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EFFECT OF CYSTAMINE ON GASTRIC PROPULSIVE FUNCTION AND GAS EXCHANGE
IN THE RAT MODEL OF RADIATION-INDUCED MYELOABLATION
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Radiation exposure of recipients before hematopoietic stem cell transplantation can cause gastrointestinal (Gl) stasis. It is associated with complications of
myeloablative radiation therapy: delayed vomiting, excess bacterial growth, endotoxicosis, systemic inflammation, and sepsis. The study was aimed to assess
the possibility of Gl stasis prevention by intragastric administration of cystamine dihydrochloride when using radiation-induced myeloablation. The severity of Gl
stasis, levels of enterocyte markers in the small intestinal tissues and the indicator of intestinal endotoxicosis, urinary indican excretion, were assessed in rats
72 h after the single total-body X-ray exposure to the dose of 9.64 Gy (1.1 LD, ); the animals’ whole body oxygen consumption was recorded daily. Irradiation
caused Gl stasis with predominant gastric stasis, the 1.5-4.8-fold decrease in the cholinesterase and alkaline phosphatase activity in the small intestinal tissues,
doubled the urinary indican excretion, the whole body oxygen consumption reduction by 17-32%. Cystamine administration generally prevented gastric stasis, but
had no significant effect on the characteristics of radiation-induced enterocytopenia and did not prevent accumulation of chyme in the caecum, hyperindicanuria,
radiation-induced spleen hypotrophy, and decrease in gas exchange rate. Cystamine is promising for testing in large animals as a selective agent for emergency
prevention of gastric stasis during myeloablative radiation therapy.
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BNUAHUE LLIUCTAMUHA HA NMPOMYJ1IbCUBHYHO ®YHKLINIO XXENTYAKA N TASOOBMEH
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ObnyyeHvie peunnueHTOB nepes NepecagKkort CTBONOBbLIX KPOBETBOPHBIX KNIETOK CMOCOOHO BbI3BaTb »Keyao4HO-kuweyHbIn cTad (PKKC). C H1uM cBsidaHbl
OCNOXHEHWST Ny4eBOA MUEN0abnALMOHHON Tepannu: NO3AHAS PBOTA, M30bITOYHbI GaKTepuanbHbIA POCT, SHAOTOKCUKO3, CUCTEMHOE BOCMASIEHVE 1 Cencuc.
Llensto paboTbl G610 OLEHUTE BO3MOXXHOCTE MpepynpexaeHns XKKC npu ny4eBoi Mnenoabnsaumm npodunakTUHecKM BBEAEHNEM B XXeNyAoK LycTammHa
avrnapoxnopuga. Y KpbiC onpefensnu BelpakeHHOCTb YKKC, copepyxaHne MapKepoB SHTEPOUMTOB B TKaHAX TOHKOW KUMKW 1 nokasaTenb KULLEYHOro
SH[OTOKCMKO3a — SKCKPELMIO UHAVKaHa C MOHOM — 4epes 72 4 Moche OOWero OfHOKPaTHOMO PEHTIEeHOBCKOro obnyYeHust B gosde 9,64 Tp (1,1 NI, . );
©KeJHEBHO PerucTpypoBan noTpediieHre XMBOTHbIMK Kucnopoda. ObnyyeHre BoisbiBano YKKC ¢ npeobnagaHnemM ractpocTasa, CHWXKaNo akTUBHOCTb
XONMHACTEPasbl U LLENOYHON hochaTasbl B TKaHSAX TOHKON kuwky B 1,5-4,8 pasa, BABOE MOBbILLAIO SKCKPELWIO MHAVKaHa C Mo4ol, Ha 17-32% cHukano
noTpebneHne K1ucnopoga opraHMaMoM. BeepdeHne LMcTamvHa B OCHOBHOM MPEefynpexaano ractpocTas, HO He OKasblBaslo CyLLECTBEHHOrO BAVSIHUS Ha
rokasarenu sly4eBov SHTEPOLMTOMNEHWN, He MPedynpPexXaano HakomIeHe XMMyca B CNenom KULLKe, TMNepUHAVIKaHYpWIO, STyHeBYHO MNOTPOMUIO Cene3eHkn
1 CHIDKEHWE WHTEHCMBHOCTY ra3oobmena. LinctamuH nepcnektviBeH ana anpobaummn Ha KpyrHbIX XKMBOTHbIX B KA4ECTBE CEMIEKTUBHOMO CPEACTBa SKCTPEHHOM
NPOMUNaKTVIKM racTpocTasa npu Jly4eBor MMenoabnaLmMoHHON Tepanmm.

