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Abstract:

Background: According to cytotoxic and mutagenic properties, nitrogranulogen (NTG) changes the character of inflammatory re-
actions. Our previous studies have shown that NTG can enhance immunological defense reactions, because of its high affinity to
DNA, and causes disorders in the synthesis of acute phase proteins (e.g., haptoglobin, transferrin, fibrinogen and complement pro-
tein C3) [15]. The aim of the current studies was to determine the influence of three different NTG doses: 5 µg/kg b.w. (body weight),
50 µg/kg b.w. and 600 µg/kg b.w. (cytotoxic dose) on the values of hematological blood parameters: RBC, HGB, HCT, RDW, MCV,
MCH, MCHC, PLT, MPV, PCT, PDW, WBC, NEUT, LYMPH, MONO, EOS and BASO in pleuritis-induced rats.
Methods: The animals were randomized into five groups: Group I – control group; Group II – IP (induced pleuritis) group; Group III
– NTG5 group; Group IV – NTG50 group; Group V – NTG600 group. The blood was collected from all the groups at the 24th h,
48th h, and 72nd h after the initiation of the carrageenin-induced inflammatory reaction.
Results: These investigations have revealed that NTG administered at the dose of 5 µg/kg b.w. caused the drop of the leukocyte and
lymphocyte numbers and the rise of the neutrophil number at the 72nd h of the experimental-induced inflammatory reaction. Moreo-
ver, the dose of: 5 µg/kg b.w. was an immunomodulatory property and it also increased the erythrocytic parameters. On the contrary,
NTG applied at the doses of 50 µg/kg and 600 µg/kg b.w. contributed to the drop of both: the erythrocytic and leukocytic parameters
during the whole time of the inflammatory reaction.
Conclusions: The results suggest that nitrogranulogen affects the erythropoiesis.
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Abbreviations: BASO – basophiles, b.w. – body weight, EOS
– eosinophiles, HCT – hematocrit, HGB – hemoglobin, LYMPH
– lymphocytes, MCH – mean corpuscular hemoglobin, MCHC
– mean corpuscular hemoglobin concentration, MCV – mean
corpuscular volume, MONO – monocytes, MPV – mean plate-
let volume, NEUT – neutrophils, NTG – nitrogranulogen
(mechlorethamine), PCT – thrombocrit, PDW – platelet distri-
bution width, PLT – platelets, RBC – erythrocytes, RDW – red
blood cell distribution width, WBC – leukocytes

Introduction

Mechlorethamine (N-methyl-2,2’-dichlorodiethylamine;
Nitrogranulogen; Chlormethine; NTG) is a derivative
of the nitrogen mustard. This alkylating (therapeutic)
agent is used in the treatment of cancer. NTG is espe-
cially effective in the treatment of the cutaneous
T-cell lymphoma (CTCL), e.g., Hodgkin’s disease,
multiple myeloma and brain tumors [7–9, 19, 23, 25,
27, 35, 43, 47]. Mechlorethamine, chlorambucid mel-
phalan, cyclophosphamide and ifosfamide are some
of the clinically important nitrogen mustards used in
present therapies [8, 25, 35, 45, 48]. However, they
are highly toxic and cause several side-effects, affect-
ing more or less all tissues and some secondary skin
cancer e.g., basal and squamous cell carcinoma [7, 21,
45, 53]. The cytotoxic and anticancer activities of
NTG are mainly associated with their ability to form
inter-strand crosslinks in DNA molecules [48]. The
NTG is not selective toward neoplastic cells and inter-
acts rapidly with growing cells producing the undesir-
able effects, e.g., bone marrow depression [7, 21, 45].
This drug is applied in the combination with the che-
motherapy called MOPP together with vincristine
(oncovin), procarbazine and prednisone for the treat-
ment of Hodgkin’s disease and other lymphomas [9,
11, 25, 41, 45].

According to many studies, NTG can be an effective
drug in many diseases treatment e.g., connective tissue
diseases (CTD) such as: chronic, multisystemic, con-
nective tissue pathologies, e.g., scleroderma, systemic
lupus erythematosus, Sjögren’s syndrome, mixed con-
nective tissue diseases and rheumatoid arthritis [8, 16,
34]. NTG is also used in treatment of autoimmune
diseases characterized by the fibrosis of the skin and
visceral organs, the impairment of blood vessels and
the auto-antibodies production [8, 16, 18, 34]. The
common syndromes in patients with connective tissue
diseases are collagen and elastin damages caused by

the chronic inflammation [1–6, 10, 24, 28, 33, 37, 44].
NTG administrated at the dose of 10–50 µg/kg b.w.
has anti-inflammatory properties contrary to signifi-
cantly higher doses which are cytotoxic [1–6, 56].
Application of these chemotherapeutical agents cause
the general inflammatory reactions e.g., fever, pain,
swelling and significantly influence the intensifica-
tion of repair processes e.g., wound healing by second
intention [1–6].

Small doses of NTG have been applied into multi-
ple sclerosis (MS) treatment and caused the intensi-
fied synthesis and the endogenous glucocorticoster-
oids release [24, 49]. NTG can be also used in the an-
tibiotic therapies [4]. The intensified phagocytosis
and the rise of the neutrophiles number is observed
after the administration of NTG at the dose of
1–10 µg/kg b.w. into guinea pigs and mice [20, 24].
This humoral response has been monitored after
SRBC, ovalbumin immunizations and LPS applica-
tion [20, 24, 32, 38]. The same reaction is observed
after NTG administration at the dose of 100 µg/kg
b.w. [30, 52]. According to the previous studies, the
enhancement of the humoral response against erythro-
cyte antigen (SRBC) occurs between the 72nd and
96th h of the pleuritis, after five-fold NTG application
at the dose of 5 µg/kg b.w. [14]. Moreover, these stud-
ies have pointed to the rise of the hemolysins from the
IgG class (antibody producing cells, PFC) and anti-
SRBC antibodies [14, 38, 39]. These studies have also
shown the decreases of PFC and anti-SRBC values
after NTG administration at the dose of 600 µg/kg
b.w. [14, 39, 54]. The similar immunosuppressive
mode of action is characteristic after using NTG at the
dose of 250–500 µg/kg b.w. [32, 53–55]. Further-
more, NTG influences on ATP-ase activity in lym-
phocytes membranes [42]. The radical drop of the
neutrophiles number and swelling are characteristic
syndroms after NTG application into guinea pigs
without earlier zymosan administration what is used
for induction of the inflammatory reaction [56].

NTG shows alkylating properties associated with
inhibition of DNA synthesis and causes the inhibition
of mitotic divisions in somatic cells, what is displayed
by rapid growth. Therefore, the effects of NTG action
can be perceived as the negative effect of the hemato-
poiesis processes. Clinical effects of alkylating drugs
– derivatives of mustard gas, associated with myelo-
suppressive properties, have been well documented
for years. According to research of Rancewicz [43],
the dose of NTG of 10 µg/kg b.w. administered once
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per day during 7 days contributes to reduction of the
number of NK cells, reduction of the number of leu-
kocytes, but does not change the number of erythro-
cytes and platelets. Other studies performed on rab-
bits and mice have shown that NTG used at the dose
of 1–10 µg/kg causes the increase of phagocytosis and
the number of neutrophils [20]. Many of clinical ob-
servations point to the fact that drugs based on mustard
gas can cause an acute bone marrow. The bone marrow
damage causes changes in the amount of granulocytes,
which reaches its lowest level on 6thday of the NTG ap-
plication, while the decrease of blood platelets occurs
in 4th week after the NTG application [17].

The previous studies of NTG influence on bio-
chemical blood parameters in rats with experimental-
induced pleuritis have shown the necessity of execut-
ing the analysis of hematological blood parameters in
rats with the inflammation [15]. The current studies
show the dynamics of hematological blood parame-
ters after NTG administration at three different doses
of: 5, 50 and 600 µg/kg b.w. during 72nd h of experi-
mental-induced pleuritis.

Materials and Methods

Experimental animals

The studies were performed on female rats from the
Buffalo inbreeding strain (aged 8–10 weeks, 120–140 g
b.w.). Because some diagnostic parameters are de-
pendent on individual features such as age, sex or
strain (under invariable environmental factors), only
Buffalo females (with similar mass and age) were
used in these experiments [15]. These animals were
related and have the same sex in order to show the
same reactivity on the inflammatory factor and to ob-
tain results with similar standard deviation. The rats
were bred in the Department of Pathomorphology in
Wroclaw Medical University and kept under the same
conditions: they were in polystyrene cages with metal
lids (6 animals to each cage). The experiments were
carried out in air-conditioned rooms – the temperature
oscillated between 21 and 22°C, the humidity of air
was 62–63% [15]. The rats were fed using the stan-
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Fig. 1. The diagram of the pleuritis induction in rats with temporal monitoring of the hematological number during inflammatory reaction after
NTG administration at three different doses [15]



dard diet „Murigran”, and they received water ad libi-

tum. The experiments with animals were permitted by
The Local Bioethics Council for Animal Experiments
(permission number: 23/2001).

