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THE EFFECT OF SMALL DOSES OF CALCIUM ACETYLACETONATE ON 
LARGE INTESTINAL MICROFLORA OF WHITE RATS 

AFTER ORAL ADMINISTRATION

H. P. Hamorak

Abstract. Single introduction of calcium acetylacetonate at the doses of 25-50 mg/kg directly 
into the stomach of white rats, after 8 hours does not influence the qualitative and quantitative 
composition of main, additional and residual microflora of the colon contents of experimental ani-
mals. The introduction of calcium acetylacetonate at the dose of 250 mg/kg directly into the stom-
ach of white rats after 8 hours leads to the changes of qualitative microbiota of colon contents that 
are characterized by the elimination of Eubacterium, Peptostreptococcus, Enterococcus bacteria 
from the biotope as well as its contamination with pathogenic and opportunistic enterobacteria, 
staphylococci, peptococci and bacteria of Clostridium species.
Intragastric administration of  calcium acetylacetonate at the dose of 250 mg/kg in white rats af-
ter 8 hours causes significant deficiency of various species of main microbiota (Bifidobacterium, 
Lactobacillus, Bacteroides, Escherichia bacteria), and elimination of Eubacterium, Peptostrep-
tococcus, Enterococcus species. Peptococcus, Clostridium and E. Coli Hlg+ bacteria, which con-
taminate the colon cavity of white rats, reach moderate population level in this biotope.
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Introduction
The total number of microorganisms, which per-

sist in various biological niches of the human body, 
reaches 1015 value and is much higher than the num-
ber of eukaryotic cells of the human organism. The 
ratio in this grouping is of aforetime phylogenet-
ic origin and is vital for both parts of the «organ-
ism-microorganism» system. Considerable propor-
tion (more than 60%) of microflora occupies various 
parts of the gastro-intestinal tract (GIT) [1]. Large 
intestine is the most bacterized part of the GIT. The 
main microbiota of large intestine is represented by 
anaerobic obligate bacteria of Bifidobacterium, Lac-
tobacillus, Bacteroides, Peptostreptococcus, Propi-
onibacterium species as well as facultative anaero-
bic and aerobic bacteria of Escherichia, Enterococ-
cus species. The ratio of obligate anaerobic bacteria 
to aerobic ones is 10:1 [4, 6].

Long-time investigations of interrelations be-
tween the microorganism and its normal microbiota 
strongly indicate that the latter takes an active part 
in morphogenesis and functions of various systems 
of host organism (immune, endocrine, respiratory 
systems and others) due to the production of varied 

enzymes, endo- and exotoxins, which develop in 
the process of microbiologic transformation of sub-
stances of exogenous and endogenous origin [2]. 
Collaboration of fermentative activity in microbiota 
and local immune system identifies tolerance to xe-
nobiotics and other pharmacological and chemical 
agents. Normal intestinal microflora takes an active 
part in detoxication of compounds received from ex-
ternal environment as well as those formed within 
the body. Detoxication processes involving intestinal 
microflora proceed under the conditions of anaerobi-
osis mainly due to hydrostatic and regenerative reac-
tions. Thus, this microbial transformation results in 
the formation of completely non-toxic final products, 
or metabolites that are rapidly broken down in the 
liver. At the same time, xenobiotics and other chem-
ical compounds may have negative influence on the 
qualitative and quantitative composition of intestinal 
microbiota [3, 5].

The objective of our research work was to deter-
mine the effect of small (25, 50 and 250 mg/kg) doses 
of calcium acetylacetonate on colon microbiota af-
ter 8 hours of its single introduction directly into the 
stomach of white rats. 
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Materials and methods
The investigation involved 31 white outbred rats 

weighing 200–220 g. All animals underwent quaran-
tine for 14 days in vivarium before the experiment. 
Preliminary to the experimental set up all the animals 
were daily examined for any potential pathology. The 
animals were fed in the morning once a day.  The ener-
gy value of the nutrition ranged from 5.6 to 6.2 kJ/kg 
of body mass per day. Water was supplied in unlimit-
ed quantities. The experimental work was conducted 
in accordance with the provisions of the  «European 
convention for the protection of vertebrate animals 
used for experimental and other scientific purposes» 
(Strasbourg, 1986) and the First National Congress 
of Bioethics (Kyiv, 2001). Upon completion of the 
experiment 7 rats of the main group were killed. The 
euthanasia of animals was performed under deep 
narcosis by administering the excessive amounts of 
drugs – thiopental sodium. 

The obtained findings and their discussion
Microbiological approach was used to study the 

qualitative and quantitative composition of colon mi-
croflora of white rats, which were subjected to intra-
gastric introduction of calcium acetylacetonate at the 
doses of 25, 50 and 250 mg/kg. The study of species 
composition and population level was conducted 8 
hours after the introduction of chemical compound. 
The findings concerning the qualitative composition 
of colon microflora of white rats 8 hours after the in-
troduction of different doses of calcium acetylaceto-
nate are demonstrated in table 1.

