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Background and Aim Opioid and benzodiazepine family drugs are concurrently used in various patients. 
Considering the respiratory depressant effects of both classes, in this study, we investigated the effect 
of coadministration of morphine and several widely used benzodiazepines in the clinic on the rate of 
respiratory depression in rats.
Methods & Materials Seventy adult male Wistar rats were randomly divided into 10 groups; morphine, 
midazolam, diazepam, lorazepam, alprazolam, morphine-midazolam, morphine-diazepam, morphine-lo-
razepam, and morphine-alprazolam. Respiration signal was recorded using whole-body plethysmography 
15 minutes after the intraperitoneal injection of the drugs. The respiratory pattern was examined using 
several parameters; the mean value of inter-breath interval and the respiratory rate, as well as the coef-
ficient of variation and sample entropy analysis of inter-breath interval.
Ethical Considerations This study was approved by the Ethics Committee of Arak University of Medical 
Sciences (Code: IR.ARAKMU.REC.1397.327).
Results Analyzing respiratory data revealed that injecting the anxiolytic dose of alprazolam, and the com-
bination of morphine-alprazolam and morphine-midazolam, altered the respiratory pattern. Such chang-
es were associated with a decrease in the number of breaths and an increase in the inter-breath interval 
in the explored test animals, compared with the controls. The obtained data also indicated that morphine-
midazolam injection increased the variability of the breathing pattern; such an alternation was associated 
with increased irregularity and decreased coefficient of variation of the inter-breath interval.
Conclusion The present research results suggested that the short-term injection of morphine-midazolam 
changes the respiratory pattern more severely than morphine combined with other benzodiazepines.

Key words: 
Morphine, Benzodiaz-
epines, Breathing

Article Info:
Received: 06 Oct 2020

Accepted: 14 Nov 2020

Available Online: 01 Feb 2021

Research Paper
Comparing Benzodiazepines-morphine-induced Respiratory Depression by Ana-
lyzing Respiratory Pattern in Rats

A B S T R A C T

Extended Abstract

1. Introduction

enzodiazepine and opioid family drugs 
are simultaneously prescribed in numer-
ous clinical conditions [1]. In some cases, 

B
their concomitant use leads to impaired respiratory function 
[2]. The administration of opioids and benzodiazepines can 
lead to respiratory impairment; however, the respiratory ef-
fects of opioids and benzodiazepines can vary. For exam-
ple, opioids, like morphine, in large amounts, can lead to re-
spiratory failure and may require artificial ventilation [3]. In 
contrast to benzodiazepines, i.e. widely used in the clinical 
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settings [5, 6], dose-dependently impairs respiratory func-
tion [7]. However, in some clinical situations, there exists 
a need for the concomitant use of these drug families with 
few guidelines available for such practices. Therefore, this 
study aimed to compare the respiratory attenuation effect 
of the concomitant use of benzodiazepines plus morphine.

2. Materials and Methods

The animals used in this study were male Wistar rats in 
the weight range of 250-300 g. The study animals were 
maintained according to the ethical protocols of working 
with laboratory animals approved by the Arak University 
of Medical Sciences.

The examined animals were randomly divided into 10 
experimental groups, as follows: 1- control, 2- morphine, 
3- midazolam, 4- diazepam, 5- lorazepam, 6- alprazolam, 
7- morphine-midazolam, 8- morphine-diazepam, 9-mor-
phine-lorazepam, and 10-morphine-alprazolam. The anti-
anxiety doses of midazolam (3 mg/kg) [5], diazepam (1 
mg/kg), [8], lorazepam (0.5 mg/kg), [9], and alprazolam 
(2 mg/kg), [10], as well as an analgesic dose of morphine 
(10 mg/kg) [11] were injected intraperitoneally. Further-
more, normal saline was injected into the control animals.

Respiratory signals were recorded from conscious ani-
mals by animal-specific polytysmograph (BIODAC-R172, 
Trita Wavegram Co., Iran) [12]. On the day of registration, 

15 minutes after injecting the drug into the research ani-
mals, a respiratory recording was performed. The recording 
time was 40 minutes per animal. In each explored animal, 
the mean intervals between respiration, the mean number 
of respirations, the coefficient of variation of intervals be-
tween respirations, and irregularities of intervals between 
respirations were evaluated.

