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Purpose: The main aim of this research is to study the protective effects of tryptophan on the histomorphological and biochemical
abnormalities in the liver caused by a high-calorie diet (HCD), as well as its ability to normalize mitochondrial functions in order to
prevent the development of non-alcoholic fatty liver disease (NAFLD).

Methods: The study was conducted in male Wistar rats aged 3 months at the start of the experiment. Control animals (group I) were
fed a standard diet. Group II experimental animals were fed a diet with an excess of fat (45%) and carbohydrates (31%) for 12 weeks.
Group III experimental animals also received L-tryptophan at a dose of 80 mg/kg body weight in addition to the HCD. The presence of
NAFLD, functional activity, physiological regeneration, and the state of the liver parenchyma and connective tissue were assessed
using physiological, morphological, histo-morphometric, biochemical, and biophysical research methods.

Results: HCD induced the development of NAFLD, which is characterized by an increase in liver weight, hypertrophy of hepatocytes
and an increase in the concentration of lipids, cholesterol and triglycerides in liver tissue. Increased alanine aminotransferase activity
in the liver of obese rats also confirm hepatocytes damage. Tryptophan added to the diet lowered the severity of NAFLD by reducing
fat accumulation and violations of bioelectric properties, and prevented a decrease in mitochondrial ATP synthesis.

Conclusion: The addition of tryptophan can have a potential positive effect on the liver, reducing the severity of structural,
biochemical, mitochondrial and bioelectric damage caused by HCD.
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Introduction

The most common complication of obesity is non-alcoholic fatty liver disease (NAFLD), which is characterized by a number
of metabolic disorders, including the accumulation of triglycerides in hepatocytes and the development of oxidative stress.'™
Together, these metabolic impairments lead to inflammation, fibrosis and cirrhosis of the liver.'” Low-calorie diets in
combination with anorexigenic, hepatoprotective, membrane stabilizing and antioxidant drugs, as well as bariatric surgery
are widely used to treat obesity and NAFLD.'"'? Since each of these methods has serious medical limitations and side
effects, the search for safe approaches to reduce the severity of NAFLD in obesity is an urgent therapeutic task.

One such effective and safe approach may be to use the essential amino acid tryptophan, a vital component of the
daily diet of children and adults. Tryptophan and its metabolites (serotonin, melatonin and niacin)'® play an important
role in lipid metabolism, sleep, nutrition and emotional behavior, which in turn influence the development of obesity and
NAFLD."* Under normal physiological conditions, up to 90% of tryptophan is metabolized via the kynurenine pathway
into nicotinamide adenine dinucleotide, which is actively involved in the mitochondrial functions. Residual tryptophan is

used to produce serotonin and melatonin.'> High-calorie diet (HCD) has been shown to disrupt tryptophan metabolism,
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which contributes to inflammation, increased excitatory neurotransmission'® "’

20,21

and leads to impaired mitochondrial
function and fat accumulation in the liver.

Despite the essential role of tryptophan in maintaining health, there is currently no clear answer to the question
of the effectiveness of his supplements to reduce the severity of NAFLD and especially reduce mitochondrial
dysfunction in hepatocytes. Tryptophan has been shown to reduce the symptoms of NAFLD, namely, it reduces the
level of triglycerides and cholesterol in blood plasma, reduces the levels of pro-inflammatory cytokines and
normalizes body weight in rats on HCD.??** The opposite results indicate that tryptophan in combination with
a HCD contributes to the development of liver steatosis.'*** The existing contradictions may reflect the differ-
ences in the species, age, and sex of the NAFLD models used, as well as a wide range of tryptophan doses.

Therefore, the present study was conducted to investigate the effectiveness of L-tryptophan supplements in reducing
severity of NAFLD caused by obesity. Our results show that L-tryptophan attenuates histomorphological, biochemical
and bioelectric damages in the liver induced by a diet high in fats and carbohydrates and protects the mitochondria of
hepatocytes by supporting the coupling of respiration and oxidative phosphorylation.