Based on the number of isolated strains, index 
of stability and frequency of occurrence we identi-
fied that the main microbiota of the colon contents 
in intact white rats (control group) is composed of 
obligate anaerobic bacteria of Bacteroides, Bifido-
bacterium, Eubacterium, Peptostreptococcus spe-
cies, as well as facultative anaerobic and aerobic 
bacteria of Enterococcus, Escherichia and Bacillus 
species. Main microbiota of the colon contents in ex-
perimental animals 8 hours after a single introduction 
of calcium acetylacetonate at the doses of 25 and 50 
mg/kg is represented by obligate anaerobic bacteria 

Microorganisms 25 mg/kg (n=7) 50 mg/kg (n=7) 250 mg/kg (n=7) Control (n=10)

 IS SI FO IS SI FO IS SI FO IS SI FO

1. Obligate anaerobic bacteria
Bifidobacteria 7 100.0 0.15 7 100.0 0.12 2 28.6 0.05 9 90 0.1
Lactobacteria 7 100.0 0.15 7 100.0 0.12 3 42.9 0.07 9 90 0.1
Bacteroides 7 100.0 0.15 7 100.0 0.12 7 100.0 0.16 10 100.0 0.11
Eubacteria 3 42.9 0.06 3 42.9 0.05 0 - - 8 80 0.09
Peptococcus 0 - - 3 42.9 0.05 5 71.4 0.12 2 20 0.02
Peptostreptococcus 4 57.1 0.08 6 85.7 0.1 0 - - 7 70 0.07
Clostridia 0 - - 2 28.6 0.03 4 57.1 0.09 1 10 0.01

2. Facultative anaerobic and aerobic microorganisms
Escherichia coli 7 100.0 0.15 7 100.0 0.12 7 100.0 0.16 10 100.0 0.11
E. coli Hly+ 0 - - 0 - - 4 57.1 0.09 0 - -
Proteus 3 42.9 0.06 4 57.1 0.07 3 42.9 0.07 5 50.00 0.05
Klebsiella 0 - - 3 42.9 0.05 2 28.6 0.05 0 - -
Erwinia 0 - - 0 - - 2 28.6 0.05 0 - -
Enterococcus 6 85.7 0.13 4 57.1 0.07 0 - - 9 90.00 0.1
Staphylococcus 0 - - 3 42.9 0.05 4 57.1 0.09 3 30.00 0.03
Hay bacterium 4 57.1 0.08 4 57.1 0.07 0 - - 8 80 0.09
 48 60 43

Note: IS – strains selected; SI – stability index; FO – frequency of occurrence.

Table 1. Influence of various doses of calcium acetylacetonate on the qualitative composition of colon microbiota of 
white rats at oral administration after 8 hours
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of Lactobacillus, Bacteroides, Bifidobacterium, Eu-
bacterium, Peptostreptococcus species and  faculta-
tive anaerobic and aerobic bacteria of Enterococcus, 
Escherichia and Bacillus species. Thus, based on the 
number of isolated strains, index of stability and fre-
quency of occurrence, we concluded that intragastric 
administration of 25-50 mg/kg of calcium acetylacet-
onate to white rats does not cause any changes in the 
species composition of the main colon microbiota  of 
experimental animals.

Intragastric administration of calcium acetylace-
tonate at the dose of 250 mg/kg to white rats caus-
es qualitative changes of the main colon microflora 
8 hours after its administration. In this case, main 
colon microbiota is represented by obligate autoch-
thonous anaerobic bacteria of Bacteroides  and Pep-
tococcus species, facultative anaerobic and aerobic 
bacteria of Escherichia species and opportunistic 
bacteria of Clostridium, Staphylococcus species, as 
well as pathogenic Escherichia (Е. соli Hly+).  The 
above-mentioned indicates profound disorders of the 
qualitative composition of colon microbiota in exper-
imental animals subjected to intragastric introduc-

Microorganisms 25 mg/kg (n=7) 50 mg/kg (n=7) 250 mg/kg (n=7) Control (n=10)
PL in

