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Abstract: We aimed to evaluate the effect of hypoxia caused by different levels of chronic carbon
monoxide (CO) exposure via total AgNOR area/total nuclear area (TAA/TNA) ratio and mean
AgNOR number on rat brain tissue. Eighteen Albino Wistar adult male rats were randomly divid-
ed into three groups (control as group A, 1000ppm and 3000ppm concentration of CO gas exposed
as group B and C, respectively). CO gas was chronically given as 30 min a day during seven days.
Statistically significant differences were found among the groups for both mean AgNOR number
(x2=12.051, p=0.002) and TAA/TNA (x2=12.316, p=0.002), respectively. When the two groups are
compared in terms of TAA/TNA ratio, statistically significant differences were detected between
control and 1000ppm (Z=-2.882, p=0.004), between control and 3000 ppm (Z=-2.882, p=0.004) for
TAA/TNA ratio. Statistically significant differences were found between control and 1000 ppm
(Z2=-2.882, p=0.004), between control and 3000 ppm (Z=-2.887, p=0.004) for mean AgNOR number.
It is important to determine new markers with high sensitivity and easy to apply in order to de-
termine the effect of toxication in different organs and tissues (especially brain tissues) that are
chronically exposed to carbon monoxide intoxication. It seems that AgNOR may be used for this
purpose.

Keywords: Argyrophilic Nucleolus Organizer Region; Hypoxia; Brain; Carbon Monoxide Poison-
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1. Introduction

Destructive effects of carbonmonoxide (CO) gas on human systems have been
known since the 19t century. CO gas is a colorless, odorless, tasteless and nonirritant.
CO is an end product of incomplete combustion of hydrocarbon fuels such as charcoal,
wood, barbecue, waterpipe, exhaust, natural gas, or kerosene. The affinity of CO gas for
hemoglobin (Hb) is 200-280 times higher than that of oxygen, and it leads to the for-
mation of carboxyhemoglobin (COHb) [1,2]. CO poisoning causes tissue hypoxia and
induce organ damage, such as the hearth, lung, brain, muscles and kidneys. The reason
of organ damages is not only hypoxia but also inflammation, oxidative stress, apoptosis
and neuron necrosis cause organ damages, too [3,4].

The symptoms of acute and chronic CO poisoning are wide variety such as dizzi-
ness, vomiting, headache, syncope, myalgia, weakness, confusion, changes in conscious-
ness and death [1]. Long term and/or recurrent exposure to low concentration CO gas is
defined as a chronic CO poisoning [2,5,6]. Chronic exposure to CO can be occurred in
many situations such as mine workers, kitchen workers, waterpipe, traffic policemen,
heavy vehicle operators, and firefighters. Diagnosis of CO poisoning is generally diffi-
cult in patients exposed chronic CO poisoning. Chronic CO poisoning can generally be
determined after a few hospital admissions [7].

Nucleolar organizer regions (NORs) are chromosomal regions that contain riboso-
mal genes, which are necessary for protein synthesis that roles in the organization of the
nucleolus region. Since these proteins in this region have the affinity to attract and bind
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silver by interacting with it, it is one of the important biomarkers that can be used for di-
agnostic purposes to obtain information about the activity of the nucleus and therefore
the active capacity of the cell (proliferation, metabolic activity, etc.).

Different studies were done about the using of AgNOR as a biomarkers in Xero-
derma Pigmentosum Group E [8], testicular torsion [9], different doses of CO poisoning
in brain [10], wound healing [11], ST segment elevation myocardial infarction [12], clini-
cal exacerbation of chronic obstructive pulmonary disease [13], comparison of FNAB
and paraffin embedded tissue sections [14], renal ischemia / reperfusion (I/R) injury [15],
hair root cells of humans [16,17], buccal epithelial cells of healthy individuals [18], de-
velopmental stages of Down syndrome infants [19], discrimination of benign from ma-
lign thyroid tissues [20] etc. Also we showed that the both AgNOR sizes and numbers
may be used as a marker for detection of the most reliable dose of rhamnetin [21], cur-
cumin [22] and capsaicin [23].

There are few studies about the evaluation of AgNOR for detection of tissues dam-
age caused by CO intoxication in the literature [1,5, 24-26]. It was reported that the Ag-
NOR number and size increase depending on the increasing of CO exposure because of
the hypoxia. So both TAA/NA ratio and mean AgNOR number can be used as a bi-
omarker to obtain knowledge about the level of myocardial injury [1,25]. Additionally, it
was detected that the sizes of AgNOR increase when the levels of CO exposure increase
in lung cells. Thus AgNOR method may give information about the cellular damage rate
[24]. In another study we detected that both AgNOR size and number give information
about the level of CO exposure in skeletal muscle cells of rats [5,26]. In a study, we in-
vestigate the effect of acute doses of CO gas on rat brain tissue [27]. To our knowledge,
no study about the evaluation of the effect of chronic CO poisoning in brain tissue using
the AgNOR staining method was performed in the literature. Thus, we performed this
study to evaluate the effect of hypoxia caused by different levels of chronic CO exposure
(1000 ppm and 3000 ppm) via total AgNOR area / total nuclear area (TAA/TNA) ratio
and mean AgNOR number on rat brain tissue.