Materials and Methods

Rats

Twelve-week-old Wistar rats (weight 360 £ 20 g), obtained from the vivarium of the Bogomoletz Institute of Physiology of
the National Academy of Sciences of Ukraine were used in the experiments. The rats were kept at a temperature of 21°C and
humidity of 40-60% with a 12-hour light/dark cycle individually in cages with mesh partitions to minimize stress from social
isolation. All protocols were approved by the Committee on Biomedical Ethics of Animal Care and Use of the Bogomoletz
Institute of Physiology National Academy of Sciences of Ukraine (protocol No. 5 dated 11/31/19). Rats were removed from
the experiment by decapitation under isoflurane anesthesia in accordance with the European Convention for the Protection of
Vertebrate Animals used for Experimental and other Scientific Purposes (Strasbourg, 1986).

Rat Feeding
The rats were randomly assigned to 3 groups. Each rat of the control group (group 1) received 20 g of standard feed daily,
containing fats - 6%, proteins - 23% and carbohydrates - 55% (recipe K120-1 “Rezon-1”, Ukraine) and had unlimited
access to water. The daily caloric intake was 66 kcal per rat. The daily diet of experimental rats (groups II and III) was
supplemented with pork lard, white breadcrumbs and sunflower seeds (fats - 45%, proteins - 9% and carbohydrates -
31%). The daily caloric content of this diet was 116 kcal per rat. In addition, every second day, the experimental rats
received a 10% fructose solution instead of water, which increased the calorie content to 140 kcal and accelerated the
development of NAFLD. Such a drinking regime does not reduce the consumption of dry food and liquid by the
experimental animals and does not threaten to disrupt the body’s water balance. The choice of fructose is based on the
fact that its addition to the diet enhances the negative effect of a HCD on the development of NAFLD and on lipid
metabolism in general. We patented the diet used in this study.”> Since a high-fat and carbohydrate diet mimics the
Western human diet, it is widely used to model obesity and NAFLD in rodents.?**>

Group III rats, in addition to HCD, received daily L-tryptophan (Ajinomoto Eurolysine S.A.S, France) at a dose of
80 mg/kg of body weight added to the feed. This dose of tryptophan was selected based on literature data. The protective
effect was more evident at doses that did not exceed 100 mg/kg,?**” while high doses of L-tryptophan (250-400 mg/kg)
often aggravated NAFLD.'***

The duration of the experiment was 12 weeks. It was during such a period of time that all experimental rats, which
were on HCD, showed marked signs of obesity and NAFLD. At the end of the experiment, liver and visceral fat were
isolated and their absolute and relative weight (organ mass/body weight) were determined.

Histomorphological Analysis of the Liver
Histological slices of the livers were prepared according to the standard procedure.”® Liver tissue samples were fixed in a Buena
solution (picric acid 75%, formalin 25%, acetic acid 5%), dehydrated in ethanols of increasing concentration, and embedded in
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paraffin. Paraffin slices (6 um) were prepared on a microtome and stained with hematoxylin-eosin and by the Van Gieson method.
The slices were analyzed using a microscope (“Nikon Eclipse E100”, Japan). “ImagelJ 1.34” software was used for morphometric
analysis. The average cross-sectional area of hepatocytes, their nucleus and cytoplasm were measured, and the nuclear-
cytoplasmic ratio was calculated. The number of mono- and binuclear hepatocytes per 1000 um? of liver tissue and the number
of nucleolus per 100 nucleus of hepatocytes were determined. We counted (per unit of area) lipid droplets with an area of more
than 100 um?® on liver microsections. Such large lipid drops occur with pronounced signs of NAFLD, at the site of dead
hepatocytes. Numerous lipid droplets of smaller sizes are better represented not quantitatively, but qualitatively on microphoto-
graphs. After measuring the relative area of the sinusoids and liver parenchyma, the Vizotto coefficient (the ratio of the relative
area of the sinusoids to the liver parenchyma) was calculated. The number of hepatocytes and connective tissue cells per unit area
of liver tissue (23,000 um?) was determined under X800 magnification. To facilitate cell counting, the studied section area was
divided into sectors.”>*° 10 fields of view of the liver of each rat were analyzed by blinded quantitative analysis.