3. Results

Examining respiration patterns among experimental 
groups signified that the mean number of respirations in 
alprazolam (P<0.01), midazolam-morphine (P<0.001), and 
alprazolam-morphine (P<0.001) groups was significantly 
lower than that in the control group. In the analysis of respi-
ratory rate, no significant difference was observed between 
the groups receiving morphine adjunct to benzodiazepines 
(P>0.05) (Figure 1).

Examining the coefficient of variation of inter-respiratory 
intervals revealed that the coefficient of variation of inter-
vals between respiration in the midazolam-morphine group 
presented a significant decrease, compared to the controls 
(P<0.01) (Figure 2).

Furthermore, the results of respiratory pattern irregulari-
ties indicated a significant difference between the control 
and midazolam-morphine groups (P<0.01). Additionally, 
the analysis of the results of respiratory pattern disorder 
provided a significant difference between the midazolam-

Figure 1. Comparing the mean number of breaths in the ex-
perimental groups

The obtained data were analyzed by one-way Analysis of Vari-
ance (ANOVA) and Tukey’s post-hoc test, and illustrated as 
Mean±SEM. **P<0.01 and P<0.001, compared to the con-
trols.

Figure 2. Comparing the coefficient of variation of inter-respi-
ratory distances in the experimental groups 

The obtained data were analyzed by one-way ANOVA and 
Tukey’s post-hoc test and presented as Mean±SEM. **P<0.01, 
compared to the control group.
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morphine and diazepam-morphine groups (P<0.05). The 
pattern of respiration in the midazolam-morphine group 
significantly increased, compared to the midazolam group 
(P<0.001) (Figure 3).

4. Discussion and Conclusion 

The present research results indicated that the combina-
tion of morphine-midazolam presents a more severe ef-
fect on respiratory patterns than the combination of other 
benzodiazepines with morphine. We also observed that 
injecting morphine into the explored animals did not im-
pair respiration. One of the main complications of opioids 
is impaired respiratory function; however, this attenuation 
depends on the dose and speed of administration and how 
opioids are administered [18, 19]. The low and adjusted 
levels of opioids in patients were not associated with any 
serious clinical respiratory complications [20, 21]. Previ-
ous studies reported that injecting benzodiazepines impairs 
respiration [24, 25]. However, other studies documented 
no significant correlation between the low-dose injection of 
benzodiazepines to patients and severe respiratory adverse 
effects or alternations in blood gas pressure [27, 28, 29]. 
The present study results revealed that alprazolam injec-
tion significantly reduced the number of breaths. The dif-
ference in the respiratory effects of benzodiazepines might 
be attributed to the dose, the time of study of the effect, 

and the duration of using these medicines. Our results also 
highlighted that the effect of the respiratory attenuation of 
morphine-midazolam combination is greater than that of 
morphine adjunct to other benzodiazepines. The combined 
use of midazolam-morphine leads to impaired respira-
tory function [32]. This respiratory attenuation effect of 
the midazolam-morphine combination could be due to the 
cumulative effects of consuming midazolam plus morphine 
[33]. Midazolam is a short-acting, lipophilic benzodiaz-
epine; it absorbs quickly and easily crosses the blood-brain 
barrier, leading to a rapid onset of drug action [34]. Evi-
dence suggests that benzodiazepines increase the debilitat-
ing effects of the morphine-induced nervous system [35]. 
However, in the present study, injecting morphine adjunct 
to all benzodiazepines provided no change in the respira-
tory pattern. However, the nature of the interaction between 
benzodiazepines and morphine depends on the route of ad-
ministration, the dose of the drug injected, and the timing of 
respiratory parameters [2].
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Figure 3. Comparing SampEn intervals between breaths in the 
experimental groups 

The collected data were analyzed by one-way ANOVA and 
Tukey’s post-hoc test and demonstrated as Mean±SEM. 
**P<0.01, compared to the controls; ###P<0.01, compared to 
the midazolam arm and P<0.01$ compared to the diazepam-
morphine group. SampEn; Sample entropy.
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