2. Materials and Methods
2.1. Design of Animal Groups and Experiment

The research was carried out on eighteen Albino Wistar adult male rats (weighing
200-300 g). Our study was approved with the letter dated 20/12/2013 and numbered 184
of Atatiirk University Animal Experiments Local Ethics Committee Chairmanship.

Rats were randomly divided into three groups according to the different levels of
chronic (for 30 min a day during seven days) CO intoxication as each group containing
six rats:

Group A: It consists of rats kept in room air as the control group,

Group B: Consisting of rats treated with 1000 ppm CO gas and a mixture of room
air,

Group C: Consisting of rats treated with 3000 ppm CO gas and a mixture of room
air.

Two tubes of 10 L each containing CO-air mixture gas at concentrations of 1000
ppm and 3000 ppm were procured from Habas (Ind. and Med. Gases Production Indus-
tries Inc., Kocaeli-Turkey). Rats in the study group were exposed to CO gas in a closed
transparent jar measuring 20X40X60 cm. The jar used had an inlet and outlet with a di-
ameter of 2 cm on opposite sides. CO gas at 1000 ppm concentration was presented to
Group B with a flow rate of 4 L/minutes for 30 minutes a day during seven days (chroni-
cally exposure). CO gas at 3000 ppm concentration was given to Group C with a flow
rate of 4 L/minutes for 30 minutes a day during seven days (chronically exposure). No
rats died after exposure. After each application, all of the rats were removed from the
transparent jar to provide rats to breathe room air. They were placed in a standard cage,
the bottom of which was covered with sawdust. The room temperature was 20 + 2 °C. All
of the rats received adequate food and water throughout the experiment. The rats were
anaesthetized with urethane (intraperitoneal 1.25 g/kg) on the study’s 8th day [1-5].
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Next, the rats were placed in the supine position for midline thoracotomy. They were
sacrificed with intracardiac perfusion. After midline thoracotomy, perfusion fixation was
achieved through intracardiac administration of 10% formalin solution, and brain tissues
had been taken.

2.2. AgNOR staining

The samples of brain tissues were taken into a 10% formalin solution for fixation.
Following fixation, brain tissues samples were embedded in paraffin blocks (1X1X1 cm)
after routine tissue processing protocols. Then, 5 um thickness segments were acquired
from the paraffin blocks, deparaffinized in xylene and rehydrated in graded alcohol se-
ries, respectively. After that, the slides, which is including brain tissues samples were air
dried at room temperature for 15 minutes and fixed in pure methanol for 5 minutes. Sil-
ver staining of brain tissues samples was performed via a slightly modification of Benn
and Perle [28] and Lindner protocol [29] as the temperature was brought to 37°C and the
time was reduced to 15 minutes [30].

2.3. Image analysis of TAA/TNA ratio and mean AQNOR Number of brain cells

The cerebral cortex region of brain was taken into consideration. The slides which is
including silver-stained brain cells were evaluated with a light microscope (Eclipse 80i;
Nikon. Tokyo-Japan), and the cells were photographed via a digital camera (Digital
Sight DS-Filc; Nikon). Images of the silver-stained cells in the cerebral cortex region of
brain were transferred to software. (Image], National Institutes of Health, Bethesda,
Maryland, USA.) [31]. In our studies, we included 18 rats and fifty cells were evaluated
for each rat. Image]J is a license-free, open-source program that has a large worldwide
user community and members. The instructions in the program can be automated and
custom tools can be created. Image] Website has more than 300 macros ang 500 plugins.
It is the fastest java image processing program in the world (it can filter a 2048 X 2048
image in 0,1 second. That is 40 million pixels per second). Mean, standard deviation, en-
tire image, minimum and maximum selection, area, lengths and angles can be measured
using real world units of measurement, as well as histograms and profile plots can be
generated. Rectangle, ellipse or irregular area, line and point selections can be created
and edited (https://imagej.nih.gov/ij/features.html, (accessed on: 30 May 2023)). In the
current study, 50 nuclei per slide were evaluated.

Fifty nuclei per slides have been evaluated. Each rat’s silver-stained cells in the cer-
ebral cortex region of brain were photographed with a light microscope (Eclipse 80i; Ni-
kon. Tokyo-Japan) attached to a digital camera (Digital Sight DS-Filc; Nikon) and the
images obtained were analyzed using Image] version 1.47t image processing software
[31]. The detection of the mean AgNOR number was recognized by counting, and the
measurements of the TAA / TNA ratio were identified using the “freehand selections”
tool.