Assessment of Lipids and Enzyme Activity

Liver samples (100 mg) were homogenized in a mixture of chloroform: methanol (1:1). The resulting extract was filtered
and the concentration of total lipids, triglycerides and cholesterol was determined by colorimetric-enzymatic method with
standard reagent kits (Filisit-Diagnostics, Ukraine) using a biochemical analyzer (Sinnova, China). The activity of
alanine aminotransferase in blood serum was determined by the Reitman-Frankel method.®" The activity of glucose-
6-phosphatase was determined by the Swanson method, measuring the amount of phosphorus released from glucose-
6-phosphate.** Succinate dehydrogenase activity was measured by the Stinger and Kearney method in a suspension of

mitochondria isolated from the liver by differential centrifugation.****

Polarography

Mitochondria were isolated from the liver by differential centrifugation and stored on ice. The processes of respiration and
oxidative phosphorylation of liver mitochondria were measured by polarography using a closed Clark electrode and an Oxigraph
device (“Standart Oxygraf System, Hansatech”, England). Respiration was measured in a 1 mL polarographic cell with constant
stirring of the incubation medium with the homogenate. Liver mitochondria were incubated in media containing sucrose (0.3 M),
NaH2PO4 (3 mM), Tris HCI (10 mM). Mitochondrial oxidation substrate containing Na succinate (5 mM), Na glutamate (5 mM),
Na pyruvate (3 mM), malate (2.5 mM) and palmitoyl-DL-carnitine (40 mM) was added prior to conducting polarography.
Respiration was stimulated by adding 200 puL of ATP to a polarographic cell. Chronoamperographic curves were recorded
(reflecting the dynamics of oxygen tension in the incubation medium) and the parameters of mitochondrial respiration were
calculated: V,* — resting respiratory rate; V4" — frequency of controlled respiration (when ADP injected into the cell begins to
run out); V3 — active respiration with ADP; V3/V TP respiratory control, an indicator of the effectiveness of mitochondrial
breathing; ADP/O is a phosphorylation efficiency coefficient reflecting the quantitative relationship between O, consumption and
ATP synthesis.>

Bioimpedance Analysis

To assess the polarization properties of tissue the multi-frequency bioelectrical impedance analysis (BIA) was used.*® The BIA
method was used as one of the most informative methods for assessing the viability of biological tissues, their functional and
metabolic activity and can be used to diagnose NAFLD.?"*® BIA testing was carried out ex tempore after liver isolation using
LCR meter QuadTech 1920 (Bell Electronics, Renton USA) in the parallel equivalent circuit mode. The absolute values of the
electrical parameters were determined at frequencies between 10° Hz — 10° Hz. Bioelectric properties were measured in the left
lobe of the liver using 2 flat silver electrodes with an area of 25 mm?. The distance between the electrodes was 4 mm. The values of
impedance and reactance obtained at the frequencies of minimum (10°> Hz) and maximum (10° Hz) polarization were used for
subsequent analysis. The coefficient of impedance dispersion was calculated according to the formula “Dy = Z,*/Z,,>”, where Dz
is coefficient of impedance dispersion, Z 10" is the value of impedance at the frequencies of 10* Hz, and Z,,° is the value of
impedance at the frequencies of 10° Hz. The coefficient of reactance dispersion was calculated according to the formula “Dy, =
Xclo4/Xc106”, where Dx_ is coefficient of reactance dispersion, Xc104 is the value of reactance at the frequencies of 10* Hz, and
Xc 106 is the value of reactance at the frequencies of 10° Hz.
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Figure | The addition of L-tryptophan (80 mg/kg) to a high-calorie diet (HCD) reduced lipid metabolism disorders in the liver. L-tryptophan reduced visceral fat
accumulation (A), decreased total liver lipids (B) and triglycerides (C) compared to HCD rats but had no effect on hepatic total cholesterol (D). *Different from group | at
p<0.05, *Different from group Il at p<0.05 (One way ANOVA followed by Bonferroni post hoc test, N=10 rats/group).

