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Background. In developing and under-developed countries, charcoal production
predisposes workers to charcoal dust. This is a common occurrence as workers in this
field are not properly protected and as such are exposed to charcoal dust through inha-
lation and skin contact. Charcoal comprises many components such as polycyclic aro-
matic hydrocarbons (PAHs). Due to the possible health risk associated with such expo-
sure, this study was designed to determine the effects of charcoal powder of particle
size 125 pm - 150 ym on certain biomarkers in male albino rats. Albino rats were
used because of their similar physiology to humans.

Materials and Methods. 20 albino rats weighing between 250 g and 300 g were
used for this study; they were randomly distributed in 4 groups (5 rats each) and the
charcoal powder was incorporated into their feed at different percentages; control,
group 1 (10 % charcoal), group 2 (30 % charcoal) and group 3 (charcoal powder bed-
ding) for 50 days. Using standard procedures and methods, the following parameters
were tested: Hematological parameters, semen parameters, liver enzymes, renal func-
tion, hormones and lung histology.

Results. The results indicated a decrease in the level of liver enzymes AST (IU/L)
and ALT (IU/L) in group 1, group 2 and group 3 when compared to the control with the
lowest value of 48.75 IU/L and 11.50 IU/L respectively recorded in group 2. Prolactin
(mlU/L) had mean values of 1.73, 1.30 and 1.83 in group 1, group 2 and group 3 respec-
tively while the control was 2.10. Testosterone (nmol/L) had a mean value of 1.18, 0.53
and 0.25 in group 1, group 2 and group 3, respectively, while the control was 0.90 with
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a significant difference (P<0.05). Creatinine (umol/L) increased in group 1 and group 2
with a slight reduction in group 3 when compared to control (1.04) with a value of 1.35,
1.40 and 1.23, respectively. Total sperm count (x10%mL) had a mean value of 58.33,
50.00 and 43.25 in group 1, group 2 and group 3, respectively, while the control was
100.50. The lung histology for the treated groups revealed infiltration of inflammatory
cells and thickening of inter-alveolar walls.

Conclusion. Long term exposure to charcoal powder through nasal or oral route
had serious effects on rats’ health, such as kidney damages, inflammation of the lungs
and decrease in fertility in males primarily due to the presence of PAHs in charcoal.

Keywords: charcoal, hormones, infertility, lung inflammation, polyaromatic
hydrocarbon

INTRODUCTION

Charcoal is an incompletely burnt wood commonly used for fires because it burns
more slowly, hotter and cleaner than wood (less smoky). It is derived from organic mate-
rial and has a high carbon content with a chemical composition similar to coal dust
(Eileen et al., 2009). Approximately, 30% of wood harvested for fuel in Africa is for char-
coal production (Ubogu & Odokuma, 2019). The production process of charcoal predis-
poses the workers to charcoal dust (Tzanakis et al., 2001); this implies that workers
from developing countries who do not frequently use Personal Protective Equipment
(PPEs) will be exposed to charcoal dust through inhalation and skin contact. Research
has confirmed that exposures to fine particulate matter is directly associated with a re-
duction in lung capacity and poor respiratory health, including chronic lung diseases
such as pneumoconiosis and chronic obstruction pulmonary disease (COPD) among
individuals occupationally exposed to charcoal (Mamuya et al., 2007). Other inferences
on possible health effect is associated with the usage of charcoal as biomass fuel (Diaz
et al., 2006). Local fish smoking, corn roasting and other local food processing methods
that rely on the use of charcoal as a source of fuel exposes the food to charcoal dust.
Charcoal comprises many components that are irritant and genotoxic, such as nitrogen
and sulphur oxides, benzene, methanol, styrene, phenols, naphthalene, aldehydes, or-
ganic acids, and polycyclic aromatic hydrocarbons (PAHs) (Larson & Koenig, 1994).
Extracts of charcoal have also been reported by other authors to contain PAHs (Monzer
et al., 2008). PAHs are organic compounds containing only carbon and hydrogen that
are composed of multiple aromatic rings (organic rings in which the electrons are delo-
calized), the structure of a PAH determines whether the individual compound is carcino-
genic or not. Some carcinogenic PAHs are genotoxic and induce mutations that initiate
cancer; others are not genotoxic but affect cancer promotion or progression (Baird et al.,
2005). In laboratory experiments, animals exposed to certain PAHs have shown in-
creased development of plagues (atherogenesis) within arteries (Ramos & Moorthy,
2005). Aresearch carried out to determine the concentration of PAH in charcoal showed
that charcoal had high concentration of PAH in compounds like acenaphthylene, acene-
phthene, flourene, anthracene, flourathene and dibenzo(a,h)anthracene (Silva et al.,
2011). In under-developed and developing countries, workers in charcoal production
centers and establishments are frequently exposed to large amounts of charcoal dust
through inhalation due to lack or non-use of PPEs; while local users that employ char-
coal as biofuel in roasting and smoking foods also accidentally expose our foods to
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charcoal dust contamination. It is therefore important to determine the effects of such
exposures on the body. Hence, this study is aimed at determining the effects of charcoal
dust on male albino rats through oral and nasal routes using biomarkers considering the
fact that albino rats share similar physiology with humans.