Lg CFU/g IQD IR PL in
Lg CFU/g IQD IR PL in

Lg CFU/g IQD IR PL in
Lg CFU/g IQD IR

1. Obligate anaerobic bacteria
Bifidobacteria 9.11±0.11 117.1 0.18 7.57±0.18 108.3 0.13 4±0.01 20.8 0.04 8.46±0.31 104.4 0.11
Lactobacteria 7.71±0.75 99.1 0.15 6.85±0.09 98.0 0.12 4.33±0.28 33.8 0.06 5.97±0.33 115.0 0.13
Bacteroides 8.52±0.48 109.5 0.16 8.48±0.33 12.3 0.15 8.03±0.22 146.0 0.23 9.77±0.37 126.5 0.14
Eubacteria 8.71±0.38 48.0 0.07 7.66±0.10 47.0 0.05 0 - - 9.37±0.34 97.1 0.11
Peptococcus 0 - - 7.27±0.47 44.3 0.05 5.88±0.21 76.3 0.13 8.78±0.27 45.5 0.05
Peptostreptococcus 7.26±0.50 53.3 0.07 7.00±0.16 85.8 0.10 0 - - 8.89±0.21 95.2 0.11
Clostridia 0 - - 6.70±0.13 27.4 0.03 5.79±0.16 60.1 0.09 3.29±0.21 8.5 0.01

2. Facultative anaerobic and aerobic microorganisms
Escherichia coli 7.86±0.32 101.0 0.15 8.51±0.44 121.7 0.15 5.78±0.29 105.1 0.17 8.12±0.11 124.9 0.14
E. coli Hly+ 0 - - 0 - - 5.32±0.22 55.2 0.09 0 - -
Proteus 3.33±0.07 18.4 0.03 3.4±0.17 28.6 0.04 4.66±0.27 36.3 0.06 3.17±0.12 20.50 0.02
Klebsiella 0 - - 5.17±0.26 31.7 0.04 7.34±0.32 38.2 0.07 0 - -
Erwinia 0 - - 0 - - 4.54±0.34 23.6 0.04 0 - -
Enterococcus 8.46±0.25 98.7 0.05 8.91±0.23 72.8 0.09 0 - - 8.71±0.21 101.50 0.11
Staphylococcus 0 - - 4.84±0.28 29.7 0.03 4.86±0.23 50.5 0.08 3.49±0.18 34.90 0.04
Hay bacterium 8.55±0.62 62.8 0.09 8.43±0.41 68.9 0.08 0 - - 9.76±0.34 126.4 0.14

Note: PL – population level; IQD – index of quantitative dominance; IR – index of relevance.

tion of calcium acetylacetonate. These disorders are 
characterized by elimination of the representatives of 
the main microbiota of this biotope, namely Eubac-
terium, Peptostreptococcus,  Enterococcus, Bacillus 
bacteria from the colon cavity in all animals, as well 
as elimination of  Bifidobacterium  (to 71.4%), Lac-
tobacillus (to 57.1%) bacteria in some of them. Af-
fected by the elimination of normal colon microbita 
this biotope gets contaminated with pathogenic (en-
terotoxigenic Е. coli Hly+) and opportunistic (Prote-
us, Klebsiella, Erwinia species) bacteria, as well as 
enterobacteria, staphylococci.

More information concerning the status of micro-
flora of any biotope, including large intestine, may 
be obtained when studying the quantitative indices of 
obligate autochthonous anaerobic, facultative anaero-
bic and aerobic and allochthonous microbiotae. The 
findings of the influence of different dozes of calcium 
acetylacetonate on population level of colon microflo-
ra of experimental animals are illustrated in table 2.

Taking into account the population level, index 
of quantitative dominance and index of relevance, it 
became possible to confirm that the main microbiota 

Table 1. Influence of various doses of  calcium acetylacetonate on the quantitative composition of colon microbiota of 
white rats  at oral administration after 8 hours
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of the biotope dominates in microbiocenosis of co-
lon contents in intact white rats (control), including 
– obligate autochthonous bacteria of Lactobacillus, 
Bacteroides, Bifidobacterium, Eubacterium,  Eubac-
terium, Peptostreptococcus species, as well as facul-
tative anaerobic and aerobic bacteria of Escherichia, 
Enterococcus species and transitory bacteria of Ba-
cillus (B. subtilis) species.  According to these cri-
teria, additional anaerobic bacteria of Peptococcus, 
Clostridium species, facultative anaerobic enterobac-
teria and staphylococci are of minor importance in 
this microbiocenosis. 

Calcium acetylacetonate at the doses of 25-50 mg/
kg does not influence the population level,  quanti-
tative dominance index and index of relevance of 
autochthonous obligate anaerobic bacteria of  Bifido-
bacterium,  Lactobacillus,  Bacteroides, Peptostrep-
tococcus species,  facultative anaerobic and aerobic 
bacteria of Enterococcus, Escherichia species, as 
well as transitory bacteria of Bacillus species.  At the 
same time, the population level of Lactobacillus bac-
teria decreases to 29.3 – 45.5%, Bacteroides – to 14.7 
– 15.2% and Eubacterium – to 7.6 – 22.3% under the 
influence of calcium acetylacetonate in the dose of 
25-50 mg/kg. Its use in the dose of 50 mg/kg leads 
to the decrease of Bifidobacterium species bacteria to 
18.4% in large intestine of experimental animals. Re-
spectively, the population level, index of quantitative 
dominance and index of relevance decrease to 22.5-
27.0% in large intestine of experimental animals un-
der the influence of calcium acetylacetonate.

