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Abstract 
The present study was planned to know the biochemical effect of the long period of sedation on 

neurotransmitters, protein fractions and immunoglobulins. For this aim thirty adult male albino rats 
were allotted into two groups, control group of 10 rats were injected with an equivalent volume of 
physiological saline and the remained 20 rats were utilized as experimental group, injected with a 
long period of sedation (midazolam)-12 weeks. After that period, some neurotransmitters 
(adrenaline, dopamine and histamine) and serum components (serotonin, cholinesterase, protein 
electrophoresis, IgG, IgM, IgE and IgA) were investigated. Our study revealed that, injection of 
midazolam for 12 weeks has no obvious changes in the investigated neurotransmitters, serum 
electrophoretic pattern and immunoglobulins except a significant increase in Cholinesterase 
enzyme activities at 3rd and 4th weeks of experiment. 
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INTRODUCTION  
The brain contains separate neuronal 

systems that utilize three different 
catecholamines (dopamine, norepinephrine, 
and epinephrine) each system is anatomically 
distinct and serves separate, but similar, 
functional roles within their fields of 
innervations [1].   

Neurotransmitters include chemical 
categories of amino acids (aspartete, 
glutamate and glycine) and its derivatives 
(GABA) amines and neuropeptides. Other 
substances that may participate in central 
synaptic transmission include purines (such 
as adenosine and ATP), nitric oxide, and 
arachidonic acid derivatives [2].  

Drugs acting on the CNS have five major 
functional classes as stimulation, 
tranquilization, sedation, hypnoses, narcotsis, 
and antidepressants where sedatives mainly 
relieve anxiety and produce relaxation 
without causing sleep [3]. While, drugs that 
primarily induced sleep are called hypnotics 
[4]. The CNS depressant, sedatives and 
hypnotics generally divided into two 
categories: barbiturates and nonbarbiturates 
[5].  

Midazolam is one of the CNS depressants 
belongs to a class of medications called 
benzodiazepines and it is used before medical 
procedures or before anesthesia for surgery to 
cause drowsiness, relieve anxiety, and 
prevent any memory of event [6]. Midazolam 
induced side-effects which might be serious, 
such as agitation, restlessness, uncontrollable 
shaking of a part of the body, stiffening and 
jerking of the arms and legs, and aggression. 
This paradoxical excitement occurs in <1% 
of all patients receiving midazolam [7]. 
Pharmacologically, midazolam is used as an 
agent for the procedural sedation and 
analgesia (PSA). It takes up to 45 min for the 
patients to recover fully and be discharged, 
and adverse events such as respiratory 
depression are a known occurrence [8]. 

The aim of this experiment is to study the 
effect of midazolam on neurotransmitters 
(adrenaline, dopamine, histamine, serotonin 
and cholinesterase), electrophoretic pattern of 
serum protein and immunoglobulin (IgG, 
IgM, IgE and IgA) for a period of 3 months 
(12 weeks) of injection. 
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MATERIAL AND METHOD  
Experimental animals         

For the experimental investigation of 
these study 30 adult male albino rats of 
average body weight 150 -160 g were used. 
Rats were housed in separate metal cages for 
each group. Fresh and clean drinking water 
and food were supplied.  
Diet 

Composition of the experimental diet 
(g/kg diet) was according to the formula of 
[9]. It included fat (5%), carbohydrates 
(65%), proteins (20.3%), fiber (5%), salt 
mixture (3.7%) and vitamin mixture (1%).  
Experimental design  

Thirty male adult white albino rats were 
used in the present study and allotted as 
following: control group (10 rats) was to be 
injected with an equivalent volume of 
physiological saline and midazolam group 
(20 rats) was to be injected with the 
midazolam for 12 weeks.  

Sedative dose for intravenous midazolam 
in human is 0.1 mg/Kg= 7 mg/Kg according 
to [10]. The dose was modified to rats 
according to [11]. Each ampoule of 
midazolam of 5 mg was dissolved 1 mL of 
physiological saline. For every 100 g B.W. of 
rats give 0.02 mL midazolam intravenously.  
Biochemical analysis 

Blood samples were to be withdrawn 
through 1, 2, 3, 4, 6, 8, 10 and 12 weeks from 
the median canthus by a hematocrit micro-
capillary tube at seven minutes post injection 
[3] and poured into plastic two tubes (One 
tube contains EDTA and another without 
EDTA for each rat). All tubes are centrifuged 
and the clear plasma samples were used to 
the hormones level assay by using of enzyme 
immunoassay (EIA) kit where adrenaline and 
dopamine according to the method of [12], 
histamine according to the method of [13]. 
Serum serotonin according to the method of 
[14], acetylcholinesterase activity was 
determined colorimetrically according to 
[15], Electrophoretic pattern of serum protein 
was determined according to [16], 
Quantificatation of IgG, IgA and IgM was 
determined according to the method of [17] 
and quantitative determination of IgE 
concentration in human serum by a 

microplate enzyme immunoassay was 
determined according to [18].  
Statistical analysis was done by [19]. 
 