KniouyeBble cnosa: KpbIChbI, NydeBas MI/IeJ'IOa6J'IFILLVIFI, LUMCTaMmnH, )KeJ'Iy,EI,OHHO-KI/ILLIeHHbII;I CTag, ractpocTtas, MHOKaH, SHTEPOLNTOMNEHUA, ra3o0bmeH

Bknap aBTopoB: O. A. BakyHeHkOBa — BbINOMHEHNE KCNepUMeHTanbHOM YacTi paboTsl; tO. KO. VIBHULKMI — Hay4YHbIN 3aMbiCen, paspaboTka SKCnepuMeH-
TanbHOM MOZENV, UHTEpnpeTaums 1 obcyxaeHne pesynstatos; O. A. JaHnnosa — GroxuMmnyeckue nccnegosanms Tkaden; T. B. LLedep — akcnepumeHTansHas
YacTb, 06paboTka v B13yanmsaumsa AaHHbIX, paspaboTka akcneprmeHTansHon mogenu; B. J1. PelHiok — meTogmieckoe pyKoBOACTBO UCCNEA0BaHNAMM ra30006-
MeHa. Bce aBTopbl y4acTBOBaIM B OOCY>XAEHUN PE3YNETATOB, MOArOTOBKE U PEAAKTUPOBAHMN PYKOMUCK CTaTbM.

CobniopeHne aTMHeCKnX CTaHAAPTOB: UCCNEA0BaHNe BbIMOMHANM C COBMOAEHNEM NpaBun BUOSTUKM, YTBEPXKAEHHbIX EBPONENCKOM KOHBEHLWEN O 3alumTe
MO3BOHO4YHbBIX XKMBOTHbIX, UCMOMb3YEMbIX 15 9KCNEPUMEHTaSbHBIX U APYrX Lienen.

D><] Ons koppecnongeHuun: Tumyp Bacuneesny LLledpep
Jleconapkogas yn., a. 4, r. CaHkT-letepbypr, 195043, Poccus; schafer@yandex.ru

Crartbsl nonyyeHa: 29.09.2023 Ctatba npuHATa K nevatu: 20.11.2023 Ony6nnkosaHa oHnaiiH: 07.12.2023
DOI: 10.47183/mes.2023.050

The term “myeloablation” was proposed in 1952 to define
irreversible pancytopenia following the single total body
X-ray exposure to a supralethal dose [1]. Radiation-induced
myeloablation has found application in clinical practice:
it is used to prepare recipients for hematopoietic stem cell
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transplantation; such preparation is referred to as “conditioning”
[2]. Irradiation involving 1-3 fractions with the total doses of
8-12 Gy and transplantation of hematopoietic stem cells after
2-5 days is used for radical treatment of hemoblastoses, some
solid tumors, myelodysplastic and autoimmune disorders [3]. In
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individuals with acute leukemia, radiation-induced myeloablation
is used solo or in combination with chemotherapy. In the latter
case, it is considered as a method to combat chemoresistance
in cancer cell clones [4]. Radiation-induced myeloablation is
the main method to treat T-cell acute lymphoblastic leukemia in
children and adults [5, 6]. Irradiation with myeloablative doses
can also occur outside the clinic: during the first stage of the
nuclear power reactor accident, under exposure to penetrating
radiation of a nuclear explosion, when staying in the zones of
dangerous or extremely dangerous radioactive contamination
of the terrain with the nuclear explosion products [7].

The most prevalent and severe complications of
myeloablative therapy are represented by the disorders referred
to as “oral mucositis” and “gastrointestinal toxicities” in foreign
clinical trials [8, 9]. Impaired regeneration of the gastrointestinal
tract mucosal epithelium is a common pathogenetic basis of
these disorders. Among organs of the gastrointestinal tract,
damage to the small intestinal epithelium is the most important.
That is why selective radiation shielding of the small intestinal
mucosa seems o be a promising approach to prevention of the
myeloablative radiation therapy gastrointestinal complications.