MATERIALS AND METHODS

Experimental design. Completely randomized design (CRD) was adopted in this
study. 20 albino rats were used for this study and the rats were randomly distributed and
placed in four groups, each containing five animals. Each rat weighed between 250 g to
300 g. The animals were kept in circular plastic cages of about 60 cm in circumference
with a depth of 20 cm which were covered with wire gauze, beddings of wood shaving
which were replaced twice weekly.

Treatment of animals. The rats were fed with standard feed and water twice daily
and after a week of acclimatization, charcoal powder (particle size 125 ym — 150 um)
was incorporated into the feed of the animals at different percentages while charcoal
powder of particle size 125 pm — 150 pym was used as the bedding for the last group.
The groups were:

Control: Normal Feed and Normal Bedding.

Group 1: 10 % charcoal powder (5.635 kg of feed + 0.625 kg charcoal powder)

with Normal Bedding.

Group 2: 30 % charcoal powder (4.375 kg of feed + 1.875 kg charcoal powder)

with Normal Bedding.

Group 3: Normal Feed with charcoal powder as bedding (charcoal used as rat

bedding to ensure inhalation).

The treatment was for a period of 50 days before biochemical and histologic analysis.

Biochemical analysis. The white blood cells (WBC) were determined by the im-
proved Neubauerhaemocytometer while the Shilling method of differential leucocyte
count was used to determine the distribution of the various white blood cells according
to the EMS (EMS, 2021). Activities of alanine transaminase (ALT) and aspartate trans-
aminase (AST) in the plasma were determined using Reitman and Frankel method
(Reitman & Frankel, 1957). Testosterone levels were determined using Testosterone
enzyme immunological test kit (catalogue number BC 115), while prolactin levels were
determined according to the method of Jeffcoate et al. (1986). Semen was collected
from the sperm duct by maceration on the glass slide and the analysis procedure was
done according to Ochie and Kolhatkar (2000) and the sperm was counted under a light
microscope (Zaneveld & Polakosk, 1977). Standard procedures for lung histology (fixing
and staining) was adopted according to Morton and Snider (2017) and serum creatinine
was analyzed by means of the Kinetic Jaffe’s method on a SYNCHRON CX system
analyzer (SYNCHRON, Los Angeles, CA).

Method of data analysis. Statistical analysis was carried out using one-way
Analysis of Variance (ANOVA) and Duncan test using Assistat en (2017). The data were
expressed as mean + standard deviation, results were considered significant when p-
value was less than 0.05 (P<0.05).

RESULTS AND DISCUSSION

Effects of charcoal powder on hematological parameters of blood and renal
function of albino rats through oral/inhalation administration. The effects of oral
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administration and inhalation of charcoal on the hematological parameters in male
albino rats are presented in Table 1. In week eight, the white blood cells for the treated
groups had values of 5.47 (x10°%L), 4.88 (x10°%L) and 6 (x10°%L) for groups 1, 2 and 3,
respectively, while the control had 4.45 (x10°%L). For the neutrophils, the treated groups
had values of 44.33 %, 27.5 % and 25.75 % for groups 1, 2 and 3 respectively, while the
control had 30.5 %. For the lymphocyte, the treated groups had values of 50.67 %,
66.25 % and 64.5 % for groups 1, 2 and 3 respectively, while the control had 65.5 %.
The result for monocyte showed that, the treated groups had values of 2 %, 3.5 % and
4.75 % for groups 1, 2 and 3 respectively, while the control had 1.5 %. For Eosinophil,
the treated groups had values of 3 %, 2.75 % and 5 % for groups 1, 2 and 3, respec-
tively, while the control had 3.5 %.

