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Abstract  
This study aimed to develop, optimize, and evaluate implantable film-based dosage forms of 

Erythropoietin (EPO) for the sustained treatment of anemia in patients with chronic renal failure. The designed 

system offers controlled EPO release over six months from a single subcutaneous implantation, with the 

flexibility for dose adjustment based on individual therapeutic needs. Two types of implantable films were 

formulated: one by 3D printing technology and the other via a casting method using a polyvinyl alcohol 

(PVA)/glycerol matrix. Each film contained a combination of sustained-release EPO (100,000 IU) and pure 

EPO powder (10,000 IU). In vitro evaluation demonstrated that both formulations exhibited acceptable 

mechanical and release characteristics. The casting films showed superior mechanical strength, with a folding 

endurance 66 times greater than that of the 3D-printed films. Drug release from both systems followed a 

biphasic pattern: an initial release of approximately 10% within the first week, followed by extended release 

over six months, reaching 98.73% for the casting film and 88.79% for the 3D-printed film. In vivo studies in 

animal models revealed normalization of hemoglobin (Hb) and EPO levels within the first two weeks post-

implantation for both film types, with levels remaining stable throughout the six-month evaluation period. In 

contrast, conventional subcutaneous EPO injections maintained Hb within normal limits but resulted in elevated 

serum EPO levels, which may increase the risk of cardiovascular complications. The findings confirm that both 

implantable film formulations provide a promising alternative to routine EPO injections, ensuring long-term 

therapeutic efficacy, enhanced patient compliance, and reduced potential for adverse effects. Furthermore, 

strong correlation between in vitro and in vivo data supports the reliability and performance of these sustained-

release systems. 
Keywords: 3D printing, Erythropoietin, Haemoglobin, Implantable films, long-acting.   
 

Introduction  

Making implantable films under the skin is 

one of the traditional methods used to increase the 

acceptability of the drug by the patient, especially 

drugs that require continuous administration of 

drug doses by intramuscular or subcutaneous 

injection (1). There are several ways to make 

implantable films; the traditional ways, include 

casting, molding, or compression methods (2). The 

method of using 3D printing in the manufacture of 

implantable films is considered one of the modern 

methods that guarantee several benefits in the 

manufacture of these films, including ensuring that 

the active ingredient is spread equally on all parts 

of the films while ensuring the manufacture of 

films of different shapes and sizes, such as  using 

3D printing in implantable film is the 3D printing 

PLGA-Doxorubicin films provide an effective 

localized  chemotherapy  approach , reducing 

tumor progression  while  minimizing systemic side  

 

effect(3) . Another example is 3D-printing PCL-

Vancomycin films offer a promising localized 

antimicrobial therapy, reducing bacterial infection 

rates and supporting bone healing (4). In addition, 

the use of 3D printing in industry assists in 

manufacturing a film that contains more than one 

method for releasing profiles. As well as the 3D 

printing technique can also be used to manufacture 

materials that are affected by heat or affected by 

the solvent that was used in traditional 

manufacturing methods. On the other hand, the 

manufacturing method using 3D printing ensures 

the ability to manufacture pharmaceutical forms 

according to personal needs (5,6).
 

 Erythropoietin is also called epoetin (EPO), and it 

is a glycoprotein with a molecular weight (MW) of 

30.4 kDa. It can be considered a cytokine precursor 

of red blood cells and controls the formation of 

those cells.  
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EPO which is used as a treatment in anemia 

associated with CRD is synthesized by recombinant 

DNA technology (7). EPO is administered 

subcutaneously in a dose of 25-150 IU every other 

day for continuous treatment (8). 

The aim of the study is to manufacture 

subcutaneous implantable films using a 3D printed 

method containing epoetin and compare their 

results with subcutaneous implantable films which 

is prepared using the traditional casting method, 

and evaluate their results in vitro and in vivo. 

Through this study, we hope to create a new dosage 

form with a long period effect and maybe replace 

the existing pharmaceutical dosage forms on the 

market that include frequent injections. 

Materials and Methods  
Materials 

Erythropoietin alpha (EPO) was purchased 

from Provizer, India. Glycerol and Polyvinyl 

alcohol ( PVA 0588 (MW = 27000-28000 D)) from 

GCC, U.K. NaCl from Alpha chemical – India. 

Aluminum chloride and anhydrous calcium 

chloride were purchased from Laboratory 

Chemical, India. Benzalkonium chloride was 

purchased from Sinopharm Chemical Reagent, 

China. Potassium phosphate is monobasic and was 

purchased from Himeda – India. Sodium azide was 

purchased from Panreac AAG, Spain. 
 

 

Statistical analysis 

The statistical analysis was performed using 

an independent sample t-test and a single-variable 

analysis method (ANOVA) and similarity factor 

(F1 to F2). The statistical differences were taken 

when (P < 0.05). Data analysis was done by using 

the SPSS Statistics base 16 program. 
 

Preparation of the base of the implantable film 

The base of the implantable film was 

prepared using the solvent evaporation method, 

where 3 g of PVA was dissolved in (15mL) hot 

distilled water (80-90 ºC), and then 1g glycerol was 

added with continuous stirring on a magnetic stirrer 

for 30 min on 1000 rpm leaving the solution for 24 

hrs. aside (9). 
 

