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Abstract. The aim of the present study was to identify alterations 
in brain function following administration of a single, low‑dose 
of codeine phosphate in healthy volunteers using resting‑state 
functional magnetic resonance imaging (fMRI). In addition, the 
metabolic changes in the two sides of the frontal lobe were iden-
tified using 1H‑magnetic resonance spectroscopy (1H‑MRS). 
A total of 20  right‑handed healthy participants (10  males, 
10 females) were evaluated, and a Signa HDx 1.5T MRI scanner 
was used for data acquisition. An echo planar imaging sequence 
was used for resting‑state fMRI, whereas a point resolved spec-
troscopy sequence was used for 1H‑MRS. Regional Saturation 
Technique, Data Processing Assistant for Resting‑State fMRI, 
and Statistical Parameter Mapping 8 were used to analyze the 
fMRI data. The 1H‑MRS data were analyzed using LCModel 
software. At 1 h after oral administration of codeine phosphate 
(1.0 mg/kg), the amplitude of low‑frequency fluctuation (ALFF) 
and regional homogeneity were altered in different brain areas. 
The choline content was significantly increased in the right and 
left frontal lobes following codeine phosphate administration 
(P=0.02 and P=0.03, respectively), whereas the inositol content 
was significantly decreased in the left frontal lobe (P=0.02). 
There was no change in the glutamic acid content in the frontal 
lobes. In conclusion, the functions of different brain regions 
can be affected by a single, low‑dose administration of codeine 
phosphate. The alterations in metabolite content in the two 
frontal lobes may be associated with changes in brain function, 

whereas the ALFF in the globus pallidus may have an effect 
on codeine phosphate addiction. Finally, glutamic acid may be 
useful in the estimation of codeine dependence.

Introduction

Low‑dose codeine phosphate is a widely used sedative for the 
management of cough and pain (1). However, to the best of 
our knowledge, there is a limited number of previous studies 
directly demonstrating the effects of codeine phosphate on 
brain metabolism and function in humans (2,3). In addition, the 
exact mechanisms of action of codeine phosphate on the brain 
remain unclear. Therefore, a number of side effects occurring 
following codeine phosphate administration, such as drug 
dependency and withdrawal, are not well understood (4,5).

Magnetic resonance spectroscopy (MRS) and resting‑state 
functional magnetic resonance imaging (fMRI) can be used 
to investigate the effects of codeine phosphate in the brain (6). 
MRS enables a noninvasive assessment of the brain and 
other organs to identify chemical changes in a given region 
of interest (7). Furthermore, an accurate quantitative analysis 
of brain metabolites is possible using Linear Combination 
of Model (LCModel) software (http://www.s‑provencher.
com/pages/lcmodel.shtml) (8). MRS combined with LCModel 
has been widely used for the assessment of brain tumors, 
mental disorders and drug analysis (9‑11).

Resting‑state fMRI is an intricate method that is able to 
identify the function of different brain regions in a given status 
or without external stimulation (12). In addition, resting‑state 
fMRI can be performed without the requirement of an overt 
task or external input; therefore, the results are reliable and 
the external factor effects are reduced (13,14). Compared with 
traditional fMRI, resting‑state fMRI can be analyzed with 
regard to the amplitude of low‑frequency fluctuation (ALFF), 
regional homogeneity (ReHo) and functional connectivity (15). 
Furthermore, previous studies have used resting‑state fMRI to 
identify the impact of drugs, primarily strong and illicit opioid 
drugs, on the brain (16,17).

To the best of our knowledge, fMRI studies of codeine 
phosphate, which is a weak opioid drug, have not been previ-
ously reported. Functional and metabolic alterations in the 
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frontal lobe are the primary causes of strong and illicit opioid 
drug side effects (18,19). Furthermore, the functions of the 
human brain hemispheres are different. Advanced functions, 
including speaking, reading, writing, calculating, recognizing 
amongst others are administrated by one side of the brain 
hemisphere. This side of brain hemisphere is called the advan-
tage hemisphere. Handedness is an external symbol to judge 
on which side is the advantage hemisphere of brain.