One of those is gastrointestinal (Gl) stasis, the reversible
dose-dependent slowing of the gastrointestinal transit of chyme.
There are few reports of such clinical cases, however, the
possibility of modeling Gl stasis by exposure of rats [10], guinea
pigs [11], dogs [12] and monkeys [13] to the doses exceeding
1 Gy suggests that Gl stasis comlplicates myeloablative
radiation therapy more often, but under the “mask” of other
diagnoses. Gl stasis occurred in 26% of recipients after the end
of primary acute radiation-induced response and manifested
itself in the form of nausea, vomiting, bloating and distension of
the stomach; it was confirmed by scintigraphy [14].

The Gl stasis clinical significance is determined by its
influence on the radiation exposure outcome: it hampers the
patients’ nutrition, makes it pointless to prescribe oral drugs,
contributes to damage to the gut-blood barrier with the influx
of lipopolysaccharides of Gram-negative bacteria into the
blood and the development of sepsis [15]. Its accompanying
overgrowth of gastrointestinal microbiota results in realization
of the quorum sensing effect, intensification of generation of
toxic substances by bacteria, endotoxemia and endotoxicosis
[16]. Some of these substances show pulmonary toxicity, and
the stomach congested with chyme can limit diaphragmatic
excursion. In some recipients, X-ray gastric shadow spreads
to large parts of both abdominal and thoracic cavities after the
course of myeloablative therapy [17]. That is why abnormal
external respiration and gas exchange are potential effects of
gastric stasis.

Perhaps, Gl stasis is a defensive response to acute radiation-
induced mucositis, the main pathogenetic link of which is
represented by cytopenia. In this regard, it can be assumed that
the drugs preventing cytopenia, radioprotectors, can prevent Gl
stasis. Of greatest interest are indralin, one of modern standard
radioprotective agents [18], and cystamine dihydrochloride that
has been earlier used as a radioprotective agent. The latter
remained the only sulfur-containing radioprotector registered in
our country for a long time; in 1960-2012, it was part of first-
aid and sanitation kits for the military unit of the medical service
of the Russian Armed forces. There is an experience of using
the substance in clinical practice [19]. Despite the fact that this
drug is not listed in the State Register of Medicines as at 20
November 2023, it seems reasonable to test the drug as an
agent for pathogenetic prevention of radiation-induced Gl stasis.
The study was aimed to test the hypothesis that cystamine
dihydrochloride administered by intragastric route prevented Gl

stasis, endotoxicosis and gas exchange abnormalities in the rat
models of radiation-induced myeloablation.

METHODS

The study involved male Wistar rats (161-190 g), purchased
from the Rappolovo laboratory animal nursery. The diet included
standard rat food and ad libitum access to water. Animals
were randomized into experimental groups. To be deprived
of food, rats were placed in the slatter floor cages, preventing
coprophagy and consumption of the bedding components,
with access to water only.

The time period of myeloablative conditioning was an
order of magnitude shorter than the half-time of recovery
after radiation exposure (25-45 days in humans). That is why,
despite the fact that the myeloablative exposure dose is usually
fractionated, the effective value does not differ significantly from
the value of the sum of fractions. Therefore, radiation-induced
myeloablation was modeled by the single X-ray irradiation in the
multifunctional mobile X-ray apparatus (ELTECH-MED; Russia).
Rats were placed in the polyethylene terephthalate pencil
cases (eight rats per pencil case) positioned radially head to
center in the circular polymethyl methacrylate rack. Irradiation
parameters: focal range — 564 mm; anode voltage — 60 KV,
anode current — 13 mA,; filter: polymethyl methacrylate 8 mm
+ polyethylene terephthalate 0.4 mm; absorbed dose to the
geometric center of the body — 9.64 Gy (1.1 LD, ). This dose
was identified based on preliminary assessment of the dose
dependence of the average life expectancy of exposed rats
as a maximum dose, with which life expectancy of all animals
was at least 3 days after exposure; in humans this corresponds
to the average time period of myeloablative conditioning. The
radiation dose rate was 0.27 Gy/min. The minimum to maximum
body’s exposure dose ratio was 0.9 in the caudo-cranial and
0.5 in the ventro-dorsal direction. Irradiation that lasted for
52 min was applied in three fractions of 12 min with two
intervals of 8 min. In preliminary experiments, such exposure
resulted in the development of pancytopenia syndrome after
3 days, reduction of relative weight of the spleen by 62 % and
femoral bone marrow by 41 %, DNA density in these tissues by
2 and 1.9 times, respectively, as well as in the animals’ death
after 5.9 + 1.5 days M +m, n = 16).

