY MacH
Tina y rpymi 50 Mr/kr BimoOpaskae BTpaTy Macu Tina Big 15 mo 20
JIHSI BaTiTHOCTI 1 IPUTHIYEHUH MPHUPICT MacH Tina Bix 25 mo 29
JIeHb BariTHOCTI MOPIBHSHO 3 KOHTPOJIBHOIO I'PYIMOI0. 3arajiom
MPUPICT MacH Tija OyB 3HIKEHH y rpynax 103 151 50 mr/kr s
KOMOIHOBAaHMX /103 Ta MEPIOiB MICis BBeACHHS 1034 (3 7 1o 29
JICHb BariTHOCTI) MOPIBHSHO 3 KOHTPOJBHOIO TPYTIOI0.
[TocTiMmanTariiai BTpaTH (TOOTO paHHS 1 Mi3HS pe3opOIlii Ta
BIJICOTOK MOCTIMIUIAaHTALIWHUX BTpat) Oyiu 30inbIieHi npu 15 i
50 Mr/Kr TOpIBHSHO 3 KOHTPOJIbHOIO Tpymoro. OnHa camka B
rpymi no3yBaHHsS 50 MI/Kr Mana Mmocilif yciX pe3opOoBaHHX
KOHIIETITYCOB. Bino6pakaroumn il 301IBIIEHHS
MOCTIMIUIAHTALIMHUX ~BTPAT, CEpelHi TMOKAa3HUKU PO3MIpy
MOCiy Ta JKUBHX IUIOAIB Oynd 3MEHINEHI, a BiJCOTOK
pe30pOoBaHMX KOHLENTYCIB Ha MOCHiJ 3pic y rpynax o3 15 ta
50 MT/KT TOPIBHSHO 3 KOHTPOJIBHOIO TPYIIOLO.

Maca tina moaa (camiisi, caMku Ta KOMOiHOBaHa) OyJia 3HUKEHA
mpu > 5 Mr/kr (koMOiHOBaHa Maca Tijia rioja oyna Ha 14 %, 35 %
1 23 % MeHmow, HIK y KOHTPONBHIM rpymi B rpymax 5, 15 i
50 MT/KT BIZIITOBITHO).




He Oy1no »xonHUX 1HIIMX MapaMeTpiB MOCIHITY, a TAKOX KOJHUX
3MiH KecapeBOro PO3THUHY, CIIOKUBAHHS 1Ki UM TeMaTOJIOTTIHIX
3MiH IpH 103ax cotarepuenty 10 50 mr/kr. CepenHi MOKa3HUKU
MOCIITY JUISl JKOBTHX TiJI, IMIUIQHTAIIM 1 BIJICOTKA >KHBHX
e€MOpI10HIB 40JIOBIYOi cTaTi OyJiM MOPIBHAHHUMU Cepell YOTUPHOX
TpyI T03yBaHHS. Y TBapWH, SIKi BIXKWIIM JI0 IJIAHOBOI €BTaHAa3ii,
MEpPTBUX TIUIOAIB He Oyno. VYci TMJaleHTd BUTISIAIN
HOpPMaJIbHUMH.

KonnenTpariii coraTepiienty B CHpOBaTIli KPOB1 MATPUMYBAIIUCS
3aJIe)KHO BiJl JI03UM Y BariTHUX KPOJHIb IMPOTATOM 2 THXXHIB
nocminb. Cepenne criBBinHomeHHs AUC (THXAEHb 2/TUXKIIEHb
1) cranosmiio 1,01, mo Bka3ye Ha BiJICYyTHICTh HAKOTTMYCHHS TIPU
JI03yBaHHI O/IUH pa3 Ha TUX/IEHb.

CotarepuenT OyJ0 BUSBICHO B 00’ €THAHHUX 3pa3kax (eTarbHOT
CUPOBATKHU MPHU KOXKHOMY PiBHI 03U Ha 29 neHb BariTHOCTI, IO
CBIIYUTH TPO TE, IO A0 KIHIM TECTallil COTaTepIeNnT MOXKe
nojath  IulaneHTtapHuil  OGap’ep. Konuentpamwii y muozaa
cranoBm Big 1 % mo 39 % KoHIEHTpamiid y cHpoBaTIli KpOBi
Martepi.

ATTII Oynu BUSIBIICHI JIMIIE B OJTHIET KPOJIUII TIPH 1031 5 MI/KT Ha
14 neHp BariTHOCTI, 1 HE Maidd TMOMITHOTO BIUIUBY Ha
KOHIIEHTPAIIII0 COTATEePIENTY B CUPOBATIII ITi€] TBAPUHMU.

Ha ocHOBI mux naHux 1o3u cotarepuenty < 15 wmr/kr, mo
BBOJTh MmiAmMKipHO HAa 7 1 14 nHiI BariTHOCTI, Oyim
PEKOMEH0BaH1 JUIsl JOCHIJKEHHSI TOKCUYHOCTI AJISi PO3BUTKY Y
BariTHUX KPOJIUIIb.

Cotarepuent: GLP nocaigxenHnsi corarepuenty ajsi eMopio-
(eTanbHOrO PO3BUTKY NMPH BBeEHHI OIMH pa3 HA THKAEHb
HJIIXOM MiAIIKipHOI iH’ €Kil y KpoJiiB

Himi wmporo GLP nocnmimxkeHHs MONSITaad Yy BHSBICHHI
HECHPHUSTIUBOTO  BIUIMBY  COTATEpPIENTy HAa  BariTHUX
HOBO3EJIAHJCHKUX O1TUX KPOJUIIH 1 PO3BUTOK eMOpiOHA Ta MOy .
JBaamsiTt  MMOBIpHO BariTHUM  HOBO3CJAHJICHKHM  OUIMM
KPOJMIIM/TPYITy BBOJIWIM HOCIM abo corareprent y mo3ax 0,5,
1,5 a6o 5 mr/kr migmkipHo Ha 7 1 14 neHp BariTHOCTI (3aranaom 2
no3u). JlomaTkoBO 3  KpOJMIN/TPYIy BHUKOPHUCTOBYBAIW IS
Bu3HayeHHs1 TK Ta ATIL

VYcix kpoauis Oynio miagaHo eBTaHasli Ta po3THHY Ha 29 neHb
BariTHOCTi. Bynu olliHeH1 HACTyMHI MapaMeTpH Ta KiHIEBl TOUKU:
KUTTE3ATHICTD, KJIIHIYHI 03HAKH, Maca TiJIa, TPUPICT MACH Tija,
CTHOXHMBAHHS 1K1, 3arajibHi pe3yslbTaTH PO3THUHY, AOCIHIHKEHHS
SI€EYHUKIB 1 MAaTKH, Maca Tijia IJIOJAa Ta CTaTh, a TAKOXK 30BHIIIIHE,
BicllepaJbHE, KOPOHAJIbHE Ta CKEJETHE IOCIIKEHHS IUIOAA.
Amnaniz TK ta imynorennocti (ATIT) mpoBouian Ha KOHTPOJIbHIH
TpyIi Ta rpyMi, sKa OTPUMYBaJa JIKyBaHHS.

VYei kponuii BWKWIM 0 3alUIaHOBAaHOI €BTaHa3li, 1 He Oylo
BUSIBIICHO BIUIMBY TIperapary Ha MaTepUHCHKI MapaMeTpu Ha
OyIlb-IKOMY PiBHI JJO3H.




301bIIEHHS CepeIHbOT BTPATH MICHs IMIUIAHTAIlll TPU3BENIO A0
3HIDKEHHS CEPEIHBOT KITbKOCTI JKUBHX TUTOJIB TIPH 1031 5 MI/KT.
Kpim Toro, noszozanekHa HUK4Ya cepelHs mMaca IUIoxy (camii,
CaMKH Ta KOMOIHOBaHO) criocTepiraiacs B rpymnax 1,5 ta 5 Mr/kr
(xomOiHOBaHa Maca Ha 13 % Tta 18 % MeHIIa, HI’K Y KOHTPOJIbHIH
Tpymi BiIOBIJHO), IO KOPEIOBAJIO 3 MEHIIOK CEepeaHbOI0
KUIBKICTIO JUMSHOK ocu@ikamii (M sCTKOBI KICTKH, (amaHTu
MepeHIX KiHI[IBOK Ta (aslaHTH 33HIX KiHIIBOK) IIPH 5 MI/KT.
XKonuux aHoMmamiii po3BUTKY TuIoAa (Bag PpO3BHUTKY abo
BIIMIHHOCTEM), OB’ I3aHUX 13 COTaTEpPUENTOM, HE
criocTepiranocs B Hi B OJIHIN 3 TPyN 103yBaHHS.

BibmmicTs aHTHTIN 10 coTareprenty Oyio BHSBIICHO Ha 29 JIeHb
BariTHOCTI (/IB) micns apyroi no3u. AHTHTIIA Oynu BUSBICHI Y
1/23 (4,3 %) TtBapuH 3 KoHTposbHOI Tpymw, 10/23 (43,5 %)
TBapuH, 5Kl oTpumyBaiu 103y 0,5 mr/kr, 10/23 (43,5%) TBapuH,
gkl oTpumyBanu o3y 1,5 mr/kr, i 8/23 (34,8 %) TBapuH, sKi
OTPUMYBAJIU 103y 5 MI/KT. 3arajJbHUil piBeHb 3aXBOPIOBAHHOCTI
y TBapuWH, SKi OTPUMYBAJIA COTAaTepuenT, cTaHoBUB 40,6 %. Y
nigrpym TK, ATII B ogHoi TBapunu 3 103010 0,5 MI/Kr i 1BOX
TBApUH 3 403010 1,5 MI/KIT Majnu BIUIMB Ha EKCIIO3UIIIO
coTaTeplenty Ha 14 1eHb BariTHOCTI.

V¥ niacymky, marepuHcbka NOAEL y BariTHUX KpoJuIlb, SIKUM
OJTHOPA30BO BBOAMIIU COTATEPLEIT MUIIXOM IMiIIKIPHOT 1H €KIiT
Ha 7 1 14 nmeHb BariTHOCTI (3arajioM 2 J03H), CTAHOBUB 5 MI/KT,
1o Bianosigano marepuHcbkomy AUCo-366h 10 900 MKr*roma/mi.
TokcuuHICTE pO3BUTKY (BHIIA CepelHs MOCTIMIUIAHTallIiHA
BTpaTa, MEHIIA CepelHs KIJIbKICTh JKUBUX IUIOJIB, MEHIIa
cepemHs Maca IUIOAY Ta MCEHIIA CEPEeIHS KUTbKICTh JUITHOK
OKOCTEHIHHS) cmocTepiranacsa mpu no3i 5 mr/kr. Kpim Toro,
HIDKYY CEpeTHIO Bary IUI0/1a CIIOCTepiraliv B rpymi 103yBaHHs 1,5
Mr/kr. baszyrounce Ha nux pesynbratax, NOAEL s po3BUTKY
BBakasacsi piBHOIO 0,5 MI/KT, IO BIJNOBIZa€ MaTEPUHCHKIN
AUCo366h 1070 mkr*rog/mn (y 0,4 pasu Ouiblie KITIHIYHOI
excrio3uilii mpu MRHD) micns BBenenHs no3u Ha 14 neHb
BariTHOCTI.

MpeHaTajgbHa 1 MOCTHATaJIbHA
TOKCUYHICTb

Corarepuenr: GLP  pociailzkeHHs ~ pPO3BHUTKY  Ta
NepUHATAIbHOI0/MOCTHATAILHOIO PenpoayKTHBHOTO
BIUIMBY MiIIIKiPHOTO BBEJAEHHS COTaTepUeNnTy Yy MUIypiB,
BKJIIOYAI0YH NOCTHATAJIBHY MOBEAiHKOBY/(pyHKIIOHAIBbHY
OILliHKY

i mpOoro AOCHTIIKEHHS MOSITal y BUSIBICHHI HECTIPUATINBUX
edexTiB cotatepuenTy Ha nrypax JiHii Crper-Jloy:mi Ta po3BUTOK
notoMcTBa. OCKUIBKU TIPOSIBH €(EKTIB, 1HAYKOBAHUX TPOTATOM
I[LOTO TMEPIOYy, MOXKYTh OyTH BiICTPOUYEHUMH, CIIOCTEPEIKECHHS
MIPOJIOBXKYBAJIH J0 CTaTeBOI 3piyIocTi 11ypiB mokodinHg F1. Kpim
toro, Oyno BuzHaueHo ATII-epexTH corarepuenty Ha CaMOK
nokosninug FO.

3aranom 132 camxu mypiB minii Crper-/loyii, 3:1y4eHi 3a IeBHUH
yac, OyIM BUIIQJKOBUM YHMHOM DPO3MOJIIJIEH] HA 6 T030BUX TPyI
1o 22 mypu Ha rpymy. Ockinbku Bigomo, 1o yrBopeHHs ATII y




HIypiB micias 0araTopa3oBOr0 BBEAEHHS 3MEHIIYE CHCTEMHY
€KCITO3UIIi10, Iypu-MaTepi mokomuas FO y mpoMy mociimkeHHi
OTPUMYBAIIM COTATEpPLENT IiJ 4Yac BariTHOCTI ab0 MPOTArOM
nepioy JaKTarii.

IlepenbauyBaHO BariTHUM CaMKaM IypiB BBOAMJIM COTaTEPLENT
ta/abo cyporar ((i3ionOriyHUi pPO3YMH) 1 HOCIH-KOHTPOIH
nigmkipao Ha 6 1 13 JIB, a6o 1, 8 1 15 nui maxramii ([JI). Camku
mypiB FO, ski oTpuMyBamu IJIKyBaHHS WPOTATOM IEPiOAy
BariTHOCTI (ZIB1 TPpyIK), OTPUMYBAIH cOTaTepenT y A03i 1,5 abo
5 mr/kr BigmosimHo Ha 6 1 13 JIB, micias 4oro BBOAHWIN 03y
¢izionoriyHoro po3uuny Ha 1, 8 1 15 JIJI. Camxu mypis FO, sxi
OTPHUMYBAJIY JIIKyBaHHS MPOTATOM MEPioAy JaKTalii (TpU rpymn),
oTpuMmyBanu (izionoriyauii pozuuH Ha 6 1 13 JIB, a motim
corarepuent y 103i 1,5, 5 abo 10 mr/kr, BignosiaHo, Ha 1, 81 15
JUI. Hlypam 3 KOHTpodbHOI Trpynu mokomiHas FO BBomwiu
¢izionoriyamii po3und Ha 6 i 13 JIB, a moTim 1o3u Hocist HA 1,
8 1 15 JJJI. Camkam mrypiB nokomninag FO mo3Bonunu HapoauTu
npupoaanM nurixom. Ha 21 JIJT camiiB i camok mokoiaas F1
Oyno BimtydeHo Bifg rpyaei, 1 264 gutunuyat (l/rpymy
FO/cratp/mocmin)  Oymo  BimiOpaHo  ans  TPOJOBXKEHHS
JOCTIIPKeHHS ISl OLIHKHA OY/b-sIKOTO MOTEHIIMHOTO BIUIUBY Ha
picT i moBenmiHKy. Yci marepi Ta BCi AWTHHYATA, SIKIi HE OynH
BiIiOpaHi A7 MPOJOBKEHHS OLIIHKH, OyJIM MiA/IaHi eBTaHa3il Ha
21 JJI micas monoriB. Ilypam mnokomimas F1 mig wdac
JOCITIJUKeHHs:  0e3nmocepeHbO HE BBOJMIM  COTaTepLENT,
¢izionoriyHmiA po34rH a00 KOHTPOJIBHY PEUOBHHY.

HactynHi napameTpu Ta KiHIIEBI TOYKU OyJIH OI[IHEH1 Y BCiX
rypiB okoJiHHsA FO: )KUTTE3MaTHICTD, KIIHIYHI 03HAKH, Maca
Tina, 3017BIICHHS MacH TiJla, CIIOKUBAHHS 1K1, IPUPOJIHI MOJIOTH
Ta CTIOCTEPEIKEHHS 3a MaTip 10, JOCII/DKEHHS IEYHUKIB 1 MATKH,
a TaK0>)XK MAaKpPOCKOIIUH1 CIIOCTEPEIKEHHS.