Table 1. Hematological parameters and indicators of renal function in rats treated for
8 weeks by ingestion and inhalation with 10 %, 30% and beddings of charcoal
Tabnuys 1. FlemaTonorivyHi NOKa3HUKKU Ta (pyHKLUisSs HUPOK Yy wWypiB, siki oTpumyBanu 10 %,
30 % pepeBHOro Byrinna i3 ixxero abo BAonxanu 3 NigcTUIKu BNpoAoBX 8 TMXHIB

Group blov(;l(:]i:;ZIls Neutrophilis Lymphocyte Monocyte Eosinophil Basophils Creatinine

(x10°1L) (%) (%) (%) (%) (%) (umol/L)
Control ~ 4.45+0.07* 30.50+0.71° 65.50+0.71* 1.50+0.71% 3.50£0.712 1 1.04+0.00°
Group 1 5.47+1.27% 44.33+5.13% 50.67+4.04°> 2.00+2.65* 3.00+1.732 0 1.35£0.29°
Group 2 4.88+0.85° 27.50+4.93° 66.25+3.86* 3.50+2.52% 2.75+1.712 0 1.40£0.422
Group 3 6.00£1.77° 25.75+5.12° 64.50+6.14*> 4.75+2.06° 5.00+0.822 0 1.23+0.54°

Comments: ¢ — different letters in the same column indicate significant difference (P<0.05)
Mpumitkn: 2 — pi3Hi GyKBM B OQHOMY CTOBIMLi BKa3yloTb Ha 3HauHy pisHuUto (P<0,05)

From the results obtained, the percentage of white blood cell count of the treated
groups (group 1, 2 and 3) increased when compared to the control. The increased mean
value of group 1 was not significant (P>0.05) when compared to the control indicating
that the amount of charcoal ingested was not at a level that can induce a significant im-
mune response. The mean values of groups 2 and 3 increased significantly (P<0.05)
when compared to the control. This increment (group 2 and 3) clearly implies that there
is an inducement of an immune response due to the presence of PAH contained in the
charcoal. Physiologically, an increase in the white blood cell count is a known indicator
that there is an inflammatory reaction and infection. PAH have been reported to indi-
rectly cause inflammation; although this was reported to be possible through atmo-
spheric exposure. This effect is achieved via what is known as immune-potentiation that
results in an increment in the secretion of cytokines thereby causing inflammation
(Abdel-Shafy & Mansour, 2016). PAH was also reported to have immune suppressing
effect. In addition, the suppression of the immune system by PAH has been reported to
be a possible cancer inducing mechanism as dibenzo(a,h)anthracene is among the
identified PAH that is found in charcoal extract which have been reported to be carcino-
genic (USEPA, 1984; ATSDR, 1995; Silva et al., 2011; Gao & Burchiel, 2014; Rengarajana
et al., 2015). The neutrophil was observed to be higher than the control in group 1 while
in group 2 and group 3, a lower value with no significant difference (P>0.05) was ob-
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served when compared to the control. The monocytes also increased in the treated
groups, showing that the chemicals in the charcoal powder are interacting with the body
immune system.

The mean creatinine values for the treated groups were 1.35 pmol/L, 1.40 pymol/L
and 1.23 pymol/L for groups 1, 2 and 3, respectively, while the control had 1.04 umol/L.
The serum creatinine level was recorded to be higher in the treated group (group 1, 2
and 3) when compared to the control, although not significantly (P>0.05). It is an indica-
tor of kidney damage. This is buttressed by a study that revealed that adults that are
occupationally exposed to PAH have increased level of oxidative stress biomarkers and
this increase in oxidative stress causes kidney dysfunction which consequently dama-
ges the cells and tissues of the kidney (Farzan et al., 2016).