The animals were divided into five groups what is
shown in the Figure 1 [15].
1. CONTROL – control group of 24 female rats with-
out inflammation. This is the physiological group with-
out carrageenan and NTG applications. The blood was
collected at the 72nd h of the experiment;
2. IP group – group of 60 female rats with induced
pleuritis caused by a single intrapleural injection of
0.15 ml of 1% carrageenan solution (Sigma-Aldrich),
given at the 1st min of the experiment;
3. NTG5 group – group of 60 female rats injected
intravenously (iv) with NTG (Polfa Warszawa SA) at
a dose of 5 µg/kg b.w. with a 1%-solution carrageenan
at the 2nd, 24th and 48th h after the pleuritis induction.
The blood was collected after a single NTG applica-
tion (at the 24th h), after a double NTG application (at
the 24th and 48th h) and after a threefold NTG appli-
cation (at the 24th, 48th and 72nd h) after the inflam-
mation initiation;
4. NTG50 group – group of 60 female rats injected iv

with NTG (Polfa Warszawa SA) at a dose of 50 µg/kg
b.w. at the 2nd, 24th and 48th h after the pleuritis induc-
tion using a 1% solution of carrageenan. The blood
was collected after a single NTG application (at the
24th h) after a double NTG application (at the 24th and
48th h) and after a threefold NTG application (at the
24th, 48th and 72nd h) after the inflammation initiation;
5. NTG600 group – group of 60 female rats injected
iv with NTG at a dose of 600 µg/kg b.w. at the 2nd,
24th and 48th h after the pleuritis induction using a 1%
carrageenan solution. The blood was collected after
a single NTG application (at the 24th h), after a double
NTG application (at the 24th and 48th h) and after
a threefold NTG application (at the 24th, 48th h and
72nd h) after the inflammation initiation.

Materials

Carrageenan (Sigma) extracted from Chondruschris-

pus algae was dissolved before the experiments in
0.9% NaCl solution (Polfa, Warszawa SA). Next, this
solution was injected into the 4–5 intercostal space on
the right site.

NTG (Polfa,Poland) was dissolved in water (aqua
pro injectione, Polpharma, Poland) and injected into
the tail vein.

The blood for the studies was collected from all the
groups of experimental animals at the 24th, 48th and
72nd h after the induction of the experimental pleuritis.
The biological material was collected from rats under
pentobarbital-induced anesthesia (Biochemie GmbH,
Germany), which was administered by intraperitoneal
injection at a dose of 30 mg/kg b.w. Next, the abdomi-
nal cavity was opened and catheters and needles of
2 mm diameters were inserted into aorta for collecting
blood into standardized polypropylene test tubes
(Sarstedt Ltd., USA).

Methods

The process of the inflammation in rats treated with
carrageenan and proper NTG dose was monitored by
estimation of the following hematological parameters:
erythrocytes (RBC), hemoglobin (HGB), hematocrit
(HCT), red-blood cell distribution width (RDW), mean
corpuscular volume (MCV), mean corpuscular hemo-
globin (MCH), mean corpuscular hemoglobin con-
centration (MCHC), platelets (PLT), mean platelet
volume (MPV), thrombocrit (PCT), platelet distribu-
tion width (PDW), leukocytes (WBC), neutrophils
Sysmex XT 1800i (NEUT), lymphocytes (LYMPH),
monocytes (MONO), eosinophiles (EOS), basophiles
(BASO). The basic hematological parameters were
marked using standard diagnostics tests and Sysmex
XT 1800i hematological analyzer (Sysmex Poland
Ltd.) at the Diagnostic Laboratory of the 4th Military
Academic Hospital in Wroc³aw, Poland.

Statistical analysis

The hematological parameter values in rat blood were
analyzed using Statistica 7.0 (StatSoft Ltd.). The
arithmetic means of parameters (X) for determined
number of animals taking part in experiment (N),
standard deviation (D), minimal (MIN) and maximum
(MAX) value ranges of parameters were computed.
After checking whether the data conformed to a nor-
mal distribution (comparing the variable histograms
with a Gaussian distribution chart), particular groups
were compared using Student’s t-test with taking
Bonferroni correction under consideration to deter-
mine levels of significance (p – statistical significance
towards IP group).
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Methods of statistical correlation evaluation

In order to evaluate statistical correlation between
groups treated by different NTG doses at 24th, 48th

and 72nd h of pleuritis, the analysis of variance
(ANOVA) was carried out. The ANOVA test allowed
for effective evaluation of the influence of NTG doses
on various hematological parameters in different ex-
perimental time intervals. Before conducting the
ANOVA test, normal distribution was verified by
Shapiro-Wilk’s test on the significance level a = 0.05.
Significance of differences between two subgroups
was verified by Tukey HSD for unequal N test and
LSD test. The Tukey assay was also used to distinguish
groups that demonstrate changeability. Similarly to the
variation assay, the variation mean is found equal if the
p-value of the assay is lower than the steady probabil-
ity of a type I error. In another case, we observed a sta-
tistically significant difference.

Results

Analysis of obtained erythrocytic parameters

in experimentally induced pleuritis in rats

after NTG administration at doses 5, 50 and

600 µg/kg b.w.

Erythrocytes

The RBC level for the IP group relative to the control
group is lower during the total experimental time (ex-
cept the first blood measurement at the 24th h in
which RBC level for IP group is higher than in control
group) and the RBC value for the IP group is still
dropping within 72 h of the experiment (Fig. 2a). The
decrease in the RBC level compared to the control
and IP groups is observed in the NTG5, NTG50, and
NTG600 groups at the 24th h after pleuritis initiation
in the following order: NTG5 < NTG50 < NTG600 (Tab.
1). The second NTG administration at the doses of 50
and 600 µg/kg b.w. causes a drastic drop in the RBC
concentrations between the 24th and 48th h relative to
the control and IP groups and these differences are
statistically significant (Tab. 2). On the other hand,
the second NTG administration at the dose of 5 µg/kg
b.w. increases the RBC level between the 24th and
48th h relative to the IP group and this difference is
also statistically significant (Tab. 2). The third injec-

tion of NTG into the NTG50 and NTG600 group
causes further RBC drop (NTG50 and NTG600
groups vs. both: control and IP groups) between the
48th and 72nd h of the inflammation (Fig. 2a). These
differences are statistically significant (Tab. 2). Simi-
larly, the third injection of NTG into the NTG5 group
causes a continuous increase of the RBC concentra-
tion between the 48th and 72nd h (NTG5 group vs.

both: control and IP groups) and the RBC level
reaches higher value in NTG5 group than in the con-
trol group at the 72nd h of the experiment (Tab. 1).
The differences of the RBC concentration between
NTG5 and the control groups as well as between
NTG5 and the IP groups are statistically significant at
the 72nd h of the inflammation (Tab. 2). The decrease
in the RBC level is observed in the NTG50 group in
every blood analysis compared to the control and IP
groups. Two-way ANOVA (the mean vs. time and
NTG dose) shows an essential difference in the varia-
tion of NTG doses. Tukey’s tests demonstrate the sta-
tistically essential differences in the control group
compared to the IP, NTG50 and NTG600 groups.
A negative correlation between the RBC number in
the monitored duration of pleuritis in relation to the
dose used in this group: NTG 600 µg/kg b.w. (Fig. 2b,
Tab. 3) is indicated. Moreover, correlation between
the RBC number and the size of NTG dose is nega-
tive.

These data probably point to pro-inflammatory
properties of NTG at a dose of 50 µg/kg b.w. (Fig.
2a).The statistically significant rise in the concentra-
tion of RBC in relation to the IP group at the 48th and
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Fig. 2a. The influence of three NTG doses on the RBC number during
experimentally induced pleuritis in rats
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Tab. 1. The mean values [X] and standard deviation [D] of selected hematological parameters between individual groups of rats with
carrageenin-induced inflammation after triple NTG application at three different doses of: 5, 50 and 600 µg/kg b.w.

Hematological
parameter

Control group IP group NTG5 group NTG50 group NTG600 group

X D X D X D X D X D

RBC
(´ 106/µl)

8.52 0.26 24 h: 8.69
48 h: 7.68
72 h: 7.51

0.22
0.21
0.54

24 h: 8.55
48 h: 8.08
72 h: 9.07

1.02
0.70
0.27

24 h: 6.72
48 h: 5.75
72 h: 5.50

0.83
1.082

11

24 h: 5.99
48 h: 5.88
72 h: 4.50

0.40
0.83
1.41

HGB
(g/dl)

15.74 0.57 24 h: 15.78
48 h: 14.1
72 h: 13.60

0.50
0.42
0.86

24 h: 15.43
48 h: 14.42
72 h: 16.60

1.89
1.04
0.42

24 h: 12.28
48 h: 10.23
72 h: 9.54

1.39
1.84
3.69

24 h: 11.13
48 h: 10.70
72 h: 8.13

0.73
1.50
2.80

HCT
(%)

43.02 1.22 24 h: 43.48
48 h: 39.05
72 h: 38.18

1.08
1.42
2.70

24 h: 42.03
48 h: 40.72
72 h: 46.08

5.04
2.68
1.20

24 h: 36.36
48 h: 32.16
72 h: 29.55

2.27
3.82
8.60

24 h: 36.07
48 h: 33.68
72 h: 27.53

1.75
4.01
8.74

RDW
(%)

13.39 0.96 24 h: 13.08
48 h: 13.08
72 h: 13.4

0.38
0.28
0.43

24 h: 12.63
48 h: 13.22
72 h: 12.90

0.23
0.32
0.30

24 h: 15.36
48 h: 16.61
72 h: 15.89

2.72
2.60
3.70

24 h: 15.45
48 h: 15.45
72 h: 14.90

1.78
1.53
2.69

MCV
(fl)

50.49 0.82 24 h: 49.85
48 h: 50.88
72 h: 51.05

0.80
0.85
1.11

24 h: 48.88
48 h: 50.42
72 h: 50.92

1.34
1.45
1.14

24 h: 54.58
48 h: 56.73
72 h: 55.70

5.38
5.33
6.43

24 h: 60.62
48 h: 57.45
72 h: 61.15

1.24
1.58
2.18

MCH
(pg)

18.11 0.32 24 h: 18.13
48 h: 18.27
72 h: 18.18

0.39
0.34
0.45

24 h: 17.85
48 h: 17.93
72 h: 18.22

0.45
0.40
0.22

24 h: 18.31
48 h: 17.85
72 h: 17.34

0.94
0.57
0.44

24 h: 18.70
48 h: 18.28
72 h: 17.94

0.32
0.22
0.67

MCHC
(g/dl)

