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Abstract

Cancer patients having moderate to severe pain need immediate pain relief.
Immediate release formulation of morphine is not available in Bangladesh.
This open label randomised two phase crossover clinical trial was conducted
to compare strength, efficacy, and tolerability of oral morphine solution
prepared from morphine sulfate injectable formulation and sustained release
tablet with and without added preservatives. Concentration of morphine in
solutions both with and without added preservative was highest on the first
day and then gradually decreased. No difference between two storage
temperatures on first day, but highly significant difference afterwards. Rate of
degradation of morphine in solution with added preservative was
significantly slower. The present study revealed that the solutions prepared
from sustained release tablets and injectable formulation with added
preservative could be an option to control severe pain in cancer patients. To
introduce the present research finding in clinical practice, this has to be
accepted institutionally.

Introduction

Morphine has been accepted as gold standard drug of
choice to treat moderate to severe pain in advanced
cancer (WHO, 1996). Oral route is the simplest, the most
acceptable and preferable route. Aqueous solutions of
morphine sulfate or hydrochloride salt and tablet or
capsule preparation is recommended for oral
administration. Immediate release tablet, also known as
soluble tablet is cheap, useful for dose titration and
quick effect. On the other hand, modified or slow
release formulation is recommended for maintenance
treatment though relatively expensive has longer
duration of action (Hanks et al., 2001).

Regarding availability of morphine, restrictive narcotic
law of Bangladesh has contributed negatively. In
addition, awareness of health care professionals about
use of Morphine in effective pain control is still
inadequate (Khatun et al., 2008; Dehgan et al., 2010).
Moreover, in Bangladesh, due to complicated regula-

tory formalities and less profit opportunity, morphine
preparation has been manufactured by only one
pharmaceutical company, injectable preparation (G
Morphine) and sustained release tablet formulation (G
Morphine SR) are available and both contained 15 mg
morphine sulfate. Immediate release formulation of
morphine either as tablet or as solution is not available
in Bangladesh (Dehgan et al., 2010).

Cancer patients having moderate to severe pain need
immediate pain relief. Immediate release formulation is
also ideal for breakthrough pain. Some patients
consider solution form more convenient to consume. In
the background of this prevailing reality in Bangladesh,
Centre for Palliative Care, Bangabandhu Sheikh Mujib
Medical University prepared an immediate release
morphine solution from injectable formulation of
morphine sulfate with distilled water.

In the present study, morphine solution from sustained
release tablet was prepared, which was comparatively

This work is licensed under a Creative Commons Attribution 3.0 License. You are free to copy, distribute and perform the work. You must attribute the work in the
E manner specified by the author or licensor.




Wiy

N 4

Bangladesh ] Pharmacol 2015; 10: 116-124 117

cheaper than injectable formulation and modified both
formulations by adding more preservative. This open
label randomised two phase crossover clinical trial was
conducted to compare the strength, efficacy, and
tolerability of oral morphine solution prepared from
morphine sulfate injectable formulation and sustained
release tablet with and without added preservatives in
cancer patients.

Materials and Methods

Preparation of solution

Four different types of morphine solutions were
prepared. One solution was prepared from morphine
sulfate injectable formulations with deionized water.
Another solution was prepared from morphine sulfate
injectable formulations with deionized water and
preservative was added and finally stored in an amber
glass container. Preservatives used were sodium meta-
bisulfite (0.9 mg), sodium chloride (7.6 mg), sodium
citrate (0.2 mg) and citric acid (0.4 mg) for 1 mg
morphine sulfate stored in an amber glass container
(British Pharmacopeia, 2009).

Solutions prepared from sustained release tablets were
dissolved for 20 hours in deionized water in room
temperature (20-25°C), then the solutions was filtered
with filter paper and deionized water was added and
stored in an amber glass container. Another solution
was prepared from sustained release tablets following
same procedure and preservative was added and mixed
with filtered solution in an amber glass container.

These solutions were stored into amber glass bottles in
equal amount and kept at 4°C and room temperature
(20-25°C) (Preechagoon et al., 2005). Then morphine
concentration was estimated in solution in the day just
after preparation and then every 24 hour after up to 96
hours of storage.

