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Introduction
Inflammation is evolved as a beneficial strategy for the host in 
response to any potential danger, the inflammatory response is 
normally terminated once the potential danger is eradicated. 
Usually the reversion of the inflammatory response to the 
homeostatic state precedes quite rapidly as a highly regulated 
process known as the resolution of inflammation.1 If the reso-
lution of inflammation fails for any reason, the acute inflam-
mation turns into a chronic stage. A chronic inflammation is 
generally believed to develop if the elimination of the trigger-
ing stimulus fails to happen, such as any persistent infection or 
chronic cellular injury.2

Biomaterials are engineered to take a form that can work 
alone or as part of a complex system providing direction to 
the course of any therapeutic procedure by regulating inter-
actions with components of living systems,3 Following the 
implantation of biomaterials in vivo, host reactions incorpo-
rate a combination of many processes including, blood–mate-
rial interactions, provisional matrix formation, inflammation 
(acute then chronic), development of granulation tissue, for-
eign body reaction, and fibrous capsule development.4

Blood–biomaterial interactions begin to occur concur-
rently after bio-implantation, with protein adsorption to the 
biomaterial surface and the development of a blood-based 
transient provisional matrix (initial thrombus at the tissue/
material interface) that forms on and around the biomaterial.5 
The provisional matrix is rich in cytokines, growth factors, 
and chemo-attractants that are capable of recruiting cells of 
the innate immune system to the injury site.6 Following this 
provisional matrix formation, acute inflammation, and subse-
quently, chronic inflammation occur sequentially. The degree 

of these responses is dependent on the extent of injury during 
the implantation procedure. 

An example of implantation is joint replacement. Several 
million people worldwide each year undergo a total joint 
arthroplasty—the prosthetic replacement of these destroyed 
native weight-bearing surfaces,7 10–15% of these joint replace-
ments will fail, and the single most common cause of failure, 
and reason for revision, is a process known as osteolysis.8 Debris 
forming from the wear of the prosthetic implants is respon-
sible for the initiation of this aseptic inflammatory response. 
Osteolysis incidence rates have generally been reported to lie in 
the range of 5–20%, but have been as high as 40% in some stud-
ies.9 Incidence rates are also predicted to substantially increase 
over time, in light of the fact that 35–45% of patients undergo-
ing total joint replacement are now under the age of 65 years. 

High-dose systemic steroid plays a critical role in rapid 
recovery of the patient after joint replacement and also decrease 
nausea, vomiting, and pain post-operatively.10 However, sys-
temic side effect is the major limitation for the long-term use 
of steroids.11 One way to decrease such side effect is through 
using local delivery system such as implantable film in which 
the drug release will be locally on the site of implantation.

Dexamethasone sodium phosphate (DSP) is a sodium 
phosphate salt form of dexamethasone, a synthetic adrenal 
corticosteroid with potent anti-inflammatory properties. It 
is used to reduce edema and pain after joint replacement or 
any other surgery when given in the form of IM injection of 
the commercially available 10 mg dexamethasone intraoper-
atively and a second 10 mg within 24-hour post-operatively 
to followed by oral dexamethasone 0.5 mg daily till complete 
recovery which may last for 5 months or more.12
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Objective This work involved in vivo evaluation of the previously prepared implantable film dosage form containing microencapsulated 
dexamethasone sodium phosphate (which is equivalent to 16 mg dexamethasone) and 4.4 mg pure dexamethasone sodium phosphate 
(which is equivalent to 4 mg dexamethasone) to be inserted at the inflamed areas to get suitable precise controlled release.
Methods The animals used were 33 rats divided into 8 groups and the inflammation was induced by using 2.0% carrageenan solution to 
be injected intradorsally. Then the film was inserted locally and then sacrifying the animals on different time tables to take sample from the 
site of inflammation for 5 months and examined under electron microscope.
Results The results showed that the prepared implantable film had immediate anti-inflammatory effect upon insertion at the inflamed 
tissue and its action continued effectively for 5 months. 
Conclusion This work proved that implantable film containing dexamethasone should be used after surgery of joint replacement or any other 
surgery site as alternative to the applied regimen of giving intramuscular injection of the commercially available 10 mg dexamethasone 
intraoperatively and a second 10 mg within 24-hour post-operatively to reduce edema and pain followed by oral dexamethasone 0.5 mg 
daily till complete recovery which may last for 5 months or more and subject the patients to the serious systemic effects. The application of 
the implanted film therapy may reduce the rejection of the body to the replaced joint or other replacement surgery and improves patient 
compliance.
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The aim of the work is to evaluate (in vivo) a thin film 
containing microencapsulated dexamethasone (previously 
prepared in our lab.) to be implanted at the inflamed to be 
used as alternative to dexamethasone conventional regimen 
treatment as anti-inflammatory to reduce invasive adminis-
tration and frequent doses leading to reducing side effect and 
improves patients compliance, and correlate the in vitro results 
to in vivo response.