Calcium acetylacetonate causes the decrease 
of quantitative dominance of the following bacte-
ria in microbiocenosis, namely Enterococcus to 
2.8%, Escherichia to 23.9%, Peptostreptococcus 
to 41.9%, Eubacterium to 49.1%, Bacteroides to 
17.0%, Lactobacillus – to 15.9 %. In addition to 
that, the index of quantitative dominance and index 
of relevance of obligate autochthonous bacteria of 
Bifidobacterium species do not change, indicating 
high compensatory activity of the most physiologi-
cally-beneficial bacteria of Bifidobacterium species. 
The role of transitory bacteria of Bacillus species 
considerably decreases.

The above-mentioned minor changes in popula-
tion level,  index of quantitative dominance and index 
of relevance of every taxon of the main microflora 
(under the influence of calcium acetylacetonate at the 
dose of 50 mg/kg) caused  minor imbalance of mi-
crobiocenosis  and weakened the protective function 
of autochthonous microorganisms that showed itself 
in contamination of colon with opportunistic  entero-

bacteria (bacteria of Klebsiella species),  P. niger, 
bacteria of Clostridium and Staphylococcus species, 
which attained moderate population level, though 
their role in general microbiocenosis is minimal.

Calcium acetylacetonate at the dose of 250 mg/
kg leads not only to the changes in qualitative com-
position of colon microbiota, but also causes consid-
erable alterations of quantitative composition and 
inter-relations between the representatives of the 
main microbiota, as well as taxons of additional and 
residual microflora. Thus, the population level of the 
most physiologically important bacteria consider-
ably decreases (2.24 times, by 4 orders), namely the 
levels of Bifidobacterium, Lactobacillus (to 57.3%), 
Bacteroides (to 21.7%), Escherichia (to 40.5%). 
The above-mentioned dose of calcium acetylaceto-
nate promotes elimination of the representatives of 
the main microbiota from the colon cavity – name-
ly, bacteria of Eubacterium, Peptostreptococcus, 
Enterococcus species and transient strepto-bacteria, 
which exhibit significant antagonistic activity as for 
pathogenic and opportunistic enterobacteria, staphy-
lococci and others (V.V. Smirnov).

Violations of the qualitative and quantitative com-
position of the main microbiota  of the colon contents 
in experimental animals under the influence of  250 
mg/kg of calcium acetylacetonate result in  contam-
ination of this biotope with pathogenic (enterotoxi-
genic escherichia) and opportunistic  (bacteria of 
Klebsiella, Erwinia, Proteus species) enterobacteria, 
staphylococci, peptococci and bacteria of Clostridi-
um species, which attain moderate population level 
for these taxons (from 4.54±0.34 to 7.34±0.32 Lg 
CFU/g) in this biotope. 

Thus, single intragastic introduction of calcium 
acetylacetonate in the doses of 25-50 mg/kg to white 
rats does not influence the qualitative and quantita-
tive composition of colon microflora within eight 
hours. The dose of 250 mg/kg leads to considerable 
changes of qualitative and quantitative composition 
of colon microbiota of experimental animals, as well 
as affects the role of main, additional and residual mi-
crobiota in the interrelations within microbiocenosis 
of colon contents.

Conclusions 
Single introduction of calcium acetylacetonate at 

the doses of 25-50 mg/kg directly into the stomach of 
white rats, after 8 hours does not influence the qual-
itative and quantitative composition of main, addi-
tional and residual microflora of the colon contents 
of experimental animals.
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The introduction of calcium acetylacetonate at the 
dose of 250 mg/kg directly into the stomach of white 
rats after 8 hours leads to the changes of qualitative 
microbiota of colon contents that are characterized 
by the elimination of Eubacterium, Peptostreptococ-
cus, Enterococcus bacteria from the biotope as well 
as its contamination with pathogenic and opportu-
nistic enterobacteria, staphylococci, peptococci and 
bacteria of Clostridium species.

Intragastric administration of  calcium acetylace-
tonate at the dose of 250 mg/kg in white rats after 8 
hours causes significant deficiency of various species 
of main microbiota (Bifidobacterium, Lactobacillus, 
Bacteroides, Escherichia bacteria), and elimination 
of  Eubacterium, Peptostreptococcus, Enterococcus 
species. Peptococcus, Clostridium and E. Coli Hlg+ 

bacteria, which contaminate the colon cavity of white 
rats, reach moderate population level in this biotope.

Prospects for further investigations
The obtained findings prove the importance of fur-

ther investigations aimed to research and choose rem-
edies that have decontaminative and regulatory effect 
on the qualitative composition of colon microbiota af-
ter oral penetration of calcium acetylacetonate.
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