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We studied expression of inducible NO synthase gene in human brain under conditions of
acute or chronic intoxication. Acute alcohol intoxication was accompanied by changes in
enzyme expression in certain brain structures.
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The NOergic system plays a role in the development
of diseases, neurotoxic damage, and pathological de-
pendence. Activity of this system was evaluated in a
variety of biochemical and histochemical studies. Here
we studied expression of mRNA for inducible NO
synthase (iNOS) in human brain under conditions of
acute and chronic intoxication.

MATERIALS AND METHODS

The brain was chosen as the object for total RNA
isolation because of maximum number of expressed
genes (about 4500) and minimum concentration of
nucleases. The samples were obtained during forensic
medical examination of subjects who have died a vio-
lent death.

Total RNA was isolated from 10 structures of
human brain (frontal cortex, parietal cortex, occipital
cortex, limbic cortex, cerebellar cortex, locus coeru-
leus, hippocampus, globus pallidus, caudate nucleus,
and putamen) by the standard method with guanidine
thiocyanate. RNA samples were used for reverse trans-
cription-polymerase chain reaction (RT-PCR) [8]. The
content of cDNA was estimated and normalized. PCR
involved commercial primers (Klontekh) for glyceral-

dehyde-3-phosphate dehydrogenase (GAPDH) house-
keeping gene as a positive control. PCR was conduc-
ted using specific primers for the iNOS gene [9]. The
content and quality of mRNA and PCR products were
determined by the method of electrophoresis in aga-
rose gel followed by ethidium bromide staining. The
gels were photographed with a Nikon Coolpix 4500
camera in UV light at 300 nm.

RESULTS

We studied brain samples from men and women (24-
86 years) dying from mechanical trauma (n=9) and
mechanical asphyxia (hanging, n=3). The presence of
alcohol and narcotic drugs in the blood and urine was
estimated in forensic medical examination by the me-
thod of gas-liquid chromatography (Table 1). The di-
agnosis made during forensic medical examination
was confirmed by histological findings.

Most studies of iNOS expression under various
pathophysiological conditions and during ontogeny
were performed with cultured cells or experimental
animals. Therefore, extrapolation of these studies to
human is difficult [3,7,10]. Moreover, RNA isolated
from homogenates of morphologically and functio-
nally different brain structures or mixture of brain
samples from subjects who have died from various
reasons cannot be considered as homogenous [2,9,11].

mRNA is unstable and after death degrades much
more rapidly compared to DNA [4,12]. However, stor-
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age of organs and tissues in city morgues under standard
conditions (4-18oC, relative humidity 98%) does not com-
plicate the isolation of high-quality total mRNA (Fig. 1).

Amplification of cDNA from 12 brain samples
with GAPDH primers yielded a DNA fragment, whose
size corresponded to the expected value.

PCR with specific primers detected iNOS gene
expression in brain samples from subjects who have
died from acute intoxication with alcohol (B, D, I, J,
K) and narcotic drugs (L). The degree of alcohol into-
xication varied from mild (D, I, K) to severe (B, J).
The presence of acute intoxication was confirmed by
the results of morphological examination. We revealed
alterative changes in the epithelium of proximal renal
tubules and liver (granular dystrophy and steatosis),
diffuse myocardial damage, and typical microcircula-
tory disturbances (venous and capillary plethora; sta-
ses; and edema of the myocardial stroma, adrenal me-
dulla, lungs, and brain).

Expression of iNOS mRNA was not detected in
brain tissue H (despite the presence of alcohol and
morphine in the blood and urine). This subject had
moderate alcohol and drug intoxication and died from
mechanical asphyxia (hanging). The prevalence of
proliferative changes in the examined organs served as
a sign for chronic intoxication.

iNOS expression was detected only in the parietal
cortex, limbic cortex, cerebellar cortex, locus coeru-
leus, caudate nucleus, and putamen (Table 2, Fig. 2).
Our results and published data [2,5,10] contradict the
notion that the isoform of iNOS is constantly present
in most structures of the brain [9]. It can be hypo-
thesized that expression of this isoform reflects ade-
quate reaction of brain structures to acute intoxication.
Previous studies showed that total NOS activity in the

