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BIOCHEMICAL PARAMETERS OF RAT’S BLOOD UNDER
THE CHRONIC OPIOID EXPOSURE
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The purpose of the study was to establish changes in some biochemical parameters of rat's blood, which indicate the
functional state of the kidney with prolonged administration of nalbuphine in the experiment. As a result of the study, it was found
that the administration of small doses of nalbuphine during a 12-week experiment leads to impaired renal filtration function, which
was first detected after 4 weeks of nalbuphine administration, reaches its maximum manifestation after 8 weeks of nalbuphine
administration and stabilizes in the following terms, as evidenced by the dynamics of creatinine and urea in the serum of rats. Impaired
renal reabsorption function was first detected after 2 weeks of nalbuphine administration and acquires a pronounced manifestation
after 8, 10 and 12 weeks of the experiment, as evidenced by the dynamics of calcium and phosphorus in the rats' serum.
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BIOXIMIYHI IIOKASHUKH KPOBI 1Y PIB TP XPOHIYHOMY
OINIIOIIHOMY BIIJINBI

Meroto nocinijpkeHHs1 OyJI0 BCTaHOBJIEHHS 3MiH JESKMX OIOXIMIYHMX ITOKAa3HWKIB KpOBI IMypa, sIKi CBigUaTh IIpo
(GYHKIIOHABHUI CTAaH HUPKH, IPH TPUBAJIOMY BBEICHHI HANOy(]iHy B €KCIEPUMEHTI. Y pe3yJsbTaTi MPOBEACHOTO JOCIiIKESHHS
BCTaHOBJICHO, 110 BBEJICHHA MalMX 1103 HanOydiHy BHPONOBK 12-THM THXXHEBOIO €KCIEPUMEHTY NPU3BOAHUTH JO NMOPYLICHHS
¢binpTpaniitnoi GyHKIIT HIPOK, KOTPE BIIEpIle BUSBICHO Yepe3 4 TIKHI BBEICHHS HANOy(iHy, MaKCUMaNbHOTO MposiBy HaOyBae
4yepe3 8 TIKHIB BBEJECHHS HAIOYy(iHy Ta B HACTYNHHX TEPMIiHAX CTaOUI3Yy€ThCS, MPO IO CBIJUUTH AWHAMIKA ITOKA3HUKIB
KpeaTHHIHy Ta CEYOBHHH B CHPOBATIIi KpoBi mIypiB. [Topymenns peabcopOriiiHo1 ¢pyHKIiT HIPOK BIEpIIe BUSIBICHO Yepe3 2 THKHI
BBEJICHHS HAIOY(]iHy Ta BUpaKeHOTO MposiBy HaOysae yepe3 8, 10 Ta 12 TWXKHIB €KCIEPUMEHTY, PO IO CBIMYATH IWHAMiKa
MOKA3HMKIB KaJbIiI0 Ta (hochopy B CHPOBATIIi KPOBI Iy PiB.
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The work is a fragment of the research project “Morpho-functional features of organs in the pre- and postnatal periods
of ontogenesis under the influence of opioids, food supplements, reconstructive surgery and obesity”, state registration No.
0120U002129.

The problem of drug addiction remains one of the most pressing problems of modern society. The
United Nations Office on Drugs and Crime has published the World Drug Report 2018, which states that
about 275 million people (almost 5.6 % of the world's population) between the ages of 15 and 64 have used
drugs at least once in their lifetime, and opium production increased by 65 % in 2016-2017. Opioids are also
used to obtain an analgesic effect in patients [6]. The current issue is the safety and effectiveness of narcotic
drugs for the treatment of chronic and acute non-cancerous pain, which lasts more than 90 days [12, 13]. The
negative effect of the use of drugs today creates not only a serious medical and social, but also economic
problem. Experimental studies of the effects of opioids on organs and systems of the body are currently a
common trend among morphological works [14]. Recently, many researchers have been studying the
morphology of organs and systems with the administration of nalbuphine in the experiment [8]. The
experiment uses different models and doses of the drug to study the effects of nalbuphine on organs and
systems, due to the specific objectives of the study [10]. Changes in the structure of the kidney under the
influence of opioid substances in drug-addicted people, as well as in an experiment on rats have been studied
[9]. Of particular interest are works that study the structural and functional changes of the organs with the use
of opioid analgesics [11]. In conclusion, there are a number of unresolved issues related to the structural
restructuring of the urinary system, including the kidneys, under the influence of opioid drugs.