35.91 0.66 24 h: 36.38
48 h: 35.88
72 h: 35.60

0.37
0.29
0.30

24 h: 36.33
48 h: 35.63
72 h: 35,87

0.16
0.50
0.62

24 h: 33.74
48 h: 31.66
72 h: 31.48

2.72
2.60
3.70

24 h: 30.85
48 h: 31.75
72 h: 29.35

0.58
0.87
0.78

PLT
(´ 103/µl)

789.36 86.2 24 h: 642.33
48 h: 712.50
72 h: 600.33

109
94.2
153

24 h: 794.00
48 h: 697.33
72 h: 854.00

29.4
103
66.8

24 h: 535.78
48 h: 673.88
72 h: 636.75

117
228
193

24 h: 425.17
48 h: 643.50
72 h: 624.38

181
110
239

MPV
(fl)

6.29 0.27 24 h: 6.73
48 h: 6.77
72 h: 7.20

0.26
0.12
0.85

24 h: 6.42
48 h: 6.37
72 h: 6.30

0.13
0.38
0.00

24 h: 6.71
48 h: 6.74
72 h: 6.93

0.78
0.39
0.47

24 h: 6.10
48 h: 6.18
72 h: 6.16

0.20
0.41
0.54

PCT
(%)

0.51 0.06 24 h: 0.43
48 h: 0.48
72 h: 0.43

0.07
0.06
0.09

24 h: 0.51
48 h: 0.46
72 h: 0.55

0.02
0.08
0.04

24 h: 0.37
48 h: 0.46
72 h: 0.45

0.08
0.15
0.14

24 h: 0.28
48 h: 0.43
72 h: 0.40

0.12
0.06
0.15

PDW
(%)

54.93 1.91 24 h: 52.05
48 h: 51.35
72 h: 51.35

2.54
0.65
1.02

24 h: 53.36
48 h: 54.80
72 h: 54.87

0.60
1.93
0.69

24 h: 55.34
48 h: 56.79
72 h: 53.40

6.25
2.70
4.53

24 h: 60.78
48 h: 59.40
72 h: 61.45

1.56
1.88
5.87

WBC
(´ 103/µL)

5.22 1.33 24 h: 7.73
48 h: 7.75
72 h: 8.74

0.67
1.93
2.33

24 h: 5.40
48 h: 6.86
72 h: 5.69

0.53
1.34
1.51

24 h: 9.19
48 h: 5.83
72 h: 7.39

8.12
3.55
3.53

24 h: 6.94
48 h: 3.46
72 h: 1.99

1.59
0.87
0.85

NEUT
(%)

25.21 6.28 24 h: 47.02
48 h: 24.55
72 h: 24.12

17.3
3.28
6.68

24 h: 42.32
48 h: 22.77
72 h: 53.22

14.2
16.1
14.0

24 h: 42.43
48 h: 38.83
72 h: 32.65

18.4
16.4
14.0

24 h: 61.10
48 h: 38.58
72 h: 42.02

7.04
12.7
22.6

LYMPH
(%)

52.36 5.81 24 h: 29.62
48 h: 41.87
72 h: 48.45

5.91
5.09
10.5

24 h: 32.52
48 h: 51.95
72 h: 21.43

6.89
13.3
2.74

24 h: 35.57
48 h: 39.89
72 h: 46.09

8.14
10.2
9.67

24 h: 29.42
48 h: 48.10
72 h: 44.72

7.29
10.8
23.8

MONO
(%)

12.94 3.61 24 h: 14.62
48 h: 20.50
72 h: 16.18

3.40
3.97
9.47

24 h: 16.53
48 h: 15.38
72 h: 14.92

10.9
4.59
8.41

24 h: 13.10
48 h: 13.29
72 h: 12.99

10.9
8.95
8.99

24 h: 4.80
48 h: 5.22
72 h: 6.75

1.79
0.60
1.91

EOS
(%)

2.33 1.99 24 h: 2.27
48 h: 2.14
72 h: 2.82

1.38
2.14
2.27

24 h: 2.80
48 h: 2.72
72 h: 3.52

1.26
1.91
2.30

24 h: 4.61
48 h: 1.51
72 h: 2.15

4.99
1.34
2.47

24 h: 0.95
48 h: 0.55
72 h: 0.40

0.63
0.14
0.09

BASO
(%)

0.41 0.14 24 h: 0.30
48 h: 0.30
72 h: 0.43

0.06
0.09
0.14

24 h: 0.28
48 h: 0.35
72 h: 0.42

0.18
0.14
0.08

24 h: 0.33
48 h: 0.16
72 h: 0.21

0.30
0.08
0.10

24 h: 0.33
48 h: 0.27
72 h: 0.58

0.08
0.05
0.31
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Tab. 2. Statistical data analysis performed by using Student’s t-test with Bonferroni correction to determine levels of significance (the indica-
tions: * p < 0.05, ** p <  0.01 and *** p < 0.001. NS – not significant.)

Compared groups using Student’s t-test with Bonferroni correction

Hematological parameter Control group
vs. IP group

IP group
vs. NTG5 group

IP group
vs. NTG50 group

IP group
vs. NTG600 group

RBC (´ 106/µl) 24 h: NS
48 h: ***
72 h: ***

24 h: NS
48 h: NS
72 h: ***

24 h: ***
48 h: **
72 h: *

24 h: ***
48 h: ***
72 h: ***

HGB (g/dl) 24 h: NS
48 h: ***
72 h: ***

24 h: NS
48 h: NS
72 h: ***

24 h: ***
48 h: ***
72 h: *

24 h: ***
48 h: ***
72 h:  **

HCT (%) 24 h: NS
48 h: ***
72 h: ***

24 h: NS
48 h: NS
72 h: ***

24 h: ***
48 h: **
72 h: *

24 h: ***
48 h: *
72 h: *

MCV (fl) 24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: *
72 h: NS

24 h: ***
48 h: ***
72 h: ***

RDW  (%) 24 h: NS
48 h: NS
72 h: NS

24 h: *
48 h: NS
72 h: *

24 h: *
48 h: ***
72 h: **

24 h: *
48 h: **
72 h: NS

MCH (pg) 24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: **

24 h: *
48 h: NS
72 h: NS

MCHC  (g/dl) 24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: *
48 h: **
72 h: *

24 h: ***
48 h: ***
72 h: ***

PLT (´ 103/µl) 24 h: **
48 h: NS
72 h: **

24 h: **
48 h: NS
72 h: **

24 h: NS
48 h: NS
72 h: NS

24 h: *
48 h: NS
72 h: NS

MPV (fl) 24 h: **
48 h: ***
72 h: **

24 h: *
48 h: *
72 h: *

24 h: NS
48 h: NS
72 h: NS

24 h: ***
48 h: **
72 h: *

PCT (%) 24 h: *
48 h: NS
72 h: *

24 h: *
48 h: NS
72 h: *

24 h: NS
48 h: NS
72 h: NS

24 h: *
48 h: NS
72 h: NS

PDW (%) 24 h: *
48 h: ***
72 h: ***

24 h: NS
48 h: **
72 h: ***

24 h: NS
48 h: ***
72 h: NS

24 h: ***
48 h: ***
72 h: **

WBC (´ 103/µl) 24 h: ***
48 h: **
72 h: ***

24 h: ***
48 h: NS
72 h: *

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: ***
72 h: ***

NEUT (%) 24 h: ***
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: **

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: *
72 h: NS

LYMPH (%) 24 h: ***
48 h: **
72 h: NS

24 h: NS
48 h: NS
72 h: ***

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

MONO (%) 24 h: NS
48 h: ***
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: ***
72 h:*

EOS (%) 24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: *
72 h: NS

24 h: NS
48 h: **
72 h: *

BASO (%) 24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: NS
72 h: NS

24 h: NS
48 h: *
72 h: *

24 h: NS
48 h: NS
72 h: NS



72nd h of pleuritis is noticed only for the NTG5 group
(Tab. 1) and these data suggest therapeutic properties
of this NTG dose and its anti-inflammatory proper-
ties. The drastic drop of the RBC level in the NTG600
group during the whole time of the experiment points
to strong pro-inflammatory properties of NTG at the
dose of 600 µg/kg b.w.

Hemoglobin

A significant drop in the HGB level in the IP group
relative to the control group is observed between the
24th and 72nd h of the experiment (Fig. 2c). Pleuritis
initiation causes insignificant rise of the HGB concen-
tration in IP group during the first 24 h (IP group vs.

control group). Each NTG dose causes a drop in the
levels of HGB relative to the IP and control groups at

the 24th h of pleuritis initiation (Tab. 1). This decrease
occurs in the following order: NTG5 < NTG50 <
NTG600 and differences between the HGB level in
NTG50 and NTG600 relative to both IP and control
group are statistically significant during the first 24th

h of pleuritis (Tab. 2). The second NTG application at
the 48th h causes a subsequent HGB drop in the
NTG50 and NTG600 groups compared to both: IP
and control group and these differences are statisti-
cally significant (Tab. 2). However, a contrary effect
is observed in the NTG5 group at the 48th h – the
HGB concentration rises in this group relatively to IP
group, the HGB level is still significantly lower in
NTG5 group than in the control group (Fig. 2c). The
third NTG application is responsible for a further drop
in the levels of HGB in the NTG50 and NTG600
groups, and the HGB significant rise in the NTG5

Pharmacological Reports, 2012, 64, 650�672 657

Effects of different NTG doses on hematological blood parameters in induced pleuritis in rats
Ireneusz Ca³kosiñski et al.