3pa3ku KpoBi BigOupamu y Bcix mrypiB mokodiHHsS FO mepen
moyaTtkoM ao3yBaHHs Ha 6 JIB (tineku rpymu 1-3) i JJI 1, a
Takok mepex po3trmHoMm Ha 21 JUJI (yci rpymm) Iuist OIHKH
AQHTUTIJ 10 COTATEPIIEIITY.

Hactynni mapameTpu Ta KiHILIEBI TOYKHM OyJIM OIliHEHI Yy BCIX
nrypiB mokoJiiHHS F1: )KUTTE€3MaTHICTh, KIIIHIYHI O3HAKH, Maca
TiNa, craTeBe AO3piBaHHSA, PyXOBa AaKTHBHICTh, 3BHKAHHSA J0
aKyCTUYHOTO TEepesiKy, HaBYaHHs Ta 1aM’ ATh (BOAHUH JTa01pUHT
Moppica), cnapoByBaHHS, NOCTI/DKCHHS S€YHUKIB 1 MaTKH, a
TaKO)K MaKpOCKOITIYHI CITOCTEPEIKCHHS.

VYeci camku nmokoniHHs FO moxuiau g0 3amiaHOBaHOI eBTaHa3ii.
Komaux  edekrtiB, TOB’s3aHUX 13  COTATEPIENTOM, HE
crioctepirajgocss y camok mnokoninHg FO mig uac mepiomy
BariTHOCTI a00 JIakTaIli 3a Oy/1b-sKMM 13 HACTYITHUX MapaMeTpPiB:
KIIIHIYHI O3HAKW, CepelHs Maca Tia Martepi abo 30UIbIICHHS
MacH Tila, TPHUPOAHI TIOJOTH, TIOBEIIHKA Marepi Ta
MaKpOCKOIIIUHI CIIOCTEPEIKEHHS.

3MiHM, TIOB’S3aH1 3 JOCIIDKyBaHUM IpernapaToMm, y camok FO
OOMEXyBaJIUCSI 3HM)KEHHSIM CEPEAHbOTO CIIOKHMBAHHS KOPMY




Matip’to Bix 10 mo 15 JI ans rpymu, sika oTpumyBaina 103y 10
MI/KT 'y Tepiof JakTamii wmarepi, IO HE BBaXKajocs
HECHPUSTIUBUM 32 BiJICYTHOCTI BIAMOBITHUX KIIHIYHUX O3HAK
a00 BIUTMBY Ha Macy Tiia.

He cnocrepiranocs BBy Ha nochia y nokominHi FO mpu 6yab-
SAKOMY piBHI J/03W, siIKa BBOJWJIACS IiJ dYac BariTHOCTI abo
JaKTAaIlil, 0 OIIHIOBAIOCSA 3a KIJIbKICTIO MaTepiB, 10 HAPOIMIN
MOCITiJl, TPUBAIICTIO BariTHOCTi, MICIIMHU IMIUIAHTAIll Ha
HapO/DKEHUH  TOCHi[, 1HAEKCOM  BariTHOCTI  (BiJICOTOK
BariTHOCTEH, SIKi TPU3BEIH 10 HAPOPKEHHS JKUBUX IOCIIIIB),
KIUIBKICTIO KHBOHAPO/KEHUX 1 MEPTBOHAPOIKEHUX AWTHUHYAT,
THICKCOM JKUTTE3IATHOCTI (B1ICOTOK LIypPEHST, SIKI BUKWIHA BiJl
HapopkenHs a0 4 JIJI), ingekc nakTamii (BiICOTOK HAPOIKEHUX
HIYPEHST, SAKi BIXKWIIM JI0 BIIUTYYEHHS), KUTBKICTh LIYPEHAT, SIKi
BIKWIIM, HA TIOCTiJ, CHIBBIJHOIIEHHS CTaTel 1 PO3MIp >KUBOTO
TIOCTII/Ty TTiJT 9ac 3BaXKyBaHHS.

V¥ tBapuH F0, siki oTpuMyBaau 103y mij yac recrauii (KpoBUIM Ha
1121 JIJT) abo mix wac makramii (kpoBwim e Ha 21 JUT), ATIT
Oynu BusiBiieH1 y 2/22 (9,1 %) TBapuH y KOHTPOJbHIN Tpy1i, 7/22
(31,8 %) tBapun y rpymni BaritHux 1,5 mr/kr, 16/22 (72,7 %)
TBapuH y rpymi BaritHocTi 5 Mr/kr, 4/21 (19,0 %) TBapuH y rpymi
nakranii 1,5 mr/kr, 7/20 (35,0 %) TBapuH y rpymi Jakrarmii S Mr/kr
13/21 (14,3 %) tBapuH y rpymi Jakramii 10 MI/Kkr, i3 3araibHuM
piBHeM HasBHOCTI aHTHTIT 34,9 % (37 i3 106) y TBapuH, siKi
OTPUMYBAJIA COTATEPIIETIT.

[IpoTsirom mepioniB 10 1 Micis BiATYYEHHS HE CIIOCTEPIraiocs
CMEpTEIbHUX BWIAJKIB, TMOB’S3aHUX 13 JIOCIIIKYBaHUM
npenaparoM, ad0 HECHPUSATIMBUX KIIHIYHUX CIOCTEPEKECHb Y
HAaIaJIKIB YOJIOBIYOi Ta >KiHO4YO1 cTati nokoiHHA F1 y Oynp-skii
MaTEepUHCHKIH IpyTi J03yBaHHS.

[Tix yac nepioay nmepen BiATYyUYEHHSM Y IIyPEHST Bl MaTepiB, sKi
miJ 9ac TecTalmii OTpUMYyBalHM coTaTepuent y po3ax 1,5 Ta
5 MI/KT, THMYacoBe 3HMKEHHsS CEPEeHbOI MacH Tija TUTHHYAT
(caMIs, caMKM Ta cCTaTi pa3oM MOPIBHAHO 3 KOHTPOJIBHOIO
Tpyroro), TOB’si3aH€ 3 JOCHIIPKYBaHHM  TIPEIapaTom,
cniocrepiranocs ymiie Ha 1-i micnsmonorosuii nens (IMI1/]) 1 He
BBa)KaJI0CS HECIPUATIUBUM.

VY mrypeHsT Bil caMOK, SKi OTPUMYBAIM TiJ dYac JaKTarii
> 5 MI/KT, CIIOCTEpITaiocst 3HKEHHS MaCH Tijla Ta MPUPICT Macu
Tia, SIKi 3aJeKaiu BiJ 103U (32 BEITUYHHOIO Ta YaCOM MOYATKY).
Cepennst Maca Tisia nrypeHsT Oyia 3HWKEHA Mepe;] BiTydYeHHIM
y cam1iB 3 5 mr/kr (mounHarouwn 3 15 TTTJT; Ha 9 % - 13 % meHe,
HDK Y KOHTPOJBHIA Tpymi) 1 y camiiB 1 camok 3 10 mr/kr
(moumnaroun 3 8 1 10 Il BigmoBigHO; HA 9 % - 20 % MeHIIe,
HDK Y KOHTPOJIBHIH I'PYIIi), 8 Y CAMOK 3 5 MI/KT cepeiHs Maca Tijia
3MEHIIyBaJIacs 10 KiHIA mepiony BimtydeHHs (Ha 9 % MeHire,
HDK y KOHTpodbpHIA Tpymi nHa 21 TIIIH). V nmx mypessT
3HWKCHHST Macu Tina Ta 30UIBIICHHS Macu Tina TPHUBAIU
MPOTSTOM TEPIOAYy TICHIs BIIJTYyYCHHS. 3MEHIICHHS TPHUPOCTY
Macu Tila TiCisl BiATy4YeHHS BiAOYBAJIOCS MPOTITOM KiJTBKOX




BUMIPSTHUX 1HTEPBAJIB y CaMIIiB 1 CAMOK MPH J031 5 MI/KT, TaK 10
MPUPICT MACH TiJIa MPOTATOM yCHOTO MEPioNy MICIs BiUTy4eHHS
OyB 3meHIeHui (Ha 11 % MmeHIe, HiXK y KOHTPOJIbHIH rpymi 3 22
no 106 I/ ons cammiB; Ha 4 % MeHIIe, HIX y KOHTPOJIbHIH
rpymi 3 22 no 92 I nst camok). [TogiOHUM 4MHOM, 3HIKEHHS
MPUPOCTY MacH Tijla y caMIiliB i caMok y mo3i 10 mr/kr micis
BIJUTY4YEHHs BiJ rpyaeil BigOyBagocs MpoTAroM ycix (camiii) abo
OimpIIOCTI (CaMOK) iHTEpBAJiB BHUMIpPIOBAaHHS, TaK IO NPHUPICT
Macu Tila MPOTSATOM YChOTO MEpioAy Mmicis BiJTy4deHHS OyB
3meHmeHud (Ha 15 % Menme 3 22 go 106 T/ y camiiB i Ha
8 % wmenme 3 22 no 92 I y camok). Y pe3yibTati cepeaHs
Maca Tila 3alMIianacs 3HWKEHOIO IPOTATOM Iepiofy TMicis
BiUTy4eHHsI B 103ax 5 Mr/kr (Ha 11 % MeHIle, HiXK y caMIliB Ha
106 IIITJ; vHa 5 % menme y camok Ha 92 IIITJ]) i 10 mr/kr (Ha
16% menme y camuiB Ha 106 ITITI; Ha 10 % MmeHme y camok
Ha 92 III1/1).

KpiM Toro, xoua cepemHiii mpUpICT MacH Tija y CaMoOK, SKi
orpumyBasii 10 Mr/kr, OyB MomiOHMM 10 KOHTPOJIBHOI TPYIH
MPOTATOM TEpioAy BariTHOCTI, CepeHs Maca Tijla 3aJulIanacs
3HWKEHOIO TMiJ 4Yac BaritHocti (Ha 8 % MeHme, HIK Yy
KOHTPOJIbHIM TpyIii) yepe3 MonepeaHe 3HWKEHHS NpUpocTy. Y
CYKYIHOCTI,  pe3yJibTaTH  BifoOpaXkaroThb  MOB’s3aHE i3
COTaTEepLENTOM 3HWKEHHS MacH Ti1a Ta 301UIbIIEHHS Macu Tija
npu g03ax 5 i 10 Mr/kr, moYnHar04u 3 Iepioxy 10 BiUTydeHHs Ta
MIPOAOBXKYIOUM B IMEPiOA MicCis BIUTYYEHHS, IO MPHU3BENIO 10
3HWKCHHSI CEpEeIHbOI Macu Tiina B jgopociiomy Bimi. Tomy 1i
e(eKTH BBAXKAIOTHCS HECTIPUATINBUMM.

3aTpUMKH CTATEBOTO A03piBaHHS criocTepiranucs y TBapuH F1 y
rpynax MatepiB 3 JaKTaIl€l0 MPH 1031 > 5 MI/KT, BTOPHHHO 10
3MEHIICHHS MacH Tilla HIypeHAT y IHUX JO30BUX Tpymax. Y
nokoninHi F1 30inpiienHs (MOpiBHIHO 3 KOTPOJBHOIO TPYIOI0)
CepeHbOTO IHS BIJIUICHHS NPEMyLiyMy CIOCTEpiraisocs y
CaMIliB y rpymnax MaTepiB 3 JakTalli€ero mpu 1031 51 10 mr/kr (+3,1
1+3,5 AHA BIAMOBIAHO), 1 CEPETHBOTO AHSA MPOXITHOCTI MIXBH — Y
CaMOK y TpyIll MaTepiB 3 JakTaiiew npu no3i 10 mr/kr (+2,4
nust). He crioctepiranocst BIUIMBY Ha CTaTeBE 103piBaHHS B TPy,
sKa OTpUMYyBaJia 103y 1,5 MI/Kr y mepio1 MaTepHHCHKOT JIaKTaIlii,
1 He cmocrepiranocst 3MiH y mnokouinHi F1l, komu 1mypam
nokoniaHsA FO BBoammu 03y min dac BaritHOCTi. Kpim Toro, He
OyJ10 J)KOJTHOTO BIUIMBY Ha PETIPOAYKTUBHY 3[aTHICTh CaMIliB a00
camok y TtBapuH F1 mpu Oyap-sikomy piBHI 703U 3 000X
MaTepUHCHKUX CETMEHTIB.

He cnocrepiranocst sxomHmx  eQeKTiB, TIOB’sS3aHUX 13
JOCITIJKYBAHUM IPETapaToM, il 4ac OL[iHIOBAaHHS aKyCTUYHOTO
CIIOJIOXY, PYXOBOT aKTUBHOCTI Ta BOAHOTO JIabipuHTy Moppica.
He cnocrepirazocs komHux  e(]ekTiB, TMOB’A3aHUX 13
cotarepuentoM B mokoJiiHHI F1 3 000X MaTepuHCHKUX CErMEHTIB
i 9ac MAaKpOCKOIIYHOTO PO3THHY, a TAKOXK HE CIIOCTEpirainocs
3MiH TIapaMeTpiB SE€YHUKIB 1 MAaTKUA 3a KIIBKICTIO KOBTHX TiJ,
IMITaHTAIlil, BIICOTKY BTpaTH JI0 IMILIAHTAIlil, )KUTTE3IaTHUX Ta




HEXHUTTE3aTHUX €MOpIOHIB 1 BIJCOTKY BTpaTh  MiciA
IMIUTaHTAIII].

VY miacyMmKy, coTaTepuent no00pe NEepeHOCHBCS BariTHUMHU
CaMKaMH IIypiB IIPH i IMIKipHOMY BBEJICHHI B 103aX 1,5 1 5 Mr/kr
Ha 6113 JIB abo B no3ax 1,5, 5110 mr/krna 1, 8 1 15 IJ1. Edbextu
FO, noB’s3aHi 3 IOCTiKYBaHUM TIperapaToM, Oyinu oOMekeHi
TUMYAaCOBUM HECTIPUSATIUBUM 3HIKEHHSIM CIOKUBaHHA TKi B
rpymi nakrtarii 10 mr/kr. Takum oM, NOAEL corarepuenty
JUISL MaTepiB cTaHOBMIa 5 MI/Kr abo 10 MI/KTr mpH 3acTOCyBaHHI
IiJ] 9ac BariTHOCTI a0 JIaKTaii BiAMOBITHO, a PEIPOAYKTHBHA
NOAEL cTtaHOBUTB 5 MI/KT P 3aCTOCYBaHHI i/l Yac BariTHOCTI
ta 10 Mr/kr nmpu 3acTocyBanHi mij 9ac pakrarii. [To6iuni eexTw,
NOB’sA3aHI 13 3aCTOCYBaHHSM COTAaTepLENTy, Ha Macy Tiia
OIypeHsT, MpPHUPICT Mach Tila MIypeHsT Ta/abo cTareBe
JO3piBaHHS CHOCTEpiraiucs SK y CaMIliB, Tak 1 y CaMOK
nokoiinag F1 i3 rpym npu no3ax 5 ta 10 Mr/kr y nepion akrarii
Matepi. He Oyno BusiBieHo xofaHux edekrtiB y mokominHi F1,
OB’ SI3aHUX 13 BBEJICHHSAM COTaTEpLENTy MaTepi, HA CMEPTHICTh
IIypeHsTe, KIiHIYHI O3HAKH, PYXOBY aKTUBHICTh, HAaBYaHHS Ta
nam’ siTh (aKyCTHYHUH Tieperisik a0o BoIsTHUIA JIabipuHT Moppica),
criaproBaHHs Ta GEepPTUIBHICTH a00 MapaMeTpH SIEYHUKIB 1 MATKU.
Ha ocuoBi mux gaanx NOAEL mist )KUTTE3MaTHOCTI Ta POCTY
MIOTOMCTBA NP BBEJICHHI COTATEPLIENTY BariTHUM CaMKaM IIypiB
i 9yac BariTHOCTI abo jakTarii craHoBwiIa 5 Mr/kr (y 2 pasu
Oinpiie kiniHigHOI excno3utii mpu MRHD) 1 1,5 mr/kr (0,6 pa3u
Oinpire KiIiHIvHOI excno3unii mpu MRHD) BiamoBigHO.