Each day 20 pL of stored solution and 980 pL of 0.1 M
NaOH solution was added in a test tube and covered
with aluminum foil paper till estimation. The absor-
bance was estimated by the spectrophotometer at 298
nm wavelength against reagent blank. The reading was
adjusted at 0.000 in the spectrophotometer by using
0.1M NaOH before measurement (British Pharma-
copeia, 2009).

Subject inclusion

Patient with advanced cancer who mentioned pain
intensity more or equal to 7 in the Visual Analogue
Scale (VAS) were included in the study. Patient who
received chemotherapy for last 15 days and unable to
communicate verbally were excluded from the study.
Thirty six admitted cancer patients who received at
least single dose of morphine solution were considered
as Intent to Treat (ITT) population and were divided

into two groups. One group consists of 17 patients, who
received solutions prepared from morphine without
added preservatives. Another group consisted of 19
patients received solutions prepared with added
preservatives. Among them 4 patients from each group,
i.e., total 8 patients could not complete the study for
different reasons. Therefore, 28 patients who completed
the study were considered as per protocol population.

Before assessment of pain intensity, VAS was explained
to each patient, who fulfilled the inclusion criteria. In
VAS, 0 means no pain and 10 means worst possible
pain (Scott and Huskisson, 1979). In first phase of the
study, after explanation of VAS, VAS score was taken
before morphine solution. Then after 0.3, 0.6, 1, 1.5 and
4 hours of administration morphine solution, patient
was asked about his pain intensity. In second phase of
the study, pain intensity of patients was recorded after
1.5 hours of 1st, 2nd, 3rd and 4th doses of administration.
Number in the scale mentioned by patient was
recorded in data collection sheet.

In first phase, patient who received morphine solution
without added preservative from sustained release
tablet from 1st to 4th day of the study, crossed over with
solution prepared by injectable formulation without
any washout period from 5t to 8th day of the study.
Patients who received morphine solution prepared by
injectable formulation from 1st to 4th day of the study
crossed over with the solution prepared with sustained
release tablets from 5t to 8th day of the study. After
completion of the study with morphine solution with-
out added preservative group, then study started with
added preservative group in same manner.

Both groups of patients were administered morphine
solution orally after assessing their pain intensity by
VAS. After 20 min of administration, the intensity of
pain was reassessed by VAS and relief of pain by pain
relief score. During this period, patients were asked
about side effects and assessed by 4 point categorical
scale. After 40 min, 1 hour, 1.5 hour and 4 hours of
administration, VAS, pain relief score and side effects
score were recorded for next seven days once daily over
a 4 hours period after drug administration.

In second phase of the study, one group of patients
received solutions prepared by sustained release tablets
without added preservative and another group
received solutions with added preservative, both group
for one day. Patients were administered morphine
solution orally after assessing their pain intensity by
VAS. Then 1st dose of morphine solution was adminis-
tered and pain intensity was recorded after 1.5 hours by
VAS. Then pain intensity of patients was recorded after
1.5 hours of 2nd, 3rd and 4th doses of administration.

Patient who complained breakthrough pain in both
phases, treated with morphine solution as rescue doses
(Hagan et al., 2008). Frequency of administration and
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amount of rescue doses were also recorded.

Opioid naive patients received oral morphine solution 5
mg every 4 hours as the starting dose (irrespective of
injectable formulation and sustained release tablet).
Opioid tolerable patients received 10 mg every 4 hours
was the starting dose (Hanks et al, 2001) and by
morphine trial (Kumar et al., 2000).

Morphine solutions were administered at 8:00 am, 12:00
pm, 4:00 pm, 8:00 pm and 12:00 pm at local time (Hanks
et al, 2001). A double dose was administered at
bedtime to avoid nocturnal dosing (Dale et al., 2009;
Todd et al., 2002). Every day of study total daily dose of
morphine solution was adjusted according to the
patient’'s need (WHO, 1996). Total daily doses were
increased if patients complained and decreased if side
effect especially somnolence was developed. No
maximal dosage limit was imposed by the protocol,
unless any uncontrollable adverse event aroused.

