ORIGINAL STUDIES / OPUTUHANBHbIE CTATbU 27

https://doi.org/10.17816/PED10627-33

PATHOGENETIC FEATURES OF FORMATION OF EXPERIMENTAL
PREECLAMPSIA-LIKE CONDITION
© V.A. Reznik?, D.O. Ivanov?, AYa. Bagrov?, N.N. Ruhlyada?, N.I. Tapilskaya*

1St. Petersburg State Pediatric Medical University, Ministry of Healthcare of the Russian Federation, Russia;
2Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences, Saint Petersburg, Russia

For citation: Reznik VA, Ilvanov DO, Bagrov A.Ya., et al. Pathogenetic features of formation of experimental preeclampsia-like condition.
Pediatrician (St. Petersburg). 2019;10(6):27-33. https://doi.org/10.17816/PED10627-33

Received: 17.10.2019 Revised: 18.11.2019 Accepted: 23.12.2019

Objective. To study the pathogenesis of clinical and laboratory syndromes of preeclampsia-like condition and the possibility
of influencing them through the introduction of specific antibodies to marinobufagenin. Materials and methods. 36 preg-
nant rats were used in the experiment. 24 rats from 12 to 19 days of pregnancy were prescribed a 1,8% NaCl solution
to simulate a preeclampsia-like condition. Subsequently, this sample was divided into 2 groups. In one group (12 animals,
the second group), preimmune rabbit serum was administered intraperitoneally as an immune agent. In another group
(12 animals, the third group), a single intraperitoneal administration of polyclonal anti-marinobufagenin antibodies was
performed. After the antibody injection, a comprehensive clinical and laboratory evaluation was performed. Results. Against
the background of a hypersol diet, an increase in systolic blood pressure was found, as well as the concentration of ma-
rinobufagenin in blood plasma. The introduction of antibodies to marinobufagenin caused a decrease in blood pressure.
In addition, the formation of a preeclampsia-like condition showed an increase in endoglin and sFltl in the placenta, as
well as an increase in sFltl, collagen-1 and a decrease in Fli-1 in the thoracic aorta. The appointment of antibodies to
marinobufagenin led to an increase in the content of Fli-1 to the level in the control group. Summary. In the formation
of a preeclampsia-like condition, an increase in the level of marinobufagenin in blood plasma leads to an increase in the
content of antiangiogenic factors in the placenta and in the thoracic aorta. Intraperitoneal administration of antibodies
to marinobufagenin contributes to a significant increase in the content of Fli-1.
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Lenb uccnepoBaHus — M3y4yuTb MaToreHes KAMHWMKO-NabopaToOpHbIX CMHAPOMOB Mpe3KknamMncus-nofobHOro co-
CTOSIHUS U BO3MOXHOCTb B/IMSIHUSA HA HUX MOCPEACTBOM BBeAeHMs cneunduyeckux aHTUTeNn K MapuHobydareHuHy.
Martepuanbl 1 mMeToabl. B akcnepumeHTe OblaM MCMONb30BaHbl 36 GepeMeHHbIX KpbiC. 12 M3 HWX COCTaBWAM MepBYHO
KOHTpONbHYt rpynny. 24 kpbicam ¢ 12 no 19 pHu 6epeMeHHoCcTM HasHavanu 1,8 % pacteop NaCl ang mopenupoBaHus
npesknamncusa-noaobHoro coctosHusa. B nocnepyowem AaHHyl BblOOpKY paspenunu Ha 2 rpynnsl. B ogHoi rpynne
(12 »XMBOTHbIX, BTOpPaa rpynna) B KayecTBe MMMYHHOrO CpeacTBa BHYTPUOPKOWMHHO BBOAMIACL NPEMMMYHHASN KPOMYbS
cbiBopoTka. B gpyroi rpynne (12 »XMBOTHbIX, TpeTbs rpynna) NpoM3BOAMAM OOHOKPATHOE BHYTPUOPHOLWMHHOE BBeAeHME
NOAUKNOHANbHBIX aHTU-MapuHOBydareHnH aHTuTen. Mocne MHbeKUUU aHTUTEN NMPOBOAMAN KOMMNEKCHYK KIMHWUKO-nabo-
paTopHYylo oueHKy. PesynbTaTtbl. Ha doHe runepconeBoi AueTbl YCTAaHOBEHO YBEeMYEHME CUCTONMYECKOrO apTepuanbHOro
[aBNeHus, a TakxKe KOHLEeHTpauMu mapuHobydareHnHa B nnasme Kposu. BeeneHne aHTUTEN K MapuHoBydareHnHy Bbi3biBano
yMeHblUeHWe apTepuanbHoro AasneHus. Kpome Toro, npu GopMMpoOBaHMKU NpesKnamMncmusa-noaobHOro COCTOSIHUS yCTaHOBNe-
HO yBenuyeHue coaepxaHus 3HaornuHa u sFltl B nnaueHTe, a Takxke yBenuuenue sFltl, konnareHa-1 n ymeHbwenue Fli-1
B rpyaHon aopte. HasHauveHue aHTUTEN K MapuHobydareHnHy npMBOAMIO K yBenndeHunto coaepxanus Fli-1 0o ypoBHS B KOH-
TponbHOM rpynne. BoiBoAbl. Mpy GopMmnpoBaHMM NpesaKkNamMncmna-nofoobHOro COCTOSHUS NOBbILEHUE YPOBHS MapuHobydare-
HWHa B Mna3Me KPOBW MPUBOAMT K BO3PACTAHWUIO COLEPXKAHWUS aHTMAHTMOreHHbIX GaKTOPOB B NiaLEHTe U B TPYAHONM aopTe.
BHyTpubptowmHHOe BBEAEHME aHTUTEN K MapuMHODOydareHMHy cnocobCcTByeT 3HaYUTENbHOMY MOBbIWEHUI0 coaepxaHus Fli-1.

