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Introduction
In the beginning of the 1970s several drugs having some properties of opiate antagonists were used. These drugs allow quickly and
effectively relieve the severe syndrome of abstinence accompanying the addiction. Naloxone proved to be the purest antagonist,
and could be used as an antidote for the treatment of opiate overdoses (including the respiratory depression caused by large doses
of heroin). In the world practice, naloxone has been established a
drug used in emergency medicine for the treatment of opiate overdoses [1, 2].
Naloxone is a competitive antagonist of opioid receptors. It blocks
predominantly μ and χ receptors, and to a lesser extent affects other
opioid receptors. Naloxone easily overcomes the blood-brain barrier, blocking both peripheral and central opioid receptors [1, 3].
Naloxone is a highly active, but short-acting antagonist (after
an intravenous injection of 0.4 mg the effect lasts from 20–40 min).
Naloxone is poorly absorbed in the gastrointestinal tract and is rapidly metabolized in the body [1, 3].
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Abs tr ac t
The experiment was conducted on 10 Wistar rats, male and
female, with initial body weight 270–280 g (males) and 250–
260 g (females). The drug was administered using a spray cap
in 10 doses of 0.1 mg at 45 min intervals. The average cumulative dose of the drug per naloxone hydrochloride was 36.6 mg/
kg for males and 39.4 mg/kg for females. The animals were
monitored for 2 weeks after the exposure and then euthanized
by a gentle decapitation.
We noticed that after each drug administration the animals
showed a decrease in motor activity. During the observation
period there were no animal deaths or signs of abnormalities
in their general state or behavior. Beginning on day 7 a significant increase in body weight of the animals was noted in comparison with the initial data. The relative mass of the internal
organs of the treated rats remained within the physiological
norm.
We conclude that naloxone hydrochloride after an intranasal
administration at 36.6 mg/kg for males and 39.4 mg/kg for
females does not cause death of animals and or have a toxic
effect on their general state, does not change their protein
metabolism characteristics or the appearance of the internal
organs and their mass.

Currently, naloxone hydrochloride monopreparations on the
Russian pharmaceutical market are represented by 7 names in the
form of solution for injection, and only two of those are of domestic production [4]. However, with the need for rapid provision of
first aid for acute intoxication with opioids, parenteral administration, technically complex and not feasible in the absence of qualified medical personnel, is notably inferior to the intranasal administration of naloxone. This route of administration is technically
simple and devoid of risks arising from the parenteral administration, and is also capable of having a systemic effect [5]. In this regard, the development of the composition and production technology of naloxone nasal dosage form is deemed promising.
The purpose of the present work was to study acute toxicity of
the naloxone hydrochloride drug form intended for intranasal use.
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Preparation
Naloxone spray

Sex of the animals

Number of animals

Dose, mg/kg (of naloxone hydrochloride)

Lethality, %

Males

5

36.6

0

Females

5

39.4

0

▶Table 2 Body mass dynamics of rats following an acute exposure to the
drug.
Preparation

Naloxone
spray

Time of measurement, days

Body mass, g
males

females

0

273.0 ± 2.00

254.0 ± 1.87

3

285.0 ± 5.00

258.0 ± 1.22

7

283.0 ± 3.391

260.0 ± 1.581

14

309.0 ± 4.851

262.0 ± 2.551

Note: 1 р ≤ 0.05 relative to the initial values.

▶Table 3 Biochemical parameters of rat serum following acute exposure
to naloxone.
Parameter

Control
males

females

Naloxone spray
males

females

Total
protein, g/l

71.79 ± 3.30

75.58 ± 3.88

72.47 ± 2.68

79.63 ± 4.39

Albumin, g/l

31.78 ± 1.83

30.79 ± 1.67

32.65 ± 1.99

31.15 ± 2.40

Thymol test,
units

1.53 ± 0.33

1.13 ± 0.18

1.63 ± 0.44

1.28 ± 0.33

▶Table 4 Internal organs mass coefficients following acute exposure to
naloxone.
Organs