Laparotomy and organ harvesting were performed under
the mask halothane anaesthesia. The Gl stasis severity was
assessed based on the relative weight of chyme in the stomach
and caecum calculated as a difference between the weight of
the organ filled with chyme and the weight of the empty organ
(gaster, caecum) in grams relative to body weight in kilograms.

In the first phase of the study we assessed the dynamics
of Gl stasis following myeloablative conditioning. For that
animals were divided into eight groups, among them four were
represented by animals deprived of food 2, 24, 48 or 72 h after
exposure, while the other (control) ones were represented by
animals deprived of food within the same time frame, but non-
exposed and provided unlimited access to water. After 72 h
severity of Gl stasis in animals was assessed.

In the second phase we assessed the cystamine
dihydrochloride effects on the Gl stasis severity, growth rate of
gastrointestinal microbiota and the levels of enterocyte markers
in the small intestinal tissues. We used rats having unlimited
access to water, but deprived of food between 24 and 72 h after
exposure. Animals were divided into three groups, among which
the first group was represented by intact animals not receiving
cystamine and other groups consisted of exposed animals.
Animals of the third group received intragastric injection of 10
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ml/kg of the cystamine dihydrochloride (synthesized in the State
Scientific Research Test Institute of the Military Medicine of
Defense Ministry of the Russian Federation) aqueous solution in
a dose of 120 mg/kg 30 min before the beginning of irradiation.
This dose, based on the body weight to body surface area ratio
of humans, is bioequivalent to the drug dose of 1.2 g prescribed
to be taken 30-40 min before irradiation, i.e. to the content of
the case contained in individual first-aid kits Al-1, Al-1M and Al-2.
Rats were placed in metabolic cages for urine collection 48 h
after the exposure. Animals were subjected to laparotomy
72 h after the exposure to assess the Gl stasis severity,
proximal sections of the duodenum, jejunum and distal sections
of the ileum were retrieved. To assess the radioprotector effect
selectivity, relative weight of the spleen was determined along
with the relative weight of the gaster and caecum chyme as a
measure of myeloprotective effect.

In the third phase we assessed the dynamic changes in the
gas exchange and external respiration indicators for 3 days after
irradiation of unprotected animals or animals receiving cystamine.

The gastrointestinal microbiota growth rate was assessed
based on the urinary indican excretion. The levels of indican
in the urine collected within 24 h were determined by the
quantitative colorimetric method [20]; indican excretion was
expressed in micrograms per kilogram of body weight per hour.

Enterocytopenia was quantified based on the enterocyte
membrane marker activity in the tissues of the duodenum,
jejlunum and ileum: cholinesterase (ChE) and alkaline
phosphatase (ALP). The small intestinal segments with the
length of 4 cm were weighed, homogenized in the 15-fold larger
volume of the Tris-HCI buffer solution (50 mmol/L, pH 7.4), frozen
at-20°C, thawed 15 h later at 4°C and centrifuged for 10 min at
2000 g. The supernatant protein content was determined using the
Bradford assay. The ChE activity was determined by the Ellman's
method in the ChemWell 2910 biochemical analyzer (Awareness
Tech.; USA) using acetylthiocholine iodide as a substrate. The ALP
activity was measured by the kinetic method using the reagent kit
(Oivex Diagnosticum LLGC; Russia) at 37°C in the ChemWell 2910
biochemical analyzer (Awareness Tech.; USA).

