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CULTIVATION AND CRYOPRESERVATION 
OF DIENTAMOEBA FRAGILIS XENIC CULTURES 
IN RPMI MEDIUM
Dientamoeba fragilis is one of the most common intestinal protozoan parasites in humans and many animals, which can 

cause acute and chronic lesions of the gastrointestinal tract. Growing and preservation of D. fragilis cultures in vitro allows 

studying the features of the life cycle of these parasites, their pathogenic potential, sensitivity to antimicrobial drugs, etc. In 

this work, the suitability of RPMI nutrient medium for in vitro cultivation and cryopreservation of xenic cultures of D. fragilis 

was studied for the fi rst time. Based on the results of sowing fresh fecal samples from Ukrainian military personnel (with 

confi rmed monoinvasion of D. fragilis) in RPMI (with 10% heat-inactivated horse serum, without antibiotics), it was 

established that RPMI is quite suitable for growing both short-term and long-term xenic cultures of D. fragilis. Growth profi les 

on RPMI (at 37 °C in microaerophilic conditions) of diff erent isolates of D. fragilis are similar. D. fragilis cultures grown on 

RPMI are highly suitable for studying the morphological structure of these protozoa cells, their division processes, the 

formation of pseudopodia, pre-cysts and cysts. Th e most eff ective cryopreservation of D. fragilis trophozoites is achieved in 

a composition based on RPMI containing DMSO in a fi nal concentration of 7.0%. Th e smallest trophozoites (12—15 μm) 

are the most resistant to freezing and ensure the recovery of growth of D. fragilis cultures aft er their cryopreservation.
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Th e name "Dientamoeba fragilis" unites a group of 
intestinal anaerobic unicellular protozoa, ultra-
structurally and phylogenetically related to tricho-
monads and able to parasitize in the large intestine 
of humans, a number of wild and domestic ani-
mals [7, 15, 17, 38]. D. fragilis is a cosmopolitan 
parasite, which is detected in the feces of people all 
over the world with a frequency of 0.4 to 82.9  % [9, 
15, 17, 30]. Invasions of D. fragilis have been re-
ported both in clinically healthy individuals and 
in patients with symptoms disorders of the gastro-
intestinal tract [3, 6, 9, 15, 20, 30]. Th e most common 
manifestations of overt D. fragilis infections 
in humans are abdominal pain and diarrhea, 

other symptoms include nausea, anorexia, fla-
tulence, malaise, fatigue, weight loss, and unex-
plained peripheral eosinophilia [3, 15, 17, 33]. Most 
researchers agree that the «neglected» D. fragilis
should be considered as the etiologic agent of gas-
trointestinal disorders, and symptomatic patients 
should be treated with antimicrobials to reduce 
their suff ering and eradicate the parasites [3, 15, 30, 
28, 34]. However, to date, many aspects of the life 
cycle, morphological structure, physiology, 
genome, proteome, pathogenic potential and 
virulence of D. fragilis remain unclear [5, 13, 17, 18, 
30]. In addition, the methods of laboratory diag-
nosis and etiotropic therapy of dientamebiasis 
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require urgent improvement [15, 21, 30, 34]. 
D. fragilis grown in vitro cultures are actively used 
to solve these scientifi c problems [3, 8, 13, 16, 18, 
19, 22, 26, 27, 31]. 

Th e main methodological principles of growing 
D. fragilis in vitro consist of simulating the con-
ditions of the parasite host organism, namely: 
current D. fragilis culture systems are xenic, di-
xenic, and rarely monoxenic (the parasites are 
grown together with obligate symbiotic bacteria); 
the conditions of anaerobiosis necessary for the 
vital activity of these intestinal protozoa are main-
tained at all stages of their cultivation (the sowing 
of the studied material, primary cultures and 
subcultures of parasites is carried out in a reduced 
medium, and they are incubated in a micro-
aerophilic or anaerobic atmosphere with an O2 

concentration of 6 % or less); an incubation 
temperature of 37–42 °C ensures high growth rates 
of D. fragilis trophozoites in cultures (at higher 
temperatures, parasites reproduce more inten-
sively than at lower temperatures, and at 30 °C and 
below, their growth does not occur); the nutrient 
media (NM) used for the cultivation of D. fra-
gilis must simultaneously satisfy the physiological 
(plastic and energy) needs of both the parasites 
themselves and the symbiont bacteria (this is achie-
ved by introducing serums with growth factors, 
minerals, amino acids, vitamins, microelements, 
energy carbohydrates, buff er systems, etc. into the 
composition of the NM) [2, 4, 11, 16, 25, 30]. 
For long-term maintenance of grown cultures of 
D. fragilis, methods of repeated subcultivation or 
freezing at temperatures from –20 to –196 °C using 
cryoprotectants such as glycerol, dimethyl sul-
foxide (DMSO), sucrose, glucose are used [4, 24, 
29]. The basis of the composition for cryopre-
servation of D. fragilis is usually phosphate buff e-
red saline and liquid NM in which the parasite 
cultures were grown. It is clear that the diff erence 
in the properties of the NMs used requires adap-
tation of the cryopreservation method: selection 
of the type and concentration of the cryoprotec-
tant, optimization of the procedures for equilib-
ration, cooling, defrosting, etc. 