KntoueBble cnoBa: npesKnamncus; MapMH06y¢aFEHVIH; GEDEMEHHOCTb; apTepuanbHaa runepTeH3nsa.
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INTRODUCTION

Preeclampsia is one of the most significant current
problems in obstetric and gynecological practice. This
syndrome is one of the leading causes of prenatal
complications and has a significant negative effect
on both the mother’s body and the fetus. According
to the results of previous epidemiological studies,
preeclampsia was found to complicate 2%—-8% of all
pregnancies [14—16]. In general, 10%—15% of maternal
mortality in developed countries is due to preeclampsia
[3, 10, 11]. Previous studies revealed that endogenous
cardiotonic steroids, in particular marinobufagenin
(MBGQG), play a major role in the pathogenesis of
preeclampsia [1, 5, 6, 9, 12]. Neutralization of their
effect contributes to the regression of pathological
symptoms. In previous experiments, we elaborated a
model accompanied by the development of clinical
and laboratory changes typical of preeclampsia [5]. Its
application enables us to perform an in-depth study
of the mechanisms of development of this syndrome.

This study aimed to investigate the pathogenesis of
clinical and laboratory syndromes of preeclampsia-like
conditions and the possibility of influencing them by
administering specific antibodies to MBG.

MATERIALS AND METHODS

In the experiment, 36 pregnant Sprague-Dawley
rats were used, weighing 225-250 g, under standard
vivarium conditions. The animals were divided into
three groups. Twelve animals received a normal
diet (control, group 1), and 24 rats received a 1.8%
NaCl solution from days 12 to 19 of gestation to
simulate a preeclampsia-like condition. Subsequently,
this sample was divided into two groups: in one
group, pre-immune rabbit serum was administered
intraperitoneally at a dose of 50 pg/kg to 12 animals
as an immune agent (group 2); in the other group,
12 rats received a single intraperitoneal administration
of polyclonal anti-MBG antibodies, also at a dose
of 50 pg/kg (group 3). The antibody dosage was
sufficient for in vitro reversal of 75% of the activity of
renal Na'/K'-ATPase reduced by MBG, and amounted
to 50 pg/kg [4, 9]. After antibody injection, systolic
blood pressure was assessed in all groups using the tail
cuff, blood plasma MBG levels were studied, animal
weights were measured, the amount of consumed
fluid and excreted urine was examined for 1 day, and
the level of proteinuria, as well as 24-hour kidney
excretion of Na’, were determined. After euthanasia,
the number of fetuses and their average weights were
estimated, the placenta was weighed, and the level of
endoglin in the placenta was estimated. In addition,
the level of sFItl in the placenta and rings of the
thoracic aorta were estimated, and the amounts of Flil,