Materials and Methods

Materials
Aluminum chloride and anhydrous calcium chloride were 
purchased from Laboratory chemical, India. Benzalkonium 
chloride was purchased from Sinopharm Chemical reagent, 
China. Potassium phosphate monobasic was purchased from 
Himeda–India. Sodium azide was purchased from Panreac 
AAG, Spain. Carrageenan was purchased from Baoji guokang, 
China

Content of the Prepared Implantable Film
The prepared film contains sustained release DSP micro-
capsules containing 17.6 mg DSP (which is equivalent to 16 
mg dexamethasone) in which poly(lactic-co-glycolic acid) 
(PLGA) was used as a coating material and 4.4 mg pure DSP 
(which is equivalent to 4 mg dexamethasone). A thin film (2 
cm × 0.2 cm) was obtained.13,14

Preparation of Carrageenan Solution:
The solution was prepared by adding 500 ml of sterile 0.9% 
saline into a 1-L beaker with stirring using magnetic stirrer. 
Then slowly add 10.0 g carrageenan powder to the beaker and 
heat the solution to 90°C with stirring, without allowing the 
solution to boil. Heating the mixture helps to dissolve carra-
geenan; it took less than an hour to dissolve all of the pow-
der. The obtained solution (2.0%) was poured into a clean 1-L 
glass bottle equipped with a cap and sterilize by autoclaving 
for 30 min. Cool the solution to room temperature and ali-
quot into sterile, 100-ml capped bottles and inject 100 µl sub-
cutaneously to induce inflammation in the rats.15 The effect 
of one subcutaneous injection of carrageenan solution stays 
for 1 week.16

Animals Used
This study was performed on Norway Albino rats. Animals 
were kept in the animal house and according to the ethics, 
in the College of Pharmacy, Mustansiriyah University, under 
natural light-dark cycles & environmental temperature of 
23–25°C. Animals had free access to tap water & pellet food. 
Accepted standards of animal care were used.

Grouping of the Animals
The total number of animals used was 33 rats which were 
divided into 8 groups as shown in Table 1.
•	 The animals used in group 1 were not treated with any 

agents and were used to see the shape of the normal tissue. 
•	 The animals in group 2 were treated with inflammatory 

inducing agent (as SC injection) carrageenan and sacrificed 
after 1 day to see the infiltration of inflammation cell to the 
tissue (sign of inflammation).

•	 The animals used in group 3 were injected with SC carra-
geenan solution weekly for 1 month, then the animals were 
sacrificed at the end of the month to see the sign of inflam-
mation occur at the end of this period.15

•	 The animals in group 4 were injected with carrageenan 
solution (SC) and then insert an empty (placebo) implant-
able film (i.e.. film contain only PVA (polyvinyl pyrroli-
dine)) base and did not contain drug in the dorsal neck 
area and then sacrificed the animals after 1 day to study the 
sign of inflammation and also to compare the inflamma-
tion happened with that result from group 2. 

•	 The above groups (from group 1 to 4) were considered as 
control groups

•	 The animals in group 5 were injected with carrageenan 
solution (SC) and injected with DSP solution at a dose of 
2.25 mg/kg as IM injection at day 0, and then sacrificed the 
animals after 1 day to study the immediate effect of injec-
tion DSP as IM on the treatment of the inflammation cre-
ated by carrageenan injection.14 

•	 The animals in group 6 were injected with carrageenan 
solution (SC) on weekly base to induce inflammation and 
injected IM DSP solution at day 0 with a dose of 2.25 mg/
kg and then sacrificed the animals at the end of the month 
to study the effect of injection DSP IM on long-term effect.

•	 The animals in group 7 were injected with carrageenan 
solution (SC) to induce inflammation and insert DSP 
implanted film at the site of injected carrageenan solution 

Table 1. The groups of animals used during in-vivo evaluation of DSP implantable film

No of group The name of the group No of animals in the group

Group 1 Control group 2

Group 2 Carrageenan after 1 day 2

Group 3 Carrageenan after 1 month 2

Group 4 Carrageenan with empty disc after 1 day 2

Group 5 Carrageenan with IM injection of dexamethasone after 1 day 5

Group 6 Carrageenan with IM injection of dexamethasone after 1 month 5

Group 7 Carrageenan with implantable film  of dexamethasone sodium phosphate after 1 day 5

Group 8 Carrageenan with implantable film  of dexamethasone sodium phosphate after  
1 month and repeated for 5 months 10
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and then sacrificed the animals after 1 day to study the 
effect of implantable DSP on the inflammation sign after 
1 day.