JOCIIIPKEHHS, TIPH SIKUX TIperapar
YBOJHUTHCS IOTOMCTBY
(HecTaTeBO3pLIMM TBApUHAM)
Ta/ab0 OIIHIOETHCS BiAaNeHa JIis

Corarepuenrt: JABaHAAUSITHTHKHEBE JOCTiIKeHHA
TOKCHMYHOCTI NPH NiAIKIPHOMY BBeJIeHHi coTaTepuenTy
MOJIOAHMM LIypPaM, BKJIIOYHO 3 NePioIoM BiIHOBJICHHS
Mertoro iboro GLP mgocumimkenHs Oyio BU3SHAYUTH TOTSHIIIHHNN
BIUIMB COTATEpLENTy Ha PICT 1 PO3BUTOK, HEHpPOMOBEAIHKOBUM
PO3BHUTOK, IMyHHY KOMITETEHTHICTh 1 PETIPOAYKTUBHY (PYHKIIIO
IIPY MiAMKIPHOMY BBeIeHH1 MojiotuM rypam JiiHii Coper-Zloyii
oIvH pa3 Ha TwxaeHb 3 7 mo 91 I/ i micnst 13-THkHEBOTO
nepioay 0e3 JTKyBaHHS.

CotarepuienT BBOAWIH MiAMIKIPHO MOJIOUM HIypam JiiHii Criper-
Hoyni oauH pa3 Ha TWkKAeHb, noumHaroun 3 7 T 1
nponoBxkytoun go 91 TIIM, 3aramom 13 no3. Corarepuent
BBOAMIH B 103ax 0 (Hociif), 0,3, 3 a6o 30 MI/KT pa3 Ha THKIEHb.
JlecaTh TBapHH HA CTATh/TPYITy (OCHOBHI TOCIIIKyBaHI TBAPUHH,
migrpyna 1) i 20 TBapuH Ha CTaTh/Tpymy (TBapHHH, SIKI HE
OTPUMYBAJIM JIIKYBaHHS, miarpymna 2) Oyiu TpuU3HAYEHI s
OIIIHKM KIHIIEBUX TO4YOK TokcuuHocTi Ha 98 TIIIJI (kxiHeup
nepioay no3yBaHHs) Ta Ha 238 abo 239 IIIIJ (kineus 13-
THXKHEBOTO TIepioay Oe3 JiKyBaHH:), BIAMOBIAHO. OKpeMi Tpymnu
TBAapUH JIKyBAIM Ta BUKOPUCTOBYBAIM [UIi BU3HAUYCHHS
napametpiB TK cortarepuenty ta ATII (21-24 TBapunm Ha
cTaTh/Tpymy, miarpymna 3), a Takox i ominku TDAR Ta
MPOBEACHHS OILIHOK iMyHO(deHoTury (20 mypiB Ha cTath y
rpynax 0, 0,3 ta 3 MI/Kkr pa3 Ha THXKACHB, miArpyna 4). Moxoaux




IIypiB OLIHIOBAJIM Ha CMEPTHICTh, KIIHIYHI O3HAKH Ta 3MiHU
CTOKHMBAHHS 1Ki, MacH Tija, CTaTE€BOrO JO3pIBaHHSI, PYXOBOI
AKTUBHOCTI, KIHIIEBHX TOYOK (DYHKIIOHAJIBHUX CIIOCTEPEKHHUX
tectiB (FOB) 1 BomsHOoro mabipmaty Moppica, TpHBaJIOCTI
€CTPaJbHOTO LUKIY, PENPOIYKTUBHOI 3aTHOCTI, KOHICHTpALil
ropmoniB kpoBi (@CI, JII', TecToCTepoHy, NPOTEeCTEpPOHY,
ectpanionny Ta epurponoetuny (EPO)), TDAR i mapamerpu
IMYHO(EHOTHITY, IIIJIBHICT (CTETHOBO1) KICTKH Ta KiHIIEBI TOUKH
KIIiHIKO-aHaToOMiyHOi maroinorii. BuxonyBanmu ominky TK y
CUPOBATII KpoBi (y KOHTPOJIBHUX 1 00poOienux TBapuH) i ATIIL.
He Oynmo omHux 3MiH, TMOB’SI3aHUX 13 JIOCIHIIKYBaHUM
mpemapaToM, y aHamisi cedi, mapamerpax EPO, FOB a6o 3MiH y
MIPOYKTUBHOCTI MOJI0JIaHHS BOASIHOTO J1abipuHTY Moppica.
I'pymy 3 pnmosyBamHsmM 30 wMr/kr pa3 Ha THXIEHb OYyI0
eBTaHa3zoBaHo Ha 30 IIITJ] (micnst 3 103) yepe3 BEIUKY KiJIbKIiCTh
HE3aIlJIJaHOBAHUX CMEpTed, OB A3aHMX 13 JIOCIHIIKYBaHUM
npenapaTroM, Ta MOTIPIIEHHSM KIIHIYHOTO CTaHy TBAapHH, IO
samummics. [Ipu mo3i 30 Mr/kr pa3 Ha THXKICHb 3a3BUYAl
criocTepiraiucs  3HEBOJHEHHS,  XYAOpJsiBa  30BHIIIHICTS,
3HMKCHHSI PyXOBOi aKTHBHOCTI Ta/a00 HEJOTIISIHYTa MIEPCTh, 10
KOpPEJIIOBAJIO 31 3MEHIIEHHSAM 30UIbLIEHHS Macu Tijga. 3MIHU
KITiHIYHOT aToorii mpu 1031 30 MI/KT pa3 Ha THXKIEHB 3a3BUYAl
BKJIIOYAIH  30UIBIICHHS  €pUTPOIAHOI  Macu, ske OyJo
(hapMaKoJIOTIYHO OITOCEPeIKOBaHe, IIABUIICHHS TpaHCaMiHa3
MIEYiHKU Ta 3MiHYy MapaMeTpiB, 10 BKA3yIOTh HA MOIIKOKCHHS
HUpOK. [locMepTHI pe3ynbTaTd, MOB’s3aHI 3  TOCIIIKYyBaHUM
npenaparoM, mpu 1031 30 MI/Kr pa3 Ha TIDKAEHb 3a3BHYail
BKJIIOYAJIM ~ TIOMITHE  4YepBOHE  3a0apBlIEHHS  HHPOK 1
rictroMopooriuni 3MiHH, K1 BKJTIOYAITH
nuTatailito/arpodiro/rinomiasico/MiHepami3amiio  KaHajJbIiB Y
HUPKaX, KPOBOBHIIMB/3aCTii Y MO3KOBIil pEUOBHHI HUPOK, 3aCTil
y  HagHUPKOBUX  3aJI03aX/BaKyoli3aliio,  MiHEpasi3alito
3a]103UCTOI  CAM30BOi  OOOJOHKM  IUTyHKA, 1  3HIDKCHHS
KIIITHHHOCTI 01101 IyTbITM Ta/ab0 KpaioBOi 30HM B CEJIE3IHIII.
He Oyyno XomHMX HE3alUIAaHOBAHMX CMEpTEH, MOB’S3aHUX 13
JOCITIJKYBAaHUM TpenapaToM, IpH 7031 < 3 MI/KT pa3 Ha TUXKJIEHb
y TBapuH, pu3HaueHux st BusHaueHHs TK ta ATII (miarpyma
tBapuH 3) a6o TDAR Tta imyHodeHoTHmyBaHHA (miarpymna
TBapUH 4).

[Tpu mo3i 3 MI/KT pa3 Ha THXKICHb Y OCHOBHUX JOCIIIKYyBaHUX
TBapWHAX TPOTATOM TMEPIOAy JO3yBaHHS IEpeACMEpPTHI
pe3yabTaTd, MOB’A3aHI 3 JMOCHIIKYBaHHUM IpernapaTroMm, Oynu
MOAIOHMMU, aje 3arajoM MEHII CEPUO3HUMH, HDK Ti, IO
cnioctepiranucs npu 1031 30 Mr/kr pasz Ha TrwxaeHb. [Ipu 1o3i
3 MI/KT pa3 Ha TWXKICHb y OCHOBHHX JOCII/DKYBaHHX TBapWH
CTIOCTepirajgucs MO3aIIaHOBl BHIIAQJAKH CMEPTi, HECTIPHUITIUBI
KJIIHIYHI 03HAKHW, 3HIKCHHSI CEPEIHbOI MACH Tijia Ta 301IbIICHHS
MacH TiJIa y caMOK (THMYacoBO) 1 CaMIliB, a TAKOX 3MEHIIICHHS
CMOXKMBAHHS 1KI y caMIliB. [HIINI mepeacMepTHI 3MIHM TIPH 1031
3 MI/KT pa3 Ha THXKACHD IIPOTATOM Iepioly 103yBaHHS BKIIOYAIH




3aTPUMKY CTaTe€BOro JIO3pIBaHHSA Yy CaMIiB 1 CaMmoK, IO
BBa)KAJIOCS BTOPMHHUM TI0 BiIHOIIEHHIO JI0 BIUTMBY Ha Macy Tijia,
1 3MEHIIEHHs 3arajbHOro 4acy, MPOBEAEHOro0 B pyci Mija yac
OLIIHKK PyXOBOi akTuBHOCTI y camiB. [Tpu 1031 0,3 mMr/kr pa3 Ha
TIKJICHb MPOTArOM IMepioAy J03yBaHHA HAa OCHOBHHX
JOCTIPKYBaHUX TBapWHAX KIIIHIYHI O3HAKH OOMEKyBaJIHCS
TUMYAacCOBUM OOMEXEHHUM BHKOPUCTAHHSIM KIHI[IBOK. 3MiHU
KIIIHIYHOT MTATOJIOT1{, TTOB’s13aHi 3 JJOCIIKYBaHUM MIPENapaToM, y
OCHOBHHMX JIOCJIJ)KYBaHUX TBAPHH MPOTATOM IMEPioJy BBEAECHHS
no3u >0,3 MI/KT pa3 Ha THXKJICHb BKIIOYAIM MiHIMalIbHE a00
MOMIpHE TMIiJBUIIEHHS TapaMmeTpiB, M0 BKa3ylOTh Ha
epurpouuTapay macy. [lpm m03i 3 MI/Kr pa3 Ha THXKICHB
J0JIATKOB1 3MiHU BKIIIOUAIH MiHIMaIbHE 301IbIICHHS MTapaMeTpiB
JCHKONHMTIB, MiHIMaNbHEe 30UTbIeHHS  (iOpUHOTEHY Ta
MiHIMaJbHE 3HUKEHHS TPOMOOIIMTIB.

3MiHM KIIHIYHAX XIMIYHHX TapaMeTpiB, M0 BKa3ylOTh Ha
HUPKOBY TOKCHYHICTh (TIOMipHE MiJABUIIEHHS a30Ty CEYOBHHU
KpOBi, KpeaTHHiIHy Ta/abo ¢ocdopy Ta moOMipHE 3HUKECHHS
anpOymiHy) mpu > 0,3 MI/Kr pa3 Ha THXKIEHb KOPETIOBAIH 3
MIKPOCKOIIIYHUMH pe3yIbTaTaMHt B HUPKaXx.

Ilig wac 3ammanoBaHoi eBTaHasii Ha 98 IIIIJ] miIs OCHOBHHX
nociimpkyBanux tBapuH (0, 0,3 1 3 MI/Kr pa3 Ha THXKICHB)
edeKTH, TOB’sI3aHl 13 COTATEPLENTOM, CIIOCTEpIranucs Mpu
> 0,3 MI/KT pa3 Ha THXIEHb, 1 BKIIFOYAJIX MAKPOCKOMIYHI  3MiHU
B si€uykax (HEHOPMATbHOI KOHCHUCTEHII Ta MalluX PO3MIpiB),
mpocTati (MaJeHbKUX po3MipiB) Ta/abo HUpPKax (3HEOApBICHHS,
3allOBHEHI DIIUMHOI0 KICTH). 3MIHM Macd OpraHiB BKJIIOYalU
3MCHILIEHHSI MacH cepIlsl y camiiB mpu > 0,3 MI/Kr, 3MEHIIICHHS
Baru SI€YOK/NPUAATKIB S€YOK, IMEpeiMiXypoBoi 3ajo3u Ta
CeNe3iHKH (TUTBKH JJIsl CaMOK) MpH 3 MI/KT pa3 Ha THXKIEHb, 1
301TBIICHHS Bard HUPOK MU 3 MI/KT pa3 Ha THXKICHb.

Ha 98 T njgns TBapuH OCHOBHOTO  JOCIIIKCHHS
rictomopdonoriuni  3MiHM Oynau TpPUCYTHI B HHUpKax Hpu
> 0,3 MI/Kr pa3 Ha TIDKACHb, 1 BKIIOYAIHM MiHIMaTbHY abo
MIOMIpHY MiHEpali3aIlil0 KaHaJbIlIB, MiHIMaJIbHy a00 BHpaxeHy
JIUIATallil0 KaHajblliB, MiHIMaJbHy a00 MOMIpHY XpOHIYHY
nmporpecyrody Hedpomnariro, MiHIMaJIbHUA a00 TOMiIpHUI
MeMOpaHOnpoTihepaTUBHUI TIIOMEPYIOHEDPUT, MiHIMATBHUN
ab0 JIeTKMA  KPOBOBWJIMB, MIiHIMaJIbHY a00  IMOMIpHY
aTpo(iro/rinomniaszic0 KaHAJIBIIB Yy MO3KOBIM pEUOBHHI Ta
30UIBIIEHHST CTPOMU B MO3KOBIM pedoBHHI. MiHiManbHa abo
MOMipHa MiHepati3allis 3aJI03UCTOT CIU30BOI OOOIOHKHU MUTYHKA
criocTepiranacst y camiiB npu > 0,3 MI/Kr pa3 Ha THKIEHb 1y
caMoK Ipu 3 MI/KT pa3 Ha THwxkAeHb. [Ipu 1031 > 0,3 mr/kr pa3 Ha
THXKICHB CIIOCTEpIranacs BUpaKEeHa JAeTreHepallis Ta aTpodis
CIM’SIHUX KaHaJbIB 1 JIETKUH abo MOMipHMH HAOpSK S€YOK.
MinimanpHa abo0 TmoMipHaA Tinepruiazis  kimithuH - Jledmira
criocTepiranacs B s€4kax MpU 7031 3 MI/KT pa3 Ha THXKICHb. Y
MepeaMiXypoBId 3aJI031 Ta CIM STHUX MyXUPIIX atpodis Bifg
MIHIMaQJIBHOTO JIO JIETKOTO CTYINEHS CIocTepirajgacss Impu J031




3 MI/KT pa3 Ha THKIeHb. [loMiTHE 3MEHILIeHHS cTIepMaTOo30i/iB 13
MiHIMQIBHUM 200 TIOMIpHMM  30UTBIIEHHSIM  TPOIYKTIB
KIITUHHOTO PO3MaJaHHs OyJjo BIAMIYEHO B eMiAUAUMiAaxX MpU
>(0,3 MI/Kr pa3 Ha TWXKICHb, 1 BBAXAJIOCS BTOPUHHUM IO
nereHeparii/atpodii sedok. VY cene3iHLl cHOCTepiragocs
3HWKCHHS KIIITUHHOCTI B TIEpiapTepiosipHUX 000IOHKaX Ta/abo
KpailoBUX 30Hax OLI0i MyJIbIU, 3HI)KEHHS €KCTpaMeayJIIpHOrO
KPOBOTBOPCHHSI B YEPBOHIM TyJbIli Ta/abo  301IbIICHHS
KIITUHHOCTI B YEPBOHIN MyJbIi y caMIliB mpu 3 MI/KT pa3 Ha
TIKICHb 1 y camMoKk mpu > 0,3 MI/kr pa3 Ha THXKIEHb. Y
KICTKOBOMY MO3KYy caMoOK mpu > 0,3 MI/Kr pa3 Ha THXJIEHb
CTIOCTEpIranocss 3MEHIIEHHS KUTBKOCTI (OCTPIBIIIB) HE3pLIHX
(6macTHHUX) MIENOIAHMX  €JIEMEHTIB 13  BIIHOCHMM  a0o
aOCOMOTHUM  30UTBIICHHSM  CPUTPOINHUX  €JIEMEHTIB 1
HelitpodiniB. Y TUMYCI KIIbKOX caMOK mpH > 0,3 MI/kr pa3 Ha
THDKJICHb CIIOCTEPITraBcs MiABUIIEHUA HEKPO3 OKPEMUX KIIITHH Y
Kopi Ta MoO3KoBOMy Imapi. HapemTi, nume y caMoK
criocTepiranacs rinepTpodis KIITHH KOPH HAaTHUPKOBOI 3aJI03U
npu > 0,3 MI/Kr pa3 Ha TWXKIEHb 1 B JIUCTANbHIN/TPOMIKHIN
JacTHUHAX Tirnodiza mpu 3 MI/Kr pa3 Ha THKICHb.