collagen-1, transforming growth factor beta (TGF-
beta), and collagen-4 in the rings of the thoracic aorta
was measured. The tissue samples of the placenta and
the rings of the thoracic aorta were prepared according
to a previously developed technique [7]. To assess the
plasma MBG level, monoclonal anti-MBG antibodies
4G4 were used. Western blotting using commercial
sets of specific antibodies was used on the prepared
tissue samples to establish the levels of endoglin,
sFItl, Fli-1, procollagen 1 and collagen-1, collagen-4,
and TGF-beta. GraphPad Instat and GraphPad Prism
(GraphPad Software Inc., USA) and MS Office 2007
were used as software packages for statistical analysis
of the data obtained.

RESULTS AND DISCUSSION

The parameters were evaluated on day 20 of
pregnancy in rats. A statistically significant increase
in systolic blood pressure was registered in rats during
administration of a 1.8% sodium chloride solution
(1.0 ml). Moreover, in group 1 (control), systolic blood
pressure was 107 =2 mm Hg. At the same time, in
group 2, this value increased sharply to 117 =2 mm
Hg (p < 0.05). Furthermore, when antibodies to MBG
were administered (group 3), a significant decrease
in this indicator to 93 =3 mm Hg occurred, which
was significantly different from the values in groups 1
(» <0.05) and 2 (p < 0.01). These data are presented
in Fig. 1.

A study of the level of proteinuria established
that the lowest daily urinary protein excretion rate
was characteristic of animals fed with a normal diet
(group 1, control), in which it was 1542 mg/24 h.
In the case of a high-salt diet, the level of proteinuria
increased significantly to 24 + 1.5 mg/24 h (p < 0.05).
Moreover, the administration of antibodies to MBG did
not contribute to a significant change in proteinuria,
which corresponded in this group to 27 =2 mg/24 h
(p < 0.05).

With the formation of a preeclampsia-like condition,
in the blood plasma, a significant increase in the
MBG level was noted. In particular, in animals that
received the usual amount of salt, its concentration
was 0.49 £0.11 nmol/L. At the same time, in the
group receiving a 1.8% sodium chloride solution, it
increased to 1.54 =0.34 nmol/L (p < 0.05).

Studying the weights of rats enabled us to establish
that upon induction of a preeclampsia-like condition,
this indicator decreased sharply. Thus, in the control
group, which received the normal diet, its average
value was 346+ 7 g, while in rats treated with the
high-salt diet, it decreased to 240£8 g (p < 0.01).
At the same time, the administration of antibodies
to MBG has practically no effect on this indicator,
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Fig. 1. The level of systolic blood pressure in the experimental groups. C — the first group of rats with a normal diet (con-
trol), PLCAb(-) - the second group of rats with preeclampsia-like condition, which were not injected with antibo-
dies to MBG, PLCAb(+) - the third group of rats with preeclampsia-like condition, which were injected with antibodies

to MBG

Puc. 1. YpoBeHb cMCTONMYECKOro apTepuanbHOro AaBNEHUA B SKCNepUMeHTanbHbIX rpynnax. K — nepsas rpynna Kpbic ¢ 06bI4HOM
Aunetoi (KoHTponb), MMCAb(-) — BTOpas rpynna KpbiC ¢ Npe3KIaMnCcusa-NoJ06HbIM COCTOSSHUEM, KOTOPbIM HE BBOAUIUCH
aHtutena Kk MBI, MMNCAb(+) — TpeTbs rpynna KpbiC C Npe3KIaMNCcUa-Noa06HbIM COCTOSHUEM, KOTOPbIM BBOAMIUCL QHTH-

Tena K MbI’

contributing only to a tendency toward an insignificant
increase to 247+9 g (p < 0.01).

The amount of fluid absorbed increased sharply
with the formation of a preeclampsia-like condition
and did not depend on the administration of antibodies
to MBG. In the control group fed with the normal
diet, animals consumed 49 + 3 ml of water during the
day. In the case of a diet with a high-salt content, this
indicator was 83 =8 ml in group 2, which did not
receive antibodies to MBG (p < 0.01), and 81 £ 9 ml
in group 3, where they were administered (p < 0.01).