Effect of charcoal powder on liver activities of albino rats. Table 2 shows the
mean values of AST in control, groups 1, 2, 3 as 89.00 IU/L, 89.00 IU/L,48.75 IU/L and
68.50 IU/L respectively. ALT had mean values of 67.00 IU/L, 65.00 IU/L, 24.25 IU/L,
11.50 IU/L and 13.50 IU/L for control, group 1, group 2 and group 3, respectively. The
liver enzymes AST and ALT which play an essential role in protein metabolism in the
body were observed to be lower than the control when the treated group is compared
with the control. Even though low levels of ALT and AST does not directly imply dama-
ges to the liver, it is however a sign of severe decline in kidney function when the levels
are extremely low as we recorded in the experiment. This directly implies that due to the
presence of PAH, there is an induced high oxidative stress which consequently affected
the kidney function negatively causing kidney dysfunction as can be seen in the extre-
mely low levels of ALT and AST and a corresponding high level of serum creatinine due
to exposure to PAH in diet and through the nasal route (Sette & Lopes, 2015).

Table 2. Effect of charcoal on liver activities of albino rats treated for 8 weeks by
ingestion and inhalation with 10 %, 30 % and beddings of charcoal

Tabnuys 2. ®yHKUiOHYBaHHSA NeYiHKu WypiB-anb6iHociB y pa3i BHeceHHs 10 %, 30 % nepeB-
HOro BYriNns y Xxap4yoBui pauioH abo Moro BAMXaHHSA 3 NiACTUIKM BNPOAOBX

8 TMXHIB
G SGOT (AST) SGPT (ALT)
(IU/L) (IUL)
Control 89.00+0.00° 67.00+0.00°
Group 1 89.00+0.002 24 .25+7.27°
Group 2 48.75+46.49° 11.5048.812
Group 3 68.50+47.342 13.50+11.15°

Comments: ¢ — different letters in the same column indicate significant difference (P<0.05)
Mpumitkn: 9 — pi3Hi OykBM B 0OAHOMY CTOBLi BKA3yrOTb Ha 3Ha4Hy pisHuuUto (P<0,05)

Effect of charcoal powder on hormones concentration in albino rats. Prolactin
had mean values of 2.10 mIU/L, 1.73 mlIU/L, 1.30 mIU/L and 18.30 mlIU/L for control,
group 1, group 2 and group 3, respectively (Table 3). Testosterone had mean values of
0.90 nmol/L, 1.18 nmol/L, 0.53 nmol/L and 0.25 nmol/L for control, group 1, group 2 and
group 3, respectively (Table 3). The hormones were also adversely affected, with low
prolactin level recorded in the treated groups compared to the control, thereby indicating
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that the charcoal also had a negative effect on prolactin. PAH can also compromise sper-
matogenesis function and alter endocrine hormone levels. It was also observed that
testosterone decreased in the treated groups when compared to the control with the
exception of group 1; this has been linked to PAH exposure as reported by Jeng and
Yu (2008). Low testosterone level actually leads to low sex drive, reduction in penis size,
muscle shrinkage, growing of the belly, memory loss and weakened bones (Cindy, 2016).

Table 3. Effect of charcoal on hormones concentration of albino rats treated for 8 weeks
by ingestion and inhalation with 10 %, 30 % and beddings of charcoal

Tabnuys 3. KoHUeHTpauia ropMoHiB y wypiB-anb6iHociB y pa3i BHeceHHA 10 %, 30 %
[epeBHOro BYFiNmnsA y Xxap4oBui pauioH abo 1Moro BAMxaHHA 3 NiACTUITKA BNPO-
OOBX 8 TXHIB

Group Prolactin (mIU/L) Testosterone (nmol/L)
Control 2.1040.002 0.90+0.002
Group 1 1.73+0.28° 1.18+0.322
Group 2 1.30£0.142 0.53+1.73%
Group 3 1.83+0.10° 0.25+0.17°

Comments: 2 — different letters in the same column indicate significant difference (P<0.05)
Mpumitkn: 29 — pisHi GykBM B OAHOMY CTOBMLi BKa3yOTb Ha 3Ha4Hy pisHuuo (P<0,05)

Effects of charcoal powder on semen parameters in albino rats. The effects of
oral and inhalation administration of charcoal on semen parameters of male albino rats
are presented in Table 4. The motile cell for the treated groups had values of 91.67 %,
60.00 % and 80.00 % for groups 1, 2 and 3, respectively, while the control had 99.50 %
In the active cells, the treated groups had values of 80.00 %, 48.75 % and 72.50 % for
groups 1, 2 and 3, respectively, while the control had 95.50 %. In the viable cell, the
treated groups had values of 95.33 %, 94.50 % and 95.75 % for groups 1, 2 and 3,
respectively, while the control had 91.50 %. In the total sperm cell count, the treated
groups had values of 58.33 (x10%mL), 50.00 (x10%mL) and 43.25 (x10%mL) for groups
1, 2 and 3, respectively, while the control had 100.50 (x10%/mL).