The purpose of the study was to establish changes in some biochemical parameters of rat's blood,
which indicate the functional state of the kidney with prolonged administration of nalbuphine.

Materials and methods. The study material was 70 white sexually mature male rats weighing
180-260 g. The animals were kept in a vivarium and the study was carried out in accordance with the
“Rules for carrying out work using experimental animals”, which corresponds to the provisions of the
Declaration of Helsinki. Animal experiments were performed in accordance with the provisions of the
European Community Directive of November 24, 1986. The performed study meets the ethical
requirements according to the Order of the Ministry of Health of Ukraine No. 231 of 01.11.2000 (Protocol
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No. 2 of February 20, 2012), established by the Commission on Bioethics of Danylo Halytsky Lviv
National Medical University.

Experimental animals were injected nalbuphine (Nalbuphine injection, 20 mg) daily, intramuscularly,
for twelve weeks. During the first two weeks of the experiment, the dose of nalbuphine was 0.212 mg/kg
(experimental group 1), from the second to the fourth week, animals were administered nalbuphine at the dose
of 0.225 mg/kg (experimental group 2), from the fourth to the sixth week — 0.252 mg/kg (experimental group
3), from the sixth to the eighth week — 0.260 mg/kg (experimental group 4), from the eighth to the tenth week —
0.283 mg/kg (experimental group 5), from the tenth to the twelfth week — 0.3 mg/kg (experimental group 6).
The control group received intramuscular injections of saline for twelve weeks. Nalbuphine was administered
in ascending doses every two weeks. Thus, a model of chronic opioid exposure was created [2]. Blood for the
study was sampled after intraperitoneal administration of sodium thiopental from the inferior vena cava. Each
animal was pre-labeled and weighed. Total protein, urea, creatinine, calcium, and phosphorus were determined
in the blood serum of experimental animals. Total serum protein assay was carried out by biuret test (“Filisit-
Diagnostics™ kit of reagents, Czech Republic), serum creatinine assay — using the Jaffe reaction (“Filisit-
Diagnostics” kit of reagents, Czech Republic), serum urea assay — by color reaction with diacetyl monoxime
(Bio-Lachema-Test kit), serum calcium assay — using photometric assay of total calcium in biological fluids
(“Filisit-Diagnostics”, Czech Republic), serum phosphorus assay — using photometric assay of phosphorus in
biological fluids (“Filisit-Diagnostics”, Czech Republic) [3].

All the data were tested for the normality of the distribution using the coefficients of asymmetry
and excess, as well as using the Shapiro-Wilk test (confidence level p<0.1). All the data obtained had a
normal distribution pattern. The data were presented as M+SD, where M is the mean value and SD is the
standard deviation. Despite the normal nature of the data distribution, due to the significant difference in
the variances of different groups in all parameters, the nonparametric Kruskal-Wallis H-test was used to
determine the statistical reliability of the difference between the data in multiple comparisons, followed by
post hoc analysis using the Dunn’s test. Pearson's correlation coefficient R was used for correlation
analysis. The results were considered reliable at p<0.05.

All statistical calculations were performed using RStudio v.1.1.442 and R Commander v. 2.4-4
software.

Results of the study and their discussion. Because of the study, the biochemical parameters of
total protein, urea, creatinine, calcium and phosphorus in the serum of rats at twelve weeks of
administration of nalbuphine were established.

Serum protein values tended to decrease from the second to the eighth week of the experiment
compared to the control group, which was 65.90+4.58 g/L, but this trend was not statistically confirmed
(table 1).