Abbreviations: |, control rats; Il, rats on HCD for 12 weeks; Ill, rats treated with L-tryptophan in addition to HCD.

Statistical Analysis

Statistical analyses were performed using “SigmaPlot 14.5” software (Inpixon, CA). Data are reported as the mean +
SEM when normally distributed. Multiple groups were analyzed by one-way analysis of variances (ANOVA), followed
by Bonferroni t tests for multiple comparisons. The Shapiro—Wilk test was used to determine the normality of the
distribution. Sample sizes and power were determined by ANOVA the sample size and power analysis. Statistical power
m=0.80 and criterion P<0.05 were considered statistically significant.

Results

HCD for 12 weeks (group II) led to obesity and NAFLD in rats, as evidenced by an increase in visceral fat weight by
142%, as well as an increase in the amount of total lipids, triglycerides, and cholesterol in the liver by 173%, 123% and
105% respectively, compared with control rats (Figure 1 A—D). In obese rats, the liver weight increased by 34% compared
to the control (p<0.05, One-way ANOVA followed by Bonferroni post hoc test, N=10 rats/group) and had a viscous
consistency as well as reduced turgor pressure within the parenchyma. Consistent with NAFLD, there were multiple
diffuse yellow spots on the surface of the liver, alternating with areas of normal red-brown color.

In contrast to control animals (group I), histological sections of the liver of obese rats showed signs of fatty degeneration of
hepatocytes (Figure 2A and B) and a decrease in the relative area of the sinusoidal network by 60%, as calculated by the Visotto
coefficient (Table 1), reflecting impaired blood and lymph circulation.* Fatty degeneration of hepatocytes due to the formation of
numerous lipid droplets of different sizes in the cytoplasm led to an increase in the area of the cytoplasm by 42% and, as a result, to
a decrease in the nuclear-cytoplasmic ratio. Sometimes lipid drops merged into one large one, which leads to the peripheral
location of the nucleus, stretching of the cytoplasmic membrane, and subsequently its rupture and cell death. The total number of
hepatocytes in obese rats decreased due to the death of mainly mononuclear forms (Table 1). The voids of dead hepatocytes were
replaced by large lipid droplets (area > 100 um?). Hepatocyte nucleus had reduced numbers of nucleolus by 41% compared to

Figure 2 Representative images of histological slides of liver tissue ((A) Control rats, (B) Rats on high-calorie diet for 12 weeks and (C) Rats treated with L-tryptophan
(80 mg/kg) in addition to high-calorie diet, Van Gieson stain, x800). | — mononuclear hepatocyte; 2 — binuclear hepatocyte; 3 — connective tissue cell; 4 — sinusoids; 5 —
hepatocyte with numerous intracellular lipid drops; 6 — lipid drop S > 100 um?,
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Table |1 Histomorphometric Parameters of the Liver

Indicators Control High-Calorie Diet High-Calorie Diet +
L-Tryptophan (80 mg/kg)

Area, pm?:

Hepatocyte 255.2+9.6 352.34£9.3* 293.9+13.0%

Nucleus 34.8+1.8 38.7x1.6 37.9x1.4

Cytoplasm 220.4+8.1 313.68.5% 256.0+11.8%

Nuclear-cytoplasmic ratio 0.158+0.005 0.123+0.007* 0.148x0.008"

Number of hepatocytes, pcs (on an area of 23.000 pm?)