Patients who experienced breakthrough pain during the
interval between two regular doses took rescue doses of
oral morphine solution. Rescue doses were the same as
the patient’s regular doses morphine solution
(Zeppetella, 2009). The total daily dosage was titrated
on patients who took that twice and more rescue doses
of solution in previous 24 hours along with his/her
regular dose of solution (Hanks et al., 2001).

In first phase, mean pain intensity was calculated before
and after administration morphine solution. In second
phase, mean pain intensity were calculated before and
after patient received 1st, 2nd, 3rd and 4th dose of
solutions.

Before assessment of pain relief score, each patient who
fulfilled the inclusion criteria was asked about his pain
relief after administration of morphine solution. Pain
relief score was assessed after administration of mor-
phine solution. Qualitative data mentioned by patient
was interpreted by researcher that if patient replied 0
means pain was not relieved after drug administration,
little relief of pain interpreted as 1, some relief of pain
interpreted as 2, a lot relief of pain interpreted as 3 and
complete relief of pain interpreted as 4 (Likert, 1932).
All data were then recorded in data collection sheet.

Each patient included in the study, had to reply their
pain relief maximum at 4 in one single assessment.
Similar assessment done after 0.3, 0.6, 1, 1.5 and 4
hours. Therefore, in this time period individual patient
had to reply his pain relief on five occasions and
consequently a maximum at 20 in a single day of study.
In a four day study, individual patient had to reply his
pain relief score to a maximum of 80. The summative
total pain relief score was calculated among the per
protocol patient in each group. Then the cumulative
pain relief score as replied by individual per protocol
patient in a single day was calculated. Then their pain

relief score in four day study was calculated for an
individual patients received solutions prepared with
sustained release tablets or injectable solutions with and
without added preservative.

In side effect score, patient was assured that he could
mention more than one side effect. Each of the side
effects was assessed separately at 0.3, 0.6, 1, 1.5 and 4
hours after morphine solution administration. Com-
plete absence of any side effects was interpreted as 0,
mild form of side effects interpreted as 1, moderate
form of side effects was interpreted as 2 and severe
form of side effects interpreted as 3 (Downie et al.,
1978). Number of the scale was interpreted by the
researcher and later was recorded in data collection
sheet.

Each patient reported in the study, had to reply their
side effects as severe at 3, moderate at 2 and mild at 1 in
one single assessment. Side effects scores were recorded
after administration of solution and finally mean side
effects daily was calculated. In each 4 day phase,
individual patient might have replied his severe form of
side effects as 12, moderate form as 8 and mild form as
4 for a single adverse effect. Then calculated the
cumulative side effects score replied by individual per
protocol patient in different groups. Each side effect
was compared with highest mild, moderate and severe
form side effects score versus cumulative score of per
protocol patient of each group.

Result

Morphine sulfate sustained release tablets dissolved in
deionized water shows different concentration of
morphine (ug) in filtered solutions at different time.
Highest concentration of morphine (1398.7 pg) was
found in solution after 20 hours of dissolution (Table I).

Figure 1 shows the concentration of morphine in solu-
tion prepared from sustained release tablets and
injectable formulation of morphine sulfate without and
with added preservative, stored in room temperature
(20-25°C) and 4°C temperature. Concentration of mor-

Table I

Dissolve test of sustained release morphine sulfate
tablets

Time of storage Concentration of morphine

(hours) )
4 533.0 +30.5

8 1165.0 £33.7
12 1380.5+£3.7
16 1396.0 £ 3.3
20 1398.7 £2.2

Values are expressed as mean * SD; n=6
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Figure 1: Estimation of morphine in solution prepared from sustained release tablets and injectable formulation without and with
added preservative stored at different temperature and time

Solution prepared by sustained release tablet- without (a) or with (b) added preservative stored in room temperature (20-25°C); without (c) or with
(d) added preservative stored 4°C temperature. Solution prepared by injectable formulation - without (e) or with (f) added preservative stored in
room temperature (20-25°C); without (g) or with (h) added preservative stored 4°C temperature
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Figure 2: Differences in Mean Daily Pain Intensity after administration of morphine solution prepared by sustained release tablet
(A) and injectable formulation (B) without and with added preservative over a four hour study period

A: solution prepared without added preservative; B: solution prepared with added preservative

phine was highest on first day of the study just after
preparation of solutions in both temperatures. Then
concentration of morphine had gradually decreased on
second, third, fourth and fifth day.