Table 1
Dynamics of biochemical parameters of the rats' serum at 12-week administration
of small doses of nalbuphine, M+SD, n=10
Parameters Control 2 weeks 4 weeks 6 weeks 8 weeks 10 weeks 12 weeks
Total 65.90+ 62.40+ 62.40+ 64.40+ 62.10+ 74.90+ 67.70%
protein, g/L. | 4.58 3.81 2.50 3.57 2.13 3.81%** 2.16
Urea, 591+ 6.22+ 5.73+ 7.62+ 11.08+ 8.90+ 8.84+
umol/L 0.72 0.47 0.35 0.73%%* 0.64*** 0.90%*** 0.84%**
Creatinine, 48.35+ 53.02+ 78.98+ 107.89+ 109.60+ 94.28+ 62.84+
pmol/L 10.83 7.56 4.54%** 7.36%%* 6.23%** 2.98*** 4.02%*
Calcium, 2.34+ 2.16+ 2.39+ 2.39+ 2.03+ 1.98+ 1.89+
pmol/L 0.16 0.09* 0.10 0.09 0.07*%* 0.08*** 0.06%**
Phosphorus, | 2.25+ 2.42+ 2.32+ 2.12+ 1.93+ 2.04+ 1.98+
umol/L 0.17 0.05 0.11 0.12 0.08*** 0.11* 0.15%%%*

Note: * — p<0.01; ** — p<0.001; *** — p<0.0001 compared to the control

The serum protein index increases sharply after ten weeks of the experiment to a value of 74.90+3.81
g/L, which was statistically significant both when compared with the control group and with the parameters
of previous terms (p<0.0001). However, at the next stage of the study, after twelve weeks of the experiment,
the protein level decreased almost to the level of the control group and amounted to 67.70+2.16 g/L (Fig. 1).
An increase in serum creatinine compared to the mean control value was observed after two weeks of
the experiment, although at this time it was not confirmed statistically (p=0.71). At all subsequent periods,
there was a reliable and significant increase in the creatinine index.
Changes in serum urea after two and four weeks of the experiment were insignificant and did not have
a statistically significant difference when compared with the control group (Fig. 2).
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Fig. 1. Changes in total protein and creatinine in rats' serum at 12 weeks mmol/LL  and 8.84+0.84 mmol/L,
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12- decrease compared to the eighth week,
remained significantly 1.5 times higher

than the control group (p<0.0001).

The creatinine index, as well as
the rat's serum urea, was acquired the
maximum value during the experiment
after eight weeks and was 109.60+6.23

6 mmol/L, which was 2.26 times higher
compared to the control group (control
group —48.35+10.83 mmol/L,
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Fig. 2. Changes in urea, Ca%ci.um .‘?.l’ld phosphorus in rat's serum at 12 1.29 times, respectively, compared to

weeks of low-dose nalbuphine administration. the control eroup. After twelve weeks
group w

of the experiment, serum creatinine levels decreased sharply to 62.84+4.02 pmol/L, which was

significantly lower than in the tenth week of the experiment (p<0.0001), but remained significantly higher
than in the control group (p<0.001).

A significant, direct, pronounced relationship was found between the values of urea and serum
creatinine (R=60.5, p<0.001). That is, with a higher value of the blood urea index, there is a tendency to
increase the value of the serum creatinine index.

Since after the tenth and twelfth weeks of the experiment there is a decrease in creatinine and urea
levels compared to the eighth week of the experiment, it can be assumed that administration of nalbuphine
more than for more than eight weeks does not lead to progression of disturbance of nitrogen excretory
function of a kidney. Such a relative stabilization of the functional state of the kidney may indicate the
adaptation of renal structures to the action of nalbuphine after eight weeks of drug administration and the
cessation of progression of renal corpuscle lesions.

The rat's blood calcium index tended to decrease with some fluctuations compared to the control
group throughout the study. Thus, after two weeks of the experiment, the level of calcium decreased to
2.16£0.09 mmol/L with a control group indicator of 2.34+0.16 mmol/L, and this decrease was statistically
significant (p<0.01). However, after four and six weeks of the experiment, calcium values stabilized at the
level of the control group and amounted to 2.39+0.10 mmol/L and 2.39+0.09 mmol/L, respectively, the
difference in comparison with the control group was not statistically confirmed (p=0.89 and p=0.91,
respectively). After eight, ten, and twelve weeks of the experiment, a significant decrease in rat serum
calcium was observed relative to the control group (p <0.0001 for each period). The serum calcium level
of rats was 1.15 times lower after eight weeks of the experiment compared with the control group, and 1.18
times lower after ten weeks. After twelve weeks, the calcium index reaches the lowest recorded value
during the experiment at 1.89+0.06 mmol/L, which is 1.23 times less than the value of the control group.