Over almost 100 years of experience in growing 
D. fragilis, a wide range of cultivation methods 
and tools has been used, which included NM of 
Boeck-Drbohlav’s, Robinson’s, Dobell-Laidlaw’s, 
Loeffl  er’s, Balamuth’s, M 199, TYGM-9, as well as 
media for growing trichomonads (Trichosel Broth 

and Tritrichomonas fetus medium) and others [2, 
3, 8, 11, 13, 16, 18, 22, 30]. For the purpose of gro-
wing D. fragilis cultures, scientists relatively oft en 
prefer the Loeffler’s medium and its modifica-
tions according to Barratt’s or Munasinghe’s [4, 11, 
16, 18, 19, 25—27, 30, 31]. Due to the lack of in-
dustrial production, these types of NM are manu-
factured in laboratories by the researchers them-
selves. Th e manufacturing technology of such NM 
is complex and labor-intensive, and their com-
position is multi-component and variable depen-
ding on the specifi c author's modifi cation, which 
leads to signifi cant diff erences in the growth quali-
ties of the media used in the cultivation of D. 
fragilis in diff erent laboratories. In addition, the 
mentioned NM are not universally suitable for the 
cultivation of other types of intestinal protozoan 
parasites [2, 11]. Th e widely available commercial 
liquid medium RPMI (abbreviation of the full 
name «Roswell Park Memorial Institute medium 
1640») has recently been successfully used for 
the cultivation of globally widespread pathogens 
of blastocystosis (Blastocystis sp.) and giardiasis 
(Giardia spp.) [14, 39]. This showed the poten-
tial for culturing other species of intestinal 
protozoan parasites, in particular D. fragilis, in 
RPMI medium.

Th e aim of the research was to study the suita-
bility of RPMI medium for in vitro cultivation and 
cryopreservation of xenic cultures of D. fragilis.

MATERIALS AND METHODS

In order to identify intestinal parasites, micro-
scopic studies were conducted on 302 feces sam-
ples from military personnel who received in-
patient medical care (from February to November 
2023) at the Military Medical Clinical Center of 
the Northern Region of the Ministry of Defense of 
Ukraine. Each sample was a mixture in a con-
tainer of three portions of stool collected aft er a day 
and fixed with a 10 % formalin solution. Stool 
samples were enriched by the method of formalin-
ethyl acetate sedimentation (with a centrifugation 
mode of 500 g for 5 min) and examined by micro-
scopy of wet smears stained with D’Antoni’s 
iodine solution (DAIS), and fi xed smears perma-
nently stained with Whitley's modifi ed trichrome 
(mWT) or Heidenhain’s iron-hematoxylin (HIH), 
as well as the modified acid method by Ziehl-
Neelsen (mZN) [10, 12]. 
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The material for the growing of D. fragilis 
cultures was re-selected fresh feces samples from 
those soldiers in whom monoinvasion of D. fra-
gilis was detected according to the results of 
a preliminary microscopic examination. To estab-
lish the ability of D. fragilis to undergo primary 
growth on nutrient media RPMI 1640 (Biosera 
Inc., France) with added (10 % v/v) heat-inactivated 
(at 56 °C for 30 min) horse serum (Biosera Inc., 
France) without antibiotics (hereinaft er — RPMI), 
100 μl of fecal homogenate in phosphate buf-
fered saline with pH = 7.2 (1:1 v/v) were seeded in 
16 × 120 mm tissue culture tubes with a vented 
screw cap (TPP Techno Plastic Products AG, 
Switzerland) containing 3.0 ml of the specified 
medium. Th e inoculates were cultivated for 5 days 
at a temperature of 37 °C under microaerophilic 
conditions in laboratory anaerostat “ANS1” (1-
CUBE Ltd., Czech Republic; residual air pressure 
50.7 kPa, partial pressure of O2 about 10.6 kPa). 
Stabilized (long-term) xenic cultures of D. fragilis 
were obtained from primary parasite cultures aft er 
ten successive subcultures (200 μl of inoculum) in 
a new portion of RPMI. In addition, from sus-
pensions of primary cultures of D. fragilis, authentic 
Escherichia coli strains for each isolate of parasites 
were obtained by generally accepted bacteriolo-
gical methods. One- or two-day cultures of the 
latter in meat-peptone broth served as a donor of 
gram-negative symbiotic bacteria to support the 
growth of D. fragilis in cases where this was re-
quired (explained below). 

Growth patterns on RPMI were studied on fi ve 
randomly selected clinical isolates of D. fragilis 
(marked with serial numbers from 1 to 5, respec-
tively) and characterized by the following indi-
cators: parasite cell generation time (Tg) in hours; 
the maximum concentration of their viable cells 
(MCVC) in milliliters (ml) of medium; peak day 
(i. e., time in days) of achieving MCVC in parasite 
cultures (PTD); the suitability of grown cultures 
for the study of protozoan cell morphological 
structure (SSCM); the suitability of the NM for 
the improvement (simplifi cation) of the growing 
technique of D. fragilis  cultures (STGC). 
Determination of Tg, MCVC and PTD indices was 
based on the results of counting viable D. fragilis 
cells in microvolumes of their culture suspen-
sion. Th e actual MCVC and PTD values are empi-
rical data, and the Tg values were calculated 
using the formula: 

 Tg = (T2–T1)/(log2(n2/n1)),

where n1 — the concentration of cells at the pre-
vious stage of parasite cultivation (at time T1), 
and n2 — the concentration of cells at the next 
stage of their cultivation (at time T2). 