Fig. 2c. The influence of three NTG doses on the HGB (g/dl) during
experimentally induced pleuritis in rats

Tab. 3. Correlation coefficients r between erythrocyte parameters and inflammation duration, from the 24th to 72nd h after the induction of the
experimental pleuritis. Statistically significant dependences are bolded. Abbreviations: RBC – erythrocytes, HGB – hemoglobin, HCT – hema-
tocrit, MCV – mean corpuscular volume, MCH – mean corpuscular hemoglobin, NTG5, NTG50, NTG600 – group of rats injected iv with nitro-
granulogen at a dose of 5, 50 and 600 µg/kg b.w., respectively

Group RBC HGB HCT MCV MCH

NTG5 r = 0.273 r = 0.326 r = 0.434 r = 0.563 r = 0.402

p = 0.417 p = 0.188 p = 0.072 p = 0.015 p = 0.098

NTG50 r = –0.373 r = –0.462 r = –0.502 r = 0.100 r = –0.510

p = 0.051 p = 0.013 p = 0.006 p = 0.614 p = 0.006

NTG600 r = –0.544 r = –0.563 r = –0.555 r = 0.093 r = –0.618

p = 0.020 p = 0.015 p = 0.017 p = 0.715 p = 0.006

Fig. 2b. Correlation diagram and regression model and linear corre-
lation coefficient RBC 600 with duration of experimental pleuritis; r –
correlation coefficient; p – statistical significance



group at the 72nd h of the inflammatory reaction (Fig.
2c). Two-way ANOVA (the mean vs. time and NTG
dose) shows an essential difference in the variation of
NTG doses. Tukey’s tests demonstrate the statistically
essential differences in the control group compared to
the IP, NTG50 and NTG600 groups and in the IP
group compared to the NTG50 and NTG600 groups.
It is indicated that hemoglobin (HGB) concentration
reveals a negative correlation during the monitoring
process of pleuritis in the groups administered with
the NTG doses: 50 and 600 µg/kg b.w. (Tab. 3).

A single injection of 5 µg NTG/kg b.w. does not
cause a significant change in the inflammation char-
acter. Just two- and three-time doses of NTG5 en-
hance anti-inflammatory properties of NTG at the
dose of 5 µg NTG/kg b.w. and increase HGB level.
The significant lower HGB level in NTG50 group
compared to IP group during the whole time of the ex-
periment suggests pro-inflammatory properties of
NTG at the dose of 50 µg NTG/kg b.w. A rapid HGB
decrease observed in the NTG600 group compared to
IP group between the 24th and 72nd h of pleuritis point
to strong anti-inflammatory properties of this NTG
dose (Fig. 2c).

Hematocrit

A statistically significant HCT drop in the IP group
relative to the control group is observed only at the
72nd h of the experiment (Tab. 2). The first NTG ap-
plication causes the HCT drop in all the NTG groups
in relation to the IP group at the 24th h of pleuritis.
This decrease occurs in the following order: NTG5 <
NTG50 < NTG600 (Fig. 2d, Tab. 1). The second NTG
administration causes a contrary effect in NTG5
group: HCT rises in this group compared to IP group
at the 48th h but this change is not statistically signifi-
cant (Tab. 2). On the other hand, the second NTG ad-
ministration into NTG50 and NTG600 groups is re-
sponsible for further HCT drop. Differences between
NTG50 or NTG600 groups and both: control and IP
groups are statistically significant at the 48th h of
pleuritis (Tab. 2) and these decreases occur in the fol-
lowing order: NTG50 < NTG600 (Fig. 2d). The third
NTG administration enhances properties of each NTG
dose: HCT consistently rises in NTG5 group and
reaches higher value than HCT in control and IP
groups. These differences are statistically significant
(Tab. 2). Moreover, the third NTG administration
causes a continuous HCT drop in both NTG50 and

NTG600 groups compared to the IP and control
groups at the 72nd h of pleuritis (Fig. 2d, Tab. 1).
These differences are also statistically significant
(Tab. 2). Two-way ANOVA (the mean vs. time and
NTG dose) shows an essential difference in the varia-
tion of NTG doses. Tukey’s tests demonstrate the sta-
tistically essential differences in the control group
compared to the IP, NTG50 and NTG600 groups and
in the IP group compared to the NTG50 and NTG600
groups. Furthermore, a negative correlation of hema-
tocrit value in the monitored duration of pleuritis in
relation to the used NTG doses: 50 and 600 µg/kg
b.w. (Tab. 3) is indicated.

The statistically significant rise of HCT in NTG5
group relative to both: IP and control groups is no-
ticed only at the 72nd h of pleuritis (Tab. 2) and this re-
sult suggests anti-inflammatory properties of NTG at
the dose of 5 µg/kg b.w. The decrease of the HCT in
the NTG50 and NTG600 groups in relation to both IP
and control groups during the whole time of the ex-
periment point to pro-inflammatory properties of
NTG at the dose of 50 µg/kg or 600 µg/kg b.w.

Red blood cell distribution width

A drop in the RDW value in the IP group relative to
the control group is observed during the whole time of
the experiment (Fig. 2e, Tab. 1) but these differences
are not statistically significant. NTG administration at
the dose of 5 µg/kg b.w. does not cause significant
changes of RDW for NTG5 group compared to both:
control and IP groups in the whole time of pleuritis.
On the other hand, NTG administration at the dose of
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50 or 600 µg/kg b.w. is responsible for RDW rises in
NTG50 and NTG600 groups in relation to IP and con-
trol groups at the 24th h of pleuritis. These differences
are statistically significant (Tab. 2). The second NTG
application at the 48th h causes a subsequent RDW
rise in the NTG50 and NTG600 groups compared to
both: IP and control group and these differences are
statistically significant (Tabs. 1, 2). Although a simi-
lar effect is observed in the NTG5 group at the 48th h
– the RDW value rises in this group relatively to both
IP and control groups, the differences are statistically
insignificant (Tab. 2). The third NTG application
causes the RDW drop in all NTG groups between the
48th and 72nd h of the inflammation (Fig. 2e). The dif-
ference in the RDW values are statistically significant

between NTG50 or NTG600 groups and both control
and IP groups at the 72nd h of pleuritis (Tab. 2).
Lower values of RDW in NTG5 group than in IP
group could point to pro-inflammatory properties of
NTG at the dose of 5 µg/kg b.w. However, differences
in RDW values between NTG5 and IP group are sta-
tistically insignificant and administration of NTG at
the dose of 5 µg/kg b.w. does not change RDW values
in the inflammatory reaction. On the other hand, NTG
administered at the doses of: 50 or 600 µg/kg b.w. sig-
nificantly increases RDW values and, in consequence,
shows anti-inflammatory properties of these NTG
doses at the 24th and 72nd h of the pleuritis compared
to IP group.

Significantly higher RDW value at the 48th h in
NTG50 group suggests strong anti-inflammatory
properties of NTG at the dose of 5 µg NTG/kg b.w.
(Fig. 2e, Tab. 1, Tab. 2).

Mean corpuscular volume

Pleuritis initiation causes MCV drop during the first
24 h in IP group compared to the control group but
this change is not statistically significant (Fig. 2f,
Tab. 1, Tab. 2). The MCV value rises in IP group rela-
tively to the control group between the 24th and 72nd

h of pleuritis but these differences are not statistically
significant (Tab. 2). Pleuritis initiation does not sig-
nificantly influence the MCV value (the IP group vs.

the control group). The first NTG application causes
the MCV drop in the NTG5 group compared to both:
IP and control groups at the 24th h of the inflamma-
tion. A contrary effect is observed in NTG50 and
NTG600 groups in which the first NTG application at
the dose of 50 or 600 µg/kg b.w., respectively, causes
statistically significant increase of MCV value in rela-
tion to the IP and control group at the 24th h of pleuri-
tis (Fig. 2f, Tab. 2). Although the second NTG ad-
ministration causes the increase of MCV value in
NTG5 and NTG50 groups at the 48th h, the difference
is statistically significant only between NTG50 and
both IP and control groups (Tab. 2). A contrary effect
is observed in NTG600 group – the second NTG ad-
ministration is responsible for the drop of MCV value
at the 48th h in this group. However, the MCV value
for NTG600 group at the 48th h is still significantly
higher than in both IP and control group. The third
NTG administration at the dose of 5 µg/kg b.w. insig-
nificantly increases the MCV value at the 72nd h in
NTG5 group in relation to the control and IP groups
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Fig. 2f. The influence of three NTG doses on the MCV (fl) during ex-
perimentally induced pleuritis in rats

Fig. 2e. The influence of three NTG doses on the RDW (%) during ex-
perimentally induced pleuritis in rats



(Tab. 2). On the other hand, the third NTG administra-
tion into the NTG600 group is responsible for the sig-
nificant increase of the MCV value at the 72nd h of
pleuritis and its value for the NTG600 group is much
higher than in other groups at the same time (Fig. 2f).
NTG administration at the dose of 5 µg/kg b.w. does
not change significantly MCV values during the
whole time of the experiment. The rise of the NTG
dose up to 50 µg/kg b.w. causes the increase of the
MCV values in the NTG50 group compared to both:
control and IP groups during the whole time of the in-
flammation. Two-way ANOVA (the mean vs. time
and NTG dose) does not show an essential difference
in the variation of NTG doses. Tukey’s tests demon-
strate the statistically essential differences in the
NTG600 group compared only to the IP. Furthermore,
it is indicated that erythrocyte volume MCV during
experimental pleuritis reveals a positive correlation
towards the duration with the used dose – 5 µg/kg
b.w. (Tab. 3). Moreover, NTG administration at the
dose of 600 µg/kg b.w. is responsible for the consider-
able increase of the MCV values in the NTG600
group at three measurement points what suggests
strong anti-inflammatory properties of this NTG dose.