‘Paired t’ test was done. No significant difference found
on first day of study of two groups. Highly significant
difference found in solution on second, third, fourth
and fifth day of study in solutions with and without

added preservative. No significant difference was
found on first, second, third, fourth and fifth day
among solutions without added preservative but
significant difference was found on second, third,
fourth and fifth day among solutions with added
preservative.

Figure 2 shows mean daily pain intensity changes
according to visual analogue scale within four hours
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Figure 3: Differences in pain intensity after administration of
solution prepared by sustained release tablets with and with-
out added preservatives in a day

x: solutions prepared without added preservative; y: solutions prepared
with added preservative

period of study. Solution prepared by sustained release
tablets without added preservative highest mean daily
pain intensity £ SD at 20 min after administration.
Values were gradually decreasing at 40 min, 1 hour, 1.5
hour after administration. Lowest pain intensity
recorded at 1.5 hour over a four hour study period.
Then at 4 hours after administration of solution mean
daily pain intensity slightly increase from previous
records. Solution prepared with added preservative
shows same result. Same result of mean daily pain
intensity changes shows after administration of
morphine solution prepared by Injectable formulation
without and with added preservative over a four hour
study period.

Figure 3 shows changes of pain intensity in visual
analogue scale over a day after 1.5 hours of morphine
solution administration. Pain intensity marked as base-
line, before administration of solution prepared by
sustained release tablets without added preservative
was highest, after 1.5 hours of 1st dose of morphine
solution administration, it was decreased, when patient
received solution just after preparation. After 2nd dose
intensity was also decreased, when solution was stored
for 4 hours. After 8 hours storage 3rd dose of solution
and after 12 hours of storage at 4th dose was adminis-
tered, intensity were slightly increased from previous
records.

Pain intensity before administration of solution pre-
pared by sustained release tablets with added presser-
vative was highest. Pain intensity after 1.5 hours of 1,
2nd, 3rd and 4th dose of morphine solution adminis-
tration was gradually decreased. ‘Wilcoxon signed
rank’ test was done. Significant difference was found
between two solutions.

Figure 4 shows total pain relief score of patients
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Figure 4: Cumulative pain relief score after administration of
morphine solution prepared from sustained release tablets and
injectable formulations with and without added preservative

x: Total pain relief score of 7 (80x7) patients included in solutions with-
out added preservative and 9 (80x9) patients included in solutions with
added preservative; y: Cumulative pain relief score after morphine
solution administration prepared from sustained release tablets; z:
Cumulative pain relief score after morphine solution administration
prepared from injectable formulation

received solutions without added preservative was 560.
Cumulative pain relief score after administration of
solution prepared with sustained release tablets was 71
and with injectable formulation was 72. Total pain relief
score of patients received solutions with added
preservative was 720. Cumulative pain relief score after
administration of solution prepared with sustained
release tablets was 110 and injectable formulation was
116. “Wilcoxon signed ranks’ test was done. No
significant difference found on solutions prepared by
sustained release tablets and injectable formulations
with vs without added preservative.

Table II and III shows cumulative side effect score.
Kruskal wallis test was done. No significant difference
was found in solutions prepared with sustained release
tablets and injectable solutions with vs without added
preservation.

Discussion

Concentration of morphine in solutions both with and
without added preservative was highest on the first
day. Then in both cases, concentrations were gradually
decreased on second, third, fourth and fifth day of
stored solutions both in room temperature (20-25°C)
and 4°C temperatures. No significant difference was
found between two storage temperature in all solutions
on first day, but highly significant difference was found
at second, third, fourth day of storage. The rate of
degradation of morphine in solution with added
preservative was significantly slower in comparison
with solutions without added preservative. Higher rate
of degradation of morphine in solutions without added
preservatives occurred possibly due to formation of
morphine-n-oxide, pseudomorphine and apomorphine.
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Table IT

Cumulative side effects score after administration of morphine solution prepared with morphine sulphate

sustained release tablets with and without added preservative
Cumulative side effects score