TABLE 1. Results of Forensic Toxicology Study

A Woman, 54 years

B Man, 41 years 2.74 alcohol (blood)

C Man, 39 years

D Man, 60�65 years 0.5 alcohol (blood)

E Woman, 86 years

F Man, 35 years

G Man, 26 years

H Man, 45�50 years 1.6 alcohol, 0.03 morphine (blood)

2.5 alcohol, 0.9 morphine (urine)

I Man, 25�30 years 0.6 alcohol (urine)

J Man, 50 years 4.7 alcohol (blood)

K Man, 24 years 1.3 alcohol (blood)

L Woman, 37 years Morphine in bile, liver, and kidneys

Brain samples Toxic compounds in the blood, urine,
and tissues (‰)

Sex, age

1 2 3 4 5 1kb 6 7 8 9 10

Fig. 2. PCR with specific primers for iNOS gene, cDNA of brain L.

1 2 3 4 5 1kb 6 7 8 9 10

Fig. 1. RNA from brain H. Here and in Fig. 2: frontal cortex (1), parie-
tal cortex (2), occipital cortex (3), limbic cortex (4), cerebellar cortex
(5), locus coeruleus (6), hippocampus (7), globus pallidus (8), cau-
date nucleus (9), and putamen (10). 1 kb, DNA fragments with an
increment of 1000 nucleotides.
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brain cortex significantly decreases after administra-
tion of ethanol [1]. It probably contributes to opposite
changes in the nervous, glial, and vascular tissues of
the brain in response to toxic exposure [1]. Therefore,
NO plays a complex role in the compensatory and
adaptive mechanisms.

Molecular and genetic studies demonstrate redis-
tribution of iNOS in some structures of human brain.
These data and results of standard biochemical and
histological assays elucidate the role of the cerebral
NOergic system in pathophysiological alterations
(traumatic disease and intoxication).

Our findings can be used to develop a new ap-
proach of postmortem examination.

REFERENCES
1. I. V. Dyuizen, G. G. Dirlam, D. M. Zhilkov, and L. D. Dordus,

Modern Problems of Forensic Medicine [in Russian], Vladi-
vostok (2001), pp. 227-232.

TABLE 2. iNOS mRNA Expression in Structures of Human Brain

A B C D E F G H I J K L

Frontal cortex

Parietal cortex Detected

Occipital cortex

Limbic cortex Detected

Cerebellar cortex Detected

Locus coeruleus Detected

Hippocampus

Globus pallidus

Caudate nucleus Detected Detected

Putamen Detected Detected

Human brain
structure

2. O. Bagasra, F. H. Michaels, Y. M. Zheng, et al., Proc. Natl.
Acad. Sci. USA, 92, 12,041-12,045 (1995).

3. D. Burgner, K. Rockett, and D. Kwiatkowski, Arch. Dis. Child.,
81, 185-188 (1999).

4. M. De Paepe, Q. Mao, C. Huang, et al., Diagn. Mol. Pathol.,
11, 170-176 (2002).

5. C. Iadecola, F. Zhang, R. Casey, et al., J. Neurosci., 17, 9157-
9164 (1997).

6. J. Licinio, P. Prolo, S. M. McCann, and M. L. Wong, Mol.
Med. Today, 5, 225-232 (1999).

7. J. L. Madrigal, O. Hurtado, M. A. Moro, et al., Neuropsycho-
pharm., 26, 155-163 (2002).

8. M. Matz, D. Shagin, E. Bogdanova, et al., Nucleic Acids Res.,
27, 1558-1560 (1999).

9. C. Park, G. Krishna, M. S. Ahn, et al., Nitric Oxide, 4, 459-
471 (2000).

10. T. Petrov, A. B. Page, C. R. Owen, and J. A. Rafols, Acta
Neuropathol., 100, 196-204 (2000).

11. P. Preece and N. J. Cairns, Mol. Brain Res., 118, 60-71 (2003).
12. D. S. Ragsdale and R. Miledi, Proc. Natl. Acad. Sci. USA, 88,

1854-1858 (1991).

I. V. Smolina, V. B. Kozhemyako, et al.