In our studies, for each culture of D. fragilis (T2–
T1) = 24 hours. Th e number of viable D. fragilis 
cells in all test tubes was determined immedia-
tely after sowing and daily for five days (24, 48, 
72, 96 and 120 hours), which is associated with 
a clear decrease in the concentration of parasites 
on the fourth day when they are grown in RPMI 
medium (own observations). Th e D. fragilis cells 
were counted in a hemocytometer using the try-
pan blue dye exclusion test, which was repro-
duced according to the basic protocol [32] with 
the difference that the cells were washed from 
the serum of NM by centrifugation at 500 g for 
5 min. The following techniques for counting 
D. fragilis cells and criteria for assessing their via-
bility were used: each counting procedure was 
performed parallel in two hemocytometers by 
two different specialists under light microscopy 
with a total magnifi cation of ×200; cells colored 
blue were considered non-viable, and unstained 
(intact) cells — viable; cells with an indetermi-
nate status according to the staining criterion were 
subjected to microscopy at a magnifi cation of ×400 
to establish signs of destruction (destruction of 
the cell wall and internal structure); cells with-
out signs of destruction were classifi ed as viable 
(Fig. 1). Th e SSCM quality index was assessed ba-
sed on the suitability of D. fragilis cultures grown 
on RPMI medium for visualization under light 
microscopy (at ×400 magnifi cation) of the morpho-
logical structure of protozoan cells at different 
stages of growth, their division processes, the for-
mation of pseudopodia, pre-cysts, cysts, etc. Th e 
STGC quality index was assessed based on the 
results of cultivation experiments (in RPMI) of 
primary and stabilized cultures of D. fragilis 
in conventional bacteriological test tubes (15.3 × 
× 120 mm, cotton-gauze plug) under a layer of 
sterile vaseline oil (PJSC Pharmaceutical Factory 
“Viola”, Ukraine) (5–7 mm high), as well as in 
“Eppendorf ” tubes (F. L. Medical, Italy) with a 
volume of 1.5 ml (feature of seeding: the total 
volume of the suspension in the test tube is about 
1.6 ml; under the hermetically sealed lid, a layer 
of air of 3–4 mm; during incubation, the culture 
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tubes were not inverted to avoid saturation of 
parasite cultures with residual air).

Three D. fragilis isolates (numbered 1, 2, 
and 3) were used in the development of the RPMI 
cryopreservation method. Each isolate in six tubes 
of 5 ml RPMI was grown to MCVC. Cultures of 
the same isolate were transferred to 50 mL conical 
centrifuge tubes (SPL Life Sciences Co., Ltd., 
Korea) and mixed (by inverting the tubes) to ob-
tain a homogeneous cell suspension. Th e D. fragilis 
cells were counted in the pooled suspension 
as previously described. In suspensions of D. fra-
gilis isolates 1, 2, and 3 the concentration of 
trophozoites was 5.7 × 105 trophozoites / ml, 3.8 × 
× 105 trophozoites / ml and 4.4 × 105 tropho-
zoites / ml, respectively. After repeated mixing, 
5 ml of the suspension were transferred to the 
same 6 test tubes in which parasite isolates were 
grown. The tubes were centrifuged at 500 g for 
5 min. The supernatant was removed, and 5 ml 
of one of fi ve variants of compositions for cryo-
preservation (CC), previously prepared on the basis 
of RPMI, was added to the sediment in fi ve test 
tubes. All СС included D-glucose (Sigma-Aldrich 
Co., Germany) in a fi nal concentration of 2.5 % 
(w / v). Variants CC1-4 diff ered in the content of 
DMSO (Labscan Ltd., Ireland) with fi nal concent-

rations of this ingredient being 1.0, 3.0, 5.0 and 
7.0 % (v / v), respectively. Th e composition of CC5, 
along with 2.5 % D-glucose and 3.0 % DMSO, 
included gel sodium alginate (BOC Sciences, USA) 
with a fi nal concentration of 1.0 % (w / v). Six tubes 
with cell pellet of each D. fragilis isolate, to which 
5 ml of RPMI without other additives was added, 
served as controls. Aft er thorough mixing of the 
sediment with introduced СС / RPMI (by several 
single intakes and discharges of the material with 
a pipette) until the formation of a homogeneous 
suspension, 500 μl of the latter was poured into 
cryotubes with a volume of 1.5 ml (Simport Scien-
tifi c Co., Canada). For cryopreservation of each D. 
fragilis isolate, 55 samples were prepared: 10 — for 
each variant of CC1–5 and 5 — controls from RPMI.