[Ipotssrom mnepiomy 6e3 mikyBaHHsS Oyna 1 He3amnaHoBaHa
CMEpTh, TOB’s3aHa 3 JOCIHIDKYBAaHHM IIPETapaToM, IMPH 1031
3 Mr/kr  pas Ha  TWKIEHb. Kiniuiynai O3HAaKM Ta
MaTOJIOr0aHATOMIYHI JaHi 3arajoM Oyiu TOAiOHI M0 THX, SIKi
OyJM MPHUCYTHI y TBapHH 13 T03yBaHHIM 3 MI/KT pa3 Ha TUXKICHb,
SIK1 3aTUHYJTU T 9ac mepioay BBEACHHS 103U. He Oyio komHuX
HE3aIUIaHOBAHUX CMepTel, MOB’A3aHUX 13 JIOCIIIKYBAHUM
npemapatoM mpu 1031 0,3 MI/Kr pa3 Ha THXKICHb MPOTATOM
nepioay 0e3 JTiKyBaHHS.

He Oyno komHMX KIIIHIYHUX O3HAK, TIIOB’s3aHHUX 13
JOCITIJKYBaHUM MpenapaToM, Ipu 1031 < 3 MI/KT pa3 Ha TUXKJIEHb
NpoTSIrOM Tiepioxy ©Oe3 JiKyBaHHS (32 BHHATKOM THX, IO
CIOCTEpIrajgucs y TBapHH 13 MO3aIJIaHOBOIO CMEPTIO).

Jlume y camIliB 3HWKEHHS MacH TiJla IpU 71031 3 MI/KT pa3 Ha
THXKICHb 30epirajiocss MpoTAroM mepioxy Oe3 JKyBaHHSA, aje
MOBHICTIO BiJTHOBJIIOBAJIOCS MIEPE]] CIIAPIOBAHHSM.

He Oyno >xogHMX 3MiH y CriOKMBaHHI 11 mipu < 3 MI/KT pa3 Ha
THOKJCHb MIPOTATOM Iepioay 0e3 JTiKyBaHHS.

VY TBapun y mepioni 6e3 mikyBaHHsa Ha 237-239 IIITJ] 3miHu
KJIIIHIYHOI MaToJIorii, OB A3aH1 3 JOCHIIKYBaHUM IPETapaToM,
3arajjoM OyJW BiJ MIHIMaJbHUX 0 JIETKUX 1 OOMEXYBaIHCS
30UIBIICHHSM €pUTPOITHOT MacH y CaMOK IpH 1031 3 MI/KT pa3 Ha
THXKJCHB, 3HUKEHHSM KUTBKOCTI TPOMOOIIUTIB Y CaMOK y /1031 3
MI/KT pa3 Ha THXACHb, MMiJBUIICHHAM (QiOpHHOTEHY y CaMIliB Y
1031 3 MI/KT pa3 Ha TWXKIEHB, 3HIKEHHSAM aJlbOyMIHY Y CaMIIiB
IpU 71031 3 MI/KT pa3 Ha TIKICHD Ta 30UIBIICHHSIM XOJIECTEPHUHY
npu > 0,3 Mr/kr pa3 Ha TwxkaeHb. Ha 13 JIB 3minu kiniHigHOT
MATOJIOT{ y CaMOK, IKi OTPUMYBAJIA COTATEPIEIT 1 Oy 31IydeHi
MpOTSTOM Tiepiony 6e3 JiKyBaHHs, Oy 0OMeXeH1 MiHIMAIBHIUM
migBumeHHssM AJIT, ACT 1 rmoko3u npu 3 MI/Kr pa3 Ha




TH)KJICHb, a TAKOK MTOMIPHUM I1/IBUILICHHAM PIiBHS XOJIECTEPHUHY
npu > 0,3 MI/KT pa3 Ha THKACHb.

[Iporsrom mepiogy 0e3 JIKyBaHHS CIIOCTEPIranocsl 3HMKEHHS
iH/IeKCiB (DepPTUIIBHOCTI CaMIlB 1 CaMOK, YaCTOTH BAariTHOCTI y
CaMOK, sIKi He OTPUMYBAJH JIKyBaHHS, 3IyYCHUX 13 CAMIISIMH, SIKi
OTPUMYBAJIM JIIKYBaHHS, TP A031 3 MI/KT pa3 Ha THXKICHb, a
TaK0’ YaCTOTH BAriTHOCTI Y CAaMOK, SIKi OTPUMYBAJIH JIIKyBaHHS,
mpu 1031 > 0,3 Mr/kr pa3 Ha TmwkAcHb. Cepen caMoK, sIKi
OTPUMYBAJIM COTATEPLENT, TAKOXK CIIOCTEPIranocs: 301IbIIEHHS
B1/ICOTKA TBapHUH 3 HEXKUTTE3IATHUMH eMOpIOHAMU (BKITIOYAIOYH
1 BUBOIOK 3 JIHIIE HEXHUTTE3NATHUMHU eMOpiOHAMH) MPHU 1031
3 MI/KT pa3 Ha THXK/CHb.

Hampukinmi nepioay 6e3 iikyBanus (238/239 I1I1/]) moB’s3aHi i3
COTATEepIENITOM IMOCMEPTHI €PEeKTH y MOCTIKYBaHUX TBapUH
nepioxy 6e3 nikyBaHHS TpH 1031 > 0,3 MI/Kr pa3 Ha THUXKICHb
Oynmu TONIOHMMH 1O THX, SKI CIIOCTEPIrajvcs HANpPUKIHII
nepioay BBEACHHS J03U, 1 BKJIIOYAIM MaKpOCKOIIYHI 3MiHH B
s€9Kax i HIpKax, 3MiHU MacH OpTaHiB y si€9Kax, IPOCTaTi, HUPKaX
1 cepiri, a TaK0K MIKPOCKOIIYH1 3MIHH B HUPKAaX, [UTYHKY, SI€UKaX
(3a BuHATKOM rimepruiaszii kmituH Jleimira) i1 cemesinmi. Y
HaJIHUPKOBUX 3ajio3aX y camok mnpu 1031 0,3 Mr/kr pa3 Ha
TIKJCHb KOPTUKAIbHA TinepTpodis Oijble He crocTepiraiacs,
ajie criocTepiranocs MmiJBUIICHHS YaCTOTH KiCTO3HOI IereHepartii
TIpH 1031 3 MI/KT pa3 Ha TIKACHB. Y Tirnodi3i, KICTKOBOMY MO3KY
Y TUMYC1 HE BUSIBJICHO JKOJHUX 3MiH

He3nauHi 3MiHM KOHIIEHTpAIlii TOPMOHIB Y KPOBi CITOCTEPiraimcst
JMIe MpU 1031 3 MI/KT pa3 Ha TWKIAeHb. HanmpukiHii nepiomay
npuiioMmy crioctepiranocs miauiierss JII' y camIiiB 1 3HWKEHHS
JI' 1 ©CI' y camok. Hanmpukinui mnepiogy ©e3 JiKyBaHHS
cnocrepiranocs miapumeHHs JII' 1 @CI e y cammis. i 3Minn
MaJld HEBU3HAUEHHUH 3B’A30K 13 JIKYBaHHSAM 1 HE BBAXKAJIUCS
TOKCHKOJIOT19HO 3HAYYIIAMHU.

Sk mipa HITBHOCTI KICTKOBOI TKaHWHH, MiHEpaJbHUN BMICT
kictkoBoi TkanuHu (MBKT) i MiHepanbHa MUTBHICTE KiCTKOBOT
tkaauH (MIIKT) (3arampHa, mpokcMManbHA, CEpPEIHs Ta
JUCTalIbHA YACTHHA CTETHOBOI KICTKH) OyIH Ieno 301IbIICH] TPpH
1031 0,3 MI/Kr pa3 Ha THXACHb HAMPUKIHIN TEPiOy BBEACHHS
703U Yy TBApWH OCHOBHOTO JOCTIKEHHS 0€3 OJHOYacCHOTO
BIUIMBY Ha TOPMOHHU. X04Ya BiIMIHHOCTI OYyJIM HEBEIITMKHUMHU Ta HE
3ajexkanu Bix 1o3u npu jo3i 0,3 Mr/kr pa3 Ha THXKICHbD,
BIIMIHHOCTI OyJM TIOCTIHHUMH cepel CaMIliB 1 CaMoOK |,
iiMOBipHO, OynuM mOB’s3aHi 13 coTarepuenToM. HampukiHii
niepiogy 0e3 JikyBaHHs rio0OanbHa Ta nmpokcuMmanbHa MIIKT 1
MBKT cepennboi crerHoBoi kictku T1a MIIKT Oynu
CTATUCTUYHO 3HAYHO HIHDKUYUMHM y CaMIIiB TIPH 71031 3 MI/KT pa3 Ha
THKJICHb, alle BBAXAJIOCS, 0[O0 3B’S30K 13 JIIKYBaHHSAM
COTaTepLENTOM HEBU3HAYECHUH.

[Ticns UIOTMXKHEBOTO JO3YBaHHS MPOTSIroM 12 THXKHIB
€KCIIO3MITisl coTaTepIenTy B nmiama3oHi 103 (Bix 0,3 mo 3 mr/kr pas




Ha TIWKIEeHb) 3pocna B 1,7-3,2 pasu y camuiB i B 1,5-3,8 pasu y
CaMOK.

ATII He Oyno BUSBJICHO y TBapHH, mporectoBanux Ha 128 [TI1/I.
[Ipote ATII 6yno BusiBneHo B 1 camku mpu 0,3 Mr/kr pa3 Ha
THXKJEHb 1 1 caMku mpu 3 MI/KT pa3 Ha TWxkIeHb Ha 13 JIB, a
takok y 1 camug Ha 239 I/ npu 3 Mr/kr pa3 Ha THXACHb. Y
JesKi MOMEHTH 4Yacy MiJBUIICHI piBHI HHUPKYIIOIYOTr0
coTarepuenty MOrJiIM nepemkoaxkatd BussieHHo ATII, mio
MIPU3BOAUIIO IO XMOHO HETAaTUBHUX PE3YJIbTATIB.

Omniaky TDAR Tta iMmyHO(GEHOTHITYBaHHS TIPOBOAMIIH MPOTATOM
nepiogy no3yBaHHS Ta mepiomy Oe3 mikyBaHHsA. [IpoTrsrom
nepiogy T03yBaHHS CIIOCTEPITranocss 3HIDKEHHS T-3aexHOl
Bignosiai antutin IgM mo KLH, ane ne Oyrno 3MiH y BiAMOBiII
antutin IgG mpu 1031 3 MI/KT pa3 Ha THKICHb. Y 2-6 TBapHH Ha
CTaTh/TPYILy, IO 3aTUIIUINCS MPOTATOM Mepioay Oe3 iKyBaHHS,
He Oyno TOMITHOrO BIUIMBY Ha mnpoaykyBaHHs KLH-
cneunigyaux IgM a6o IgG mpu < 3 MI/KT pa3 Ha THXK/IEHb.
3MiHM, TIOB’s3aHI 3 JOCHI[UKYBAaHHM IIpEIapaToM, B OIIIHKax
IMyHO(DEHOTHITy ~ BKIIOYAIH  JI0303QI€KHY  TEHIEHINIO
30UTBIIEHAS  (CTAaTHCTHYHO 3Hauymioi) Kimekocti CD45+
aimdonuTie, mo crnoctepiranaca Ha 56 II1]] y camiiB i camok
npu > 0,3 MI/Kr pa3 Ha THXKIEHb, MOPIBHIHO 3 KOHTPOJIBHOIO
TPyHol0, IO TPHU3BEIO [0 J0303aJIEKHOTO  301IbIICHHS
a0COIOTHOI KIJIBKOCTI 3aranbHux T-kmituH, B-kaitua, CD4+ T-
kiituH 1 CD8+ T-kiTHH y caMIliB 1 caMoK. AOGCOTIOTHA KiJTbKICTh
kiiTiH npupogaux KimepiB (NK) ictoTHO He Bimpi3Hsutacs B
rpynax, siKi OTPHUMYBajdl COTAaTepIENnT, OJHAK 301IbIICHHS
abcomroTHOi  KimbkocTi JiMdornutiB  CD45+ mpusseno 10
CTaTHUCTUYHO 3HAYYIOTO 3HIKEHHS MpOIeHTHOro BMicTy NK-
KITIITHH y CaMIIiB ITpH 3 MI/KT pa3 Ha THOKIEHb 1y camok npu 0,3 1
3 Mr/kr pa3 Ha THXIeHb. Bincorok T-kmiTHH OyB CTaTUCTUYHO
3HAYHO HIDKYHM y CaMOK, siki orpumyBanu 0,3 ta 3 mMr/kr pa3 Ha
THKJICHB; OJHAK a0COJIOTHA KiMbKiCTh T-KIITHH Y LIUX TBapHUH
Oyra 3arajgoM 301IbIIICHA TOPIBHSHO 3 KOHTPOJBHOIO TPYIIOIO.
Biacorok B-kmiTuH OyB CTaTUCTUYHO 3HAYHO BUIIUM Yy CaMIIIB,
Kl OTpUMYBanM 3 MI/KT pa3 Ha TWXKAEHb, IO pa3oM 3i
30umbmeHHssM  KitbKocTi  CD45+  mimdonuTtiB  3011bIIHIO
abCOMIOTHY KUTBKICTh B-KmiTuH y will rpyni MOpiBHSAHO 3
KOHTPOJIBHOIO  TPYIIOKO. CmiBBimHomeHHs:  T:B-xmitun
MIPOJAEMOHCTPYBAJIO CTATUCTHUYHO 3HAUYIY TEHICHIII0 MEHIIO1
kimpkocTi T-xmiTHH y mporopiii 10 B-kimiTuH y camiiiB, sSIKUM
BBOIWIM coTarepuent numie Ha 237 T[], 3aranom guHamiuHi
3MIHU B MArpymnax JiMQomuTiB croctepiranmucs npu >0,3 mMr/kr
pa3 Ha TkaeHb. Li 3MiHM Big MiHIMAJIBHUX 0 TOMipHUX (y 2-3
pasu y B-xmitmHax 1 < 2-KpaTHO Yy 3arajibHiii KUTBKOCTI
mimporwmriB, T- 1 NK-xmitaH) BigoOpakanw JerKuid i
TAMYACOBUU e(eKT akTUBaIlii JIMQOIMTIB MICIsl BBEACHHS
aatureny (KLH) i Manu MiHiMallbHE TOKCHKOJIOTIYHE 3HAUYCHHS.
Uepes HEBENMKY KITbKICTh TBAPUH, IO 3ATHIIIINACS JJIs OIIHKH
nepioay 6e3 yikyBaHHs (Big 2 10 6 TBapuH Ha CTaTh/Tpymy),




BiTHOBIICHHS II0JI0 3MiH IMyHO(EHOTHUITY HE MOXHa OyJI0 TOYHO
BU3HAYHTH.