The level of daily diuresis was also largely
dependent on the diet. Thus, in group 1 (the control),
which consumed the normal diet, the average volume
of urine excreted per day was 22 =2 ml; in group 2,
which received a high-salt diet but did not receive
antibodies, it was 65+2 ml (p < 0.01), and in the
sample of animals given antibodies to MBG (group 3),
it reached 55+ 5 ml (p < 0.01).

A similar dynamic of changes was recorded in
the study of kidney excretion of Na®. Its value in
the control group corresponded to 24 +9 ml/day, in
the case of administration of a 1.8% sodium chloride
solution (group 2), it reached 104+ 12 ml/day
(»<0.01), and when antibodies were administered
(group 3), it was 99 =7 ml/day (p < 0.01).

The formation of a preeclampsia-like condition
naturally resulted in a decrease in the average weight
of the placenta and fetus. Thus, in animals with normal
pregnancies, which received normal amounts of salt,
the average placental weight was 6.2+04 g. In
rats that received a high-salt diet (group 2), it was

4.7+ 0.5 g (p <0.05), and in the case of administration
of antibodies to MBG (group 3), it was 44+0.3 g
(p < 0.05). The mean weights of the fetuses in these
groups reached 33+5 g, 22+3¢g (p<0.05), and
21+2 g (p < 0.05), respectively. We also noted a
significant decrease in the number of fetuses during
the development of a preeclampsia-like condition. In
particular, in the control group (group 1), the average
value of this indicator corresponded to 12.4+0.3,
in the sample receiving an increased salt amount
(group 2), it was 8.5+ 1.2 (p < 0.05), and with the
administration of antibodies to MBG (group 3), it
was 9.0+ 1.08 (p < 0.05). The general data on the
parameters studied are presented in Table 1.

In the process of studying placental tissue samples,
we found that the development of a preeclampsia-like
condition was accompanied by a significant increase
in the level of antiangiogenic factors, such as endoglin
and sFItl. Moreover, in group 1, which received
the normal diet, the endoglin value corresponded to
1.0£0.15 RU. In group 2, which did not receive
antibodies to MBG, when prescribing a high-salt diet,
this indicator increased to 6.1 +0.4 RU (p < 0.01),
and in group 3, after administration of antibodies
to MBG, its amount corresponded to 6.4+0.3 RU
(» <0.01). When studying the level of sFltl, similar
results were obtained. Thus, it was revealed that in
the control group, which received the normal diet,
its level was 1.0+£0.15 RU. Under conditions of
modeling a preeclampsia-like condition (group 2), its
value increased to 2.8 0.3 RU (p < 0.05). The use
of antibodies to MBG also does not contribute to a
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Table 1 / Tabnuya 1

General data on changes in clinical and laboratory parameters in the examined experimental groups of animals (M S)
Obwme faHHble U3MEeHeHUs KIMHWKO-NabopaTopHbIX Nokasatenei B 06Cnef0BaHHbIX 3KCNEPUMEHTANbHbIX FPYMNNax Xu-

BOTHbIX (M £ 5)

+1.89 + + anti-
Pregnant rats Pregnant rats + 1.8 % NaCl Pregnant rqts 1.8 % I\iaCI anti
B - bodies MBG (n=12) /
L (n=12)/ (n=12)/
Indication / [Toxa3zaTens Bepemennne BepemeHHble Kpbich + bepemennbie KpbIchl +
+1,8° +
kpeickt (7= 12) |+ 1,8 % NaCl (n = 12) 18 % Nacin zasz)“Te”a K MBI
Body weight, g / 346 + 7 240 + 8** 247 + 9
Bec Tena, v
Volume of absorbedvhquld, ml/24 h/ 49 +3 83 &+ g Q] + g
OO0BbEM HOTIOIIEHHON KUAKOCTH, MII/24 1
Daily dluruesw, ml/24 h/ 2749 65 + D 55 1 gHk
CyTouHBIN nHype3, Mi/24 4
The excretion (if Na*, ml/24 h / 2449 104 = 12%* 99 & 7H*
Oxckpenusa Na', min/24 g4
Plasma MBG, nmol/l/ 0.49 + 0.1 1,54 + 034 -
MapuHoOydareHuH 11a3Mbl, HMOJIb/I
Weight placenta, g / 6.2+04 47+0.5% 44403+
Bec nmuanentsl, r
Weight fetus, g / 345 20 4 3% 2] + 2%
Bec mionos, r
Quantity fetus, un. / 124£03 8.5+ 1.2% 9.0 + 1.08*
KonnuectBo mmonos, mrT.