There was a reduction in the values of motile cells in groups 1, 2 and 3 when com-
pared to the control and all three groups had no significant difference compared to the
control (P>0.05). The sperm cells were also adversely affected by the charcoal treat-
ment. The reason for this adverse effect recorded in the semen parameters is directly
related to the presence of PAHs, which has the capacity to induce oxidative stress, and
the testicles being very sensitive to oxidative stress thereby leading to the correspond-
ing disruption of spermatogenesis (Asadi et al., 2017). Similar negative effect was sug-
gested in a recent finding which proposes that exposure to PAHs disrupts sperm DNA
and thereby interferes with human male fertility (Han et al., 2011). A study by Xia et al.
(2009) revealed that exposure to PAHs at environmental levels is associated with an
increased risk of male idiopathic infertility. Hsu et al. (2006) reported that the ambient
PAH levels of occupationally exposed individuals are associated with decreased sper-
matozoa quality. Experimental studies in rats indicate that PAH exposure is negatively
correlated with daily sperm production and sperm motility (Ramesh et al., 2008).
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Table 4. Effects of charcoal exposure on semen parameters of albino rats treated for
8 weeks by ingestion and inhalation with 10 %, 30 % and beddings of charcoal

Tabnuys 4. NMapameTpu cnepmu WypiB-anb6iHOCIB y pa3i BHeceHHs 10 %, 30 % nepeBHOro
BYFiNNA y XapyoBWA pauioH abo Moro BAMXaHHA 3 MiACTUIIKU BMNPOAOBXK

8 TXHIB
Grou Moatile cell Active cell Sluggish Dwad cell ~ Viable cell Non viable Tg;?ll sg:r:T
P (%) (%) cell (%) (%) (%) cell (%) (x105/mL)

Control  99.50+0.71% 95.50+0.71® 4.50+0.71* 1.504£0.71* 91.50+0.71°> 9.50+0.71% 100.50+0.71°
Group 1 91.67+2.89* 80.00+8.66° 11.67+5.77% 8.33+2.89° 95.33+2.08% 4.67+2.08° 58.33+15.28°
Group 2 60.00+31.62% 48.75+33.517 11.254+9.47 40.00+31.62* 94.50+0.587 5.50+0.58° 50.00+3.36°

Group 3 80.00+20.41% 72.504+29.01% 8.75+£7.50* 20.00+20.41% 95.75+1.267 4.25+1.26° 43.25+5.38°

Comments: ¢ — different letters in the same column indicate significant difference (P<0.05)
Mpumitkun: 29 — pisHi GykBM B OAHOMY CTOBMLi BKa3yoTb Ha 3HauHy pisHuuto (P<0,05)

Effect of Charcoal powder on lung histology of albino rats treated by inhala-
tion. The lung histology revealed that exposure to charcoal powder or dust had a nega-
tive effect on the lungs (Fig. 3—4). The alveolar sacs decreased in nhumber and size
compared to control group (Fig. 1-2), blood vessels were also observed to be con-
gested, and infiltration of inflammatory cells were also observed in the treated group.
The inter alveolar walls were also thickened when compared to the control. The results
of the lung histology showed a distorted lung which means that charcoal dust is harmful.
Long term exposure to PAH have been known to lead to decreased immune function
and lung function (Khairy et al., 2009). Inhalation of PAHs have also been linked to the
increased risk of lung cancer (Kim et al., 2013). When particles of charcoal are inhaled,
bearing in mind that dibenzo(a,h)anthracene which is among the PAHs reported to be
present in charcoals is a known carcinogen, there is an increased risk of lung cancer
amidst other respiratory abnormalities that have been reported to be caused by inhaling
charcoal dust and particles (USEPA, 1984; ATSDR, 1995; Silva et al., 2011; Rengara-
jana et al., 2015).