VY mifgcyMKy, Ha OCHOBI HECTIPHSTIMBOI KJIIHIYHOI MATOJIOTIi Ta
MOCMEPTHUX 3MiH, SIKi HE BUSBWIHCA OOOPOTHUMH, a TaKOX
3HIDKEHHS 1HAEKCIB (epTUIBHOCTI Ta BariTHOCTI CaMoK, IO
crocrepiraiaucst npotarom mnepiony 6e3 mikyBanHs, NOEL Ta
NOAEL gyst niporo gociimkeHHs: craHoBuin < 0,3 MI/Kr pas Ha
TIKIeHb (< 0,6 pa3u OinbIe KiIiHiuHOT ekcrio3umii mpu MRHD).

Cortartepuent: TpuHAAUATHTHIKHEBE AOCTiTKeHHS
TOKCHYHOCTI coTaTepuenty, SKUA BBOAMIH HiAMIKIPHO
MOJIOAUM IIYpaM, BKJIIOYAI0YH Nepio] BiTHOBJIeHHS

Mertoto uporo GLP nocnimkeHHs Oylio BU3HAYUTH MTOTSHIIHHAN
BIUIUB COTATEPIENTy Ha PICT 1 PO3BUTOK, HEHPOIIOBEIIHKOBHUI
PO3BUTOK, IMyHHY KOMIIETEHTHICTh 1 PEIPOAYKTUBHY (DYHKIIIIO
TIPH T IIKIPHOMY BBEJIEHHI MOJI01uM 1rypam JiHii Criper-Jloyiti
pa3 Ha twxaeHs 3 7 go 91 I 3 nmoganbmmm 18-THkHEBUM
nepiooM Oe3 JIiKyBaHHS.

CoTartepuienT BBOJWIN MiAMIKIPHO MOJIOAUM Iirypam iHii Crper-
oy pa3 Ha TrKIeHb, mounHatouu 3 7 [I1]] i mpogoBxyroun 10
91 IIIIA, 3aramom 13 no3. Corarepuent BBoawiau B jao3ax 0
(mociit), 1, 3 a6o 10 mr/kr pa3 Ha TWKIeHb. KiHIEBI TOYKH
TOKCUYHOCTI OIiHIoBanu y 10 TBapuH Ha cTaTh/Tpymny (TBapUHU
OCHOBHOTO JIOCHIDKEHHS, miarpyna 1) 10 KIHIS Tepioay
no3yBanHs Ha 98 [1I1]] Ta y 20 TBapuH Ha CTaTh/TpyIy (TBapHHH,
AKi HE OTPUMYBAJM JIKyBaHHA, HiArpyna 2) mo KiHms 18-
THKHEBOTO Tiepioay Oe3 nikyBanHsg Ha 15 JIB ans camok ta 233
IO nns camuis. Ulypu miarpynu 1 oTpumyBaiu J0JaTKOBY
no3y  Ha 98 IIIIZA. Oxpemi rpynu TBapMH JIKyBajdM Ta
BUKOPUCTOBYBaJIM  Juisl  BHU3HaueHHs  mapaMerpiB  TK
corarepuenty Ta ATII (24 TBapunHu Ha craTh/rpymy Ta 1 3
KOHTPOJILHOI TPYTIH, IO CKJIAAAETHCS 3 6 IypiB/CTaTh, MArpyIa
3), a Ttakox s omiHkd TDAR Tta mpoBeneHHS OIIHOK
imyHodpenoturry (20 mrypiB Ha cTarte/rpymy, miarpyna 4).
Monoaux 11ypiB OLIHIOBAJIM HA CMEPTHICTh, KIIIHIYHI O3HAKH Ta
3MIHM CIIO)KMBaHHS 1Xi, Macd TiJla, CTAaTE€BOTO JIO3pPiBaHHII,
pPyXOBOi aKTUBHOCTI, KiHIIEBUX To4ok FOB Ta HaBuaHHsa Ta
nam’ati  (JabipuHT bBund), TpuBamocTi €cTpajJbHOrO LUK,
pPEeNpONyKTUBHOI 3aTHOCTI, KOHIIEHTpalllii TOPMOHIB KpOBI1
(®OCT, JII', TecTocTepoHy, MporecTepony, ecrpaniony ta EPO),
TDAR Ta mapamerpiB iMyHO(EHOTHITY, WIUIBHICTh KICTKH
(crerHoBOi), a TaKOXX KIIHIYHI Ta aHATOMIYHI TMATOJOTIYHI
KiHIeBl Toukh. bymm mnpoBemeni omiakd TK cupoBatku
(KOHTpPOJIBHI Ta TBapWHH, SKi OTpUMyBasu JiKyBaHHs) Ta ATII
(yMIIe TBapWHU, SIKI OTPUMYBAJIH JIIKYBaHHS).

He Oyno XoaHMX HE3alJJaHOBaHMX CMEpTEH, IOB’sI3aHHUX 13
JOCJIIJDKYBAHUM TIPENapaToM, a TaKOX >KOJHUX 3MIH Y OIIHKax
PYXOBO1 aKTHBHOCTI, HaBUaHHs Ta nam’sTi (1abipuHT bins) abo
MMOKa3HUKIB BHYTPITHROYTPOOHOTO BM)KMBAaHHS eMOpioHa Ha 15
JIB (BTpata 10 IMIUTaHTaIli, BTpara MWiCis IMIUIAaHTAIl Ta




cepelHsl KUIbKICTh JKUTT€3JATHUX €MOpIOHIB, >KOBTHUX T Ta
MiCIIb IMITTAHTAIIIT).

Pesynprat, moOB’s3aHI 3  JOCHIKYBaHHUM  TpEHaparom,
CriocTepirajgucs Ha BCIX pPIBHAX [03 TMPOTATOM TIEPiOAy
J03yBaHHS. Y TBapWUH OCHOBHOTO JOCTIIKEHHS CIOCTepiranocs
301IBIICHHS BUITAIKiB HAOPSKAHHS 3a/{HIX KIHI[IBOK/OOMEKEHOTO
BUKOPHCTAHHS 3a/IHIX KIHIIBOK mpu 1031 10 mMr/kr pa3 Ha
THKJICHb, 3HWKCHHSI MaCH TiJIa Ta CITOKUBAHHS 1K1 Y CaMI[iB TIpH
no3i > 1 Mr/kr koxHi | THXAEHb Ta 3aTPUMKH CTaTE€BOTO
JO3PiBaHHS y CaMIIiB ITPH 1031 > 1 MI/KT pa3 Ha THKIIEHb 1 CAMOK
mpu 1031 > 3 MI/KT pa3 Ha TWxAeHb. Y aHamizi FOB 3HmkeHHs
CHJTY 3aXOTUICHHSI 3aTHIMH KiHIIIBKAMH CIIOCTEPIraiocs y CaMIliB
MpH > 3 MI/KT pa3 Ha TUXKICHb.

3MiHM KIIIHIYHOI TMATOJIOTii, TIOB’s3aHI 3 JIOCIIKYBaHUM
MpernapaToM, y TBapuWH OCHOBHOTO JOCHIKEHHS MPOTATOM
nepioay MO3yBaHHS 3a3BHUail BKIIOUYAIH HE3HAUHE 301TbIICHHS
napamMeTpiB, 110 BKa3zyloTh Ha epurpouapHy macy (RBC, HGB,
HCT, alconroTHa KigbKICTh peTukynonuriB, RDW, mmpuna
po3noainy remornobiny B eputpouutax (HDW)), i HeBenuke
samxenHss MCH, MCHC, MCV Tta/abo TpoMOOUUTIB Tpu
> 1 Mr/kr pa3 Ha THXKACHb, 1 AyXe He3HauHe 301IbIICHHS
CcepeaHbOro 3HaueHHs 00’emy TpombommrtiB (MPV) i
¢i6puHOreny npu 10 MI/Kr pa3 Ha THXKIEHb. 3MIHM XIMIYHOTO
CKJIaJly BKJIIOYAIM Ty’K€ HE3HAyHE MIJIBUILEHHS PIBHS JIy>KHOT
¢docdatazu y camok ipu > 1 MI/KT pa3 Ha THXKIEHbB, Ta 3MiHU, 110
BKa3yIOTh Ha HUPKOBY TOKCHYHICTh (He3HauHe 30umbieHHss BUN
1 xymopuAy [y OKpeMHXx TBapHuH| pu > 1 MI/KT pa3 Ha TUXKAEHb, a
TaKOX TIIBUINECHHS KpeaTuHiHy Ta/abo ¢ocdopy Ta MiHIMaAIbHE
3HIDKEHHS anbOyMiHy, ToOymiHy Ta/abo 3araibHOTO OiNKa, 110
3a3BHuail BijOyBanocs mpu > 3 MI/KI pa3 Ha THXKIEHB), IO
3arajoM KOpPENOBAJIO 31 30UIbLICHHSIM MO3UTHBHOI peakiii Ha
OUTOK y cedi mpu > 3 MI/KT pa3 Ha THXKIACHBD 1 3HIKESHHSIM MTUTOMOT
Baru ceui Ta 30UIblIeHHSIM 00’eMy cedi mpu 10 Mr/kr pa3 Ha
THKJICHb Ta MIKPOCKOITIYHUMH 3MiHAMU B HUPKAX.

[lin 4vac 3amaHoBaHOi eBTaHa3ii TBapUH  OCHOBHOTO
nocmimkenns (miarpyna 1) ma 98 TIIIJ] 3MiHu, MOB’s3aHi 3
JOCITIDKYBAaHUM TIPETIapaToM, BKIFOYAIH MAaKPOCKOIIYHI 3MIHH Y
sI€YKax 1 MpHUIaTKax €90K (M SKOi KOHCUCTEHIIIT Ta HEBEIHKOTO
po3Mipy) mpu > 1 MI/KT pa3 Ha THKIEHb, a TaKOXK y HUPKax
(po3MmupeHi MUCKH Ta BY3JIUKH) MPH > 3 MI/KT pa3 Ha THXK/ICHb.
3MiHM Macu OpraHiB BKJIIOYAJdd 3MEHIICHHS MacH Cepils,
MPUIATKIB S€YOK 1 MEPEIMIXypOBOi 3271031 Ta 301IbIICHHS MacH
S€YHHUKIB Ha >1 MI/KT pa3 Ha THXKJEHb. 3MEHIIIECHHS Baru sSi€40K
BiOyBasoCs Mpu >3 MI/KT pa3 Ha THXKICHb.

Ha 98 IIIIJI nns TBapuH OCHOBHOTO  JIOCHIKCHHS
ricromMmopdooriyHi 3MiHM OyIu MPHUCYTHI B CeNE3iHLI NpU
> 1 MI/KT pa3 Ha THXKJIEHb, 1 BKIIFOYAJIM MiHIMaJIbHE 200 ToMipHE
3HMKEHHS KIITHHHOCTI JTiM(OIAHOT TKAHWHU MapTiHAIBHOI 30HU
Ta MiHIMaJabHEe a00 MOMIpHE IMiIBUICHHS KJIITUHHOCTI Y€pBOHOI
MyJIBIY TpH > 1 MI/KT pa3 Ha THOKJIEHb. Y HHPKax mpu > 1 Mr/kr




pa3 Ha TIKIEHb BUSBICHHS BKJIIOYAIN MiHIMaJIbHY a00 TOMIpHY
XPOHIYHY IIPOrpecyovy HedpomnaTito Ta
MeMOpaHonpoiepaTUBHUN TIOMEpPYJIOHEPPUT, MiHIMATIBHY
abo BaxKy aTpodiro/Timomnaszito  MeayISIPHUX/TAMIIPHAX
KaHaNbIiB (31 30LIBIIEHHSM CTPOMH), JIETKHM MNaniIsspHUN
HEKpPO3, MiHIMaJIbHY 200 MOMIipHY JTMJIATAIl0 KAHAIBIIIB 1 MUCOK,
a TakoX MiHIMaJIbHUN a00 MOMipHHI KpPOBOBHIMB. MiHIMallbHA
MiHepami3alist 3aJ03MCTOi  CIM30BOi  OOOJIOHKM  IILTyHKA
criocTepiraigacst mpu > 1 MI/KI pa3 Ha THXKIEHb. 3O0UIBIICHHS
4acToTH  MiHIMampHOI a0  JIerKoi  NepUnopTaIbHOI
TemaToleNIoNApHO  BaKyoIi3alii crocrepirajgocs TMpH 1031
> 1 MI/KT pa3 Ha THXKIEHb. Y KOpi HaJHUPKOBHX 3aJ103 JIETKUH
a00 Ba)KKWI HEKPO3 BUHHMKAB IIPH /1031 > 3 MI/KT pa3 Ha THK/ICHB,
a MiHIMalbHA Ta TIOMipHa TinepTpodis ITyYKOBOI 30HU
croctepiramacss mpu A031 > 1 MI/KT pa3 Ha THUXAEHb. Bin
MOMIPHOi JIO TSDKKOI JIBOCTOPOHHBOI JAereHeparii KaHaJbI[iB
SI€YOK 1 3MEHIICHHSI MPOCBITY CIEPMATO30ifiB, @ TAaKOX BiJ
MIHIMQJIBHOTO JI0 TIOMIPHOTO TPOCBITY 3aJUINKIB KIITHHHOTO
po3MaiaHHs y MpUAATKaX s€yka CrocTepiranucs mpu > 1 Mr/kr
pa3 Ha THX/ICHb.

[Mpotsirom mepiomy Oe3 JiKyBaHHS Ha TBapHHaX OCHOBHOTO
nocmipkeHHss (miarpyma 2) He Oylo CMEpTeNbHUX BHITA[IKIB,
MOB’sI3aHUX 13 JAOCTIIKYBaHUM MPENapaToM, a KJIiHIYHI 03HAKU
0OMEXyBaJIMCS TOPYIICHHSAM BHKOPUCTAHHS 3aTHIX KIHI[IBOK
Ta/ab0 HAOpSAKOM 3aJHIX KIHIIBOK, SKIi BHHHMKAIU MPH 1031
10 mr/kr pa3 Ha TwkaeHb. CepemHs Maca Tila y CcaMIliB
3aMIIanNacs 3HWKEHOIO MPOTATOM Mepiofy Oe3 JIiKyBaHHS NpU
>1 MI/KT pa3 Ha THXIEHb, 1 3arajloM KOPEeIoBaia 31 SMEHIICHHAM
CITOKMBaHHS 1ki. 3MIHU B CHJII 3aXOILTIOBAaHHS, 3a3HaueHi B FOB
MPOTSITOM TIEPioay T03yBaHHS, 3HUKAIM Y TBApHH y Tepioa O6e3
JIKyBaHHS.

Hampukinmi nepiogy ©0e3 JiKyBaHHS He OyJo >KOIHHX 3MiH
reMaToyiorii 4 KoaryJjsmii, MOB’S3aHHX 13 JOCIHiTKyBaHUM
mpernaparoM. 3MiHM  KJIiHIYHOI maTtojorii, TmOB’s3aHi 3
JOCJIIJDKYBAaHUM TIperapaToM, OOMEXKYBAJIUCS ITiIBUIICHHIM
a30Ty CEUOBHMHM B KpOBi, 30UIbIIEHHSAM 00’eMy cedi Ta
3HIDKCHHSIM MUTOMOI Bard Cedvi y caMiliB IpH > 3 MI/KT pa3 Ha
TIKJCHb, @ TaKOXX MiJABHIIEHHSIM KpeaTHHIHY Ta (ocdopy Ta
3HIDKEHHSIM XJIOPH/IIB Y OTHOTO CaMIs 3 I03YBAaHHAM 3 MI/KT pa3
Ha TIWKOEHDb, SKI BBa)KaaWUCS MOTEHIIHHO IIOB’SI3aHUMHU 3
JIKyBaHHSIM Ha OCHOBI BIJTIOBITHUX 3MIH y HUPKaX.