Mean corpuscular hemoglobin

The MCH level for the IP group relative to the control
group is insignificantly higher during the total experi-
mental time, so pleuritis initiation does not change the
MCH value (Fig. 2g, Tab. 1). The increase of the
MCH level compared to the control and IP groups is
observed in all NTG groups at the 24th h after pleuri-
tis initiation in the following order: NTG5 < NTG50
< NTG600. However, a statistically significant differ-
ence at the 24th h of pleuritis is observed only for
NTG600 group compared to the IP or control groups.
Although the second NTG administration at the doses
of 50 and 600 µg/kg b.w. causes a drop of the MCH
level between the 24th and 48th h relative to the con-
trol and IP groups, these differences are not statisti-
cally significant (Tab. 2). Moreover, the second NTG
administration at the dose of 5 µg/kg b.w. does not in-
fluence significantly the MCH level between the 24th

and 48th h of pleuritis (Tab. 2). The third NTG injec-
tion into NTG50 and NTG600 groups causes further
MCH drop (NTG50 and NTG600 groups vs. both:
control and IP groups) between the 48th and 72nd h of
the inflammation (Fig. 2g, Tab. 1). These differences
are statistically significant only for the NTG50 group

(Tab. 2). Similarly, the third injection of NTG into the
NTG5 group causes a continuous increase of the
MCH level between the 48th and 72nd h (NTG5 group
vs. both: control and IP groups) but this change is not
statistically significant (Tab. 2). The differences of the
MCH level between NTG5 and the control groups as
well as between NTG5 and the IP groups are not sta-
tistically significant in the whole time of the inflam-
mation (Tab. 2). The lack of NTG influence on MCH
values is also observed for NTG administered at doses
of 50 and 600 µg/kg b.w – the difference in the MCH
value between NTG50 and both: control and IP group
is statistically significant only at the 72nd h of pleuri-
tis (Tab. 2). Two-way ANOVA (the mean vs. time and
NTG dose) does not show an essential difference in
the variation of NTG doses. Tukey’s tests demonstrate
the statistically essential differences in the NTG50
group compared only to the IP group at 72nd h of
pleuritis. Moreover, it is indicated that there occurs
a negative correlation MCH in relation to duration of
inflammation among the groups administered with
NTG doses: 50 and 600 µg/kg b.w. (Tab. 3).

Mean corpuscular hemoglobin concentration

The MCHC level for the IP group relative to the con-
trol group is insignificantly lower during the total ex-
perimental time (except the first blood measurement
at the 24th h in which MCHC level for IP group is
higher than in the control group) and the MCHC value
for the IP group is still dropping within 72 h of the ex-
periment (Fig. 2h, Tab. 1). The decrease of the MCHC
level compared to the control and IP groups is ob-
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served in all NTG groups at the 24th h after pleuritis
initiation in the following order: NTG5 < NTG50 <
NTG600. However, a statistically significant differ-
ence at the 24th h of pleuritis is observed only for
NTG50 and NTG600 group compared to the IP or
control groups (Tab. 2). The second NTG administra-
tion at the doses of 50 µg/kg b.w. causes a drop in the
MCHC level between the 24th and 48th h relative to
the control and IP groups and this difference is statis-
tically significant (Tab. 2). Although the second NTG
administration at the dose of 600 µg/kg b.w. causes
a rise of the MCHC level, a value of this parameter
for NTG600 group is still much lower than for the
control and IP groups at the 48th h of pleuritis. More-
over, the second NTG administration at the dose of
5 µg/kg b.w. decreases the MCHC level between the
24th and 48th h relative to the IP group but this differ-
ence is not statistically significant (Tab. 2). The third
injection of NTG into the NTG50 and NTG600 group
causes further MCHC drop (NTG50 and NTG600
groups vs. both: control and IP groups) between the
48th and 72nd h of the inflammation (Fig. 2h). These
differences are statistically significant (Tab. 2). On the
contrary, the third NTG injection into the NTG5
group causes a continuous increase of the MCHC
level between the 48th and 72nd h (NTG5 group vs.

both: control and IP groups) but this difference is not
statistically significant (Tabs. 1, 2). The differences of
the MCHC level between NTG5 and the control
groups as well as between NTG5 and the IP groups
are not statistically significant in the whole time of the
inflammation (Tab. 2). The decrease in the MCHC
level is observed in the NTG50 group in every blood

analysis compared to the control and IP groups. Two-
way ANOVA (the mean vs. time and NTG dose) does
not show an essential difference in the variation of
NTG doses. Tukey’s tests demonstrate the statistically
essential differences in the NTG50 and NTG600
group compared to the IP.

These data probably point to pro-inflammatory
properties of NTG at the dose of 50 µg/kg b.w. (Fig.
2h). The most drastic decrease in the MCHC level ob-
served in the NTG600 group compared to another
groups in the whole time of pleuritis suggests strong
pro-inflammatory properties of NTG at the dose of
600 µg/kg b.w. (Fig. 2h).

Platelets

A statistically significant difference of PLT level in
the IP group compared to the control group is ob-
served in the whole time of the experiment (Tab. 2).
Although PLT value rises at the 48th h in IP group, it
is still significantly lower than in the control group
(Fig. 3a, Tab. 1). The first NTG application at the
dose of 5 µg/kg b.w. causes a significant increase of
the PLT concentration in the NTG5 group compared
to IP group and PLT level achieves a similar value as
in the control group at the 24th h of pleuritis. On the
contrary, the first NTG application at the dose of 50 or
600 µg/kg b.w. causes the significant PLT drop in
NTG50 and NTG600 groups in relation to the IP
group at the 24th h of pleuritis. This decrease occurs
in the following order: NTG50 < NTG600 (Fig. 3a,
Tab. 1). The second NTG administration causes
a contrary effect: PLT level rises in NTG50 and
NTG600 groups and decreases in NTG5 group com-
pared to the changes occurred at the 24th h of pleurits
(Tab. 1). However, the PLT level in all NTG groups is
still significantly lower than in IP group at the 48th h
of the experiment (Fig. 3a, Tab. 2). Differences in
PLT level between NTG50 or NTG600 groups and
both: control and IP groups are statistically significant
at the 48th h of pleuritis (Tab. 2) and these decreases
occur in the following order: NTG50 < NTG600 (Fig.
3a, Tab. 1). The third NTG administration enhances
properties of each NTG dose: PLT consistently rises
in NTG5 group and reaches higher value than PLT in
control and IP groups. These differences are statisti-
cally significant (Tab. 2). Moreover, the third NTG
administration causes a continuous PLT drop in both
NTG50 and NTG600 groups compared to the IP and
control groups at the 72nd h of pleuritis (Fig. 3a).
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Fig. 2h. The influence of three NTG doses on the MCHC (g/dl) during
experimentally induced pleuritis in rats



These differences are also statistically significant
(Tab. 2).

The statistically significant rise of PLT in NTG5
group compared to the IP group is noticed at the 24th

and 72nd h of pleuritis (Tab. 2) and these results sug-
gest anti-inflammatory properties of NTG at the dose
of 5 µg/kg b.w. The significant lower PLT level in the
NTG50 and NTG600 groups in relation to both IP and
control groups during the whole time of the experi-
ment point to pro-inflammatory properties of NTG at
the dose of 50 or 600 µg/kg b.w.

Mean platelet volume

The MPV value for the IP group relative to the control
group is higher during the total experimental time and
these differences are statistically significant at each
blood measure point of the experiment (Fig. 3b, Tab. 1).
The decrease of the MPV value for NTG groups com-
pared to the IP group is observed at the 24th h after
pleuritis initiation in the following order: NTG50 <
NTG5 < NTG600. The second NTG administration at
the doses of 5 µg/kg b.w. causes further MPV drop in
NTG5 group and this value is lower than in IP group
at the 48th h of pleuritis. On the contrary, the second
NTG administration at the dose of 50 and 600 µg/kg
b.w. causes a continuous insignificant increase of
MPV level in NTG50 and NTG600 groups compared
to changes occurred at the 24th h of pleurits (Tab. 1).
The third NTG administration enhances properties of
each NTG dose: MPV consistently rises in NTG50
group and reaches the highest MPV value compared
to MPV values of other groups at the 72nd h of pleuritis.

These differences are statistically significant (Tab. 2).
The third injection of NTG into the NTG5 and
NTG600 groups causes further MPV drop (NTG5 and
NTG600 groups vs. IP group) between the 48th and
72nd h of the inflammation (Fig. 3b). These differ-
ences are statistically significant (Tab. 2). Moreover,
the third NTG injection at the dose of 5 µg/kg b.w.
causes that the MPV value in the NTG5 group is al-
most the same as in the control group.

These data probably point to anti-inflammatory
properties of NTG at the dose of 5 µg/kg b.w. The
lower MPV value observed in the NTG600 group in
every blood analysis than in the IP and control groups
suggests that NTG at the dose of 600 µg/kg b.w. has
stronger anti-inflammatory properties than NTG at the
dose of 5 µg/kg b.w. (Fig. 3b). On the other hand,
three-fold NTG administration at the dose of 50 µg/kg
b.w. does not change the character of the inflammation.