Note. Significant differences between the group without preeclampsia-like condition and other animal groups: *p < 0.05, **p < 0.01.
IIpumeyanue. JJocToOBepHBIC Pa3IHUMsI MEXKY TPYIIOH 6€3 MPedKIaMIICH-10JOOHOTO COCTOSIHUS U HHBIMU I'PyIIaMH JXUBOTHBIX:

*p < 0,05, **p < 0,01.

significant change in this indicator, which reached
2.7+ 0.3 RU after their administration in the group 3
(p < 0.05).

When studying samples of the thoracic aortic rings,
we revealed that the level of sFltl factor in them
also increased significantly in case of the formation
of a preeclampsia-like condition. Thus, if in group 1,
it was 1.0+ 0.15 RU, then when using a diet with
a high-salt content (group 2), its amount increased
to 3.5+ 0.3 RU (p <0.05). The use of antibodies to
MBG did not affect this indicator, which amounted
to 3.6+ 0.4 RU (p <0.05).

The subsequent research steps revealed that
development of a preeclampsia-like condition
contributes to a significant decrease in the level
of factor Fli 1 in tissue samples of the thoracic
aortic rings. Moreover, in the animals of group 1,
which received the normal diet, the amount of
this substance in the samples under study was
1.0+ 0.1 RU. In group 2, when 1.8% sodium chloride
was administered, this indicator decreased sharply to
0.2+ 0.05 RU (p<0.01). It is very important to note
that administration of antibodies to MBG resulted in
a significant increase in the Fli 1 concentration. Thus,
its value in group 3 reached 0.9 = 0.1 RU. This value

did not differ significantly from the indicators obtained
in the control group (p > 0.05). General information
is presented in Fig. 2.

The level of collagen-1 in the tissues of the thoracic
aorta also varied significantly in separate groups of
laboratory animals. In particular, in group 1, during
physiological pregnancy, its concentration was 1.0 £ 0.1
RU. In group 2, when a preeclampsia-like condition
formed, the value of collagen-1 increased significantly
and reached 2.4+ 0.3 RU (p < 0.01 with respect to
the control group). The administration of antibodies to
MBG did not change this indicator significantly, and
in group 3 it was 2.2+ 0.4 (p < 0.01 with respect to
the control group). The relevant data are presented
in Fig. 2.

We also investigated the likelihood of the formation
of vascular fibrosis with the activation of growth factors.
For this purpose, the levels of transforming growth
factor beta (TGF-beta) and collagen-4 in the tissues
of the thoracic aorta were examined. It was found that
in the case of the formation of a preeclampsia-like
condition when hypertonic saline was administered, the
concentration of these compounds was not increased
significantly. Thus, TGF-beta in group 1, which
received a normal diet, was found at a concentration
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Fig. 2. The level of systolic blood pressure in the experimental groups. C - the first group of rats with a normal diet (con-
trol), PLCAb(-) - the second group of rats with preeclampsia-like condition, which were not injected with antibo-
dies to MBG, PLCAb(+) - the third group of rats with preeclampsia-like condition, which were injected with antibodies

to MBG
Puc. 2.

YpoBeHb 6uonornyeckux ¢akropos B rpyaHoii aopte: Fli-1 (a), konnarena-1 (b). K — rpynna kpbic ¢ 06bI4HO

AuneTtoi (KoHTposb), MMCAb(-) — rpynna KpbiC ¢ Npe3knamMncua-noAo6HbIM COCTOSSHUEM, KOTOPbIM He BBOAWIUCH
aHTutena K MBI, MMNCAb(+) — rpynna Kpbic ¢ npe3knaMncua-noAfo06HbIM COCTOSSHUEM, KOTOPbIM BBOAWIUCD aHTUTENa

K MBr

Table 2 / Tabauua 2

General data on changes in biological markers in the examined experimental groups of animals (M % S)
061wMe faHHbIe U3MEHEHMS BUONOrMYECKMX MapKepoB B 06C1e40BaHHbIX IKCMNEPUMEHTANBbHbIX FPYMNNax XMUBOTHbIX (M £ S)