[Iporsirom mepioxy Oe3 JIKyBaHHS HIKYI CEpPEIHI MOKA3HUKU
criapoByBaHHS, (PEPTUILHOCTI Ta KOMYJIAIIl CIOCTEpiraimcs y
CaMIIiB, SIKI OTPUMYBAJIA COTATEPIIEIIT, IPH 71031 > 1 MI/KT pa3 Ha
THXKJCHB y Tapl 3 caMKaMU, SIKi HE OTPUMYBaJIH JIiKyBaHHs. He
criocTepiranocs >KOAHMX 3MiH, TIOB’S3aHUX 13 JOCIIHKYBaHUM
npenapaToM, y TPUBAJIOCTI €CTPAIbHOTO ITUKITY a00 mapaMeTpax
PEeNpOayKTUBHOT €(QEeKTHBHOCTI y CaMOK, SKi OTPHUMYBaJIU
COTAaTepLENT y Mapi 3 CaMIIMH, SKI paHille HE OTPUMYBAIH
JTIKyBaHHS.




Hampukinmi  mepiomy  6e3  JiKyBaHHS  CIIOCTepirajiucs
MaKpOCKOIIIUHI 3MiHM B HUpKax, si€YKax Ta MPHUAATKAX SE€YOK.
3MIHU MacH OpraHiB B sIEYHUKAX 1 IEPEAMIXYpPOBIiii 3211031 3HUKIN
JI0 pO3THHY B TIepioJii 03 JIIKyBaHHS, a Y CAMOK, SIKi OTPUMYBaJI
no3y 10 Mr/kr pa3 Ha TWXKIEHb, CHOCTEpiraiocs 301IbIICHHS
Barv HUPOK HA JIOJIATOK /IO iICHYOUMX 3MiH Bard cepus, si€4oK i
MPUIATKIB SIEYOK.

INicromopdonoriyai  3MiHH, IO CHOCTEPITaTUCS HAIPUKIHII
nepiogy Oe3 JiKyBaHHs, 3arajJoM Oynau MOMIOHI A0 TUX, SKi
CTIOCTEpITaJHCA IiJ] 9ac MOMEePEeIHBOTO PO3THHY, 33 3aralbHUMHU
BUHSATKAMHU TOTO, WO MiHIManbHa abo moMipHa atpodis
(bacIMKyJISATHOI/PETUKYISIpHOI  30HM  Oylna  TPUCYTHS B
HAJHUPKOBIM 3amo3i, Ta MiHIMalbHEe ab0 JeTke XpOHIYHE
IHTepCTHIIIAbHE 3alajeHHs B HUpPKax mpu > | MI/Kr pa3 Ha
TUXKJICHb, 1 3H)KCHHS KIITHHHOCTI KpaloBOi 30HU CENE31HKH,
JIAITATALlis HUPKOBOI Oamii Ta HEePUNOPTATbHOI
renaToleNIONIIPHOT BaKyOIi3allii.

V 3paskax, 310paHuX I aHAIi3y TOPMOHIB HAIIPHUKIHII MTEPioay
J03yBaHHs (I11]] 4ac ecTpycy A caMoK, nounHatouu 3 92 IMIT/1,
i Ha 97 MIIJ s camIiiB), 3MiHH, TIOB’sI3aH1 3 JTOCIIHKYBaHUM
npenaparoM, oOMeXyBalucs HeBeJUKUM 3HWkeHHAM OCI y
camMoK mpu >3 Mr/kr pa3 Ha TwkaeHb 1 OCIT Ta ectpamiony y
camuiB mpu 10 MI/Kr pa3 Ha THXAEHb, L0 HE BBAXKAIOCH
HecipusaTIuBUM. Lle Oynn ropmMoHanbHI 3MiHH, HE TOB’s3aHI 3
nochiaKyBaHuM npenaparom, Ha 184 T/ y camok 1 232 TITTJ] y
CaMIIiB.

Konnentpanii eputrpomnoeTuHy OyiaM MiJBUIICHI B OKPEMHX
camiiB 3 >1 MI/KT pa3 Ha THXKJIEHb Ta B OKPEMHUX CaMKax MpHU
10 Mr/Kr pa3 Ha TIKIEHb HANPUKIHII MEpioay M03yBaHHS, 1 iX
3B’A30K 13 JIIKYBaHHSIM BBa)KaBCs HeBH3HaueHWid. He Oyio
KOJHMX 3MiH, MOB’SI3aHUX 13 JOCHIIKYBaHUM IIpErnapaTtoM, B
EPO na 15 JIB y camok a6o na 233 I1I1/] y camis.

He 6yno 3MiH y po3mipax cTerHOBOi KiCTKH, BU3HAUEHUX ITi]] 4ac
KOJHOTO PO3THUHY (HANpPUKIHII TepioAy BBEIEHHS JO03M Ta
HanpuKiHII ~ mepiogy ©0e3  JiKyBaHHs). 3a  JOTMOMOTOIO
PEeHTIreHiBCbKOi abcopOuiomMeTpii 3 MOABIMHOIO €Hepriero (ex-
vivo) Oyiu BiAg3HayeHl HE3HA4YHI 3MIHHM JllaMeTpa KiCTKH (BCiel
CTerHoBO1 KicTKu Ta 30H nopsan), MUIKT Tta/abo MBKT npu
> 1 MI/KT pa3 Ha TWKIEHb HAMPUKIHII MEpIOAy TO3yBaHHS Ta
nepiony 0e3 JiKyBaHHS.

[licns MIOTWXKHEBOTO  JO3yBaHHA MPOTATOM 13 TIKHIB
€KCIO3HUIIisA COTaTepLENTy B Aiana3oHi 103 30inbmmiacs B 1,97-
5,40 pasiB y camiB i B 2,45-4,85 pasziB y camok. ATII He Oyno
BusiBieHo y TBapuH TK, nepeBipenux na 128 ITIT/.
KoHueHTpalii corarepuenty y TBApUH OCHOBHOT'O JAOCIIIKEHHS
(miarpyna 1) ma 98 I Oynu momiOHUMH 10 KOHIEHTPALii,
npucyTHiX y TBapuH TK depe3 168 rogun miciis BBEICHHS 103U
y 91 TIIIA. 3a Bunasartkom 4 tBapuH, ATII He Oyno BusBIEHO y
TBapWH OCHOBHOI ¢a3u (miarpymnu 1 1 2), sKi TectyBanucs Ha 15
JIB, 98 III1J1 1 233 TITIJT. Y aesiki MOMEHTH 4Yacy IiIBUIIEHI piBHI




LUPKYJIIOIOYOr0  COTaTepLenty  MOIVIM  MEePelIKOHKATH
BusieiieHHio ATII, mo mnpusBeno A0 XUOHO HEraTUBHUX
pe3yNbTaTIB.

Oniaky TDAR Ta iMyHO(GEHOTHITYBaHHS MPOBOIWIM TiJI Hac
nepioiB 103yBaHHs Ta O6e3 JiKyBaHHS y TBapuH miarpynu 4. He
OyJ10 BHSIBIICHO JKOHUX €(EKTiB, OB’ SI3aHMUX 13 TOCIIIKYBaHUM
npenaparom, Ha T-3ajiexkHy BiANoBiaAb Ha aHTuTLIA IgM abo IgG
npu npoBokyBanHi 3 KLH y tBapun mnpotsrom mnepioais
703yBaHHs 200 0e3 JIiKyBaHHs. Y XOJi OLIHKH IMyHO(EHOTHITY
mig gac a3y qo3yBaHHS KiJIBKICTH JiMponuTiB Oyia 30ibieHa
y caMuiB mpu > 3 MI/KI pa3 Ha TwkIeHb (edekr OyB
BioOpakeHui B 1iaHi B-kiituH, ane He B NK a6o T-kmiTHHax).
Y caMOKk 3aleXHa BiA JO3M TEHJEHILIsI 1O 3HWKEHHS
nporeaTHoro BMicty NK-kmituH mpu 1031 > | Mr/kr pas Ha
THKJIEHb KOpPEIoBaja 31 3MEHIICHHSM a0COMIOTHOI KiNBbKOCTI
NK-xmitun npu 10 mMr/kr pa3 Ha TIKAEHb Y caMmok. [1inq gac dasn
0e3 NiKyBaHHS KIJbKICTh JIIM(OUUTIB 3a1HIIanacs MiIBUIIEHOIO
y camIliB 3 10 MI/Kr pa3 Ha TWXIEHb, ane 3MiHU NK-KIITHH Y
camok 3HuKanu. L{i 3MiHK BiAg MiHIMANIbHHUX 10 TOMipHUX (Y 2-3
pas3u y B-xitiTiHax i < 2 pa3ziB y 3arajbHii KUTBKOCTI JIIM(OIIHUTIB
1 NK-xmiTuH) BinoOpaxaroTh He3HAUYHE 30UIBIICHHS aKTHBAIlil
mimdoruTiB micist npoBokyBaHHS 3 KLH 1 He BBakaroThcs
HECTPUATIUBUMH Yepe3 HU3bKY BEJIMUYMHY 3MIHM Ta TEHJIEHIIIIO
710 BITHOBJICHHS Y OUTBIIOCTI MiATPYT JIIM(OIIHTIB.

VY nifcyMKy, Ha OCHOBI HECIIPUATIMBUX IOCMEPTHUX 3MiH, SIKi HE
MPOJAEMOHCTPYBAIA  OOOPOTHOCTI,  3aTPHUMKH  CTaT€BOTO
JO3piBaHHS y CaMIlB 1 CaMOK, a TaKOX 3HIKEHHS 1HICKCIB
¢deprmmpHOcTi  cammiB, NOEL Ta NOAEL mis  mporo
JOCTiIKeHHs cTaHOBUIIH < 1 Mr/kr pa3 Ha TiwxkaeHb (AUCo-168h =
3080 mkr*roa/mi, < 2-kpaTHa KJIiHiYHa ekcro3uiist mpu MRHD).

6) MicieBa NepeHOCHMICTh

MiclieBy mepeHOCUMICTh OIIHIOBAIH K YaCTUHY JOCIIIKEHb
MOBTOPHUX J[03 BHYTPIIIHOBEHHOTO Ta MiAMIKIPHOTO BBEACHHS
Ha mypax i makakax. Corarepuent 00pe MepeHOCUBCS IIypaMu
Ta MaKakax MICII€BO ITPH 000X IUISIXaX BBEJICHHS.

7) 1OIaTKOBI AOCIIKEHHS
TOKCUYHOCTI:

AHTUTEeHHICTH (YTBOPEHHS
AHTHUTL)

Y pYTMHHUX JOCHIIKEHHAX TOKCUYHOCTI MOBTOPHHUX /03 HE
BUSIBJICHO O3HAK TimepuyTiauBoCcTi abo aHadimakcii dvepes
NOTEHI[IIIHYy IMYHOTEHHICTb, CHPUYMHEHY COTATEPLENTOM.
Imynorennicts (Bianosine ATII) Ha coTarepuent OLiHIOBAIU B
JOCTIIKEHHSAX TOKCUYHOCTI MIOBTOPHUX 1103 Y LIypiB 1 Makak, y
JOCIIJKEHHSAX TOKCHYHOCTI JUISI PO3BHTKY Ta PEMpPOJAYyKTHBHOI
TOKCUYHOCTI, @ TaKOX Y JMAOCIIDKEHHSIX TOKCHYHOCTI JJIst
mostoaux TnypiB. Cotareprent Bukiukas BimmoBigi ATII micns
MOBTOPHUX  [03, 10O € THUINOBUM 1  Oaratbox
010(hapManieBTUUHUX MpENapariB y TBAPUH.

IMyHOTOKCUYHICTh

Ha ocHoBi manux in vitro Ta in vivo 3 nitepaTypH BiJOMO, IO
AaKTUBIHM BIAIrPalOTh MEBHY pOJb Yy Pperysamii IMyHHHX
BiANOBiAeH. BilnmoBiAb 3MIHIOETHCS 3aJI€KHO BiJ TUITY KIITHH 1
3aJISKUTh BiJ JO3piBaHHS KIITHH, CTaTYCy aKTHBallii KIITHH, a




TaKOX BiJ MPOCTOPOBOTO Ta YacOBOTO KOHTEKCTY IMYHHOI
BiNOBii. Byno mokaszaHo, o aKTUBIH A PETYJIIIOE SIK 3arajbHy
TaKk 1 MpOTH3aNabHY BIAMOBIAL Y Makpodarax, 3ajekHO Bij
iXHBOTO MOMEPEHBOTO CTAaTyCy akThBalii. Kpim Toro, akTuin A
MOJKE€ CTUMYJIIOBATH BUPOOJICHHS aHTUTLI B-KiliTHHAMU Ta MOKe
BIUIMBATH Ha PO3BUTOK peryisTopHux T-kimituH. Ha BinmMmiHy Big
uporo, norenuiitHi epext GDF-8, GDF-11 1 BMP-10 na imyHHY
(GYHKIIO OmMHMCaHi HEJOCTaTHBO. Xo4a COTaTepUENT MOXKeE
MOJYJIIOBATH PiBHI aKTUBIHY B KpOBOOOIry, BiH He OIOKye
nepenady CHTHANIB 3aJUIIKOBOTO JITAaHAy Ha IJTLOBHX
KIITHHHUX pelenTtopax 1 MaJoWMOBIpHO, IO BiH Oyne
MIEPENIKO/PKATH ayTOKPUHHIHN 1 TapaKpUHHIN Tiepeadi CUTHAJIB
aKTUBIHY.

Xoua iCHYIOTb JITepaTypHi JaHi, SKi CBiT4aTh PO MOMKIIUBICTh
3MIHM IMYHHOI (YHKIi, OCTaTOYHUX JOKa3iB TOTo, IO
coTaTeplenT BIUIMBAaE Ha IMyHHY QyHKOi0, Hemae. OnHe
JOCIIJDKEHHSI COTAaTepLEeNTy Ha Makakax OyJio MpUIIMHEHO
JOCTPOKOBO Yepe3 HasBHICTH iHQEKIil Mia3mMomist y Oaratbox
TBapuH 1 MepeayacHy cMepTh | TBapuHU 4epe3 (PyIbMiHAaHTHY
MaJIsIpifo.

[Tna3moniii OyB MPHUCYTHIN 10 MOYATKY AOCTIIKEHHS, ale Horo
3aXBOPIOBAHICTh 1 TSOKKICTH 3POCIH MPOTITOM 9-THKHEBOTO
nepiogy J03yBaHHSA. Xoda MOJKIHMBO, L0 OINOCEPEIKOBaHI
coTaTepuenTtoM 3MiHM B IMyHHIH QyHKOl — TABAIIAIN
COPUMHATINBICTh LIUX TBApUH 10 iH(eKii, 7o0pe BiAOMO, IO
Mpernapary, Mo CTHUMYIIOITH €PUTPOIOE3, MOXKYTh MOCHUIUTH
M1a3MOJIi€BY  1H(EKII0 MUIAXOM  30UIbIIEHHS  MOIYJIALil
MOTEHIIHHUX KIITHH-TOCTIOAapiB. TOMy BBaXKa€eThCsl HMOBIpHHM,
[0 OMOCEpPEAKOBAHE COTATEPLENTOM 30UIbIIEHHS KUIBKOCTI
EpUTPOIMTIB 1 PETHKYJOUUTIB, a HE 3MIHM IMyHHOI (QyHKIII,
HiABUIIWIO  CHPUHHATIAMBICTG TBapHH, $KI  OTPUMYBAJIU
JIKyBaHHS JI0 1HPEKIIT 1a3MO/Tis.