The present study aims to investigate the metabolite and 
functional data affected by the normal doses of codeine phos-
phate that are obtained from the experiments conducted. This 
data will provide accurate and reasonable background infor-
mation for future studies on codeine addiction. Furthermore, 
it is significant to study the effect on the frontal lobe because 
it is the part of the brain that is responsible for thinking, drug 
craving and for our emotions. Previous opioid dependence 
studies reveal that a change in emotions and a thirst for drugs 
were associated with a change in the function of the frontal 
lobe (20). In the present study, MRS and resting‑state fMRI 
were used to detect the functional and metabolic alterations in 
the frontal lobe of healthy volunteers following the adminis-
tration of a single, low‑dose of codeine phosphate.

Materials and methods

Participants. A total of 20 right‑handed subjects (10 males and 
10 females) were included in the present study. The subjects 
were healthy and were recruited as volunteers by our research 
laboratory between June 2013 and June 2014. All subjects 
met the following inclusion criteria: i) Right‑handed subjects 
with a mean age of 22±2 years; ii) absence of neurological 
illness, which was assessed by a neurologist and confirmed by 
conventional brain MRI; iii) no history of psychiatric illness 
(Mini‑Mental State Examination and Montreal Cognitive 
Assessment test scores, which were assessed by a psychia-
trist, must be ≥27; 21); and iv) no history of drug or alcohol 
dependence, and no drug or alcohol intake within the previous 
2 months. The MRI is recorded by GE Signa HDx 1.5T MR 
scanner (GE Healthcare Life Sciences, Little Chalfont, UK).

Individuals with neurological, psychiatric or organic 
diseases were excluded. Additional exclusion criteria were as 
follows: i) A past or current history of central nervous system 
damage caused by other diseases; or ii)  severe medical 
illness. 

The present study was approved by the Ethics Committee 
of the Shantou University Medical College (Shantou, China). 
All subjects provided written informed consent prior to study 
participation.

Data acquisition. Codeine phosphate (Qinghai Pharmaceutical 
Group Co., Ltd., Xining, China) has been previously reported to 
require 1 h to reach the peak plasma drug concentration in the 
brain (4). Thus, data from healthy participants were collected 
before and 1 h after oral administration of codeine phosphate 
(1.0 mg/kg). A Signa HDx 1.5T MRI scanner (GE Healthcare 
Life Sciences) was used for data acquisition. An echo‑planar 
imaging (EPI) sequence was used for resting‑state fMRI with 
the following conditions: Repetition time (TR), 2000 ms; echo 
time (TE), 25 ms; flip angle, 90 ;̊ number of slices, 39; and field 
of view, 192 mm.

Proton (1H) MRS involved the use of a point resolved spec-
troscopy sequence (also known as PRESS) with the following 
conditions: TE/TR, 35/1500  ms; total scan number,  128; 
volume of interest, 2 cm3; full wave at half maximum, <10; 
and water suppression, <98%. The voxels were placed in the 
symmetrical frontal lobe.

Data processing. The resting‑state fMRI data were 
processed using the Regional Saturation Technique 
(REST; (http://restfmri.net/forum/REST_V  1.8)  (22), Data 
Processing Assistant for Resting‑state fMRI (DPARSF) (23) 
and Statistical Parameter Mapping  8 (SPM8)  (24). The 
preprocessing steps with the DPARSF toolkit (DPARSF 
(http://www.restfmri.net/forum/DPARSF) were performed as 
previously described (25), and included slice timing, realign-
ment and normalization. The first 10 volumes were discarded to 
ensure stable magnetization and to allow subjects to adapt to the 
scanning environment. The slice timing involved the number of 
slices (30 slices), slice order (2, 4, 6, and so on, up to 30 slices) and 
reference slice (30). Head motion correction was processed using 
the realign function, and spatial normalization was performed 
using EPI templates. In addition, a band‑pass filter (0.01‑0.08 Hz) 
was applied to remove physiological and high‑frequency noise. 
The effects of the processing maps were investigated using 
SPM8 (http://www.fil.ion.ucl.ac.uk/spm/software/spm8/) (26). 
The processing maps refer to the magnetic resonance images 
following the removal of physiological and high frequency noise 
correction.