The mean values of phosphorus in the first terms of the study (second, fourth and sixth weeks)
ranged within the value of the control group, which was 2.25+0.17 mmol/L. Although, already in the sixth
week there was a tendency to decrease and the indicator was 2.12+0.12 mmol/L, but this decrease was not

60- = —

Parameter (protein g/L, creatinine pmol/L)

40-

Parameter (mmol/L)

Calcium = Urea = Phosphorus
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statistically significant (p=0.18). At subsequent periods, the decrease in the phosphorus index value was
confirmed statistically compared to the control group and amounted to 1.93+0.08 mmol/L at the eighth
week, 2.04+0.11 mmol/L at the tenth week, and 1.98+0.15 mmol/L at the twelfth week, respectively. Serum
phosphorus levels in rats was 1.17 times lower after eight weeks of the experiment compared to the control
group, 1.1 times lower after ten weeks, and 1.14 times lower after twelve weeks of the experiment.

A significant, direct, pronounced relationship was found between the values of serum phosphorus
and calcium (R=1.3, p<0.001). That is, with a lower value of serum phosphorus, there is a tendency to
decrease the value of serum calcium.

The results of the study first showed in the experiment that prolonged administration of even small
doses of nalbuphine has a negative effect on the functional state of the kidney, which can be assessed by
changes in the biochemical parameters of the blood of the experimental animal. The data obtained on the
reduction of serum protein from the second to the eighth week of exposure to nalbuphine, in our opinion, may
indicate a loss of protein in the urine as a result of impaired filtration or reabsorption functions of the nephron
with the administration of nalbuphine for eight weeks. In the literature it is described that the use of opioids
can cause acute kidney damage, decreased glomerular filtration rate [4, 7]. The increase in urea and creatinine
with prolonged administration of nalbuphine indicates a violation of the filtration function of the kidney,
namely the violation of the excretion of protein metabolism products, which is the result of damage to the
renal corpuscles [14]. Based on the data obtained, we can assume that impaired renal filtration function occurs
with the administration of nalbuphine for four weeks, because after four weeks of the experiment for the first
time there is an increase in creatinine in the serum of rats. The increase in creatinine and urea to the maximum
value with the administration of nalbuphine for eight weeks indicates a deepening of the filtration function of
the kidney and the greatest damage to the renal corpuscles at this time of the experiment [5]. It is known that
90 % of filtered calcium and phosphates are absorbed in the proximal convoluted tubules by facultative
reabsorption. Accordingly, the level of calcium and phosphorus in the serum depends, among other regulatory
mechanisms and factors, on the reabsorption function of the kidney, namely on the function of the convoluted
tubules of the nephron [1, 15]. The obtained data on the reduction of calcium levels after two weeks of the
experiment may indicate the initial manifestations of damage to the convoluted tubules of the kidney and
their dysfunction with two weeks of nalbuphine. Restoration of serum calcium to normal values after four
and six weeks of the experiment may indicate the accession of compensatory mechanisms of reabsorption
function of the kidney. However, a significant persistent decrease in serum calcium and phosphorus levels in
the late stages — after eight, ten and twelve weeks of the experiment is a sign of persistent impairment of renal
reabsorption function with the nalbuphine administration for more than six weeks.

Tk i

As aresult of the study, it was found that the administration of small doses of nalbuphine during a
twelve-week experiment leads to impaired filtration and reabsorption functions of the kidneys, as indicated
by the dynamics of creatinine, urea, calcium and phosphorus in the serum of rats. Impaired renal filtration
function was first detected after four weeks of nalbuphine administration, peaked after eight weeks of
nalbuphine administration and stabilized in the following terms, as evidenced by the dynamics of creatinine
and urea in the serum of rats. Impaired renal resorption function was first detected after two weeks of
nalbuphine administration and became more pronounced after eight, ten and twelve weeks of the
experiment, as evidenced by the dynamics of calcium and phosphorus in the serum of rats.
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PECULIARITIES OF THE EFFECT OF A HIGH-CALORIUM DIET ON THE STRUCTURE
OF THE SPLEEN ON THE CORRECTION WITH ORLISTAT