VY 3aBepuIeHUX JOKIIHIYHUX JOCTIDKEHHSAX COTaTepLenTy
BigMivaocst MiHiMaibHe a00 TTOMipHE BUCHAKEHHS JTiM(DOIiB y
TUMYCl MaKak npu go3ax > 10 mMr/kr pa3 Ha 2 TWkKHI mijg gac 27-
TH>KHEBOTO JIOCITI/KEHHS 1 B CEJIE31HIII TPH J103axX > 2,6 MI/KT pa3
Ha 4 TWKHI T 9ac 9-MicsiaHoro nociipkeHHs. OTHaK y Makak i
JOPOCTUX IIypiB MPHU BCIX AOCTIHKEHUX J103aX HE OyII0 KOTHUX
O3HaK JiereHepallii a0 HEKpo3y B TUMYCI UM CEJIE31HII, )KOTHUX
HeOaXaHUX TPOSBIB B 1HMIMX JIMQPOIMHUX TKAHUHAX, KOTHUX
3HAYYIIUX 3MiH Y HUPKYIIOIOUNX JICUKOIMTAX 1 )KOJHUX 3MIH y
KOHIIEHTpaLii rmo0yiHy B cupoBarii Kposi. He3HauHi 3MiHH y
MI€JIOTTHO-EPUTPOITHOMY CHiBBIAHOIIEHHI KICTKOBOTO MO3KY Yy
Makak 1  MOJOAMX  UIypiB  BIANOBiATM  MOMIPHOMY
(hapMaKoJIOTIYHO OTIOCEPEIKOBAHOMY ITiJIBUILIEHHIO EPUTPOITHUX
napaMeTpiB 1 BiIOyBaJIUCs 32 BiICYyTHOCTI HECTIPUATIMBUX 3MiH Y
IUPKYTIOIUMX JierkoruTax. Jlimdoimai 3MiHM Yy MONOIuUX
LIypiB, SIK MPaBUIIO, OOMEKYBAIUCS MiHIMAJIBHUM 200 IIOMipHUM
3MEHIICHHSAM KJIITHHHOCTI B MapriHaJbHIA 30HI OUIOT MyibIH
Ta/a00 MiHIMAJIBHUM 200 TTOMIPHUM 30UTBIICHHSIM KIIITHHHOCTI B




YEepBOHIN MyJbIIi cene3iHKU. Y 6a30BOMY IOCIHIIKEHHI MOJIOIUX
IIypiB He OyJIO JKOAHHMX 3MiH, IMOB’S3aHUX 13 JTOCIIKYBaHUM
npernapatoM B aHamizi TDAR, a nani imyHO(eHOTHITYBaHHS HE
BKa3yBaJIM Ha TMPUTHIYEHHS iMyHIiTeTy. HapemrTi, y »KOoIHOMY
JOKJIIHIYHOMY JIOCIIJKEHHI COTaTeplenty He Oysio BUSBICHO
KOJTHOTO CHJIBHOTO CHUTHATY WIOAO TilepIrurasii Ta YTBOPECHHS
MYXJUHU. Y NIJCYMKY, CYKYIHICTb TOKJIIHIYHUX JAHUX CBITYUTh
Mpo Te, M0 COTATEPIENT HE MAE TOKCHUKOJIOTIYHO 3HATYIIHX

JOCJIJDKEHHS MEXaHI3MIB il

IMYHOMOTYJTFOIOUHX €()EKTIB.

MexaHizM  [ii  OIIHIOBaBCS B paMKax  BTOPMHHHX
(hapmMakoIMHAMIYHUX AOCITIIKEHb.

JlomaTKoBUX JOCIIKEHb MEXaHi3MiB Jii He TIPOBOIAMIIOCS.

JiKapchKa 3aJeKHICTh

CoratepuenTt — 1e OUTOK 3 BEIHMKOI MOJEKYISIPHOI Macolo,
KU HEe MPOHHKAE yepe3 reMarocHmedaniaamii 6ap’ep. He Oyro
BKa31BOK Ha Te, III0 COTaTepLEenT Ma€e papMaKoJIOTUHUA TPOP1ib,
IO BIANOBiAAa€ TOTEHHIWHIA CXUIBHOCTI /IO 3JIOBXHBaHHS
JikapchbkuM 3aco0oM. Kpim Toro, y IocmigKeHHSIX TOKCUYHOCTI
MOBTOPHUX 103 HE OYJIO pe3yNIbTaTiB HEBPOJIOTIYHOI OLIHKK 200
KIIHIYHUX O3HaK, sIKi O CBIQUMIM MPO TMCUXOAKTHUBHI e(heKTH
(ToOTO CcemaTUBHI YW CTUMYIIOIOYI epekTH). TakuM YHuHOM,
KOJHUX AOCIIKCHb MOTCHLIHHOTO 3JI0BKUBAHHS JIIKAPCHKUM
3aco00M 3 TBapHHaMH HE TMPOBOMWIIOCS, 1 MOTEHIal
37I0B)KHMBaHHSI JTIKAPCHKUM 3aCO00M BBaXKAETHCS Ty’KE HU3BKUM.

TOKCUYHICTh META00IITIB

CorarepuenT — 11e OUIKOBUH TeparneBTUYHNAN MpenapaT, SKUi
MIOBHICTIO CKJIAJA€ThCS 3 MPUPOJHUX AMIHOKHCIIOT, 1
OYiKY€ETBCS, IO THITOBI MPOTEOJITHYHI IUISIXU Oy Iy Th
OCHOBHUM IIISAXOM Katabomizmy. [ToTeHIIiiiHy TOKCUYHICTh
MeTa0OoJIITIB COTATEPIICTITY OI[IHIOBAIIU B paMKaxX JOCITIKEHb
TOKCUYHOCTI MMOBTOPHHUX J103. JI0JaTKOBI AOCIIHKEHHS
MeTa0OoJIITIB HE MPOBOIMIIHCE.

TOKCAYHICTH JIOMIIIIOK

KonHux NOKNIHIYHUX AOCHIIKEHb 3 OYyIb-SKUMH OKPEMUMU
JOMIIIIKAaMH HE TTPOBOAMIIOCS. JIOMIIIIKH B Ji109iii pedoBUHI Oyin
kBamipikoBaHI Ha 3a3HAYCHHX PIBHAX Y  JOCHIKEHHSIX
TOKCHYHOCTI, TIPOBEIEHHX 3 PI3HUMH CEPisIMH/TIAPTIIMHU
COTaTEpPIICITY.

1HILIE

DOTOTOKCHYHICTD

Sx 3aznaueHo B HactaHoBi S10 ICH (Ouinka QoTtoGe3mnexku
(dapmanieBTHUHUX 3aco0iB), I HACTaHOBA «3a3BWYail He
3aCTOCOBYETHCS 10 MENTHU[IB, OLIKIB, KOH IOTaTiB aHTUTLI abo
OJIITOHYKJICOTHAIB». TakuM YHHOM, OILIHKa  OLIKOBOTO
mpemapaTy, TaKoro sK coTaTepuent, Ha (OTOTOKCHUYHICTh
BBXKAEThCS  HEOOTpyHTOBaHOK.  Buxomsun 3 mporo
OOTpYHTYBaHHS, TOKIIHIYHI JOCTiIKEHHS (POTOTOKCUYHOCTI AJIs
COTaTEPIICNITY HE MPOBOIMIINCH 1 HE TNIAHYFOTHCSI.

RAP-011: 3-micsiuHe [IOCHIIKEHHS IHTPanepuTOHEAJIbHOL
TOKCHYHOCTI HAa MHIIAX 3 1-MicAYHNM BiTHOBJIECHHAM

e mocmimkenns GLP Oyno mnpoBeneHO SK IOCTIIKECHHS
TokcuyHOCTi Ha Mumiax CD-1 3 Bukopuctanusam RAP-011, skuit
€ OUTKOM 31UTTS, ToAIOHUM 110 cotarepuenty. RAP-011 mictuth




Fc-pparment mumi (IgG2a) 3amicts Fe-gparmenrta mroanHu
(IgG1). Mera 1BOro JOCHIKEHHS TMOJIATalla y BHSBJICHHI
TOKCUYHOCTI JJI1 OpraHiB-MilleHeW micis 0araropasoBOro
BBEJICHHA /03U TPH3YHaM, y SIKHX HE OYIKY€ThCS PO3BHTOK
peaxiii aHTUTLI Ha TOCHIDKYBaHUM —TMpemnapar.

RAP-011 mumam BBOAMIIM 1H'EKIINHO IBiYl HA THXIeHL. RAP-
011, po3unnenuit y Hocii, BBogmiu B Ao3ax 0 (Hociii), 10, 30 a6o
50 Mr/Kr OBiYi Ha THXKACHB MPOTIroM 3 MicsmiB. Koxna rpymna
no3 Bimrovana 20 TBapuH Ha ctarth/rpymy. Ilepmi 10
TBApWH/CTATI/TpynH OyJy PU3HAYEH] UTSt PO3TUHY HA 92-1i 1eHb
nocmimkenHs, a 10 TBapuH/cTaTi/Tpynu Oyiau MpU3HAYEHI IS
po3tuHy Ha 120-ii neHp gocmikeHHS (michs 1-MicsgHOTO
nepioay 0e3 JTiKyBaHHS).

TBapuH OmiHIOBAaIM HA CMEPTHICTH 1 3MiHM KJIIHIYHHX O3HAK,
MacH Tija, 3MIHM MacH Tija, CHOKHMBaHHS 1Ki, TeMaToJorii Ta
KIIIHIYHOI XiMii, a TaKOX ITOCMEPTHUX ITApaMETPIB.

CMepTHICTh, TMOB’S3aHAa 3  JOCHIPKYBaHUM  IpemapaToM,
crioctepiranacs mepeBakHO npu jmo3ax > 30 Mr/kr aBiui Ha
THKIeHb. Hes3ammaHnoBaHa cMmepTh BKIOuyana 3arajiom 34
TBapUHHU, SIKi OTPUMYBAJIH JIIKyBaHHS, Ta, SIKi OYJIM B KPUTUIHOMY
cTaHi abo 3HaiineHi meptBumu (2/40, 15/40 1 17/40 tBapuH, sKi
orpumyBasii o3 10, 30 1 50 wMr/kr nBi4i Ha THXKICHB
BIJIMOBITHO, MOYMHAIOYN MPUOIU3HO 3 60 IHSA AOCIIKCHHS).
UYepes mocTiifHe MOTIPIICHHS CTaHy CaMOK, SIKi BUXKHIIH, 3 JO3010
50 Mr/kr ABiYi Ha THXACHb, OyJIO €BTaHA30BaHO Ha 74-i JeHb
IOCIIIKEHHS, @ BCIX CaMIIiB, K1 BIDKIIIH 3 103010 50 MI/KT aBidi
Ha THXICHD (BKJIIOYHO 3 TUMH, SIKi OyJIH IpU3HAUEH1 JIJIs IEPioy
0e3 mikyBaHH:), OyJI0 €BTaHA30BaHO Ha 92-i eHb JOCIIHKEeHHS
(xineup mepiomy unikyBaHHs). [lim wac po3THHY B TpyIHid
MOPOKHUHI OyJIa BUSBIICHA PiIMHA YEPBOHOTO KOJIBOPY.

VY TBapuH sIKi 3aTMHYJIH HE3aIIAaHOBAHO Ta TBAPUH, K1 BIKUIIH B
niana3oHi 103, KJIIHIYHI 03HAKH BKJIFOYATN PUCKOPCHE TUXAHHS
Ta rpy0y MIEPCTh.

HeBenuki TpaH3UTOpHI 30UIBIICHHS Ta 3MEHIICHHS CEPEIHBOI
MacH TUIa/3MIHM MacH TUIa, TOB’s3aHl 3 JOCTIIKYBaHUM
MpernapaToM, CIOCTEPIralucs y CaMOK 1 CaMIliB y BChOMY
Jiana3oHi 703, MPUYOMY 30OUIBIIEHHS IUX IMapaMeTpiB 1HOAL
KOPEIIOBAJIO 31 301IBIIEHHSIM CTIOKUBAHHS 1Ki.

[Tapamerpu epurporutie (RBC, RDW, HGB i1 HCT, a Takox
KUTBKICTh PETUKYJIOIMTIB) OYyJIM MiIBHUIIEHI B yCIX Tpymnax, sKi
orpumyBaii RAP-011. Cnocrepiranocs He3HayHe, OOOpPOTHE
JI0303aJI€)KHE ITiIBUIIECHHS PiBHA nedyiHKoBUX (epmeHTiB (ACT
ta AJIT) pa3om i3 miABUIIICHHSAM HATPilO0 Ta TPUTIILEPUIIB, K1
MOBHICTIO 3HUKIH A0 120-T0 MHS MOCTiKeHHS (KiHEIh Mepioay
0e3 JTiKyBaHHs).

[Tig yac 3ammaHoBaHOTO PO3THHY Ha 92-i eHb JOCITIIKEHHS B
JiarasoHi 103 4acTo CIIOCTEpirajacs 4YepBOHA PiIMHA B TPYAHIN
MOPOKHHHI, SIKa BKa3zyBaJla Ha reMoTopakc. Lle crocrepexxeHHs
TPaIUBUIOCS PiIe y TBAPUH, PO3THH SKUX MPOBOAMIH Ha 120-i
JIEHb JOCIIKEHHS.




CepeHi NOKa3HUKM MacH Ceplisl Ta Macu HUPOK OyJI 3MEHILEeH1
y CaMOK 1 caMIliB HallpHKIiHII Tepioxy JikyBaHHS (92-i1 1eHb
JIOoCTiKeHHs1) Ta B mepion ©Oe3 mikyBanHs (120-ii nmeHb
JOCTIPKCHHS ).

INicronaTonoriyni 3MiHM Oy MOAIOHMMH B yCiX Tpymax 103 i
CTIOCTepirajmics B MO3KY, HUpPKax, CeJe3iHIl Ta TUMYCi, a B
MEHIIi# Mipi B ceplli Ta JereHsx. BoHN BKIOYalId MiHIMaJIbHY
0araTOBOTHMINEBY MIHEpATI3aIil0 CyJWHHOTO  CIUICTCHHS;
MiHIManbHy a00 TOMIpHY MyNbTU(OKATBEHY JIBOCTOPOHHIO
JieTeHepallifo/HeKpo3 KIITHH, 0 BUCTHIIAIOTh KaHAJBIl, ¥ KOpi
HUPKHU;  MIHIMaIbHUA  MYyIbTU(DOKATBHUA  alTbBEOJSPHUIA
TiCTIOHUTO3; 1 BiJ MiHIMaJIBEHOTO 1o MOMIPHOTO
JIeTeHepaTUBHOTO/HEKPO3y MioKapa IITyHOukiB. Kpim Toro, y
CeJIe3iHIIi CTIOCTEPIraocs BiJl JIETKOTO JI0 IIOMipPHOTO TIOCHIJICHHS
KPOBOTBOPEHHS. 3MEHILEHH JTIM(OiAHOT CUCTEMHU, BIAMIYEHE B
TiMPOITHUX opraHax (CenesiHii, TUMyCl Ta JiM(paTHIHUX
By3J1aXx), HMOBIpHO, OyJ0 pe3yJbTaTOM BHCHAaXXEHOI'O CTaHYy
MHILIEH.

Takum uymHOM, iHTpamepuTtoHeanbHe BBeAeHHS RAP-011 y
no3ax 10, 30 abo 50 mr/kr ABi4i Ha THUXICHb, MPHU3BEIO IO
HaJMIpPHOT TOKCMYHOCTI/CMEPTHOCTI Tipu J03ax >30 MI/KT JBiui
Ha TKAeHb. Jlo3u >10 Mr/kr nBiYi Ha THXKICHb TPHU3BEIH 0
(hapMaKoIOTiYHO OMOCEPEIKOBAHOTO 30UIBIICHHS €PUTPOITHUX
nmapaMeTpiB 1 CeNe3iHKOBOTO KpPOBOTBOPEHHS, a TaKOX JO
3MEHIIIEHHS Bark cepls Ta HUPOK 1 riCTOMATOJIOTIYHUX 3MIiH Y
CYIVHHIA OOOJIOHIII CIUIETEHHS TOJIOBHOTO MO3KYy. [Ipm sBHO
TokcuyHuX Jgo03ax RAP-011 Takoxk BHUKIMKaB ypaKeHHs
KaHAIBLIB KOPH HUPOK, aIbBEONSIPHUMA  TICTIONWTO3 1
JIeTeHepalliro/HeKpo3 MioKap/a IUTYHOUKIB.