In the vast majority of experiments, equilibra-
tion was carried out at a temperature of 37 °C for 
15–20 min, selective studies were performed 
without an equilibration procedure.

Th e authors of the study did not have freezing 
equipment with a controlled cooling rate, so during 
the studies, six variants of one-, two- and three-
stage cooling of samples (cryotubes with D. fragilis 
isolates) were tested. The variants of one-stage 
cooling of samples included: rapid cooling to 
–196 °C by immersion in liquid nitrogen in Dewar 

Fig. 1. Counting D. fragilis cells in a hemocytometer using the trypan blue dye exclusion test: an example of determining 

the total concentration of cells in a suspension (a); an example of visualization of living cells (b); an example of visualization 

of dead cells (c)

b

a c
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flask «X-34 BM», («Kharkiv Transport Equip-
ment Plant Llc», Ukraine), unregulated cooling to 
–70 °C in a low-temperature chamber «MEDTERM 
KNT-50-85» («MEDTERM Company Llc», Uk-
raine) and to –20 °C in a freezer «LIEBHERR СР 
4003 210» refrigerator (LIEBHERR Company Ltd, 
Germany). In two-stage cooling options, samples 
frozen to –70 °C were immersed in liquid nitrogen 
aft er 12 hours, and samples frozen to –20 °C — 
were transferred to –70 °C. Th e three-stage cooling 
of the samples consisted in successively lowe-
ring their storage temperature aft er 12 hours: –20, 
–70 and –196 °C, respectively. Survival of D. fra-
gilis was checked after 10 days for all cryopre-
servation options, as well as aft er 1 and 3 months 
for samples stored at –20 and –70 °C.

Frozen samples were heated in a water bath at 
37 °C for 3—5 min. Th awed suspensions of D. fra-
gilis were washed once with СС. To do this, 1.0 ml 
of RPMI was added to the suspensions, mixed (by 
inverting the closed cryotubes) until they were 
uniform, then centrifuged at 500 g for 5 min. Th e 
supernatant was removed, and the washed sedi-
ment was thoroughly diluted with 500 μl RPMI. 
A drop (50 μL) of the homogenous suspension was 
used to count viable D. fragilis cells in a hemo-
cytometer, and the remainder (about 450 μL) was 
seeded in 3.0 ml RPMI. Parasite cultures were 
grown in RPMI aft er cryopreservation as previous-
ly described. The presence of growth of D. fra-
gilis isolates in inoculates was assessed after 24 
and 48 hours; the growth criteria were an in-
crease in the total number of protozoan cells, 
visualization of their division stages and motile 
trophozoites with pseudopodia.

All microscopic studies were performed with 
light microscope "MIKROmed" Evolution ES-4130 
with a set of compensation eyepieces, plan chro-
matic objects and a universal video camera MDC-
500 for image processing on a computer (Mikro-
med, Trading House Llc., Ukraine). 

Th e obtained data were statistically processed 
using the licensed software package StatSoft 
STATISTICA 10.0 (StatSoft Inc., USA), serial 
number AGFR205F354521FA-5. Calculation and 
statistical comparison (using the paired test t) were 
subject to absolute (abs. n.) and relative values ( %) 
of numerical indices, as well as mean average (χ) 
with standard deviation (σ) for groups of similar 
data. Th e diff erence between the compared values 
was considered statistically signifi cant under the 

condition p < 0.05. Th e descriptive method is used 
in the analysis of quality indices.

RESULTS OF AND DISCUSSION

According to the results of microscopic stu-
dies of 302 stool samples from military personnel 
of the Northern region of Ukraine, it was estab-
lished that the prevalence of intestinal parasites 
among them reaches 10.6 %. All 39 parasites, which 
were detected in 32 servicemen, are the known 
unicellular protozoa of the intestinal tract of hu-
mans and animals. In total, D. fragilis was identifi ed 
in 14 (4.6 %) soldiers, and in the form of mono-
invasion in 8 (2.6 %) individuals. Th e spectrum of 
other types of parasites and the frequency of 
invasions caused by them among Ukrainian 
servicemen is presented in the previous paper of 
I.I. Kyrychenko et al. [23]. 

To the authors’ knowledge, this is the first 
study on the suitability of RPMI medium for in 
vitro cultivation and cryopreservation of xenic 
cultures of D. fragilis. 

Aft er sowing in RPMI, eight fresh SF from sol-
diers with monoinvasion of D. fragilis, lush growth 
of primary parasite cultures was observed in 
100 % of cases. Primary cultures of D. fragilis were 
not contaminated with other protozoa. Under 
proper growing conditions, subcultures of D. fra-
gilis maintained quite satisfactory permissiveness, 
which made it possible to easily obtain stabilized 
xenic cultures for all isolates of D. fragilis (Fig. 2). 

Th e growth profi les on RPMI of the studied D. 
fragilis isolates 1–5 were similar, and some dif-
ferences between parasite isolates at the same 
growth time concerned only the trophozoites 
concentration (Fig. 3). Such a diff erence in concent-
rations of trophozoites in grown cultures of 
D. fragilis can reach statistical signifi cance, which 
was established for isolates 1 and 4 (p < 0.05).