The values for ALFF and ReHo were calculated using 
REST. In the calculation of the ALFF, the data initially 
underwent smoothing automatically using the REST software 
to suppress noise and effects that resulted from residual differ-
ences in functional and gyral anatomy. The ALFF map was 
normalized to the global mean ALFF for each subject.

The ReHo was evaluated using Kendall's coefficient 
concordance (KCC), as previously described (27). The ReHo 
maps were generated by assigning a value for each voxel that 
corresponded to the KCC of its time series with the nearest 
26 neighboring voxels. The ReHo maps were standardized 
based on the subject's mean KCC. A 4 mm full width at half 
maximum Gaussian function was used to smooth the images 
to reduce the noise and residual differences.

The MRS data were analyzed using LCModel (28). The 
processing included Fourier transformation and noise filtering, 
and zero‑fill and baseline correction. The metabolite concen-
trations were then measured. In brief, the original magnetic 
resonance spectroscopy data were input into the LCmodel 
software. The software contains a basis set in which there are 
various metabolite spectral lines of the brain collected under 
different parameters in vitro. These spectral lines contain 
metabolite concentration and chemical shift information. 
According to the internal basis set, the software automatically 
matches and compares with the inputted original spectroscopy 
line. Finally, the software computes the metabolite concen-
trations. The features of the LCmodel software is highly 
automatic, without too much human intervention.

Statistical analysis. The MRS data were analyzed using SPSS 
version 17.0 (SPSS, Inc., Chicago, IL, USA). The metabolite 
levels were compared with the normal levels using paired 
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Table I. Peak MNI coordinates of clusters for the amplitude of low‑frequency fluctuation.

	 MNI coordinates
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Brain region	 X	 Y	 Z	 t‑value	 Cluster size

Right frontal lobe white matter	 23	 30	 13	 2.73	
Right parietal white matter	‑ 21	‑ 24	 39	 4.79	 1,108
Left parietal white matter	‑ 21	‑ 21	 36	 4.22	
Left frontal lobe white matter	‑ 22	 33	 13	 2.24	 1,481
Left superior parietal lobule	‑ 36	‑ 58	 49	 3.21	 93
Left superior frontal gyrus	‑ 12	 57	 39	 3.46	 47
Left cingulate	‑ 7	 45	 9	 2.52	 99
Left insula	‑ 39	 11	 8	 2.36	 63
Left ceneus	‑ 33	‑ 85	 9	 3.45	 196
Left thalamus	‑ 8	‑ 20	‑ 1	‑ 4.03	 96
Left cerebral peduncle	‑ 11	‑ 21	‑ 16	‑ 2.01	 107
Left pons	‑ 15	‑ 25	‑ 26	‑ 2.08	 101
Right superior parietal lobule	 31	‑ 71	 49	 2.74	 46
Right inferior frontal gyrus	 47	 38	‑ 1	 2.65	 104
Right limbic lobe	 42	‑ 30	‑ 27	 3.38	 85
Right insula	 42	 11	 8	 2.28	 89
Right ceneus	 45	‑ 81	 9	 3.05	 321
Right parahippocampal gyrus	 54	‑ 1	‑ 22	 3.26	 119
Right cerebellum crus 2	 18	‑ 93	‑ 33	 3.58	 35

Paired t test; statistical threshold, P<0.05 and cluster size, >25 voxels. MNI, Montreal Neurological Institute.
 

Figure 1. Brain areas with an abnormal amplitude of low‑frequency fluctuation (ALFF) following a single oral administration of codeine phosphate (1.0 mg/kg) 
compared to images before administration. Red indicates increased ALFF and blue indicates decreased ALFF. The figure shows representative images from 
all of the subjects.
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Table II. Peak MNI coordinates of clusters for regional homogeneity.