Corarepuent, ACE-536, RAP-011 Ta RAP-536: nociigkeHns
HUPKOBOI TOKCHYHOCTI cotaTrepuenty, ACE-536, RAP-011 Ta
RAP-536 y MoaesIsIX 5/6 HepeKTOoMil a0o
O0IHOOIYHOIMEepPeB’A3KH CEY0BOY Y CAMOK INYpiB JiHii Cnper-
Hoyni

MeTta 1BOTO AOCHIIHKEHHS TOJATallia B OIUHIN IMOTEHIIHHUX
e(eKTiB coTareplenty Ta Horo mumadoro anamora RAP-011, a
tako)k ACE-536 Ta #ioro mumayoro anaimora RAP-536 y nBox
MOJIETISIX HUPKOBOI HEIOCTATHOCTI y TPU3YHIB: 5/6 HeppekToMii
Ta omHOOIuHe mepeB’s3yBaHHsS cedoBony (OIIC). Hwxue
HaBEJICHO JIMILE Pe3yJbTaTH JOCTiIKeHb coTarepuenty i RAP-
011. Y mupoMmy JOCHIDKEHHI BHUKOPHCTOBYBAIH MOAeHi 5/6
Hedpekromii 1 OIIC xommpomicy HupkoBoi ¢yHkuii. Koxna
MoJieNb OyJia POTECTOBaHA B OJIHIH 13 TBOX TPYIT JOCIIIKSHHS.
KorxHa rpyma ckiajanacst 3 CEeMU IpyII JTiKyBaHHS 6 3 sKUX OyJu
XipypriuHo  3MiHEeHUMH Ta 3  TBapwHH, sKi  Oyim
TICEBJIOONIEPOBAHUMHU, 1 SIKI OTPUMYBANU Mpenapar MiAIIKipHO
pa3 Ha TKIeHb npoTsroMm 13 TmwkHIB. CoTaTeprent BBOIWIA
miamKipHo B go3ax 1 abo 10 mr/kr 1 pa3 Ha TXKAEHb TBapUHAM
y rpyni mocnimkeHHs 5/6 Hedpexrtomii (rpymu 2 1 3) i rpymi
nocaimkenns OIIC (rpymu 91 10). RAP-011 BBogMIM MiAIKIPHO




B 71031 10 MI/KT pa3 Ha TKIEHb TBApUHAM Yy TPYIIl JOCTIIKEHHS
5/6 medppexromii (rpyma 6) ta rpymi OIIC (rpyma 13). I'pynu 1
(rpyna mocmikeHHs 5/6 HedpekTomii) 1 8 (rpyna qocmigKeHHs
OIIC) orpuMyBasM KOHTPOJIbHUI Hocid. Omnepamito 3 5/6
He(pPEKTOMIl IPOBOJMIN MPOTIArOM 3-TO THIKHS JOCITIKEHHS, a
omepartito OI1IC — mpotsrom 11-r0 THKHS JOCTIKESHHS.
[Mapametpu  JgocmifpkeHHs, AKi  OI[IHIOBAIHM,  BKIIOYAIH
CMEpTHICTb, KIIIHIYHI CIIOCTEPEKEHHS, Macy Tijla, CIIO)KUBAaHHS
Ki, TeMaToJOril0, KpeaTHHIH CUPOBaTKH, a30T CEYOBHUHH,
napameTpu cedi (kpeaTuHiH, 00’eMm 1 OioMapkepu aibOyMiH,
myruH T-kmitun Ig, Takox Bimomuit sk KIM-1 (Monekymna
nomkopkeHH HUpoK 1) (TIM-1), ninokaniH-2 1 OCTEONOHTHH) 1
ricroMopdooriune AOCTIIKEHHS HUPKU. bynu gociiikeHi naHi
excnpecii HUPOK s 12 HiIbOBUX TEHIB 1 8 TpaHCKpUNITIB
MmikpoPHK. BuwmiproBanu KOHIIEHTPALIIf0 npemnapary
coratepuent. ATIl Bu3Hawamm ans TBapuH, SKi OTPUMYBAIU
corarepuent i RAP-011.

He Oyno 3adikcoBaHo KOJHOI CMepTi, TIOB’s3aHOI 3
JOCIIJDKYBAaHUMM TIpernapaTaMu, a TakoXK He Oyso 3MiH Macu
TiNa, CIOXXMBaHHS TKi, KpEaTHHIHY CHPOBAaTKH KpOBi, a30Ty
CEYOBHHHU a00 KpeaTHHiHy cedi Ta mapameTpiB 06’emy. He Oyio
KOIHHUX 3MiH, TOB’SI3aHUX 13 JOCITIDKYBaHUM MpENapaToM, y
eKcIpecii TeHiB HUPOK/MiKpOpiOOHYKIIETHOBOI KUCIOTH (MIKpO-
PHK).

Habpsx kiHIIBOK, TOB’A3aHUM 13 TOCIIIKYBaHUM TPENapaTom,
criocTepiraBcs 'y | TBapuHH, sIKa OTpPHMYyBala COTATEPLENT
(1 Mr/kr pa3 Ha THXAEHb ), 1 He3HayHe (HapMaKOIOTIYHO
OTocepeIKOBaHe 301IbIIEHHS MacH pUTPOLUTIB (EPUTPOLIUTIB,
HGB Tta HCT) cnocrepiraniocs npH BCiX 03aX COTaTepLENnTy Ta
RAP-011 y mypiB 3 5/6 nedpekromii Ta mpu 10 wmr/kr
coTtaTeplenty pa3 Ha TxaeHb Ta RAP-011 B mrypis 3 OIIC.
30inbmIeHHs piBHSA 6iomMapkepiB anpOyminy, TIM-1, minmokaiiny-
2 Ta OCTEONOHTHHY B HUPKaX y ceul, OB’ s3aHe 3 IOCII)KYBaHUM
mpermapaToM, — CIocrepiraiocss B Outelmocti  Trpym i3
He(PpEeKTOMOBAaHMX TBAPHH, K1 OTpUMYBaJIi coTtareprent i RAP-
011. Jlinokanin-2 OyB MiHIManbHO migBUILEeHUH y TBapuH 3 OIIC,
K1 oTpuMyBaiu cotarepuent i RAP-011.

VY nopiBHSHHI 3 TBApUHAMMU Micis HeQPEKTOMIi, sIKi OTpUMYBaIIU
HOCIH, a00 BiAMOBiAHUME rpynaMu GikTUBHO ornepoBaHux ACE
1 RAP, cepeani cTyneHi TSDKKOCTI Ui TOPIBHSIHHOTO CHEKTPY
3MiH KJIyOO4YKIB TOMITHO 301IBIIYBIMCS Y TBapUH IICIIS
HedpekToMmii, ski oTpumyBanu cortartepuent ab6o RAP-011.
JlomatkoBi 3MiHM B Tpynax, SKI OTPUMYBAJIX JIKyBaHHS
coratepuentom i RAP-011 Bkirodanu 3MiHM B KIIyOOuKax
(HaKOMMYEHHS TialliHy, YTBOPEHHS EMIiTETIaThbHOTO IMBMICAIIS,
30UIBIICHHS TOBIIMHM OOYMEHOBOi KarCysd, pO3IIUPEHHS
OOyMEHOBOTO  TIpocTOpy Ta/abo  kiayOoukoBa  aTpodis),
30UTBIIEHHS YAaCTOTH Ta/a0b0 TSKKOCTI TyOyJIOIHTEPCTUIIIATTBHIX
ypaxeHb  (TyOynspHa  gwnaramis — Ta/abo  6azodimis,
iHTepcruiianpia  (idporasis/gidpo3 Ta/abo MOHOHYKIEapHi




3amanpHi  KIITHHHI  1HQIIbTpaTH), a TaKoX IOCHJICHHS
TJIOMEPYJSIPHOTO  Ta  TyOyJOIHTEPCTUIIIAIFHOTO — IMyHHOTO
¢dapOysanns 111 pSmad2 Ta aSMA.

VY rpymi gocmimkenns OIIC ricromopdooriyai 3MiHH B HUpKax
13 oOcTpykii€ero ceyoBoay Oynu  XapakTEepHUMHU IS
oO0cTpykTHBHOI Hedpomarii, i He OyJIO TOMITHOI PI3HHUI Y
TSOKKOCTI OOCTPYKTHBHOI Hepomarii Mi>k Tpymamu JiKyBaHHS
Hociem, cotareprientoM i RAP-011.

[T'stnecsat BiciM BiacoTkiB (58 %) TBapuH, sfKi OTpUMYBaIU
coratepuent, i 11 % TtBapuH, siki orpumyBamun RAP-011, Oymu
BuzHaHl ATII-mosutuBHUMH Ha 92-H I€Hb HOCIIIKEHHA. Y
ATII-HeraTUBHHUX TBapWH KOHIICHTpAILIi ITpernapary B CHPOBATII
KpOBi, BUMIpSIHI Miclsi OCTaHHBOI n03u, Oynu B 2-10 paziB
BUIIMMH, HK KOHIEHTpAIii, BUMIpSHI MiCIs NepIioi A03H, M0
BKa3y€ Ha HAaKONMYEHHs Ipemnapary. | HaBmaku, KOHLEHTpALis
mpernapaTy 3MEHITYBaJIacsl MPOTITOM JOCIIPKEHHS Yy OUTBIIOCTI
ATII-no3UuTUBHUX TBapHH.

VY migcymKy, miamkipHe BBeneHHs cotarepenty ta RAP-011 1
pa3 Ha TWXKACHb 5/6 TBapHHAM Micis He(PPEKTOMIil CIPUINHUIIO
MOMITHE 3arOCTPEHHS KITyOOUKOBHX Ta TyOyJTOIHTEPCTUIIATBHIX
ypakeHb, MOCUJIEHHS iMyHHOro (apOyBaHHs pSmad2 ta aSMA
Ta TiABHUIIEHHS piBHS anbOymiHy B cedi, TIM-1, minmokaminy-2
Ta/ab0 OCTEONMOHTHMHY Yy TOPIBHSAHHI 3 TpyHamH JiKyBaHHS
coratepuentom i RAP-011, axi manmu HedpekTomiro abo Oymu
TMICEBIONPOONIEPOBAHUMH.

Yepe3 mporpecyroumii crtaH 3MiH 'y Mopdosorii  HHPOK,
OB’ SI3aHUX 3 OAHOOIYHOIO OOCTPYKIIIE€I0 CEYOBOY, MOTEHIIIHHI
ricromopdonoriuni edextn sikyBaHHS cotarepuenToM i RAP-
011 He BHamocs BU3HAYUTHU IIPH OOCTPYKITiT HUPOK.

5. BUCHOBKM 11070 JTOKJIIHIYHOTO
BUBUYEHHS

Ha 3aBepiieHHs MOXKHa CKa3aTu, 110 CyNEpCIMENWCTBO JIraH/iB
TGF-B, 3B’43aHUX cOTaTepLENTOM, JEMOHCTPY€E PI3HOMaHITHUI
BIUIMB Ha PICT, PO3BUTOK 1 TOMEOCTa3 y YHCICHHUX TKaHWHAX 1
cuctemax opratiB. [loreHuian mo6iunux edexTiB OyB MIUPOKO
OIIIHCHUN Yy JOKITIHIYHAX TOKCHUKOJOTIYHHX JIOCIIDKCHHSIX,
NPOBEACHUX 13 coTarepuenToM. I[IOMKOIKEHHS HUPOK, IO
criocTepiranocs y IIypiB i Makak, He IMOIIMPIOBATIOCS Ha JIFOIEH Y
KJIIHIYHUX BUMIPOOYBAHHSX, MPOBEACHUX HA CHOTOAHINIHIN JCHb.
INicromopdosnoriyni 3MiHM, BUSBICHI B CYAHMHHOMY CIUIETIHHI
Makak, He Oylu MOB’s3aHi 3 IHIIUMHU CTPYKTYPHUMHU 3MiHAMU
MO3Ky 4YHM TIOBEJIHKOBUMH 3MiHaMH Ta HE BBAXKAIUCS
HECHPUATIUBUMH. Y IIypiB BIUIMB Ha Bary cepis He OyB
HECTIPUATIUBUM 1 OyB O0O0OpOTHMM, a 3MiHH B BHHOCHHX
MPOTOKaX/sieukax 1  HAJHUPKOBIM  3all031  HaBpsAx  9H
BIOOpPa3sATbCs Ha JIIOJAMHI Yepe3 BIAMIHHOCTI B CTPYKTYpi
opraHiB (IMB. OOTOBOPEHHS B KOPOTKOMY OTJISAl OIlIHKH
(GepTUIIbHOCTI y caMIiB NpPU 3aCTOCYBaHHI COTAaTepLENTy) i
MOJIeNl T03p1BaHHS BiAMOBIIHO. PemonentoBaHHsI HATHUPKOBUX
3aJ103 YyTJIHMBE JI0 3MiH Yy Mepefayi CHUTHANIIB aKTHUBiHY. Xoua
Iypd CHOPUAHATIMBI 10 3MIH HAaJHUPKOBHX 3aJ03 aX [0
JIOPOCJIOTO BiKY, PEMOJAEIIOBAHHS HAaJHUPKOBHUX 3aJ03 JIOJAUHU




3aBEPUIYETHCS MPOTATOM 3-6 TIKHIB TICIS HApOPKEHHS.
CortarepuenT MaB HECHPUSTIWBUN BIUIMB Ha (EPTHUIBHICTH Y
camiiB (0OOpOTHMII) 1 caMOK WIypiB, CHOPUYUHSIB J10- Ta
MOCTIMIUTAHTAIIHY BTpaTy, OyJIO TIOKa3aHO, IO BiH MPOHUKAE
4yepe3 IUIAICHTY Ta CIPHYHMHSE 3HIDKCHHS MacH IUTHHYAT 1
MOB’s13aHI 3 OKOCTEHIHHSAM 3MiHH, SKi OyiIH TepeBaxXHO
O00OpOTHHMH B JOCTIKEHHSIX eMOpio-peTaabHOrO0 PpO3BUTKY
(EFD) i PPND y mypiB i KpoJiB (BKIIOYAalOUU WIyPEHST, SIKi
OTPUMYBAJIU COTATEPLEHT BUKJIFOYHO YePe3 MOJIOKO). Y MOJIOAUX
IIypiB COTAaTepIENT 3MEHIIYBaB Macy TiTa Ta CIOBUIHHIOBAB
cTateBe no3piBaHHs. [HIINI TOKcHYHI edekTH Oy MoaiOHUMU Y
MOJIOJIUX 1 JOPOCIUX IIypiB, MPUYOMY MOJIOAI TBapWHH, SK
MpaBWJIO, OLNBII 4YyTIWBI, HiX Aopocti. Hapemri, epurpoinHi
3MiHHM, SIKI CIIOCTEpirajMcs y MIypiB 1 Makak, M0 TaKOX
CTHOCTEpIragucs B KJIIHIYHUX JOCTIIKEHHSX, € 000OPOTHUMH Ta HE
€ HecnpuATIMBUMH. JIoKIMiHIYHMKA 1podias MiATBEPIKYE
Oe3revyHe BUKOPHUCTAHHSA cOTaTepuenty ais jikyBaHHs JIAT
rpymu | 3a knacudikamiero BOO3.

3asiBHUK (BJIACHUK
peECTPAIIHHOTO ITOCBITUCHHS)

(miamuc)

Oxupi A. Eran (Audrey A. Egan)
(II.1. B.)
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