Total 67.6x1.9 50.51.6* 58.9£1.8%

Mononuclear 65.4+2.0 48.7+1.5% 56.8£1.6+

Binuclear 2.2+0.2 1.8£0.2 2.1+0.3

Number of nucleolus in the hepatocyte nucleus 2.41+0.09 1.43+0.05* 1.77+0.05+*

Number of lipid droplets (S >100 um? on an area of 93.000 pm?) - 10.8£0.9 8.1x0.5%

Relative area of sinusoids, % 12.3+0.6 4.9+0.3* 10.4+0.6™

Vizotto coefficient 0.14+0.01 0.06+0.003* 0.13+0.01%

Notes: Data are presented as mean * sd. *Different from control group at p<0.05, #Different from rats, which exposure to high-calorie diet at p<0.05 (One way ANOVA
followed by Bonferroni post hoc test, N=10 rats/group).

control rats, reflecting a decrease in synthetic activity. ** The total number and density of connective tissue cells (per unit area of the
liver) were lower in the liver of obese rats than in control (Table 1).

Obesity in rats was accompanied by an increase in serum alanine aminotransferase activity by 37% compared with the
control, indicating damage to hepatocytes.*' Also a by 34% decrease in glucose-6-phosphatase activity (p<0.05, One-way
ANOVA followed by Bonferroni post hoc test, N=10 rats/group) was observed in the liver homogenate of obese rats
compared to control rats, which is probably due to a decrease in anacrobic ATP synthesis. Succinate dehydrogenase
activity in suspensions of mitochondria from obese rat hepatocytes was decreased by 57% when compared to control.
Succinate dehydrogenase (also known as complex II) connects two major pathways in mitochondria — the citric acid
cycle and the respiratory chain, both of which are necessary for oxidative phosphorylation. A decrease in oxygen
consumption during succinate oxidation (V3) by 31% and a decrease in the respiratory control coefficient (Vs/y4*'") by
74% indicated the uncoupling of respiration and oxidative phosphorylation in the liver mitochondria of obese rats
(Table 2). Mitochondrial respiration was impaired due to both a decreased rate of ADP-stimulated respiration and
decreased coupling between respiration and oxidative phosphorylation.

Table 2 Parameters of Respiration and Oxidative Phosphorylation of Hepatocyte Mitochondria

Parameters (nmol O,/min '/mg™") Control High-Calorie Diet High-Calorie Diet +
L-Tryptophan (80 mg/kg)

Oxidation substrate 5mM sodium succinate

V3, 11.9£1.0 7.1£1.0*% 9.4+].2

V3 45.8+2.7 31.6x1.6* 36.8+1.6*

VAP 12.6%1.3 11.7£0.9 12.3£1.3

Vs I VAP 3.63+0.09 2.70+0.02* 2.99+0.09+

Oxidation substrate 5mM sodium glutamate + 2.5 mM malate

V3, 8.3£1.0 9.2+1.2 8.8+l.7

V3 39.0£1.9 25.6+1.2% 32.5+1.8+%

VAP 9.840.7 10.4£1.0 10.5¢1.2

Vs / VAP 3.970.01 2.46+0.06* 3.09+0.05+*

Notes: Data are presented as mean = sd. *Different from control group at p<0.05, “Different from rats, which exposure to high-calorie diet at p<0.05 (One

way ANOVA followed by Bonferroni post hoc test, N=10 rats/group).

ATP

Abbreviations: V5, resting mitochondrial respiration; V3, active respiration with ADP addition; V4™, controlled respiration; V3 / V,AT, respiratory control.
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Figure 3 L-tryptophan (80 mg/kg) prevented disturbances in the impedance and reactivity of the liver tissue. L-tryptophan reduced the high-calorie diet (HCD) induced
increase in impedance on 10* Hz (A) and 10° Hz (B), and also reduced the HCD-induced increase in reactance on 10* Hz (C) and 10° Hz (D) in liver. L-tryptophan
neutralized the effect of HCD on the reactivity dispersion coefficient (E) in the liver tissue (E). *Different from group | at p<0.05, *Different from group Il at p<0.05 (One
way ANOVA followed by Bonferroni post hoc test, N=10 rats/group).