Side effects

Sustained release tablets without added pre-  Sustained release tablets with added preserv-

servative (n=7) ative (n=9)

Mild Moderate Severe Mild Moderate Severe
Constipation 09/28 08/56 00/84 10/28 04/56 00/84 0.816
Drowsiness 08/12 00/24 00/84 07/32 09/64 03/96
Nausea 07/08 00/16 00/24 02/16 00/32 00/48
Vomiting 01/08 00/16 00/24 03/16 02/32 00/48
Fever 01/08 00/16 00/24 05/08 00/16 00/24
Restlessness 01/04 04/08 03/12 02/08 04/16 00/24
Burning sensation 00/04 00/08 12/12 01/04 06/08 00/12
Diarrhoea 01/04 00/08 00/12 01/04 00/08 00/12
Weakness 00/04 02/08 00/12 01/04 06/08 00/12

Table III

Cumulative side effects score after administration of morphine solution prepared with morphine sulphate

injectable formulation with and without added preservative
Cumulative side effects score

Side effects

Injectable formulation without added pre- Injectable formulation with added preserva-

servative (n=7) tive (n=9)

Mild Moderate Severe Mild Moderate Severe
Constipation 8/24 6/56 3/84 4/28 8/56 15/84 0.894
Drowsiness 1/12 8/24 0/48 13/32 0/64 9/96
Nausea 2/8 0/16 0/24 2/16 0/32 0/48
Vomiting 2/8 0/16 0/24 4/16 0/32 0/48
Fever 0/8 2/16 0/24 0/08 0/16 0/24
Restlessness 1/4 2/8 0/12 0/8 0/16 0/24
Burning sensation 0/4 0/8 9/12 0/4 0/8 0/12
Diarrhoea 0/4 0/8 0/12 0/4 0/8 0/12
Weakness 0/4 0/8 0/12 0/4 8/8 0/12

Morphine usually produces these metabolites when it
comes in contact with atmospheric oxygen. Yeh and
Lach (1961) first mentioned that degradation of
morphine in solutions occurred in presence of
atmospheric oxygen in the system. Vermeire and
Remon (1999) concluded that degradation of morphine
in aqueous solution is accelerated in the presence of
atmospheric oxygen with the formation of mainly
pseudomorphine, to a lesser extent morphine-n-oxide
and probably apomorphine. Oxidation reaction was
considered as the major problem related to storage of
morphine solution.

Solutions prepared with added preservative that
contain sodium metabisulphite, sodium citrate, citric

acid and sodium chloride (British Pharmacopeia, 2009)
showed slower degradation of morphine in solutions.
Sodium metabisulphite is an established antioxidant
and reported to prevent oxidation of morphine. Couple
of researchers added sodium metabisulphite to prevent
degradation of morphine from oxidation reaction and
sodium citrate to improve test without affecting
stability of oral morphine solution in their study.
Possibly due to presence of sodium metabisulphite in
the preservative used in the present study, degradation
rate of morphine was slower (Grassby and Hutchings,
1993; Preechagoon et al., 2005).

No significant difference was observed between solu-
tions irrespective of method of preparation and pre-
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sence of added preservative when stored in room
temperature (20-25°C). Vermeire and Remon (1999)
showed earlier that temperature had a minor influence
on the degradation rate of morphine and recommended
that morphine solutions should preferably be stored at
room temperature. Lawrence et al., (2002) found con-
centrations of morphine in solutions were stable at 4°C
and 23°C. Lee et al. (2003) showed morphine solutions
stored at room temperature and at 4°C had no visual
evidence of discoloration, precipitation or cloudiness
over the 14 days test period. The findings of the present
study are consistent with previous study results.

The demographic characteristics data of intent to treat
population demonstrate that among the malignancies,
carcinoma of breast and stomach cancer were highest
and there was extensive diversity in pattern of
malignancies as reflected by 20 types of cancer in such a
small study. Equal number of male and female patients
was observed. An average of two years’ time was
elapsed after the study subjects got the diagnosis while
they were receiving palliative care service.