The whole body oxygen consumption was determined in the
apparatus constructed by Miropolsky. Animals were habituated

A
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to the respirometry chamber for two days before the beginning
of the study. The following equation was used to calculate the
whole body oxygen consumption (Q.,, mL/(kg - min)):

Q, = V- F/(m - ),

where V was the volume of manometric fluid in the burette,
mL; F was a coefficient used to adjust the oxygen volume to
standard conditions; m was the aminal’s body weight, kg; At
was the length of the rat’s stay in the sealed chamber, min.

The duration of measurement was 3 min, its absolute error
was 0.1 mL (< 2 % of V value), and the respirometry chamber
volume was 0.9 L. Animals were not secured, they could
move freely in the respirometry chamber and looked dazed.
During this time the animals’ respiratory rate (RR, min™') was
determined, which was considered as a measure of external
respiration. The whole body average oxygen consumption per
respiratory cycle (mlL/kg) calculated as a ratio of Q,, to RR was
used as a measure of the external respiration efficiency. The
Q.,» RR and Q,/RR values calculated after irradiation were
expressed as a percentage of baseline level taken as 100%.

The results were presented as mean and error of the
mean (M + m). The effects of radioprotector on the studied
quantitative characteristics were assessed using analysis of
variance. When the differences obtained were significant, the
intergroup comparison of mean values was performed using
the Tukey's honest significance test. The correlations between
characteristics were represented as the Spearman's rank
correlation coefficients (). The a-value of 0.05 was considered
to be a critical significance level.

RESULTS

In rats deprived of food within 48 h before laparotomy, the
stomach that was dilated and filled with chyme occupied most
of the abdominal cavity 72 h after irradiation; it looked empty
in intact animals. The volume of the caecum increased to the
lesser extent after the exposure (Fig. 1). Food consumed after
iradiation accumulated in the stomach throughout the time
of observation, which resulted in the progressive increase in

B

Fig. 1. Abdominal organs of rats deprived of food 48 h before laparotomy. A. Intact. B. 72 h after single total body X-ray exposure at a dose of 9.64 Gy. Arrows: 1 —

stomach; 2 — caecum
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the gastric chyme relative weight. Accumulation of chyme in
the caecum was slower, which increased the gastic to caecal
chyme weight ratio by 2—-6 times depending on the duration of
access to food relative to corresponding values of non-exposed
animals (Fig. 2).

In exposed rats not receiving cystamine and deprived of
food 24 h after irradiation, body weight was 78.9 + 1.1% of
the baseline value 72 h after exposure. In non-exposed animals
deprived of food within the same time frame, it was 84.6 + 0.7%
of the baseline value (p < 0.05). Furthermore, the relative weight
of gastric and caecal chyme in exposed rats was 5.9 and 2.3
times higher than that of intact rats, respectively. Cystamine
administration before irradiation partially prevented gastric
stasis: the relative weight of gastic chyme was on average
three times lower than that of unprotected animals. The use
of cystamine returned the gastic to caecal chyme weight ratio
of 1.1 + 0.2 in unprotected animals to the value of 0.4 + 0.2
typical for intact rats, with equal duration of access to food
(p < 0.05). Cystamine had no significant effect on the
relative weight of caecal chyme in exposed rats. Cystamine
administration also had little effect on the radiation-induced
hypotrophy of the spleen (Fig. 3A). Urinary indican excretion
measured 72 h after irradiation was on average twice higher
than that of intact rats; cystamine had no significant effect on
indicanuria (Fig. 3B). Indican excretion by the exposed rats
receiving no radioprotector negatively correlated with the relative
weight of gastric chyme, r, = -0.77, and positively correlated with

difference from control, p < 0.05

the relative weight of caecal chyme, r, = 0.68 (o < 0.05); weak
correlation was observed against the background of cystamine
administration. Irradiation decreased the activity of enterocyte
markers (ChE and ALP) in the small intestinal tissues. The most
significant decrease (4.8-fold) in the ChE activity was observed
in the ileum. The values of ChE activity in all parts of the small
intestine and ALP activity in the duodenum and ileum tended to
moderately exceed these values of unprotected rats against the
background of using cystamine. This most prominent increase
(2.5-fold) was reported for ChE in the ileum, however, it was
represented in the form of the trend only (Fig. 3C and D).