•	 The animals in group 8 were injected with carrageenan 
solution (SC) every week for a month to induce inflamma-
tion and insert single DSP film at the site of injection of 
carrageenan solution (at zero time), and then sacrificed 2 
animals from the group after 1 month to study the effect of 
implantable DSP on the inflammation sign after 1month. 
The same work was repeated for 5 months by scarifying 2 
animals per month. 

Sampling
The rats were first sacrificed by putting them in a closed jar 
containing vaporized chloroform for 2–3 min. Then incision 
with 5 cm length was made at the site of injectable carrageenan 
solution (i.e., dorsal neck) and 3 types of sample were taken 
from the skin, subcutaneous area, and muscle to study the type 
and number of infiltration of inflammatory cell in these tis-
sue. The samples were stained with hematoxylin & eosin to be 
examined under light microscope.16 Photomicrographs were 
taken as snap-shots using the camera and included all regions 
of the slides in different magnifications (10X and 40X).

Result and Discussions
Fig. 1 showed the condition of skin, subcutaneous tissue, and 
muscle tissue for normal rats (group 1) and for inflamed cells 
(group 2, 24 h after carrageenan injection), where group 2 cells 
showed marked increase in the infiltration of inflamed cells 
in the subcutaneous and muscle tissues specially neutrophils, 

which is usually increased during acute inflammation while 
no such sign was observed in skin tissue.17 

The visual inspection of the injected area (in group 2) 
showed an excretion of yellow exudate after opening it with a 
marked edema as shown in Fig. 2. 

In group 3, the animals (after 1 month from weekly SC 
injection of carrageenan solution) showed no significant 
increase in the infiltrations of the inflamed cells in subcu-
taneous and muscle tissue (while skin tissue stayed with no 
sign of inflammation) in comparison to rats of group 2, since 
carrageenan induced its maximum effect after 24 h from sin-
gle injection and its effect maintained for 1 week.18 Therefore, 
single injection of carrageenan is enough to maintain acute 
inflammation for 1 week. However, it was found that after 
every week injection for 1 month (Fig. 3), most of the inflamed 

Fig. 1 Skin, subcutaneous and muscle tissue condition for (A) normal rats in group 1, (B) inflamed rats in group 2.

A) Skin                             Subcutaneous tissue                                    Muscle tissue  

 

B) Skin                                      Subcutaneous tissue                              Muscle tissue  

Fig. 2 Visual inspection of the injected area (group 2) after SC 
carrageenan injection.
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cells found at the inflammation site showed an increase in the 
lymphocyte cells indicating chronic inflammation19 (while 
main cells in rats of group 2 were neutrophils indicating acute 
inflammation). Therefore, single injection of carrageenan 
solution was adapted to induce acute inflammation (for 1 day 
and stayed for a week), while every week injection for 1 month 
and more was adapted to induce chronic inflammation.

The samples taken from group 4 in which the animals 
in this group injected with carrageenan solution (SC), at the 
same time a placebo implantable film was inserted at the site 
of carrageenan injection and the condition of the tissue was 
followed up after 24 h. There was a non-significant increase in 
the infiltration of inflamed cell in the subcutaneous and mus-
cle tissue while there was no sign of inflammation at the skin 

tissue (Fig. 4 ) in comparison to group 2, which indicated that 
the base and additives of the implanted film had no effect on 
tissue condition and the inflammation is attributed to carra-
geenan only and the film was completely dissolved within 30 
min.

The samples taken after 1 day from group 5 in which 
the animals in this group injected with SC injection of car-
rageenan and intramuscular injection of DSP solution (at the 
same time) showed no sign of inflammation in the skin tis-
sue, marked decrease in the infiltration of inflamed cell in the 
muscle tissue, and some inflamed cells in subcutaneous tissue 
in comparison to group 2 (which was injected with SC carra-
geenan alone) as shown in Fig. 5. This indicated that the DSP 
has an immediate, good, and potent anti-inflammatory effect 

Skin Muscle   Subcutaneous

Fig. 3 Skin, Subcutaneous and muscle tissue condition after 1 month from weekly SC injection of carrageenan solution.

Fig. 4 Skin, subcutaneous, and muscle tissue conditions for inflamed cells after 1 day of single SC injection of carrageenan solution and 
insertion of placebo film at the same time.