Abbreviations: |, control rats; Il, rats on HCD for 12 weeks; lll, rats treated with L-tryptophan in addition to HCD.

HCD resulted in significant changes in bioimpedance measurements of liver tissue. The impedance and reactance
values increased at both low and high frequencies. However, at a frequency of 10° Hz, these indicators increased more
significantly, which led to a decrease in the coefficient of frequency dispersion of the reactance by 28% (Figure 3A-E).
Such changes indicate a deterioration in the electrical conductivity of liver tissue due to intracellular fat accumulation.
All of the listed biochemical, histomorphological and electrical changes found in the liver of rats on HCD indicated the
development of NAFLD.

L-tryptophan added to HCD (group III) alleviated the hepatic disturbances. L-tryptophan reduced visceral fat
accumulation by 43% and decreased total liver lipids and triglycerides by 38% and 27%, respectively, compared to
HCD rats but did not affect cholesterol levels (Figure 1A-D), although it was previously reported to reduce total blood
cholesterol levels in patients.*> The livers of rats that received L-tryptophan in combination with HCD had
a predominantly red-brown color with alternating single yellow-white areas. The number of large lipid droplets in the
liver parenchyma was 25% less compared to obese rats (group II) (Table 1). The number of mononuclear hepatocytes, as
well as the number of nucleolus were higher in L-tryptophan-treated rats compared to HCD-only rats, although not
reaching the levels of control rats. The size of hepatocytes, the area of the cytoplasm and the nuclear-cytoplasmic ratio in
rats treated with L-tryptophan in combination with HCD remained at the level of control rats. There were no changes in
the area of sinusoids and Visotto coefficient compared to control rats, indicating the preservation of perfusion and
functional activity of the liver (Table 1, Figure 2C).

L-tryptophan additionally prevented the disruption of enzyme activities and electrical properties of liver tissue. In rats
treated with L-tryptophan in combination with HCD, the activities of alanine aminotransferase, glucose-6-phosphatase
and succinate dehydrogenase returned to the levels of control rats. The magnitude of the impedance and reactance of the
liver tissue in rats treated with L-tryptophan was lower than in rats treated only with HCD, and the frequency dispersion
coefficient of reactivity increased by 20% and approached the control values (Figure 3A-E).

Discussion

The liver plays an important role in lipid metabolism. Approximately 50% of cholesterol is synthesized in the liver. It has
been shown that alimentary obesity in almost all patients is accompanied by the development of NAFLD, when more
than 5% of the liver mass is fat, which accumulates in hepatocytes in the form of triglycerides.*’

The medical community has long discussed the possible protective effect of tryptophan.** The protective effect is
mainly due to its derivatives — serotonin and melatonin.*> An increased level of serotonin reduces stress, thereby
contributing to a decrease in food intake and body weight.*® Serotonin activates gluconeogenesis, suppresses glucose
uptake by the liver and accelerates bile acid metabolism, which reduces calorie intake.*®*” The concentration of
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melatonin in the blood is inversely proportional to the level of leptin and food intake.*® Melatonin reduces lipid
peroxidation, the activity of hepatic lipogenic enzymes and fatty acid synthesis enzymes, and prevents de novo
lipogenesis in the liver.*”>° In addition, melatonin eliminates the loss of mitochondrial respiratory function, blocks
oxidative cell damage during HCD, thereby protecting mitochondria.”!