Th e regularity of changes in Tg index at growth 
stages of D. fragilis isolates 1–5 in RPMI were the 
same and did not depend on the initial concent-
ration of trophozoites in the inoculums used. 
Under these circumstances, the balanced value of 
Tg was 11.5 ± 1.2, 8.1 ± 0.6, 9.3 ± 0.7 and 21.1 ± 2.9 
hours on the fi rst, second, third and fourth days of 
cultivation of parasite isolates, respectively. The 
MCVC value in stabilized D. fragilis cultures 
fl uctuated within the range from 5.7 × 105 tropho-
zoites / ml (isolate 1) to 2.1 × 105 trophozoites / ml 
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(isolate 4), and the balanced value of this index 
(calculated for all studied isolates) reached (3.9 ± 
± 1.8) × 105 trophozoites / ml. Th e actual value of 
PTD (with reached of MCVC) for all D. fragilis 
isolates is the second day of their cultivation. Th us, 
taking into account the data of growth profi les and 
Tg, MCVC, PTD indices, it can be stated that when 
growing D. fragilis cultures on RPMI, the fi rst day 
is the phase of adaptation and the beginning of 
parasite growth, the second — the phase of their 

exponential reproduction, the third is the phase of 
stationary growth and the beginning of tropho-
zoites death, and the fourth — the phase of their 
exponential dying off .

The growth patterns of D. fragilis cultures in 
RPMI that we established are similar to the growth 
dynamics of these protozoa on modifi ed NM of 
Boeck-Drbohlav’s, Loeffler’s, Robinson’s, and 
TYGM-9 [4, 25]. However, in our opinion, the use 
of RPMI for culturing D. fragilis has a number of 
advantages over the above mentioned NM. First 
of all, the production of RPMI for such a purpose 
is technically simple and fast, and the growth 
properties of the medium are more valid, given the 
commercial production of the required compo-
nents. In addition, in RPMI achieves lush growth 
of D. fragilis trophozoites without rice starch, 
which is usually added to the media (2—25 μg for 
one parasite culture) as an energy carbohydrate 
[4, 11, 22, 26, 29]. Trophozoites with ingested 
starch grains serve as an additional identifica-
tion feature of D. fragilis, but at the same time 
starch grains cause turbidity of the medium and 
shield elements of the internal structure of the 
parasite cells. In contrast, RPMI's transparency 
ensures its high SSCM rating. In cultures of 
D. fragilis grown on RPMI, the size (12—65 μm), 

Fig. 2. Microphotographs of D. fragilis trophozoites: a and b — in fecal smears stained with mWT and HIH; in a crushed 

drop of a stabilized culture grown on RPMI (c); reference mark 10 μm

a

b c

Fig. 3. Growth profi les of fi ve D. fragilis isolates on RPMI: 

1 — isolate 1, 2 — isolate 2,  3 — isolate 3,  4 — isolate 4, 

5 — isolate 5
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shape (spherical, amoeboid, irregular) and struc-
ture of trophozoites (cell envelope, peripheral and 
central cytoplasm, internal granules, vacuoles, 
fi laments, etc.), as well as the stages of their division, 
the occurrence of pseudopodia, the formation of 
pre-cysts and cysts in aging cultures of parasites 
(Fig. 4) are clearly visualized.

We assessed the quality index of STGC with two 
rating values: moderate and high suitability of 
RPMI for growing D. fragilis cultures in bacterio-
logical test tubes under a layer of vaseline oil (PJSC 
Pharmaceutical Factory “Viola”, Ukraine) and in 
“Eppendorf ” test tubes (F. L. Medical, Italy) with a 
small volume of residual air, respectively. 

All primary cultures of D. fragilis were abun-
dantly grown in test tubes under a layer of oil. 
However, subcultures of trophozoites died aft er 3 
(isolate 4) or 4 passages (isolates 1, 2, 3 and 5). Th at 

is, the way of growing D. fragilis in bacteriological 
test tubes under a layer of vaseline oil is quite 
suitable for obtaining short-term cultures of 
parasites. It was possible to support the growth of 
long-term subcultures of trophozoites under oil by 
enriching the inoculums with authentic strains of 
E. coli. For this purpose, 100 μl of one- or two-day-
old broth cultures of bacteria were added to 3 ml of 
RPMI at each successive passage of trophozoites, 
starting from the third to fourth for specifi c isolates 
of D. fragilis. Th ese results of our studies confi rm 
the conclusion of the authors [16] about the 
decisive role of gram-negative enterobacteria as 
obligate symbionts that ensure the growth of 
D. fragilis cultures in vitro.