Skin                      subcutaneous                  muscle

Skin                Subcutaneous                                Muscle  

Fig. 5 Skin, subcutaneous, and muscle tissues condition after 1 day of single SC carrageenan injection and IM injection of DSP solution.
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and its effect started from the first day of using it for acute 
inflammation as agreed with reported data.20

The samples were taken after 1 month from group 6 in 
which the animals injected with carrageenan SC injection 
weekly for 1 month and also injected with intramuscular 
DSP at 0 days only. The result showed a marked increase in 
the infiltration of inflamed cells (Lymphocytes and neutro-
phil) as shown in Fig. 6. There is no significant difference 
with the result obtained in group 3 (the rats were injected 
with carrageenan only weekly for 1 month) indicating that the 
use of intramuscular DSP which had no effect on the num-
ber of infiltrated inflamed cells after 1 month. This means 
that the anti-inflammatory effect of single IM DSP injection 
was diminished after 1 month because the half-life of DSP is 
36–45 h. Hence, the single IM injection of DSP has no effect 
on chronic inflammation.21

The samples were taken after 1 day from group 7 in 
which the animals were injected with SC injection of carra-
geenan solution with the insertion of implantable film at the 
site of injection containing microencapsulated DSP. The result 
showed a marked significant decrease in the inflammatory 
cells in all the tissues (skin, subcutaneous, and muscle tissue) 
in comparison to the results obtained from group 2 as shown 
in Fig. 7. This indicated that the rapid release of the drug from 
the implantable film had significant effect on the acute inflam-
mation and much better effect than the IM injection of pure 
DSP solution that was observed in group 5.

The samples taken after 1 month from group 8 in which 
the animals in this group were injected with SC injection of 
carrageenan weekly with the insertion of single implantable 
film at the site of injection at zero time. The result showed 

significant marked decrease in the inflammatory cells in all the 
tissues (skin, subcutaneous, and muscle tissue) in comparison 
to group 3 as shown in Fig. 8 and also significantly different 
from the result obtained from group 6 (where IM injection 
of pure DSP given at the site of injection of single SC carra-
geenan injection). This indicated the potent anti-inflamma-
tory action of the implanted film on the chronic inflammation 
after 1 month in comparison to IM injection of pure DSP in 
group 6 which had no effect on the chronic inflammation after 
1 month. The follow up of the anti- inflammatory effect of the 
implanted film was continued every month for 5 months and 
the results showed that no sign of inflammation observed in all 
skin, subcutaneous, and muscle tissues and similar to healthy 
tissues indicating that the amount of DSP released from the 
implanted film was effective for 5 months (as shown in Fig. 9).
The overall results proved that the prepared implantable film 
had immediate anti-inflammatory effect upon insertion at 
the inflamed tissue and its action continued effectively for 
5 months. These results were highly correlated with in vitro 
drug release study,13 which showed initial immediate release 
(22.05%) of the total amount of DSP in the film within the 
first 6 h and the release continued for 5 months in which 
(86.18%) of the total incorporated DSP was released after 5 
months. Therefore, it is suggested to be implanted after sur-
gery of joint replacement or any other surgery site to be used 
as alternative to the applied regimen of giving IM injection 
of the commercially available 10 mg dexamethasone intraop-
eratively and a second 10 mg within 24-h post-operatively to 
reduce edema and pain followed by oral dexamethasone 0.5 
mg daily till complete recovery which may last for 5 months 
or more,22 which subject the patients to the serious systemic 

Fig. 6 Skin, subcutaneous, and muscle tissue condition after SC injection of carrageenan weekly for 1 month and single IM injection of DSP 
solution at day 0.

Skin  MuscleSubcutaneous

Fig. 7 Skin, subcutaneous and muscle tissue condition after 1 day of SC injection of carrageenan and insertion of the prepared film at the 
same site of injection.

        Skin Muscle Subcutaneous
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effects. The application of the implanted film therapy may 
reduce the rejection of the body to the replaced joint or other 
replacement surgery and improves patient compliance.

Conclusion
DSP was previously microencapsulated by PLGA polymer, 
then the microcapsules were incorporated on PVA-based 
film to produce implantable film containing 17.6 mg DSP (as 
microcapsule equivalent to 16 mg dexamethasone) and 4.4 

mg pure DSP (uncoated drug equivalent to 4 mg dexameth-
asone). The in vivo evaluation showed that the prepared film 
is success fully implanted and had remarkable effectiveness 
against acute inflammation (within day 1 of insertion) and 
continued effective for 5 months against chronic inflamma-
tion and the results were in a good agreement with in vitro 
data, which make the prepared film preferable to be used as 
alternative to dexamethasone conventional regimen treat-
ment to reduce frequent doses and their side effects and 
improve patient compliance 
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