The present study revealed that, no significant
difference was found between mean daily pain
intensity between solutions prepared from sustained
release tablets and injectable formulations with and
without added preservative, when pain intensity was
recorded just after preparation. But significant
difference in pain intensity was found after addition of
additional preservative in morphine solutions after
several hours of storage.

Arkinstall et al., (1989) showed that administration of
oral morphine solution in 4 hours interval effectively
controls severe pain. Previous study showed decreased
mean daily pain intensity up to 1.4 £ 0.2 in immediate
release morphine in patients with moderate to severe
cancer pain (Deschamps et al., 1992). MERITO study
shows that immediate release oral morphine effectively
and rapidly decrease the pain intensity after 5 days in
cancer patient with moderate to severe pain (Conno et
al., 2008). Eyelade et al., (2012) mentioned that pre-
treatment pain intensity score reduced 3 point at the
end of the first week of treatment with an immediate
release oral morphine elixir.

The present study shows no significant difference in
case of pain relief after administration of solutions
prepared from sustained release tablets and injectable
formulation through pain relief score. This one dimen-
sional scale reflected pain perception of patients, which
had some limitations like patients avoided extreme
positive responses. The 11-point (0-10) visual analogue
scale performs better than both a 4-point simple
descriptive scale (Downie et al.,, 1978). The present
study also supports this statement.

Various side effects like constipation, drowsiness,
nausea, vomiting, fever, restlessness, burning sensation,

diarrhoea and restlessness were reported. No signifi-
cant difference was found after administration of solu-
tions prepared by sustained release tablets and inject-
table formulations with and without preservative.

Low level of nausea, confusion and drowsiness after
administration of morphine solution was recorded
(Melzack et al., 1979). They also mentioned in their
study that 37% patients reported side effects like
constipation, nausea, vomiting and somnolence for
more than four days. Finn et al, (1993) mentioned
sedation, nausea, anxiety and depression after adminis-
tration of immediate release morphine sulfate solution.
Somnolence, nausea, constipation and dizziness were
the most common morphine associated side effects after
administration of morphine sulfate immediate release
formulation (Colluze et al., 2001). Quigly (2003) assess-
ed side effects of morphine by side effects score in
patients with cancer related pain in their study. 10.9%
constipation, 22.8% nausea, 18.8% vomiting, 10.9%
somnolence, 3% weak-ness, 1% diarrhoea and pyrexia
after administration of immediate release morphine
was reported earlier (Christensen et al., 2008). Dale et
al., (2009) reported constipation, nausea, xerostomia
after administration of immediate release oral mor-
phine. Kamuhabwa and Ezekiel, (2009) mentioned that
79% patient experienced morphine induced side effects,
of which 73% reported constipation, 31% reported
vomiting, 30% reported nausea and 24% reported
drowsiness.

In order to correlate the pharmacological effects with
newer formulation, understanding about the pharmaco-
kinetics of newly prepared formulation needs to be
evaluated. The pharmacokinetic status of Bangladeshi
population is still not very clearly understood, though
couple of studies revealed that orally administered
medicines achieve adequate concentration to demons-
trate desired pharmacological effects (Chowdhury et
al., 2010; Chowdhury et al., 2011, Chowdhury et al,,
2014). The present study was not designed to ascertain
or clarify the correlation of kinetics with dynamics.

Among different limitations, the study could not be
executed as double blind study because of the unavai-
lability of morphine. Furthermore, both groups could
not run in parallel and variation in dose of morphine
for individual patient could not be kept uniform.

This can be presumed from the present study that the
solutions prepared from sustained release tablets and
injectable formulation with added preservative could
be an alternative to control severe pain in cancer
patients of Bangladesh. Nevertheless, research findings
are usually not translated into clinical practice in
Bangladesh as revealed in different previously conduc-
ted studies (Khatun et al.,, 2008; Rahman and Huda,
2014; Afreen and Rahman, 2014). The present under-
graduate and postgraduate medical education pro-
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grams are not responsive or accommodative to newer
research findings and approaches (Rahman, 1995;
Begum et al., 1999; Rahman et al., 2000). Therefore, in
order to introduce the present research finding in
clinical practice, this knowledge has to be accepted
institutionally as well as should be incorporated
formally into the courses of relevant postgraduate
disciplines  through innovative and interesting
approach.
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