e-mail: garapkotv@gmail.com

Sodium glutamate is a food additive that is used worldwide in the food industry to enhance taste. The aim of the present
study was to determine the morphometric and histological changes of the rat spleen parenchyma in experimental obesity and its
correction with orlistat. The study was performed on 66 white rats of reproductive age. Eight weeks after the experimental animals
were on a high calorie diet, a significant decrease in the relative area of the white pulp in the spleen parenchyma of white rats of
males and females was observed and, accordingly, an increase in the relative area of red pulp, increase the number of secondary
lymph nodes, but the zones are not clearly traced, the number of monocytes, macrophages and plasmocytes is increasing, numerous
macrophages contain hemosiderin residues in the cytoplasm. Under the conditions of orlistat correction, fewer structural changes
in the parenchyma of the spleen were detected.

Key words: experiment, spleen, sodium glutamate, ORLISTAT, lymphocyte.

T.B. I'apanko, JI.P. Matemyk-Baueoa, A.C. I'oioBaubkuii, Y.€. IlinBaabHa

OCOBJIMBOCTI BIIVIUBY BPICOKOKAJIOPIFII;IOi JIETU HA CTPYKTYPY CEJIE3IHKHN
3A YMOB KOPEKIII OPJIICTATOM

['tyTamar HaTpilo € XapuoBOIO JJ0OABKOIO, iKa B YCbOMY CBIiTi BUKOPHCTOBYETHCS B XapUOBill IIPOMHCIIOBOCTI 3 METOIO
micuiieHHs: cMaKky. MeToro JoCiiKeHHs O0yi0 BUBYEHHS MOP(POMETPHYHHUX Ta TICTOIION YHHUX 3MiH MAPEHXIMH CeJIe31HKH LIy PiB IPpU
BIUIMBI Ha OpraHi3M INTyTaMary HaTpilo Ta Kopekuii Horo nii opimictatoM. JlocmimkeHHS NpoBemeHO Ha 66 OLMX Irypax
PenpoyKTHBHOTO BiKy. Uepes BiciM TIDKHIB ITepeOyBaHHS eKCIepUMEHTATFHUX TBAPUH Ha BUCOKOKAJIOPIHHIHN Ai€Ti CriocTepiraeThes
JIOCTOBIpHE 3MEHIIECHHS BiHOCHOI IUTONII OLIOI MyJIBIM B IApEeHXIiMi CeNe3iHKHM OUTMX IIypiB CaMIliB Ta CaMOK Ta BiIIIOBITHO
30UIBIICHHS BIXHOCHOI INIOMII YepBOHOI IyNBIM, 3POCTAaHHS KUIBKOCTI BTOPHHHUX JIM(OIZHHX BY3JIMKIB, IPOTE 30HH
MPOCIT JKOBYIOTCSL HE YITKO, KUTbKICTh MOHOLIUTIB, MakpodariB Ta MIa3MOLIUTIB 3pOCTa€E, YUCICHHI Makpodaru MiCTiTh y CKiIai
LIMTOILIA3MHU 3AJIMIIKH FeMOCHIEPHHY. B yMOBax KOpeKLi opiicTaToM y mapeHxiMi cee3iHKU BUSABICHO MEHIIE CTPYKTYPHHX 3MiH.

KniouoBi ci10Ba: eKcriepuMeHT, cele3iHKa, IIyTaMaT HaTpilo, OpJicTar, JJiM(pOLUT

The work is a fragment the research project “Morphological characteristics of internal organs and vascular bed in
ontogenesis in the norm and patterns of their restructuring in obesity and the impact on the body of physical factors”. State
registration number 0119U102059.

Sodium glutamate is a food additive that is used worldwide in the food industry to enhance taste
[1]. Prolonged use of sodium glutamate causes a number of diseases and complications, the treatment of
which causes significant difficulties [3]. Scientists conclude that this food supplement causes metabolic
disorders and contributes to the development of obesity [1]. Studies in newborn mice and rats have shown
that this supplement over time causes obesity and diabetes, so it is not recommended for use in the
production of baby foods [2, 3].
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