Thrombocrit

The PCT value for the IP group relative to the control
group is lower during the total experimental time and
these differences are statistically significant at each
blood measure point of the experiment, except for the
second blood measurement at the 48th h of pleuritis
(Fig. 3c, Tabs. 1, 2). The statistically significant lower
PCT values for NTG50 and NTG600 groups com-
pared to the IP and control groups are observed at the
24th h after pleuritis initiation in the following order:
NTG50 < NTG600 (Tabs. 1, 2). On the other hand,
the first NTG administration at the dose of 5 µg/kg
b.w. increases PCT value in NTG5 group compared to
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Fig. 3a. The influence of three NTG doses on the PLT number during
experimentally induced pleuritis in rats

Fig. 3b. The influence of three NTG doses on the MPV (fl) during ex-
perimentally induced pleuritis in rats



IP group and this value is the same as in the control
group at the 24th h (Fig. 3c). The contrary effect of
NTG doses occurs after the second NTG administra-
tion: at the dose of 5 µg/kg b.w. it causes PCT de-
crease in NTG5 group and this value is insignificantly
lower than in the control and IP groups at the 48th h of
pleuritis. Moreover, the second NTG administration at
the doses of 50 and 600 µg/kg b.w. is responsible for
the increase of PCT value for NTG50 and NTG600
groups compared to changes occurred at the 24th h of
pleurits (Tab. 1). However, these values are still lower
than in the IP and control groups at the 48th h of the
experiment (Tab. 2). These differences are not statisti-
cally significant. The third NTG administration
causes the drop of PCT values in NTG50 and
NTG600 groups and these values are still signifi-
cantly lower than in the control group at the 72nd h of
the experiment. On the other hand, the third NTG ad-
ministration at the dose of 5µg/kg b.w. causes further
increase of PCT value in NTG5 group compared to
changes occurred in this group at the 48th h of pleu-
ritis (Fig. 3c, Tab. 1). Moreover, the PCT value in
NTG5 group is higher than in both: control and IP
groups at the 72nd h of the experiment.

Higher values of PCT in NTG5 group than in the IP
group and similar as in the control group could point
to anti-inflammatory properties of NTG at the dose of
5 µg/kg b.w. Furthermore, approximate PCT values in
NTG50 group and in the IP group in each blood meas-
urement suggest that NTG at the dose of 50 µg/kg
b.w. does not change the character of the inflamma-
tion. The significant lower PCT value in the NTG600

group at the 24th h than in the IP group point to pro-
inflammatory properties of NTG at the dose of 600 µg/
kg b.w. (Fig. 3c).

Platelet distribution width

Tthe PDW value for the IP group relative to the con-
trol group is lower during the total experimental time
and these differences are statistically significant at
each blood measure point of the experiment (Tabs. 1, 2).
The PDW value for the IP group is almost on the same
level during the whole time of pleuritis (Fig. 3d). The
increase of the PDW value compared to the IP group
is observed in all NTG groups at the 24th h after pleu-
ritis initiation in the following order: NTG5 < NTG50
< NTG600 (Fig. 3d). However, NTG application at
the doses of 5 and 50 µg/kg b.w. causes an insignifi-
cant increase of the PDW value in NTG5 and NTG50
groups, respectively, compared to IP group and PDW
values in these groups and achieve a similar value as
in the control group at the 24th h of pleuritis. Moreo-
ver, the first NTG application at the dose of 600 µg/kg
b.w. causes the significant PDW rise in NTG600
groups in relation to both: control and IP groups at the
24th h of pleuritis (Tabs. 1, 2). The second NTG ad-
ministration is responsible for further PDW rises in
NTG5 and NTG50 groups compared to the changes
occurred at the 24th h of pleurits in these groups
(Tab. 1). On the other hand, the second NTG admini-
stration into NTG600 group does not significantly
change PDW value at the 48th h in this group com-

Pharmacological Reports, 2012, 64, 650�672 663

Effects of different NTG doses on hematological blood parameters in induced pleuritis in rats
Ireneusz Ca³kosiñski et al.

Fig. 3c. The influence of three NTG doses on the PCT% during ex-
perimentally induced pleuritis in rats

Fig. 3d. The influence of three NTG doses on the PDW% during ex-
perimentally induced pleuritis in rats



pared to the changes occurred at the 24th h of pleuritis
(Fig. 3d). The third NTG application causes insignifi-
cant increases of PDW value in NTG5 and NTG600
groups at the 72nd h of the inflammation compared to
the IP group. Furthermore, the third NTG application
at the dose of 50 µg/kg b.w. is responsible for the
PDW drop in the NTG50 group at the 72nd h and the
PDW value achieves a similar value as in the control
group at the 72nd h of the experiment (Tab. 1).

The statistically significant rise of PDW in NTG5
and NTG50 groups compared to the IP group noticed
during the whole time of pleuritis and similar PDW
values in these groups as in the control group suggest
anti-inflammatory properties of NTG at doses of 5
and 50 µg/kg b.w. The significant higher PDW values
in the NTG600 group in relation to both IP and con-
trol groups during the whole time of the experiment
point to pro-inflammatory properties of NTG at the of
600 µg/kg b.w.

The analysis of obtained leukocytic parameters

in experimentally induced pleuritis in rats

after NTG administration at doses 5, 50 and

600 µg/kg b.w.

Leukocytes

The WBC number for the IP group in relation to the
control group is higher during the total experimental
time and these differences are statistically significant
at each blood measure point of the experiment (Tabs.
1, 2). Furthermore, WBC number for the IP group is
almost on the same level at the 24th h and 48th h and
increases at the 72nd h of pleuritis (Fig. 4a). The de-
crease of the WBC number in NTG5 and NTG600
groups compared to the IP group is observed at the
24th h after pleuritis initiation (Fig. 4a, Tab. 1). How-
ever, the WBC value in the NTG5 group is similar as
in the control group and much higher in NTG600
group compared to the control group at the 24th h of
experimental time. Moreover, NTG application at the
dose of 50 µg/kg b.w. significantly increases the
WBC number in NTG50 group compared to both con-
trol and IP groups at the 24th h of the inflammation
(Tab. 1). The second NTG administration causes con-
trary effects: WBC number at the 48th h significantly
increases in the NTG5 group and drastically drops in
the NTG50 and NTG600 groups compared to the
changes occurred at the 24th h of pleurits in these
groups (Fig. 4a). The WBC number in NTG50 and

NTG600 groups is statistically significantly lower
than WBC number in IP group at the 48th h of pleurits
(Tab. 2). However, WBC number in NTG600 group is
significantly lower than in the control group and on
similar level in NTG50 and the control group. The
third NTG application causes insignificant drop of
WBC number in NTG5 group compared to the
changes occurred at the 48th h of pleurits and this
WBC value is similar to WBC number in the control
group and considerably lower than WBC number
in the IP group at the 72nd h of experimental time
(Tab. 1). Moreover, the third NTG application at
a dose 50 µg/kg b.w. is responsible for the WBC in-
crease in NTG50 group compared to the changes oc-
curred at the 48th h of the inflammation and this WBC
value is similar as in the WBC number of IP group at
the 72nd h. On the other hand, the third NTG applica-
tion at a dose of 600 µg/kg b.w. causes significant
drop of WBC number in NTG600 group and this
value is the lowest compared to WBC number of
other groups at the 72nd h of experimental time. Two-
way ANOVA (the mean vs. time and NTG dose)
shows an essential difference in the variation of NTG
doses. Tukey’s tests demonstrate the statistically es-
sential differences in the control group compared to
the IP, NTG5 and NTG600 groups and in the IP group
compared to the NTG5 and NTG600 groups. Further-
more, in the NTG600 group a negative correlation be-
tween the WBC number and duration of experimental
pleuritis is indicated (Fig. 4b, Tab. 4).
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The statistically significant lower WBC number in
NTG5 group noticed during the whole time of pleuri-
tis and similar WBC values in this group as in the
control group suggest anti-inflammatory properties of
NTG at doses of 5 µg/kg b.w. Furthermore, the ap-
proximate WBC number in NTG50 group and in the
IP group in each blood measurement suggest that
NTG at the dose of 50 µg/kg b.w. does not change the
character of the inflammation. The significant lower
WBC number in the NTG600 group in relation to
both IP and control groups at the 48th and 72nd h of the
experiment points to pro-inflammatory properties of
NTG at the dose of 600 µg/kg b.w.

Neutrophils

The NEUT number for the IP group in relation to the
control group is significantly higher at the 24th h and
balances on the same level between the 48th h and
72nd h of the experimental time (Tab. 1). The first
NTG application causes the NEUT number increase
in all NTG groups in the following order: NTG5 £

NTG50 < NTG600 (Fig. 4c). The NEUT number is
higher in all NTG groups compared to the control
group and significantly higher in NTG600 group in
relation to the IP group at the 24th h of the experiment.
NEUT number in the second blood measurement is
significantly lower in all groups with induced inflam-
mation (NTG groups and IP group) compared to
NEUT number of these groups at the 24th h of pleuri-
tis. The NEUT value in NTG5 group at the 48th h of
the experiment is similar as in both: control and IP
groups. On the other hand, after the second NTG ad-
ministration at doses of 50 and 600 µg/kg b.w. the
NEUT number in NTG50 and NTG600 groups is sta-
tistically significantly higher than in both: control and
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Fig. 4b. Correlation diagram and regression model and linear corre-
lation coefficient WBC 600 with duration of experimental pleuritis;
r – correlation coefficient; p  – statistical significance

Fig. 4c. The influence of three NTG doses on the NEUT number dur-
ing experimentally induced pleuritis in rats

Tab. 4. Correlation coefficients r between leukocyte parameters and inflammation time, from the 24th to 72nd h after the induction of the experi-
mental pleuritis. Statistically significant dependences are bolded. Abbreviations: WBC – leukocytes, NEUT – neutrophils, LYMPH – lympho-
cytes, MONO – monocytes, EOS – eosinophiles, NTG5, NTG50, NTG600 – group of rats injected iv with nitrogranulogen at a dose of 5, 50 and
600 µg/kg b.w., respectively