Mass coefficients
Males

Females

Heart

0.36 ± 0.02

0.35 ± 0.02

Lungs

0.73 ± 0.04

0.85 ± 0.05

Liver

3.27 ± 0.11

3.28 ± 0.18

0.023 ± 0.001

0.037 ± 0.001

Spleen

0.35 ± 0.01

0.39 ± 0.05

Left kidney

0.34 ± 0.01

0.37 ± 0.02

Right kidney

0.35 ± 0.01

0.37 ± 0.02

Left testis

0.57 ± 0.02

–

Right testis

0.57 ± 0.02

–

Thymus

0.13 ± 0.02

Adrenal glands

0.13 ± 0.01

Materials and Methods
The object of the study was a naloxone nasal spray form of the following composition (in 1 g): naloxone hydrochloride 10 mg and
auxiliary substances (propylene glycol, polyethylene glycol 400,
poloxamer 407, citric acid monohydrate, purified water); the composition was developed in a previous study [6].
All experiments with animals were carried out in agreement with
the European Convention for the Protection of Vertebrate Animals
used for Experimental and other Scientific Purposes (ETS No. 123).
Wistar rats of both sexes with an initial body weight of 270–280 g
(males) and 250–260 g (females) were used. The experimental

24

groups of animals consisted of 5 males and 5 females. A total of 10
rats were used in the experiment.
The animals were purchased from the Stolbovaya nursery of laboratory animals (Russia). During the quarantine and experiment
the animals were kept in a vivarium at an air temperature of 18–20 °
C, relative humidity of 50–60 %, the natural day-night light regime,
in standard plastic cages, and on a standard diet [7, 8].
Nasal administration of naloxone was performed fractionally
(10 times of 1.0 mg per naloxone hydrochloride with an interval of
45 min between administrations) using a dispensing spray nozzle.
The total dose of the drug for naloxone hydrochloride averaged
36.6 mg/kg for males and 39.4 mg/kg for females.
Criteria for judging the toxicity of the drug were the clinical picture
of intoxication, survival rate of animals, and the dynamics of their body
weight (baseline data, 3, 7, 14 days). Evaluation of the effect of the
drug on the functional state of the liver was carried out at the end of
the experiment on a number of biochemical parameters of the blood.
The content of total protein in the blood was determined by the biuret test, albumin assayed by the reaction with bromocresol green, and
the thymol test by sample sedimentation method.
Observation of the animals was carried out for 2 weeks. On the
14th day after the exposure the rats were sacrificed by gentle decapitation. During autopsy according to Roe, a macroscopic observation of the internal organs was done and their relative mass was
determined.
All the experimental data were processed by the variation statistics method (the adopted significance level was p ≤ 0.05). The computation of statistical significance in the case of nominal variables
was carried out using one-way analysis of variance and variance analysis for experiments with repeated measurement. The hypothesis of
equality of two averages was tested using Student's t-test for coupled samples [7, 8].

Results and Discussion
We found that after each injection the animals showed a decrease
in motor activity which lasted 5–10 min, and then the animals
began to move around the cage, wash themselves, drink water and
eat food. Subsequently, the condition and behavior of the rats did
not differ from the state and behavior of intact animals.
Animal deaths or abnormalities in their general condition or behavior during the observation period were not noted (▶Table 1).
The effect of naloxone on the body mass dynamics is presented
in ▶ Table 2. We found that beginning from day 7 after the acute
exposure there was a significant increase in the weight of animals
compared to their initial weight.
Biochemical studies (▶Table 3) indicate that at the doses tested naloxone did not affect the functional state of the liver: total
protein, albumin or the thymol test of the serum were similar to
those of intact animals.
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▶Table 1 Toxicity of intranasal naloxone.

Conclusions
Based on the acute toxicity study of naloxone nasal spray, we may
conclude that the drug at doses of 36.6 mg/kg for males and
39.4 mg/kg for females (per naloxone hydrochloride) does not
cause animal death, does not have a toxic effect on the general condition, behavior, food and water intake, or body weight of rats; does
not affect protein metabolism parameters: the content of total protein, albumin and the thymol test in the sera. There were no visible
changes in the internal organs of the rats and their absolute and
relative masses were not affected.
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A pathology-morphological study performed 14 days after application of the drug at doses of 36.6 mg/kg for males and 39.4 mg/
kg for females (by naloxone hydrochloride) included autopsy and
macroscopic examination of the internal organs. After euthanasia,
animals were carefully examined for visible pathological signs. According to the autopsy, there were no abnormalities. Wool was
shiny and neat, lymph nodes were not enlarged. Visible mucous
membranes were shiny, pale pink, and smooth. All macroscopically examined organs (heart, lungs, thymus, stomach, liver, kidneys,
adrenal glands, pancreas, spleen, genital glands) had the usual
sizes, color and consistency. The relative mass of the internal organs of the rats received the drug (▶Table 1, 4) remained within
the limits of the physiological norm [9].