Pregnant rats Pregnant rats + 1.8 % Pregnant rats + 1.8 % NaCl +
Biological marker, con. un. / n=12)/ NaCl (n=12) / + antibodies MBG (n =12) /
Buonornueckue mapkepsl, yci. en. bepeMmeHHbBIE KPBICHI bepemennsie kpoickl + | bepemennsie kpeicel + 1,8 % NaCl +
(n=12) + 1,8 % NaCl (n = 12) + antutena k MBI (n = 12)
Endoglin in the placenta / 1.0 +0.15 6.1 4 0.4%* 6.4+ 0.3%*
DHJIOTIMH B IIJIAlEHTE
sFltl in the placenta / 1.0 £0.15 28403 274 0.3%
sFItl B mnamnenre
sFltl in the tho\facw aorta / 10+ 015 354 03* 3.6+ 0 4%
sFItl B rpyaHoit aopTe
Fl1-1 in the thOfaClC aorta / 10<01 0.2 + 0.05%* 09<01
Fli-1 B rpyzaHoii aopte
Collagen-1 in the thorilcw aorta / 10+01 244035 204 0.4%%
Konnaren-1 B rpygHoii aopTe
TGF-beta in the thorfmc aorta / 10402 L1401 12401
T®P-0eTa B rpyaHOit aopTe
Collagen-4 in the thorficw aorta / 10+01 12401 114015
Kommaren-4 B rpyaHoii aopte

Note. Significant differences between the group without preeclampsia-like condition and other animal groups: *p < 0.05, **p < 0.01.
Ilpumeuanue. JIOCTOBEPHBIC Pa3IMUYHs MEXK/y IPYIIION €3 MPEeIKIaMIICH-II000HOT0 COCTOSHUS 1 HHBIMH I'PYIIIaMHU KUBOTHBIX:

*p < 0,05, **p < 0,01.
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of 1.0+ 0.2 RU, and in the groups that received a
high-salt diet, its amount was 1.1 £0.1 RU (group
2, without the use of antibodies to MBG, p > 0.05)
and 1.2+0.1 RU (group 3, with the administration
of antibodies to MBG, p > 0.05). Similar results were
also obtained when studying the level of collagen-4.
Thus, its amount in the control group (group 1) was
1.0£0.1 RU; in group 2 during the formation of a
preeclampsia-like condition, without the administration
of antibodies to MBG, it was 1.2+0.1 RU; and
in group 3 when additional of antibodies to MBG
were administered, it was 1.1 £0.15 RU. General
information on the level of the biomarkers studied in
the thoracic aorta is presented in Table 2.

DISCUSSION

In our study, it was revealed that, in the formation
of a preeclampsia-like condition in laboratory rats
that consumed an excess of 1.8% sodium chloride
solution, a significant increase in the MBG level in
blood plasma resulted in a significant increase in the
level of antiangiogenic factors of endoglin and sFltl
in the placenta, as well as in the thoracic aorta. Such
changes may indicate the development of endothelial
dysfunction, through a chain of interconnected
biochemical reactions, and impaired vasorelaxation
processes [13]. Also, a significant decrease in the
Fli 1 level was revealed in aortic tissue samples,
which naturally results in an increase in the level of
collagen-1 and the development of vascular fibrosis
[8]. A similar mechanism becomes possible, given the
fact that factor Fli 1 has a negative effect on the
formation of procollagen-1 [2]. In fact, intraperitoneal
administration of antibodies to MBG contributes to a
significant increase in the level of Fli 1, which may
indicate the possibility of preventing the formation of
vascular fibrosis through immunotherapy. Our study
also found that the levels of collagen-4 and TGF-beta
were not increased under these conditions. This fact
indicates that activation of the signaling pathway with
the participation of TGF-beta under the conditions
studied does not play a significant role and does not
enable us to consider it one of the factors resulting
in the formation of vascular fibrosis.

CONCLUSION

The formation of symptoms of a preeclampsia-
like condition is based on two mechanisms: the first
is represented by a significant increase in the level
of antiangiogenic factors in the placental tissues and
blood vessels along with an increase in the MBG level
in blood plasma, and the second is associated with a
decrease in the level of Fli 1 in blood vessels and an
increase in the level of collagen-1. The use of specific

antibodies to MBG contributes to regression of the
pathological symptoms observed.
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