Group WBC NEUT LYMPH MONO EOS

NTG5 r = 0.093 r = 0.241 r = –0.305 r = –0.086 r = 0.146

p = 0.713 p = 0.335 p = 0.219 p = 0.735 p = 0.564

NTG50 r = –0.149 r = –0.240 r = 0.567 r = –0.209 r = –0.149

p = 0.450 p = 0.248 p = 0.003 p = 0.317 p = 0.476

NTG600 r = –0.873 r = –0.450 r = 0.426 r = 0.487 r = –0.549

p < 0.001 p = 0.061 p = 0.078 p = 0.040 p = 0.018



IP groups (Tab. 2). The third NTG application causes
statistically significant rise of NEUT number in
NTG5 group compared to NEUT number after the
second blood measurement at the 48th h of pleuritis.
This value is also statistically significant in relation to
the NEUT value in the IP and control group at the
72nd h of the inflammation (Tab. 1). Moreover, the
third NTG application at the dose of 50 µg/kg b.w. is
responsible for the NEUT number decrease in NTG50
group compared to NEUT number at the 48th h of the
experiment. However, this value is still higher than
NEUT number in both: control and IP group at the
72nd h of pleuritis. A contrary effect is observed in
NTG600 group at the 72nd h – NEUT number in this
group increases and it is still statistically significantly
higher than in IP and control groups. Two-way
ANOVA (the mean vs. time and NTG dose) does not
show an essential difference in the variation of NTG
doses. Tukey’s tests demonstrate the statistically es-
sential differences only in the NTG5 group compared
to the IP at 72nd h of pleuritis. In the NTG50 group no
correlation between the number of NEUT and the
monitoring duration of pleuritis is indicated (Tab. 4).
Lower values of NEUT number in NTG5 group than
in NEUT number in IP group at the 24th and 48th h of
the experiment point to anti-inflammatory properties
of NTG at the dose of 5 µg/kg b.w.

Lymphocytes

The LYMPH number for the IP group in relation to the
control group is lower during the total experimental time
and its value increases between the 24th h and 72nd h of
the experiment (Fig. 4d, Tab. 1). Furthermore, LYMPH
number for the IP group is almost on the same level as
in the control group at the 72nd h of pleuritis (Fig. 4d).
The first NTG administration at doses of 5 and 50 µg/kg
b.w. causes LYMPH number increase in NTG5 and
NTG50 groups compared to LYMPH number in the IP
group at the 24th h of the pleuritis. However, these
LYMPH values in NTG5 and NTG50 groups are still
statistically significantly lower than LYMPH value in
the control group at the 24th h of the experiment
(Tab. 2). Moreover, the first NTG administration at the
dose of 600 µg/kg b.w. does not change LYMPH
number during pleuritis and LYMPH value in NTG600
group is almost the same as LYMPH value in the IP
group at the 24th h of the inflammation (Fig. 4d).
LYMPH number in the second blood measurement is
significantly higher in all groups with induced inflam-

mation (NTG groups and IP group) compared to
LYMPH number of these groups at the 24th h of pleuri-
tis. The LYMPH values in NTG5 and NTG600 groups
at the 48th h of the experiment are similar as in the con-
trol group and statistically significantly higher than in
the IP group (Tabs. 1, 2). Furthermore, the second NTG
administration at the dose of 50 µg/kg b.w. causes that
LYMPH number in NTG50 and IP groups is almost on
the same level. The third NTG application causes statis-
tically significant decrease of LYMPH number in NTG5
group compared to the changes occurred at the 48th h of
pleuritis. The LYMPH value of the NTG5 group is also
significantly lower than LYMPH number in both: con-
trol and IP groups at the 72nd h of pleuritis (Tabs. 1, 2).
Moreover, the third NTG application at a dose 50 µg/kg
b.w. is responsible for the LYMPH number increase in
NTG50 group compared to the changes occurred at the
48th h of the inflammation and this LYMPH value is
similar as in the LYMPH number of both: control and IP
groups at the 72nd h. On the other hand, the third NTG
application at a dose 600 µg/kg b.w. causes insignificant
drop of LYMPH number in NTG600 group compared to
the changes occurred at the 48th h of the inflammation
and this LYMPH value is similar as in the LYMPH
number of both: control and IP groups at the 72nd h.
Two-way ANOVA (the mean vs. time and NTG dose)
does not show an essential difference in the variation of
NTG doses. Tukey’s tests demonstrate the statistically
essential differences only in the NTG5 group compared
to the IP at 72nd h of pleuritis. Moreover, in the
NTG50 group a positive correlation between the
number of LYMPH and the monitoring duration of
pleuritis is indicated (Tab. 4).
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during experimentally induced pleuritis in rats



Monocytes

The MONO value for the IP group in relation to the
control group is higher during the total experimental
time and these differences are statistically significant
at each blood measure point of the experiment (Tab.
1, Tab. 2). Moreover, the MONO value for the IP
group increases between the 24th and 48th h and de-
creases between 48th and 72nd h of pleuritis (Fig. 4e).
The MONO number in the NTG5 group increases at
the 24th h after pleuritis initiation compared to the
control and IP groups. The first NTG application at
the doses of 50 µg/kg b.w. causes an insignificant
drop of MONO numbers in the NTG50 group com-
pared to the IP group at the 24th h of the inflammation
and this value is similar as MONO number in the con-
trol group. On the other hand, the first NTG applica-
tion at the doses of 600 µg/kg b.w. causes the statisti-
cally significant decrease of MONO numbers in
NTG600 group in relation to both: control and IP
groups (Tabs. 1, 2). The MONO number in the NTG5
group insignificantly decreases at the 48th h of pleuri-
tis compared to the changes in this group occurred at
the 24th h. Although, the MONO level in NTG5 group
is statistically significantly lower than in the IP group
at the 48th of the inflammation, its value in the NTG5
group is still significantly higher than in the control
group (Tab. 2). Moreover, the second NTG admini-
stration does not change significantly MONO number
in NTG50 and NTG600 groups at the 48th h compared
to the changes occurred in these groups at the 24th h
of pleuritis (Fig. 4e). The third NTG application

causes insignificant decreases of MONO number in
NTG5 and NTG50 groups at the 72nd h of the inflam-
mation compared to the changes in these groups oc-
curred at the 48th h of pleuritis. Furthermore, MONO
values in NTG5 and NTG50 groups are lower than
MONO value in IP group at the 72nd h of the inflam-
mation. However, the third NTG application only at
the dose of 50 µg/kg b.w. causes that MONO number
in NTG50 achieves a similar value as in the control
group at the 72nd h of the experiment (Tab. 1). More-
over, the third NTG application at the dose of 600 µg/
kg b.w. is responsible for further increase of MONO
number in NTG600 group compared to the changes oc-
curred in this group at the 48th h of pleuritis. However,
the MONO level in NTG600 group is still statistically
significantly lower than in the control and IP group at
the 72nd h of pleuritis (Tabs. 1, 2). Two-way ANOVA
(the mean vs. time and NTG dose) does not show
an essential difference in the variation of NTG doses.
Tukey’s tests demonstrate the statistically essential dif-
ferences in the IP compared to NTG600 group. Moreo-
ver, in this group a positive correlation occurred in the
MONO number in relation to the monitoring duration
of the inflammation (Tab. 4).

The statistically significant drop of MONO number
in NTG5 and NTG50 groups compared to the IP
group noticed during the whole time of pleuritis (ex-
cept the MONO value in NTG5 group after first NTG
application) and similar MONO values in these
groups as in the control group suggest anti-inflam-
matory properties of NTG at doses of 5 and 50 µg/kg
b.w. The drastic lowering of MONO number in the
NTG600 group in relation to both IP and control
groups during the whole time of the experiment point
to strong anti-inflammatory properties of NTG at the
of 600 µg/kg b.w.

Eosinophiles

The EOS number in the IP group is almost the same
as in the control group during all experimental time
(Fig. 4f). The EOS number in the NTG5 group
slightly increases at the 24th h after pleuritis initiation
compared to the control and IP groups. The first NTG
application at the doses of 50 µg/kg b.w. causes the
statistically significant rise of EOS numbers in the
NTG50 group compared to the control and IP groups
at the 24th h of the inflammation. On the other hand,
the first NTG application at the doses of 600 µg/kg
b.w. causes a statistically significant decrease of EOS
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Fig. 4e. The influence of three NTG doses on the MONO number dur-
ing experimentally induced pleuritis in rats



numbers in NTG600 group in relation to both: control
and IP groups (Tabs. 1, 2). The EOS number in the
NTG5 group insignificantly decreases at the 48th h of
pleuritis compared to the changes in this group oc-
curred at the 24th h. Moreover, the second NTG ad-
ministration changes significantly EOS number in
NTG50 and NTG600 groups at the 48th h compared to
the changes occurred in these groups at the 24th h of
pleuritis (Fig. 4f). Both of these values are statistically
significantly lower in NTG50 and NTG600 groups
than in the control and IP groups at the 48th h of the
experiment. The third NTG application causes signifi-
cant increase of EOS number in NTG5 and NTG50
groups at the 72nd h of the inflammation compared to
the changes in these groups occurred at the 48th h of
pleuritis. Furthermore, EOS value in NTG5 group is
statistically significantly higher than EOS value in the
control and IP group at the 72nd h of the inflamma-
tion. However, the third NTG application only at the
dose of 50 µg/kg b.w. causes that EOS number in
NTG50 achieves a similar value as in the control
group at the 72nd h of the experiment (Tab. 1). More-
over, the third NTG application at the dose of 600
µg/kg b.w. is responsible for further decrease of EOS
number in NTG600 group compared to the changes
occurred in this group at the 48th h of pleuritis. How-
ever, the EOS level in NTG600 group is still statisti-
cally significantly lower than in the control and IP
groups at the 72nd h of pleuritis (Tab. 2). Two-way
ANOVA (the mean vs. time and NTG dose) does not
show an essential difference in the variation of NTG
doses. Tukey’s tests demonstrate the statistically es-

sential differences only in the NTG600 group com-
pared to the IP group. In this group a negative
correlation in the EOS number occurred in relation to
the monitoring duration of the inflammation (Tab. 4).