RESULTS AND DISCUSSIONS 

The present data illustrated in Table (1) 
revealed a non significant experimental 
changes in plasma (adrenaline, dopamine and 
histamine) and in serum serotonin in 
midazolam injected group. While serum 
cholinesterase activity was significantly 
increased (P<0.05) in midazolam injected 
group at 3rd and 4th week of experiment. The 
obtained data in Table (1) revealed a non 
significant decrease in the level of plasma 
adrenaline as compared to the control group. 
This data was in contrary with the results of 
[20] who recorded a decrease in plasma 
adrenaline through sedation which related to 
midazolam used for induction of anesthesia 
results in a transient depression of baroreflex 
function and a sustained decrease of 
sympathetic tone. Whereas our results were 
came in accordance with the results of [21] in 
cat and in human by [22]  who found that; 
medetomidine, midazolam, and their 
combination did not significantly change the 
plasma epinephrine concentration  

The data illustrated in Tables (1) revealed 
no significant increases in plasma dopamine 
as compared to the control group. The results 
agreed with [23] who performed his study in 
human as a ten volunteers administered 
loading doses of 0.07 mg/kg of midazolam 
followed by 0.7 mg/kg of ketamine and 
related his study to the development of a 
method for detoxification that decreases the 
stimulation of the sympathetic nervous 
system will prevent changes of 
catecholamine levels. Direct transition from 
heroin to oral naltrexone after deep sedation 
with midazolam in conjunction with 
naloxone, droperidol, ondansetron and 
clonidine treatment for 24 hours has no effect 
on the plasma level of epinephrine and 
dopamine [24]. 

The obtained data in Tables (1) recorded 
a non significant decrease in plasma 
histamine as compared to the control group. 
These results were disagreed with the study 
of [25] who proved that, histamine levels 
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decreased significantly after 5 min from 
midazolam injection. Also, our results similar 
to [26] and [27] who stated that midazolam is 
not a histamine releaser.  

The obtained data in Tables (1) stated a 
non significant increase in the level of 
plasma cholinesterase as compared to the 
control group but at 3rd and 4th week exhibit a 
significant increase in cholinesterase activity. 
This result agreed with that of [28] who 
stated that midazolam did not inhibit the 
pseudocholinesterase (CHE) activity. 

The obtained data in Tables (1) revealed 
no significant changes in the level of serum 
serotonin as compared to the control group. 
This results was came in accordance with the 
results of [29] who studied the influence of 
long-term immobilization stress on regional 
blood-brain barrier permeability, cerebral 
blood flow and serotonin level in conscious 
normotensive and sedated rats not induce any 
changes in serotonin level.  

The data illustrated in Table (2) and 
shown in Figure (1) stated no significant 
alteration between control and midazolam 
groups in serum total protein, albumin, total 
globulin, α-globulin, β-globulin and              
γ-globulin. This result is confirmed by the 
study of [30].  

The obtained data in (Tables 3) revealed 
no significant changes in the level of serum 
IgA as compared to the control group. IgA is 
the major immunoglobulin in seromucous 
secretion. It is increased in liver disease and 
increased or decreased in sinopulmonary 

infection and not affected in neural diseases 
[31]. 

The obtained data in (Tables 3) stated a 
non significant change in the level of serum 
IgE as compared to the control group. IgE 
increased in parasitic and allergic diseases as 
homocytotropic reaction [31]. Also, this data 
was confirmed by [26] who found that 
midazolam is not a histamine releaser. So 
since the level of histamine is decreased with 
midazolam then this should lead to a normal 
IgE which increases with high level of 
histamine. 

The obtained data in (Tables 3) revealed 
no significant changes in the level of serum 
IgG as compared to the control group. [31] 
stated that IgG is increased in liver disease 
and chronic infection and reduced in B cell 
depression. Since the liver enzymes are 
normal and no infection occurred and 
midazolam had a dose-dependent inhibitory 
effect on mast cell chemotaxis and exocytosis 
as stated by [32], thus there were no changes 
in IgG or IgM and since the dose used for 
midazolam was a small dose the results 
revealed no significant changes as compared 
to the control group.  

The obtained data in (Tables 3) revealed 
no significant changes in the level of serum 
IgM as compared to the control group. IgM is 
increased in infection and reduced in B cell 
depression [3]. Since there is no recent 
infection the results revealed no significant 
changes as compared to the control group. 