	 MNI coordinates
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Brain region	 X	 Y	 Z	 t‑value	 Cluster size

Left corona radiata	‑ 21	‑ 21	 36	 4.22	 1,163
Right corona radiata	 21	‑ 24	 39	 4.79	  679
Genu of corpus callosum	   ‑1	  34	  4	 3.32	 118
Left precentral gyrus	‑ 45	‑ 16	 49	‑ 4.09	 105
Left cuneus	‑ 25	‑ 89	 29	‑ 3.59	 168
Left middle frontal gyrus	‑ 44	  13	 36	‑ 3.73	 100
Left inferior frontal gyrus	‑ 45	  27	 27	‑ 5.74	 112
Left insular lobe	‑ 40	  13	  4	 3.01	   80
Left thalamus	   ‑6	‑ 18	  3	‑ 7.06	  126
Left putamen	‑ 28	  10	  2	 2.32	   93
Left cerebral peduncle	   ‑8	‑ 27	‑ 20	‑ 3.36	   96
Right precuneus	 12	‑ 73	 37	‑ 2.74	   94
Right cingulated gyrus	  5	‑ 39	 40	‑ 5.27	   84
Right lateral occipitotemporal gyrus	 51	    3	‑ 24	 7.24	   79
Right parahippocampal gyrus	 41	‑ 12	‑ 29	 5.00	  200
Right thalamus	  9	‑ 18	   3	‑ 7.07	   98
Right middle cerebral peduncle	 19	‑ 43	‑ 39	 4.71	  105
Right inferior temporal gyrus	 50	‑ 33	‑ 22	 3.02	    80
Right cerebellum posterior lobe	 21	‑ 42	‑ 39	 6.11	    81

Statistical analysis was performed by the paired t test; statistical threshold, P<0.05 and cluster size >25 voxels. MNI, Montreal Neurological 
Institute.
 

Figure 2. Brain areas with abnormal regional homogeneity (ReHo) values following a single oral administration of codeine phosphate (1.0 mg/kg), compared 
with images before administration. Red indicates increased ReHo and blue indicates decreased ReHo. The figure shows representative images from all of the 
subjects.
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Figure 3. 1H‑MR spectra from the same subject. Magnetic resonance spectroscopy maps of the right frontal lobe (A) prior to and (B) following oral administra-
tion of codeine phosphate (1.0 mg/kg), and the left frontal lobe (C) prior to and (D) following oral administration of codeine phosphate (1.0 mg/kg).

Table III. Concentrations of metabolites in the right frontal lobe prior to and following treatment with codeine phosphate.

	 Metabolite concentration (mmol/l)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Metabolite	 Prior to administration	 Following administration	 t‑value	 P‑value

Creatinine	 4.90±0.71	 5.14±0.99	‑ 0.82	 0.42
Glutamic acid	 4.44±0.39	 3.03±0.38	 0.90	 0.37
Inositol	 4.96±0.35	 4.54±0.25	 0.95	 0.35
N‑acetyl aspartate 	 6.95±1.46	 7.33±0.85	‑ 0.91	 0.38
Choline	 1.34±0.11	 1.75±0.13	‑ 2.61	 0.02

Data are presented as the mean ±standard deviation.
 

Table IV. Concentrations of metabolites in the left frontal lobe prior to and following treatment with codeine phosphate.

	 Metabolite concentration (mmol/l)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Metabolite	 Prior to administration	 Following administration	 t‑value	 P‑value

Creatinine	 5.39±0.42	 4.96±0.21	 0.91	 0.37
Glutamic acid	 3.76±0.31	 4.31±0.46	 ‑0.32	 0.75
Inositol	 5.13±0.33	 4.14±0.18	 2.63	 0.02
N‑acetyl aspartate	 7.46±0.91	 7.41±0.66	 0.07	 0.95
Choline	 1.19±0.08	 1.44±0.06	‑ 2.41	 0.03

Data are presented as the mean ± standard deviation.
 