The protective mechanisms caused by tryptophan are complex and have not yet been fully elucidated. This is
confirmed by contradictory results obtained by a number of authors. It has been shown that tryptophan reduces
triglyceride and cholesterol levels, reduces inflammation and hypertrophy of hepatocytes and normalizes body weight
in rats on HCD.?>**? In patients with steatohepatitis (the stages of NAFLD), it was shown that one month of taking
L-tryptophan (500 mg daily) led to a decrease in the level of triglycerides in the liver.>® Oral administration of tryptophan
for 8 weeks reduced the ratio of liver weight to body weight and reduced the accumulation of fat in the liver of mice with
NAFLD.> However, some authors generally deny the existence of a protective effect of tryptophan, indicating that
tryptophan in combination with HCD contributes to the development of liver steatosis.'***

The use of our patented model (Patent Ne 150511. 23.02.2022),%° characterized by excessive consumption of fats and
carbohydrates for 12 weeks, allowed us to obtain well-expressed manifestations of NAFLD in experimental rats. This
was indicated by an increase in liver weight, hypertrophy of hepatocytes and an increase in the total content of lipids and
triglycerides in liver tissues. Increased alanine aminotransferase activity in the liver of obese rats also confirms damage to
hepatocytes. The addition of L-tryptophan to HCD decreased the amount of fat in the liver of rats.

The pathogenesis of NAFLD includes mitochondrial dysfunction, which leads to a violation of the energy balance.
For this reason, some researchers consider NAFLD as a mitochondrial disease.>* Mitochondrial succinate dehydrogenase
catalyzes the oxidation of succinate in the Krebs cycle and provides electrons to the respiratory chain. Confirming earlier
data, the activity of this enzyme decreased with NAFLD, which indicates a decrease in the energy potential of
mitochondria.>>”® A decrease in the activity of glucose-6-phosphatase, one of the key enzymes of gluconeogenesis,
probably indicates a decrease in the processes of anaerobic synthesis of ATP by the liver, which is confirmed by
a decrease in respiration and oxidative phosphorylation of hepatocyte mitochondria.’” L-tryptophan reduces the negative
effect of HCD on oxidative phosphorylation in the liver mitochondria and prevents a decrease in the processes of aerobic
and anaerobic synthesis of ATP by the liver. Since tryptophan has antioxidant properties by absorbing oxygen radicals, it
has been found that it improves the recovery of mitochondrial metabolism and prevents NAFLD.”®’

It has been documented that the development of NAFLD in patients is accompanied by a violation of bioelectric
properties.® Bioelectric impedance analysis is widely used as a simple and reliable screening of fatty liver disease with
high accuracy and reproducibility comparable to transient elastography and ultrasound.®' Our rat model of NAFLD is
also characterized by changes in electrical conductivity and the ability to polarize under the influence of electric current
of different frequencies. An increase in the impedance and reactance of liver tissue at both low and high frequencies of
the tested current indicates fatty liver degeneration in NAFLD, since fat has a high electrical resistance in contrast to
normal liver tissue, which has a relatively high electrical conductivity.® L-tryptophan, by reducing the fat content,
decreased the impedance and reactance of liver tissue, as well as their frequency dispersion coefficients.

The innovation of this study is the optimal diet, which made it possible to simulate visceral obesity and NAFLD in
rats in a short time, reflecting the pathogenesis of the disease in patients.>> Although L-tryptophan at a dose of 80 mg/kg
reduced the severity of NAFLD, the lack of a dose-dependent effect for the model used limits the final conclusion.

Conclusion

The addition of tryptophan can have a potential benefit on the liver, reducing the severity of structural, biochemical,
mitochondrial and bioelectric damage caused by HCD, and can be used in combination with other methods to improve
the effectiveness of treatment. Enhancing the positive effects of tryptophan by combining dietary supplements with
physical activity will be the focus of our future research and may benefit patients with NAFLD caused by obesity.

Abbreviations
NAFLD, non-alcoholic fatty liver disease; HCD, high-calorie diet; BIA, bioelectrical impedance analysis.
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