2.4. Statistical analysis

Statistical analyses were carried out via the Statistical Package for the Social Science
for Windows v. 23 (SPSS, Inc., Chicago, IL). The normality assumption for the continu-
ous variables was analyzed by Shapiro Wilk test. Because the data were not normally
distributed (P < 0.05), non-parametric tests were performed for statistical analysis. The
Kruskall-Wallis test was used for the comparison of all groups (more than two). For de-
tection of significant difference between groups, the post-hoc (Dunn’s) test was used.
The p<0.05 was considered as statistically significant.

3. Results

Demonstrative examples of silver stained NOR (a:Control, b:1000 ppm, ¢:3000 ppm
for cells in the cerebral cortex region of brain) were given in the Fig. 1.

There were statistically differences TAA / TNA ratio and mean AgNOR number in
all groups (p<0.05) (Fig. 2 and Table 1). Pairwise comparisons were made between
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groups to determine which groups caused this difference. For TAA/TNA ratio, signifi-
cant differences were detected between Group A (0.058+0.002) and Group B (0.084+0.005)
(p<0.05), between Group A (0.058+0.002) and Group C (0.088x0.011) (p<0.05) for
TAA/TNA ratio. Conversely, the difference wasn’t significant between Group B
(0.084+0.005) and Group C (0.088+0.011) for TAA/TNA ratio (p>0.05) (Table 2).

According to double comparison, significant differences were also found between
Group A (1.428+0.073) and Group B (2.384+0.318) (p<0.05), between Group A
(1.428+0.073) and Group C (2.160+0.167) (p<0.05) for mean AgNOR number. Conversely,
the difference between Group B (2.384+0.318) and Group C (2.160+0.167) wasn't statisti-
cally significant for mean AgNOR number (p<0.05) (Table 2).
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Figure 1. Silver-stained cells in the cerebral cortex region of brain (X100 magnification) (A) Group
A, (B) Group B, (C) Group C.
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Figure 2. Graph showing the comparison of the mean AgNOR number (a) and TAA/TNA ratio (b)
of the groups.

Table 1. The groups, mean AgNOR Number and TAA/TNA ratio of each group, average AgNOR
number and TAA/TNA ratio of subgroups.

e AGNOR i AVl RO R
Groups Nur?:_eSrOi) sb TéAISAé;II'I\IS%)i Groups / Median Groups / Median 2 P
- - (Range) (n=300) (Range) (n=300)
Grp Al 1.44+0.644 0.061+0.016 12.051* 0.002*
GrpA2 138053 0056:0018 ~428t00737  0058+0.002/

GrpA3 141240536 0057+0013 402(0196) ~ 0.058(0.005)

12.316% 0.002%
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Grp A4 1.392+0.532 0.060+0.019
GrpA5  1568+05 0.059+0.014
Grp A6 1.373+0.528 0.057+0.016
GrpBl 2.58+0.758 0.081+0.019
GrpB2 2.706+0.807 0.091+0.017
GrpB3 2.608+0.723 0.084+0.024 2.384+0.318/  0.084:0.005 /
Grp B4 2,412+0.669 0.088+0.027 2.496(0.804)  0.084 (0.012)
GrpB5 1.902+0.671 0.079+0.018
GrpB6  2.098+0.641 0.084+0.027
GrpCl 2.060.652 0.067+0.027
GrpC2 1.922+0.688 0.089+0.015
GrpC3 2.255+0.796 0.099+0.016 2.160+0.167/  0.088+0.011/
GrpC4 2.412+0.804 0.092+0.023 2.157 (0.490)  0.090 (0.031)
GrpC5 2.157+0.579 0.091+0.024
GrpC6 2.157+0.731 0.091+0.016

C: Control *:For Mean AgNOR Number
ea/total nuclear area.

&=For TAA/TNATAA/TNA: Total AgNOR ar-

Table 2. Pairwise comparison of groups for both TAA/TNA ratio and mean AgNOR number.

Groups Grp A Grp B Grp C
P P P

Grp A - 0.004 0.004

TAA/TNA ratio GrpB 0.004 - 0.150
GrpC 0.004 0.150 -

Grp A - 0.004 0.004

Mean AgNOR Number GrpB 0.004 - 0.228
Grp C 0.004 0.228 -

Grp: Group C: Control

4. Discussion

CO Poisonings are reported to be cause of most of the fatal poisonings in most
countries around the world. Deaths caused by CO are either underdiagnosed or report-
ed lower than certain rate. For this reason, the certain rate of death caused by CO intoxi-
cation is not known [1,7]. In Turkey, CO poisoning caused from the use of stoves, water
heaters and barbecue in areas with insufficient ventilation is very common especially
during the winter months, and these patients frequently apply to the emergency services
of hospitals. CO poisoning causes hypoxia in various parts of the living body, and the
most sensitive area of body to hypoxia is the central nervous system [7]. The new marker
for easy and highly reliable detection of the damage degree to organs and systems of
people exposed CO gas is needed.