  A   B

  C   D
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t‑tests. The ReHo and ALFF maps were compared using 
paired t‑tests with the ‘Statistical Analysis’ module in REST. 
A P‑value of <0.05 combined with a cluster size of >25 voxels 
was considered to indicate a statistically significant differ-
ence. All within‑group statistical maps of ReHo and ALFF 
were superimposed on the anatomical template (Ch2.nii) for 
presentation purposes (29).

Results

fMRI results. At 1 h after codeine phosphate administration, 
the ALFF values were significantly altered in various brain 
regions (Fig. 1; Table I). These regions predominately included 
the sensorimotor system, limbic system, reward system and 
corona radiata. The ALFF values increased in the right frontal 
lobe white matter, right parietal white matter, right superior 
parietal lobule, right inferior frontal gyrus, right limbic lobe, 
right insula, right ceneus, right parahippocampal gyrus, right 
cerebellum crus 2, left parietal white matter, left frontal lobe 
white matter, left superior parietal lobule, left superior frontal 
gyrus, left cingulate, left insula, left ceneus, left thalamus, left 
cerebral peduncle and left pons. The ALFF values decreased 
in the left thalamus but did not change in the globus pallidus. 

The ReHo values were also altered in various brain 
areas (Fig. 2; Table II). These regions primarily included the 
bilateral corona radiata, genu of the corpus callosum, left 
frontal lobe, right temporal lobe, bilateral parietal lobe, right 
cerebellum and thalamus. The ReHo values increased mainly 
in left corona radiate, right corona radiate, Genu of corpus 
callosum, Left insular lobe, Left putamen, Right insular lobe, 
right lateral occipitotemporal gyrus, right parahippocampal 
gyrus, right middle cerebral peduncle, right inferior temporal 
gyrus and right cerebellum posterior lobe. The ReHo values 
declined in left precentral gyrus, left cuneus, left middle 
frontal gyrus, left inferior frontal gyrus, left thalamus, left 
cerebral peduncle, right precuneus, right cingulated gyrus and 
right thalamus (Fig. 2; Table II). 

1H‑MRS results. The high‑quality 1H‑MRS data, which are 
presented in Fig. 3A‑D, indicated that the metabolite peaks 
were located as follows: N‑acetyl aspartate (2.0 ppm), creati-
nine (3.03 ppm), choline (3.2 ppm), inositol (3.56 ppm) and 
glutamic acid (2.1 ppm). There results coincide with those 
previously reported in the literature (30). The choline content 
was significantly increased in the right and left frontal lobes 
following oral codeine phosphate administration (P=0.02 
and P=0.03, respectively; Tables III and IV). By contrast, the 
inositol content was significantly decreased in the left frontal 
lobe (P=0.02; Table IV). However, the glutamic acid content 
did not change significantly in the frontal lobes following 
codeine phosphate administration. Compared with before 
administering codeine phosphate, the concentrations of NAA 
and Cr in the both frontal lobe had no statistical significance.

In the present study, the ALFF and ReHo values of 
different brain regions following administration of a single, 
low dose of codeine phosphate in healthy volunteers were 
detected by R‑S fMRI. The ALFF values decreased in the 
left thalamus but the ALFF values in the globus pallidus did 
not change. Moreover, the metabolic changes in the two sides 
of the frontal lobe were identified by 1H MRS, particularly 

the concentration changes in inositol, choline and glutamic 
acid contents.

Discussion

ALFF is defined as the total power of low‑frequency oscilla-
tions between 0.01 and 0.1 Hz (31). It is a marker for differences 
between individuals or brain dysfunction (32). In the present 
study, the ALFF values were altered in different brain areas 1 h 
after a single, low‑dose, oral administration of codeine phosphate 
in healthy volunteers; these regions included the sensorimotor 
system, limbic system, connection between hemispheres and 
reward system. Opioid receptors exist in these areas and are 
activated when codeine binds to them; thus, the neuronal cell 
functional status and structure change accordingly (33).