The way of growing parasites in “Eppendorf ” 
tubes (F. L. Medical, Italy) turned out to be more 
eff ective, less costly and technically simple. Th is 

Fig. 4. Microphotographs of D. fragilis cells in a crushed drop of cultures grown on RPMI, with examples: size of 

trophozoites (a); forms of trophozoites (b);  structures of trophozoites (c); stages of trophozoite division (d); formation 

of pseudopodia by trophozoites (e); stages of cyst formation (f); reference mark 10 μm

a

d

b

c

e f



40

 I.I. Kyrychenko, M.S. Biriukov, S.I. Pokhil, O.M. Tymchenko

ISSN 2307-6143. Problems of Cryobiology and Cryomedicine. 2025; 35(1)

way was used to obtain both short-term and long-
term trophozoites cultures of all D. fragilis isolates 
without the need for additional introduction 
of symbiotic bacteria. Th e economic advantage of 
this way is due to the relatively low cost of 
“Eppendorf ” tubes (F. L. Medical, Italy) and a 
decrease (almost 2 times) in the volume of RPMI 
used. A simple technique for reseeding D. fragilis 
subcultures involved removing (on the second day 
of cultivation) the suspension from the test tube to 
the sediment, which contains the vast majority of 
trophozoites and symbiotic microfl ora, and adding 
the required volume of fresh RPMI (releasing the 
medium into the test tube ensures the desired 
mixing). The practical availability of the way of 
growing D. fragilis in “Eppendorf test tubes” (F. L. 
Medical, Italy) substantiates the prospect of its use 
for laboratory diagnosis of dientamebiasis, studying 
the sensitivity of pathogen isolates to antiparasitic 
agents and evaluating the eff ectiveness of parasite 
eradication aft er etiotropic therapy.

Th e part of the work on developing the method 
for D. fragilis cryopreservation in RPMI was the 
most labor-intensive with a large amount of 
obtained experimental data. 

Th e main results of studies characterizing the 
effectiveness of cryopreservation of D. fragilis 
trophozoites in RPMI are as follows. 

Th e used equilibration procedure (15–20 min at 
37 °C) is necessary and suffi  cient in duration. Its 
implementation (compared to the data from studies 
without it) increased by 4.5 ± 1.3 times the survival 

of trophozoites of D. fragilis in suspensions of 
isolates 1, 2 and 3, cryopreserved with CC2–4 
under conditions of one-stage freezing to –20 and 
to –70 °С (р < 0.05). Upon completion of equilib-
ration, no signs of destruction of trophozoites 
were detected in all suspensions treated with CC1–
4 (Fig. 5A). Th at is, the short-term eff ect of DMSO 
concentrations from 1.0 to 7.0 % at 37 °C does not 
cause a signifi cant decrease in the viability of D. fra-
gilis in RPMI. On the contrary, in all samp-
les treated with CC5, excessive granulation and 
vacuolization of trophozoites were observed (Fig. 5B). 

Regardless of the composition of CC used, 
all samples that were rapidly cooled to –196 °C in 
one-stage did not resume growth in RPMI aft er 
thawing, washing and seeding (Table 1). Micro-
scopically, such samples visualized the total de-
struction of trophozoites, which was probably 
related to the well-known fragility of their outer 
shell and excessively intense formation of ice 
crystals in parasite cells. Aft er any other variant of 
freezing in all samples containing CC1 and CC5, 
it was also not possible to restore the growth of 
D. fragilis cultures. It is obvious that 1.0 % DMSO 
is generally an insuffi  cient concentration of this 
cryoprotectant both in CC1 and in compositions 
with another base used for D. fragilis cryo-
preservation [4]. If, when examining thawed 
samples from CC1 using microscopy, we found 
only destroyed trophozoites, then in samples from 
CC5 the latter retained the integrity of the outer 
membrane, which prevented TB from entering cells 

Fig. 5. Microphotographs of D. fragilis aft er the equilibration procedure: in the samples with C1-C4 (a); in the sample 

with CC5 (b); reference mark 10 μm

ba
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when performing tests with this dye. Such an 
unexpected dissonant result of cryopreservation of 
parasite cultures in CC5 against the background 
of certain success in restoring their growth in 
some samples from CC2 (the composition of which 
also contained 3.0 % DMSO, and differed from 
the previous one only in the absence of 1.0 % 
sodium alginate) prompted us to perform addi-
tional studies to investigate the eff ect of sodium 
alginate on the growth of D. fragilis. 

It should be noted that in recent years, Ukrainian 
and foreign scientists have shown the usefulness 

of introducing sodium alginate into the compo-
sition of CC for increasing the effi  ciency of cryo-
preservation of various types of eukaryotic cells 
(Saccharomyces spp., endotheliocytes) [35, 37]. We 
have found that the addition of alginate (to a fi nal 
concentration of 0.2 to 2.0 %) to RPMI negati-
vely aff ects the growth of D. fragilis. During the fi rst 
day of cultivation in the presence of sodium 
alginate, the following were microscopically 
detected: excessive granulation and vacuoliza-
tion of trophozoites (Fig. 5B), cessation of their 
proliferation and the formation of pseudopodia, 

Table 1. Growth of D. fragilis cultures aft er their cryopreservation with diff erent cooling modes and CC1–5 variants 

“+” — growth was obtained in all samples with different isolates of D. fragilis; “–” — growth was not obtained 

in all samples with diff erent isolates of D. fragilis; “×” — growth was obtained only in some samples with the same 

type of CC variant without taking into account the diff erences in the growth of specifi c D. fragilis isolates