It was reported that while the COHb level increases depending on the density of
CO inhaled increases but it may not be reliable most of the time (the half-life of room air
is 4-6 h) in the evaluating the intoxication degree [32]. We suggested that AgNORs can
be used as a marker to obtain more reliable information about CO intoxication levels in
forensic medicine when COHDb levels appear normal in autopsies with suspected poison-
ing [25]. So AgNOR staining methods may be used in vivo or as a supplement of an au-
topsy for the evaluation of CO intoxication degree. Additionally we performed different
studies about the effects of the different levels of both acute and chronic CO intoxication
in various tissues and detected that AgNOR protein amounts may give information
about the level of cellular damage caused by CO intoxication in lung [24], chronic [1]
and acute [25] intoxication in heart, chronic [5] and acute [26] CO intoxication in muscle
cells. Also we detected significant correlation between AgNOR proteins amount and his-
topathological examination scores in various tissue samples [1,24,25]. In a study con-
ducted on rats by exposing to acute CO intoxication, we detected that AgNORs may give
information about the intensity of CO intoxication and level of brain injury caused by
acute exposure to CO [27].
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In our study, we found that statically significant differences among the all groups in
term of both TAA / TNA ratio and mean AgNOR number. When the binary comparison
of the groups was performed, significant differences were found between Group A and
both of Group B and Group C for mean AgNOR number and TAA/TNA ratio. The de-
scription of new biomarkers for the detection of the cellular response to dangerous
agents such as hypoxia is crucial to improve the diagnostic accuracy. When we take into
consideration of our results, it was detected that both AgNOR protein amounts may be
used as a marker for easy and reliable detection of the CO poisoning level in brain tis-
sues.

Hypoxia and acidosis (caused by CO intoxication) leads to functional and structural
injuries of different tissues such as heart, lung, muscle, brain etc. We know more about
acute CO poisoning, but awareness and knowledge of chronic CO intoxication is pro-
gressing slowly. The exact number of patients with chronic CO poisoning is not known.
Patients with chronic CO poisoning is often overlooked may be misdiagnosed (i.e. de-
pression, chronic fatigue syndrome), because of obscure symptomatology, varieties of
presentation, and lack of awareness of the problem [33,34].

There are various studies in which AgNOR parameters are evaluated as area index
(Al) and coefficient of variation (CV) of AgNOR [35], mean area, mean number, CV of
area, CV of number [36] and total area of dots in the nucleus [37,38]. In the current
study, we aimed to determine the success of using AgNOR proteins for diagnostic pur-
poses with a new approach, TAA/TNA measurement method. In dividing and metaboli-
cally active cells, not only gene expression but also the morphology of the cell (nuclear
volume, etc.) change, too. Therefore, our new approach (the determination of the ratio of
the amount of expressed AgNOR protein to the nuclear area) provides us with more cer-
tain knowledge about the cell's proliferation and metabolic activity capacity. This shows
that our new approach is a more reliable diagnostic marker.

The new and promising markers with highly reliable and easy to apply in order to
determine the effect of toxication in different organs and tissues (especially brain tissues)
that are chronically exposed to carbon monoxide intoxication are needed. For this pur-
pose we aimed to evaluate the effect of hypoxia caused by different levels of chronic CO
exposure via mean AgNOR number and TAA / TNA ratio on rat brain tissue. According
to our results, it seems that AgNOR may be used for this purpose. All living cells tend to
protect themselves from external and internal dangerous agents such as CO intoxication.
Therefore, may the increasing of these proteins’ amounts caused from the continuity of
this process or be role the production of others protective proteins on the regulation of
gene expression and signaling transduction pathways against chronic CO intoxication?
May these proteins to be taken into consideration in treatment of the hypoxia and as-
phyxia? In individuals at risk for hypoxic and asphyxic births, can the use of these pro-
teins such as folate or B12 reduce the risk of hypoxic and/or asphyxic birth? To obtain
the most certain knowledge, additional studies involving large series about the current
topic should be performed.

5. Conclusion

The size, number and distribution of AgNORs show the metabolic activities, prolif-
eration index and response to dangerous agents of different cells. In addition, AgNORs
can assist the physician in the early diagnosis of both acute and chronic CO poisonings
level in organs and systems caused by hypoxic injury and the development of effective
treatment strategies for patients exposed to these conditions at a later stage. This tech-
nique is also cheap and easy to perform. Perhaps with the current approach, new treat-
ment strategies may be developed in the near future.
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