The similar EOS values in the NTG5 and control
groups during the whole time of the experiment (ex-
cept the EOS number in NTG5 group after the third
NTG application) suggest anti-inflammatory proper-
ties of NTG at the dose of 5 µg/kg. The drastic lower-
ing of EOS number in the NTG600 group in relation
to both IP and control groups during the whole time of
the experiment points to strong pro-inflammatory
properties of NTG at the of 600 µg/kg b.w.

Basophiles

The BASO number in the IP group is lower than in
the control group during all experimental time, except
the third blood measurement in which these values are
almost on the same level (Fig. 4g). The first NTG ap-
plication into all NTG groups does not significantly
change BASO number in these groups compared to
BASO number in the IP group at the 24th h of pleuritis
(Tabs. 1, 2). Moreover, the first NTG application into
all NTG groups causes that BASO value in these
groups is significantly lower than in the control
group. The BASO number in the NTG5 group insig-
nificantly increases at the 48th h of pleuritis compared
to the changes in this group occurred at the 24th h.
Moreover, the second NTG administration signifi-
cantly decreases BASO number in NTG50 group at
the 48thh compared to the changes occurred in these
groups at the 24th h of pleuritis (Fig. 4g). BASO
number in NTG50 group at the 48th h of the inflam-
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Fig. 4g. The influence of three NTG doses on the BASO number dur-
ing experimentally induced pleuritis in rats

Fig. 4f. The influence of three NTG doses on the EOS number during
experimentally induced pleuritis in rats



mation is the lowest in relation to BASO number in
other groups. The second NTG application in the dose
of 600 µg/kg b.w. does not significantly change
BASO value in the NTG600 group compared to the
changes occurred in this group at the 24th h of pleu-
ritis (Fig. 4g). The third NTG application causes sig-
nificant increase of BASO number in all NTG groups
at the 72nd h of the inflammation compared to the
changes in these group occurred at the 48th h of pleu-
ritis. Furthermore, BASO value in NTG5 group is al-
most the same as in the control and IP groups at the
72nd h of the inflammation. Although the third NTG
application at the dose of 50 µg/kg b.w. causes the in-
crease of BASO number in NTG50, BASO value in
this group is statistically significantly lower than
BASO number in the control group at the 72nd h of
the experiment (Tabs. 1, 2). Moreover, the third NTG
application at the dose of 600 µg/kg b.w. is responsi-
ble for the drastic increase of BASO number in
NTG600 group compared to the changes occurred in
this group at the 48th h of pleuritis.

The BASO level in NTG600 group is significantly
higher than in the control and IP groups at the 72nd h
of pleuritis (Tab. 1).

The similar BASO values in the NTG5 and control
groups during the whole time of the experiment (except
the EOS number in NTG5 group after the first NTG ap-
plication) suggest anti-inflammatory properties of NTG
at the dose of 5 µg/kg. The significantly lower BASO
number in the NTG50 group in relation to both IP and
control groups during the whole time of the experiment
(except the EOS number in NTG5 group after the first
NTG application) point to strong pro-inflammatory
properties of NTG at the of 50 µg/ kg b.w.

Discussion

The NTG application in three different doses may
change the course of the experimentally induced pleu-
ritis which dynamics is determined by the hemato-
logical and biochemical parameters in the blood se-
rum [13, 15]. According to many studies, the NTG
administration into rats in the dose of 1–10 µg/kg b.w.
shows immunostimulative properties [26, 27, 39, 40,
51, 54]. The aim of the current studies was to check if
small NTG doses could contribute in modulatory way
to change the inflammation reaction course. The
changes in the amount and proportion of leukocytes in

blood and in concentration of proteins of the acute
phase point to the turning point of the inflammation
dynamics which occurs between the 24th and 72nd h
of this process, what is proved by changes of bio-
chemical parameters such as AspAT, AlAT, urea, cre-
atinine, C3 and C4 proteins [15].

In the current studies we have observed changes in
behavior of some inflammation blood parameters after
NTG administration in three different doses: 5, 50 and
600 µg/kg b.w. The amount of the third NTG dose was
used according to several scientific communications
where NTG in cytotoxic doses (400–600 µg/kg b.w.) in-
fluenced some hematological and biochemical parame-
ters [15, 22, 31]. In the current studies, as control
groups, animals with induced pleuritis by carragenan
(the IP group) were used as well as intact animals (the
control group). NTG has a high hepatogenic affinity and
interacts with DNA during cell divisions [12]. These
NTG properties cause that NTG can significantly influ-
ence the dynamics of the inflammatory reaction deter-
mined by the hematological parameters changes.

The estimation of hematological parameter

changes during the inflammatory reaction

course after the NTG administration at the

doses of: 5, 50 and 600 µg/kg b.w.

Experiments on sheep carried out by Magid showed
that the five-day NTG administration at the dose of
8000 mg/kg resulted in bone marrow hypoplasia [36].
The current studies using 600 µg NTG/kg b.w. as
a maximum NTG dose, during three-days of pleuritis,
have indicated changes in hematological blood pa-
rameters and have not shown the hypoplastic changes
in the bone marrow, although parameters such as RBC
and HTC showed significant differences compared to
RBC and HTC values in animal groups treated by
lower NTG doses: 5 µg/kg or 50 µg/kg b.w.

The threefold application of NTG at the dose of
5 µg/kg b.w. caused rises of the RBC number, HTC
value and HGB concentration at the 72nd h of the in-
flammatory reaction without changes of other eryth-
rocytic parameters. These characteristic changes oc-
curred in NTG groups in relation to IP group can be
explained by the induction of the erythropoietic pro-
cesses. The NTG application at the dose of 5 µg/kg
b.w. caused also the drop of the WBC number in the
peripheral blood in NTG5 group compared to IP
group and achieves WBC number as in the control
group. These data probably point to anti-inflammatory
properties of NTG at the dose of 5 µg/kg b.w. Moreover,
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the percentage content of neutrophiles increased, con-
trary to the percentage content of lymphocytes which
decreased. The PLT number in NTG5 group signifi-
cantly rises compared to the PLT value in the IP group
(expect the second blood measurement in which PLT
level in IP group was insignificantly higher than in the
NTG5 group). Probably, NTG at the dose of 5 µg/kg
b.w. has anti-inflammatory properties.

The NTG application at the doses of 50 and
600 µg/kg b.w. caused the inverted effects than NTG
application at the dose of 5 µg/kg b.w. The decreases
of the RBC number, HTC values and HGB concentra-
tion noticed between the 24th and 72nd h of the
experimentally-induced pleuritis in rats pointed to
pro-inflammatory properties of NTG of these doses.
In these groups, the MCV and RDW parameters in-
creased and MCHC parameter decreased. Probably,
10-fold and 120-fold doses of NTG influence signifi-
cantly the erythropoiesis during the inflammation.
However, only a few scientific communications have
shown the immune-simulative NTG influence on
erythrocytic parameter changes [22, 51, 52]. A small
dose of NTG injected into NTG5 group decreased the
pro-inflammatory rise of the WBC number. Further-
more, the NTG application at the dose of 600 µg/kg
b.w. significantly decreased the leukocytic reaction
during induced pleuritis. According to other studies
carried out on guinea pig and rats, NTG have caused
the weakness of neutrophiles reaction in the tissue
damage site [50]. The current studies have shown that
threefold NTG administration at the dose of 50 µg/kg
b.w. probably caused the neutrophilia at the 72nd h of
the inflammatory reaction. The significant drop of the
WBC number between 48th h and 72nd h of the in-
duced pleuritis in NTG600 group is a result of cyto-
toxic action of such an enormous NTG dose [29].
Moreover, cytotoxic action of NTG at the dose of
600 µg/kg b.w. causes intensified WBC loss and defec-
tive their regeneration. NTG at the dose of 600 µg/kg
b.w. is also responsible for the decrease of the percent-
age content of eosinophiles and monocytes.

Moreover, correlation in the NTG600 group in re-
lation to the number of WBC and eosinophilias is
characterized by a negative value, which supports an
immunosuppressive dose NTG600 used during the
experimental pleuritis. Application of NTG in the ex-
perimental pleuritis at the dose of 50 µg/kg b.w. tem-
porarily changes the character of WBC response to
superiority of lymphocytes.

Conclusions

The current studies have indicated the decrease of the
erythrocyte number, hematocrit value and hemoglo-
bin concentration caused by experimentally-induced
pleuritis in rats. The hemolysis of erythrocytes in the
inflammatory nidus and disseminated intravascular
coagulation (DIC) are the main reasons for the in-
flammation [46]. Probably, the erythropoietic process
does not undergo the disturbances completely what is
pointed by a lack of changes of MCV, MCH and
MCHC parameters.

The proportions of leukocytic forms in the periph-
eral blood changed significantly in the course of the
inflammatory reaction [57]. The WBC drop is con-
cerned with the leukocytic form accumulation in the
inflammation nidus.

The erythrocytic parameters in the NTG5 group in-
creased at the 72nd h hour of the induced pleuritis. The
leukocytosis was not observed. The leukocytic picture
inversed at the 72nd h of the inflammatory reaction: the
neutrophiles number increased opposite to lympho-
cytes which number significantly dropped. The signifi-
cant rise of the platelets was also noticed at that time.

The NTG application at the dose of 50 µg/kg b.w.
caused the decrease of the RBC, HCT and HGB pa-
rameters in earlier phases of the inflammatory reac-
tion, similarly to NTG600 group of experimental ani-
mals. Moreover, the loss of erythrocytes took place in
NTG50 and NTG600 groups. The rise of MCV, MCH
and MCHC values in both: NTG50 and NTG 600
groups probably suggests that NTG influence erythro-
poiesis.
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