Effect of Charcoal powder on lung histology of albino rats treated by inhalation.

Inter-alveolar walls

Fig. 1. Lung Histology of control a: RB — respiratory bronchioles
Puc. 1. lictonorisi nereHb y koHTponi a: RB — anxaneHi 6poHxionu
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Inter-alveolar walls

Fig. 2. Lung Histology of control b: AS — alveolar sacs; Br — bronchi
Puc. 2. TicTonoris nereHb y koHTponi b: AS — anbBeonspHi milku; Br — 6poHxu

Fig. 3.

CONCLUSION

Lung histology of group 3a: AS — alveolar sacs;
Br — bronchi; DV — blood vessels; red arrow —
infiltration of inflammatory cells; black arrow —
thickened inter alveolar walls

ictonoria nerexis rpynu 3a: AS — anbBeonspHi
Mileyku; Br — 6poHxu; BV — KpOBOHOCHI CyAMHY;
YepBOHa CTpiNnka — iHinNbTpaLia 3ananbHUX Kii-
TUH; YOpHa CTPinka — MOTOBLLEHI MiXXanbBeOonsapHi
CTiHKN

Lung histology of group 3b: AS — alveolar sacs;
Br — bronchi; red arrow — infiltration of inflamma-
tory cells; black arrow — thickened inter alveolar
walls

lictonoris nereHiB rpynu 3b: AS — anbBeonsipHi
Mileyku; Br— 6poHxu; YepBoHa CTpirka — iHginb-
Tpauis 3ananbHUX KNiTUH; YOpHa CTpinka — NoToB-
LEeHi Mi>KanbBeONsipHi CTIHKK

This research revealed that exposure to charcoal powder has toxic effects on albino
rats after such exposure and considering the similar physiology with humans
as established in literature in the medical sciences, similar effect may occur in
humans when subjected to chronic exposure. The results of this exposure in-
clude; kidney toxicity, lower prolactin and testosterone levels, lung histology abnor-
malities, as well as an adverse effect on reproductive capabilities of animals. This toxic-
ity is due to the PAHs content of the charcoal extracts and it is therefore important
to ensure adequate protection from long term exposure to charcoal powder and avoid
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ingestion especially at large amounts. As usual, workers in charcoal plants not using
PPEs in under-developed and developing countries are vulnerable to such exposure
while the consumption of locally processed foods utilizing charcoal as energy source
may expose the food materials/consumers to some level of charcoal powder and its as-
sociated combustion product.
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BIOXIMIYHI TA FICTONOIYHI 3MIHU Y LWWYPIB-AINNbBIHOCIB
Y BIANOBIAb HA BMJIMB NNy AEPEBHOIO BYTINIA

O. E. OpiaknoHo', C. AHy¢hopo?, E. E. HAyoHochim', B. K. gisi', M. C. Ekeke'
' YHisepcumem lMopm-Xapkopma, P. M. B. 5323, lNopm-Xapkopm, wmam Pieepc, Hieepis
2 [Hemumym 6Gioximil, MonekyrnsipHoi bioroeii ma 6iomexHonoeii, YHieepcumem Kornom6o, LLpi-flaHka

BeTyn. Y kpaiHax, Wwo po3smBaroTbCs, Uy Cnabopo3BUHEHMX KpaiHax BUPOBHMLTBO
AEepEeBHOro BYFiNNSA CynpoBOAXKYETLCHA BENUKOLO KiNbKICTIO BYrinibHOro nuny. MNpauisH1KmM
B UiV ranysi He 3axuvLleHi HaneXxHUM YMHOM i SIK Taki MigaarTbCsa BNAMBY BYTiflbHOMO
nuny Yyepes BOUXaHHS Ta KOHTaKT 3i WKipoto. [lepeBHe Byrinns cknagaetbcs 3 6aratbox
KOMMOHEHTIB, TakuX SK NOMiLUMKMIYHI apomaTtuyHi ByrneBogHi. Yepes iMOBIpHUI pu3nK
AN 300pOB’A, NOB’A3aHUN i3 TaKMM BNAMBOM, Lie AOoChigxeHHs Byno po3pobneHo ans
BM3HAYEHHS BNMAVBY MOPOLLKY AEPEBHOroO BYrinms 3 po3MipoM 4acTuHok 125—150 mMkm
Ha nesHi Biomapkepwu y camuis wwypiB-anbbiHocis. LLypiB-ans6iHOCiB BUKOpPUCTOBYBaNu
yepes IXHK CXOXKY 3 NoabMK (isionorito.