 
Table 1: Mean values of plasma adrenaline, histamine, dopamine and serum cholinesterase,  
serotonin in control and midazolam injected rats 
 

Midazolam  
Control 1st 

week 
2nd 

week 
3rd 

week 
4th 

week 
6th 

week 
8th 

week 
10th 

week 
12th 

week 
Adrenaline 

(pg/ml) 
111.48 
±3.75 

106.49 
±3.15 

105.48 
±5.31 

108.4 
±5.81 

109.09 
±4.15 

109.81 
±5.99 

108.70 
±7.84 

109.12 
±1.98 

111.38 
±2.88 

Dopamine 
(pg/ml) 

119.30 
±4.34 

139.61 
±1.35 

148.59 
±2.25 

149.95 
±1.08 

153.39 
±0.81 

149.39 
±0.81 

151.84 
±0.72 

139.29 
±1.35 

131.49 
±2.79 

Histamine 
(ng/ml) 

0.44 
±0.01 

0.44 
±0.05 

0.43 
±0.06 

0.44 
±0.08 

0.42 
±0.05 

0.41 
±0.18 

0.40 
±0.08 

0.40 
±0.01 

0.42 
±0.03 

Cholinesterase 
(U/L) 

5.78 
±0.12 

5.78 
±0.18 

9.75 
±0.54 

11.66 
±0.27* 

10.86 
±0.09* 

6.70 
±0.18 

6.82 
±0.45 

8.90 
±0.09 

7.70 
±0.18 

Serotonin 
(ng/ml) 

77.63 
±1.50 

76.95 
±1.17 

76.94 
± 1.18 

76.96 
±1.17 

76.96 
±1.17 

76.86 
±1.17 

76.76 
±1.17 

76.76 
±1.17 

76.86 
±1.17 

        * Indicate significant difference from control at (P<0.05). 
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Table 2: Mean values of serum total protein, albumin, total globulin, α-globulin, β-globulin and 
γ-globulin in control and midazolam  injected rats 

 

Midazolam  
Control 1st 

week 
2nd 

week 
3rd 

week 
4th 

week 
6th 

week 
8th 

week 
10th 

week 
12th 

week 
Total 

protein 
(g/dl) 

6.91 
±0.71 

7.05 
±0.72 

7.19 
±0.74 

7.32 
±0.75 

7.46 
±0.77 

7.53 
±0.77 

7.60 
±0.78 

7.67 
±0.79 

7.74 
±0.80 

Albumin 
(g/dl) 

3.98 
±0.37 

4.06 
±0.38 

4.14 
±0.28 

4.22 
±0.39 

4.30 
±0.40 

4.34 
±0.40 

4.38 
±0.41 

4.42 
±0.39 

4.46 
±0.46 

Total 
globulin 

(g/dl) 

2.91 
±0.35 

2.97 
±0.26 

3.03 
±0.36 

3.08 
±0.37 

3.14 
±0.38 

3.17 
±0.38 

3.20 
±0.39 

3.23 
±0.28 

3.26 
±0.19 

α-globulin 
(g/dl) 

0.98 
±0.18 

1.00 
±0.17 

1.02 
±0.13 

1.04 
±0.19 

1.06 
±0.16 

1.07 
±0.21 

1.08 
±0.28 

1.09 
±0.20 

1.10 
±0.26 

β-globulin 
(g/dl) 

0.67 
±0.13 

0.68 
±0.18 

0.70 
±0.15 

0.71 
±0.19 

0.72 
±0.14 

0.73 
±0.14 

0.74 
±0.24 

0.74 
±0.19 

0.75 
±0.15 

γ-globulin 
(g/dl) 

1.26 
±0.21 

1.29 
±0.31 

1.31 
±0.22 

1.34 
±0.28 

1.36 
±0.23 

1.37 
±0.23 

1.39 
±0.33 

1.40 
±0.28 

1.41 
±0.29 

* Indicate significant difference from control at (P<0.05). 

 

  
 

(A) (B) (C) 

  
 

(D) (E) (F) 

 
 

 

(G) (H) (I) 
Fig. 1: show the electrophoretic pattern of serum protein in control and midazolam group:  (A) 
Control, (B) midazolam group at 1st week, (C) midazolam group at 2nd week, (D) midazolam group 
at 3rd week, (E) midazolam group at 4th week, (F) midazolam group at 6th week, (G) midazolam 
group at 8th week, (H) midazolam group at 10th week, (I) midazolam group at 12th week. 
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CONCLUSIONS  

The conclusion from the present study, 
midazolam injected for 12 consecutive weeks 
has no significant changes in 
neurotransmitters (except actylecholinestrase 
at 3rd and 4th week were significantly 
increased), protein electrophoretic fractions 
and immunoglobulins. 
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