Term of evaluation 

of the result 

aft er cryopreservation

Cooling mode Variants of СС

СС1 СС2 СС3 СС4 СС5

10 days

One-stage to –20 °С

– + + + –

1 month – – × + –

3 months – – – × –

10 days

One-stage to –70 °С

– + + –

1 month – × + –

3 months – × + –

10 days One-stage to –196 °С – – –

10 days

Two-stage to –20 °С/–70 °С

– + + –

1 month – + + –

 3 months – × + –

10 days Two-stage to –70 / –196 °С – × + –

10 days Th ree-stage to –20 /–70 /–196 °С – + + –
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a marked decrease in the mobility of external 
and ingested symbiotic bacteria, an increase in the 
thickness of the outer shell of D. fragilis cells (Fig. 
4Е). In the next two days, the formation of para-
site pre-cysts and cysts occurs (earlier and more 
intensively than in the control) (see Fig. 4F). To 
date, there is insuffi  cient data to adequately explain 
the mechanism of action of sodium alginate on 
growth inhibition of D. fragilis. We found no 
publications on the direct antiprotozoal eff ect of 
sodium alginate on D. fragilis or other intestinal 
protozoa. In addition, the antibacterial activity 
of alginate hydrogels in combination with various 
enhancers [36], as well as the direct bactericidal 
(moderate) eff ect of sodium alginate on E. coli [1], 
is already widely known. Moreover, increasing 
the viscosity of RPMI with 1.0 % alginate gel (to 
about 0.02 Pa·s) reduces the motility of D. fragilis 
trophozoites and their uptake activity of symbiotic 
bacteria necessary for survival. Whatever the 
mechanism of sodium alginate inhibition of D. 
fragilis growth, its consequences were irreversible. 
Although aft er exposure to alginate, the parasite 
cells retained their integrity throughout the entire 
observation period (5 days), their growth was not 
restored in fresh RPMI medium either under con-
ditions of single or double washing of alginate 

residues (carefully carried out at diff erent times), 
or under conditions of enrichment of the me-
dium with glucose (2.5 and 5.0 %) and / or broth 
cultures of symbiotic E. coli (100 μl and 200 μl 
per inoculation).

The results of growth of D. fragilis cultures 
after different cryopreservation options with 
the used CC1–5 are presented in Table 1, the 
data of which outline the general trend of an 
increase in the frequency of obtaining growth 
with an increase in the concentration of DMSO 
in the СС variant.

According to the total performance of growth 
recovery in RPMI of all three D. fragilis isolates 
aft er their cryopreservation with diff erent cooling 
modes, CC4 was recognized as relatively more 
effective (p < 0.05). That is, among the studied 
concentrations of DMSO in CC2–4, the optimal 
one is 7.0 %. Th e use of CC4 with this concent-
ration of DMSO allows maintaining the growth 
capacity of D. fragilis cultures for at least 1 month 
in samples frozen to –20, –70 and –196 °C (see 
Table 1). These findings are close to the data of 
Sawangjaroen et al. [29], who reported successful 
cryopreservation of D. fragilis trophozoites at 
a fi nal DMSO concentration of 7.5 %. In contrast, 
our results are not consistent with the conclu-

Table 2. Viability parameters of D. fragilis trophozoites in CC1–5 aft er freezing under diff erent cooling modes

* — survival data of D. fragilis trophozoites 10 days aft er cryopreservation are given

Cooling mode

Survival rate of D. fragilis trophozoites in % of control (size of cells in μm)*

CC1 CC2 CC3 CC4 CC5

One-stage to –20 °С 0 16.0 ± 8.5  (12–28) 23.5 ± 11.0 (12–35) 54.0 ± 12.5 (12–45) 0

One-stage to –196 °С 0 0 0 0 0

One-stage to –70° С 0 54.0 ± 12.5 (12–45)
11.8 ± 6.0

(12–18)

18.9 ± 7.5

(12–18)
0

Two-stage to –20 / –70 °С 0
2.5 ± 1.0

(12–18)

17.5 ± 7.5

(12 –22)

27.5 ± 11.0

(12–26)
0

Two-stage to –70 / –196 °C 0 0
8.4 ± 5.5

(12–15)

15.8 ± 7.2

(12–15)
0

Th ree-stage to –20 /–70 / –196 °С 0 0
10.9 ± 6.5

(12–15)

20.1 ± 7.5

(12–15)
0
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sion of J.L. Barratt et al. [4], where 1.375 % DMSO 
was found to be its optimal concentration for 
cryopreservation of most D. fragilis isolates. 

Usually, the assessment of the eff ectiveness of 
the proposed method of cryopreservation of D. 
fragilis (as well as many other species of protozoa) 
is limited to the criterion of restoration of growth 
of their cultures aft er defrosting [4, 24, 29]. However, 
for further improvement of cryopreservation 
procedures for D. fragilis, in addition to selecting 
the most eff ective CC (in our case, CC4), it is im-
portant to take into account the degree ( %) of sur-
vival of parasite cells under diff erent sample cooling 
conditions and the resistance of different-sized 
trophozoites populations to freezing (Table 2). 