Matepianu Ta metogu. [Ina LbOro AocnigXeHHst Byno BUKOPUCTAHO OBaAuUATb
wypis-ansbiHocis Baroto Big 250 fo 300 r; iX BUNnagkoBUM YHOM PO3MOAINUIAN MO YOTK-
pbOX rpynax (no 5 WwypiB y KOXHil), a NOPOLUOK AePEeBHOro BYrinng Aoganu Ao IXHbOro
KOpPMY 3 pPi3HUM BiACOTKOM; KOHTpOonb, rpyna 1 (10 % gepesHoro Byrinns), rpyna 2 (30 %
Byrinng) i rpyna 3 (nigcturka 3 NopoLLKy AepeBHoro Byrinns) nporarom 50 gHis. Buko-
PUCTOBYIOYM CTaHAAPTHI NpoLeaypu Ta MeTOAM, NepeBipsanNn Taki napaMmeTpu: remarto-
NOriYHi MOKa3HUKK, NapameTpn cnepmm, eH3MMM NeYiHkn, PYHKLi HUPOK, TOPMOHMU Ta
riCTONOrito nereHis.

Pesynbratn. Pesynstati ceigyatb MPO 3HWXKEHHS PiBHS NeYiHKoBUX eH3umiB AST
(Oa/n) Ta ALT (Og/n) y rpyni 1, rpyni 2 Ta rpyni 3 NOPIBHAHO 3 KOHTPOMEM 3 HANHVXKYNM
3HadeHHam 48,75 mOpg/n ta 11,50 mOg/n BignosigHo, 3apeectpoBaHuni y rpyni 2. MNpo-
naktuH (MOpg/n) maB cepenHi 3HadveHHs 1,73, 1,301 1,83 y rpyni 1, rpyni 2 Ta rpyni 3 Bia-
MOBIAHO, TOAI SIK KOHTPOrb cTaHoBMB 2,10. TecToCcTepOH (HMOMbL/N) MaB cepeaHe 3Ha-
yeHHs 1,18, 0,53 Ta 0,25 y rpyni 1, rpyni 2 Ta rpyni 3 BiaNoBiAHO, TOAi SIK KOHTPOIb CTaHO-
BuB 0,90 3i 3HauHo0 pisHuueto (P<0,05). KpeaTuHiH (Mkmonb/n) nigBuiLyBascs y rpyni 1
Ta rpyni 2 3 He3HaYHVM 3MEHLLEHHSM Y rpyni 3 NOPIBHAHO 3 KOHTponeM (1,04) i3 3HaveH-
Ham 1,35, 1,40 Ta 1,23 BignoeigHo. 3aranbHa KinbKicTb cnepmarto3oigis (x10%mn) mana
cepepnHe 3HaveHHs 58,33, 50,00 ta 43,25 y rpyni 1, rpyni 2 Ta rpyni 3 BigNoBigHo, To4i AK
koHTponb ctaHosmB 100,50. MNcTtonoria nerexie ong obpobneHnx rpyn Bussunia iHdinb-
TpaLito 3ananbHUX KNITUH | NOTOBLUEHHSA MiXarnbBeOonspHUX CTiHOK.

BucHoBku. TpuBanuin BNAuB nuny AepeBHOrO BYrinns HasanbHUM abo poToBUM
LUMSXOM MaB CepNO3Hi HacNigkv Ans 300pOB’S WYpPIB, Taki AK YLIKOAXKEHHS HUPOK, 3ana-
NEHHS NereHiB i 3HWKEHHS (PEePTUNBHOCTI Y CaMuiB, FONOBHO Yepe3 HasiBHICTb noniuu-
KNiYHMX apoOMaTUYHUX BYINEBOOHIB Y BYTinfi.

Knroyosi crioea: pepeBHe Byrinns, ropmMoHun, 6e3nnigas, 3ananeHHs nereHb,

noniapoMaTuyHUi ByrneBogeHb
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