In a previous opioid addiction study, thalamic functions 
were decreased and were an area of investigation. The data  of 
the present study indicated that the ALFF values decreased in 
the left thalamus after a single, low‑dose, oral administration of 
codeine phosphate. Declined ALFF values of the left thalamus 
had always been seen as an important indicator for opioid 
addiction (34). However, based on the results of the present 
study this decline is believed to be a side effect of opioid drugs 
that extend beyond the effects associated with drug depen-
dence. However, the ALFF values in the globus pallidus did not 
change in the present study. A decrease in the ALFF values of 
the globus pallidus has previously been suggested as a marker 
for opioid addiction (35). Thus, these findings indicate that a 
single, low‑dose administration of codeine phosphate does not 
impact the ALFF value in the globus pallidus. Compared with 
other chronic opioid drug administration, the ALFF value in 
globus pallidus was changed (36). These findings are of poten-
tial significance for future studies regarding codeine phosphate 
dependence, since the ALFF values in the globus pallidus 
may represent a marker that has the potential to differentiate 
between the effects of acute and chronic codeine phosphate 
intake. However, the specific point at which the ALFF values 
in the globus pallidus change as a result of the transition to 
codeine phosphate addiction requires further investigation.

ReHo is a voxel‑based measurement of brain activity that 
does not require an a priori definition of regions of interest and 
can provide information regarding the local activity of regions 
throughout the brain (37). ReHo values reflect the similarity 
of time consistency between a voxel and its neighboring 
voxel (38). Increased ReHo values indicate that regional brain 
activity is more synchronized. The synchronization of brain 
regions is responsible for the regulation of brain processing and 
the organization of information in space and time (39). In the 
current study, brain regions with high ReHo values indicated 
an increased capacity of relevant brain regions to manage 
information. Furthermore, brain regions with low ReHo values 
indicated that these brain areas were weaker in handling infor-
mation. Regardless of ALFF or ReHo applications, the present 
study identified a small alteration in cerebrospinal fluid that 
appeared to be inconsequential; however, cerebrospinal fluid 
presented low frequency oscillations and a similar circulating 
consistency, which has been previously reported (40).

The results in the current study identified that inositol 
content decreased in the left frontal lobe following a single, 
low‑dose administration of codeine phosphate, which may be 
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associated with functional alterations in brain voxels. Typically, 
the metabolites of the voxel exchange with external brain 
areas increase due to increased blood flow and blood velocity. 
In addition, an increased choline content in the two frontal 
lobes was identified following codeine phosphate administra-
tion (41,42). Choline is a constituent of cell membranes and 
reflects membrane turnover, while it is also a precursor of 
acetylcholine and phosphatidylcholine (43); thus, it is involved 
in membrane status, memory, cognition and mood. In the 
present study, the ALFF increased in voxels that exhibited 
metabolite changes in the frontal lobe. The ALFF‑enhanced 
brain regions exhibit increased excitability and metabolism; 
therefore, the increase in choline content may explain the 
increase in the ALFF signal in the frontal lobe (44).

The glutamic acid content was unchanged in the frontal 
lobe in the current study. Thus, a single, low‑dose admin-
istration of codeine phosphate did not affect the glutamate 
metabolite level in the frontal lobe, as identified using 1H‑MRS. 
Glutamic acid can function as an excitotoxin, which may 
cause nerve‑cell injury in a variety of neurological disorders, 
including drug addiction (45). Strong and illicit opium drug 
dependence can cause glutamate concentration changes in the 
frontal cortex (46‑48). Thus, the results in the present study 
are significant for future studies regarding codeine phosphate 
dependence, since they indicate that a single, low‑dose admin-
istration of codeine phosphate induces different effects on brain 
glutamate concentrations in the frontal cortex when compared 
with the findings from more chronic administrations (49‑51). 
Therefore, glutamate metabolites in the frontal cortex may 
represent a potential marker for the estimation of weak opium 
drug dependence.

In conclusion, the results of the current study indicated 
that the ALFF and ReHo values changed in different brain 
regions, and the content of various metabolites changed 
in the frontal lobe following low‑dose codeine phosphate 
administration in healthy volunteers. These results clearly 
indicate that codeine phosphate affects brain function and 
metabolism. Furthermore, these techniques may be used 
in future studies to examine more specific mechanisms of 
codeine phosphate addiction.
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