The whole body oxygen consumption was lower than that
of intact animals throughout the period after irradiation. On day
three, this trend was significant when calculating per both time
unit and respiratory cycle; the trend was stronger in the latter
case. Intergroup differences in RR were insignificant. Cystamine
administration had little effect on the gas exchange and external
respiration characteristics (Fig. 4).

DISCUSSION

Modelling myeloablative radiation therapy in rats was
associated with deep inhibition of the stomach propulsive
function developing in the first hours after irradiation. The time
of the chyme gastric transit exceeded two days, while the
normal values of healthy humans do not exceed 48 min [21].
Extrapolation of these data to humans shows that gastric stasis
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Fig. 3. Mass indexes of gastric chyme, caecal chyme and the spleen (A), urinary indican excretion (B), cholinesterase (C) and alkaline phosphatase (D) activity in the
intestinal tissues of rats 72 h after the single total body X-ray exposure to the dose of 9.64 Gy, M + m, n = 8, depending on the duration of access to food since the
time of irradiation. “Intact” — non-exposed rats which obtained no medication. “Irradiation” — rats exposed without administration of radioprotector. "Cystamine” —
intragastric administration of cystamine dihydrochloride in a dose of 120 mg/kg 30 min before the beginning of irradiation. All animals were deprived of food 24 h after
irradiation. Significant difference, p < 0.05: * — from intact group; T — from “Irradiation” group

persists for most of the myeloablative conditioning course. It
can be associated with the complaints typical for such patients:
loss of appetite, nausea, vomiting, pain, epigastric heaviness
and bloating. Rodents lack emesis relieving the stomach; that
is why the stomach overfilling could be more prominent in rats,
than in humans exposed to equal doses.

Despite inhibition of the chyme release into the caecum
resulting from gastric stasis, the relative weight of caecal chyme
measured 3 days after irradiation was 2.3 times higher than that
of non-exposed animals, which reflected the decrease in the
colonic propulsive function. The total relative weight of gastric
and caecal chyme increased by 3.4 times in exposed rats: on
average to 29.5 vs. 8.8 g/kg in controls. Despite accumulation
of chyme, body weight after irradiation was 7% lower than in
non-exposed animals fasting during the same time period,
which indicates possible involvement of Gl stasis in deterioration
of body’s general condition. Intestinal endotoxicosis, indicated
by the two-fold increase in the urinary indican (indoxyl sulfate)
excretion, could be one of the mechanisms underlying such an
effect. Indoxyl sulfate is the end product of indole oxidation to
indoxyl and its sulfonation in the liver. The reaction catalyzed by
the gut microbiota-derived tryptophanase is the only source of
indole in the body. Toxicity is exhibited by both indoxyl sulfate
concentration two order of magnitude exceeding physiological
levels [22] and indole [23]. Hyperindicanuria is indicative of
more intense production of ammonia, the other toxic product
of the tryptophanase reaction, in the gastrointestinal tract,
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along with indole. Endotoxicosis may involve other intestinal
toxic substances and products of their biotransformation:
bacterial endotoxin, p-cresol, p-cresyl sulfate, trimethylamine,
trimethylamine N-oxide, influx of which into blood is increased
when there is Gl stasis [22].

The content of bacteria in the colonic chyme, 10" mL",
is eight orders of magnitude higher than that in the gastric
lumen, < 10° mL™" [24]. That is why accumulation of chyme in
the caecum played a major role in the development of intestinal
endotoxicosis. Under these circumstances, gastric stasis that
slowed chyme entry into the caecum could limit intestinal
endotoxicosis. This is indicated by negative correlation between
the relative weight of gastric chyme and the urinary indican
excretion, as well as by positive correlation between the latter
and the relative weight of caecal chyme in exposed rats not
receiving radioprotector.

The gastric stasis protective role could come not only from
its inhibiting effect on production of toxic substances in the
intestine, but also from prevention of further damage to the
small intestinal epithelium by chyme released from the stomach
under conditions of emerging enterocytopenia. It was indicated
by the decrease in the enterocyte marker (ChE and ALP) activity
in the small intestinal tissues after irradiation.