Based on the results of microscopy of thawed 
samples (cryopreserved with CC2-4), we found 
that regardless of the D. fragilis isolate and the 
initial concentration of trophozoites in its 
suspension, the most signifi cant losses of viability 
of the latter occur at the stages of cooling to –20 
and –70 °C (p < 0.05). Previous freezing of samples 
to –20 °C slightly increases (by 1.3—1.5 times) the  
% survival rate of trophozoites at subsequent stages 
of cooling to –70 and –196 °C, but without 
achieving statistical significance (p > 0.05). The 
least resistant to freezing is the population of large-
sized trophozoites (with a diameter of >45 μm), 
which dies (destroys) already at the stage of cooling 
to -20 °C (Table 2). Among trophozoites of medium 
size (15—45 μm), which constitute the vast majority 
in two-day cultures of D. fragilis grown on RPMI, 
only cells with a relatively smaller diameter (≤ 26 
μm) are able to survive freezing to –70 °С. The 
highest resistance to freezing (at all cooling modes) 
is characteristic of the trophozoites population of 
the smallest size (12—15 μm), which probably 
ensures the recovery of growth of D. fragilis cultures 
after their cryopreservation. Thus, a promising 
direction for improving the method of cryopre-
servation of D. fragilis in RPMI is to increase the 
survival of trophozoites at the critical stage of 
freezing by controlled regulation of the cooling 

rate and the use of young parasite cultures with 
a larger population of small-sized cells.

CONCLUSIONS 

1. RPMI medium (with 10 % heat-inactivated horse 
serum, without antibiotics) is quite suitable for in 
vitro growing of both primary (short-term) and 
stabilized (long-term) xenic cultures of D. fra-
gilis. Growth profiles on RPMI (at 37 °C in 
microaerophilic conditions) of different isolates 
of D. fragilis are similar. In the phase of expo-
nential reproduction of parasites (the second day of 
cultivation), the generation time of tropho-
zoites is 8.1 ± 0.6 hours, and the equilibrium index 
of their maximum concentration reaches (3.9 ± 1.8) ×
 × 105 cells / ml.

2. D. fragilis cultures grown on RPMI are highly 
suitable for studying the morphology of these 
protozoa cells, their division processes, the forma-
tion of pseudopodia, pre-cysts and cysts. Cultures 
of D. fragilis can be grown on RPMI in a cost-
effective and technically simple way in 1.5 ml 
“Eppendorf ” tubes (F. L. Medical, Italy). 

3. The most effective cryopreservation of D. 
fragilis trophozoites in RPMI is achieved when 
using a composition that, along with 2.5 % 
D-glucose, contains DMSO in a fi nal concentra-
tion of 7.0 %. This composition allows maintai-
ning the growth capacity of D. fragilis cultures 
for at least 1 month in samples frozen to –20, 
–70 and –196 °C. 

4. During cryopreservation, a signifi cant decrease 
in viable cells of D. fragilis occurs at the stages 
of their cooling to –20 and –70 °С due to the 
destruction of large and medium-sized tropho-
zoites. The smallest trophozoites (12–15 μm) are 
the most resistant to freezing and ensure the re-
covery of growth of D. fragilis cultures aft er their 
cryopreservation. 

The work is a fragment of the applied research 
project "Improvement of diagnosis and treatment of 
protozoan intestinal diseases in military personnel", 
state registration No. 0123U100317.
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ВИРОЩУВАННЯ ТА КРІОКОНСЕРВУВАННЯ КСЕНІЧНИХ 

КУЛЬТУР DІЕNTAMOEBA FRAGILIS У СЕРЕДОВИЩІ RPMI 

Dientamoeba fragilis — один з найпоширеніших кишкових найпростіших паразитів людини і багатьох тварин, 

здатний викликати гострі та хронічні ураження шлунково-кишкового тракту. Вирощування та збереження куль-

тур D. fragilis in vitro дозволяє вивчити особливості життєвого циклу цих паразитів, їх патогенний потенціал, 

чутливість до антимікробних препаратів тощо. У роботі вперше вивчено придатність живильного середовища 

RPMI для вирощування in vitro та кріоконсервування ксенічних культур D. fragilis. За результатами посіву 

в RPMI (з 10% термоінактивованої сироватки коня, без антибіотиків) свіжих зразків фекалій від українських 

військовослужбовців (з підтвердженою моноінвазією D. fragilis) встановлено, що RPMI є цілком придатним для 

вирощування як короткострокових, так довгострокових ксенічних культур D. fragilis. Профілі росту на RPMI 

(при 37 оС в мікроаерофільних умовах) різних ізолятів D. fragilis є подібними. Культури D. fragilis, вирощені на 

RPMI, є високопридатними для вивчення морфологічної структури клітин цих найпростіших, процесів їх поді-

лу, утворення псевдоподій, формування пре-цист і цист. Найефективніше кріоконсервування трофозоїтів 

D. fragilis досягається в композиції на основі RPMI, що містить ДМСО в кінцевій концентрації 7,0 %. Трофозоїти 

найменшого розміру (12—15 мкм) є найбільш стійкими до замороження і забезпечують відновлення росту 

культур D. fragilis після їх кріоконсервування.

Ключові слова: Dіеntamoeba fragilis, ксенічні культури, вирощування, кріоконсервування, середовище RPMI.