A more than three-fold decrease in the relative weight of
gastric chyme associated with intragastric administration of
cystamine resulted from its local radioprotective effect on the
gastric mucosa (Fig. 3A). This was evident from the lack of
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significant cystamine effect on the radiation-induced spleen
hypotrophy, the sensitive indicator of systemic radioprotector
effects. Such aresultis consistent with impossibility to reproduce
the cystamine systemic radioprotective effect by itragastric
cystamine administration to rats reported in the literature
[19]. Cystamine prevented gastric stasis, despite its thiol form
(cysteamine) capability of reversible inhibition of gastric chyme
evacuation via enchanced hydrochloric acid secretion by the
gastric parietal cells known from the literature [25].

Gastric stasis prevention could not be mediated by the
cystamine local radioprotective effect in the small intestinal
mucosa: the effect was weak, which was evident from the lack
of significant influence on the enterocytopenia characteristics,
ChE and ALP activity in the small intestinal tissues (Fig. 3C
and D). It can be assumed that the anatomical structure of the
rat stomach lead to the fact the radioprotector solution failed to
enter the small intestine till the end of irradiation and contacted
mostly with the gastric mucosa.

The hypothesis of gastric stasis prevention as a result of
cystamine local radioprotective effect on the gastric mucosa
is consistent with the emergence of Gl stasis in rats after local
irradiation of the abdomen reported more than 70 years ago,
while irradiation with equal doses without abdominal shielding
never causes Gl stasis [10]. The findings suggest that the
Gl stasis triggers are localized in the mucous membranes of
appropriate gastrointestinal tract parts and can be “switched
off” through local exposure to cystamine.

In case of ingestion of equivalent cystamine dihydrochloride
dose (1.2 g) by humans 30-40 min before radiation exposure
to the dose causing bone marrow syndrome, the nominal

radiation dose change factor is 1.4 [7]. This means that in
case of ingestion of the recommended dose of cystamine
by humans, gastric stasis prevention would be associated
with systemic radioprotective effect that is unwelcome when
preparing patients for hematopoietic stem cell transplantation.
That is why selectivity of emergency gastric stasis prevention
involving cystamine during exposure of rats to myeloablative
doses cannot be unconditionally extrapolated to humans.
Using cystamine to prepare patients for hematopoietic stem
cell transplantation requires determination of the conditions for
realization of its capability of preventing gastric stasis without
exhibiting myeloprotective activity in large animals.

In this study we assessed gas exchange under conditions
that were close to the conditions for determination of basal
metabolic rate, that is why the oxygen consumption decrease
observed in exposed animals could not result from their dazed
state. The finding is consistent with the reduced oxygen
consumption in rats earlier followed up for 3 days after the X-ray
exposure to the doses of 300-1000 R [26]. Gas exchange
inhibition could not result from reduction of respiratory volume
due to restriction of diaphragmatic excursion by the dilated
stomach: this was evident from the lack of significant irradiation
effect on the RR (Fig. 4B). This also could not result from the
direct damaging effect of the applied radiation dose on the tissue
energy metabolism: there is no information about such effect
in the literature. Reduced whole body oxygen consumption
could be a manifestation of intestinal endotoxicosis indicated
by the increased urinary indican excretion in exposed animals
(Fig. 3B). Such gut microbiota products, as bacterial endotoxin
and p-cresyl sulfate, are characterized by the capability of
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causing damage to the blood-gas barrier followed by pulmonary
edema [27, 28]. Indoxyl sulfate and bacterial endotoxin damage
mitochondria, thereby disturbing oxygen utilization at the cellular
level [29, 30]. The hypothesis of the intestinal endotoxicosis
involvement in the effect of gas exchange reduction following
radiation exposure is supported by no effect of cystamine on
the latter; preventive cystamine administration did not prevent
hyperindicanuria.

The data obtained show that the pathogenetic approach
to prevention of gastric stasis caused by myeloablative radiation
exposure involving the use of radioprotectors is promising.
This approach cannot be considered as an alternative to using
symptomatic drug treatment to relieve primary systemic response to
irradiation (particularly, treatment with 5-HT,, receptor antagonists).

CONCLUSIONS

The single total-body X-ray exposure of rats to the dose of
9.64 Gy corresponding to that used for myeloablative
conditioning leads to the decrease in enterocyte counts in the
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