Preparation of the implantable film by the casting 

method 

In this method, 2.5 mL of the prepared base 

film solution was added to 2 mL of distilled water 

in which a certain amount of EPO microcapsules 

previously prepared by double emulsion method in 

the laboratory (10) (equivalent to 95,000 IU) was 

suspended, and then 0.5 mL of aqueous solution of 

pure uncoated EPO (5000 IU) was added. A 

Magnate stirrer under 1500 rpm and for 15 min was 

used to homogenize the mixture, and then the 

mixture was cast in a circular glass mold with a 

dimension of 2 cm in diameter. The mold was dried 

at 40 ºC for 24 hrs (11), to get a solid implantable 

film containing micro-encapsulated EPO 

(equivalent to 95000 IU) in addition to 5000 IU 

uncoated pure EPO (Figure 1). 

 
Figure 1. (A) Mold used for casting and (B) dried film of EPO prepared by the casting method 

 
 

Preparation of implantable film by 3D printing 

technology 

Seven grams of Polyvinyl Alcohol (PVA) 

were mixed with a certain amount of EPO 

microcapsules ( equivalent to 95000 IU of EPO) 

previously prepared in laboratory using mortar and 

pestle for 2 min, and then extruded at 150 ºC with 

100 rpm screw speed to obtain filaments (the 

extrusion finished within 5 min). The obtained 

filaments were soft and directly passed through a 

cold metal nozzle (12, 13). In order to choose a 

suitable final shape for the implantable EPO dosage 

form, a digital file of the selected 3D shape was 

designed using computer-aided design BRL-CAD 

software. After choosing the suitable design, the 

prepared EPO filaments were printed and 

assembled using a Tevo 3D printer and a perforated 

implantable dosage form shape with 2cm x 1cm x 

0.5cm in dimensions was obtained (14). A 

temperature of about 160 ºC temperature was used 

without platform heating in 3D printing, standard 

mode with 0.2 mm layer thicknesses and 100% 
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infill, which required 3±0.5 min to get the final 

dosage form. EPO pure drug powder (5000 IU) was 

forced with microneedles to fill the micropores 

available on the surface of the perforated dosage 

form. The surface of the prepared implantable 

dosage form was covered with pure PVA filaments 

using the same 3D printer (Figure 2). 

 
 

 
Figure 2. (A) 3D printer, (B) Extruder, (C) 3D printing films of EPO 

 
In vitro evaluation of the prepared EPO 

implantable films'  

Three prepared films (prepared by each 

method) were individually weighed by using a 

digital balance and calculating the average weight 

for the films (15). The thickness of the prepared film 

was measured from five different points (the center 

and edges), and it was applied to three prepared 

films (from each method) (16). This test was 

performed on three films for each manufacturing 

method. The surface of each manufactured film 

was wetted with 1 ml of distilled water, and then 

the surface pH was measured using the electrode of 

a pH meter (17).  This test was conducted in three 

patches for each preparation method (3D printing 

and casting methods). The test includes re-folding 

the implantable film in the same place several times 

to measure the flexibility of the manufactured film 
(18). 

 

In-Vitro release study 

A modified Franz cell was used to measure 

the extent of material released from films prepared 

for implantation and manufactured using both 

methods (casting method and 3D printing method). 

The modified Franz cell contains two sides, a donor 

side and a recipient side. The two sides are 

separated by a dialysis membrane (MWCO300Kd) 

and each side can accommodate 10 ml of phosphate 

buffer with a pH of 7.4 (19). The film is placed on 

the donor side in a modified Franz cell, and the 

extent of the permeability of the substance is 

measured by measuring the concentration of 

epoetin on the receiving side. The release from the 

films was monitored for 6 months using three 

modified Franz cells. The temperature was 

maintained at 37◦C, and the rotation speed was set 

between 30-40 rpm. Additionally, the sampling 

schedule was initially set for daily withdrawals that 

continued for 1 month, then changed to weekly 

withdrawals until the end of the experiment.  

 

 

The release process continued for 6 months, 

which was followed by the withdrawal of samples 

from the receiving side of the Franz cell at pre-

calculated times, and (RP-HPLC) analysis 

(reversible high-performance liquid 

chromatography) was performed using an 

ultraviolet detector to estimate the concentration of 

epoetin. RP-HPLC analysis was carried out using a 

mobile phase consisting of 0.1% trifluoroacetic 

acid (TFA) with MilliQ water and acetonitrile 

using a gradient program (T(min)% mobile phase) 

(0/65,4/65, 12/50,14/50,15/40,16/65,20/65) and at a 

flow rate of 1.5 ml per minute. A system equipped 

with an injection valve (quaternary), an ultraviolet 

detector, and chemstation software was used.  A 

reverse-phase C18 column (4.6 mm ID-250 mm L, 

porosity 3001 A, particle size 5 mm) with a guard 

column (reverse-phase C18 column of 4.6 mm ID-

35 mm L, porosity 3001 A, particle size 5 mm) was 

used for separation (20). 
 

In vivo test animals used 

The work was done according to the ethical 

committee in the Iraqi center for Cancer Research, 

Mustansiriyah University, using New Zealand 

white rabbits. The rabbits were kept in the animal 

house under natural light-dark cycles & 

environmental temperature of 23 – 25 ⁰C. The 

rabbits had free access to tap water & food (21). 
 

Grouping of the animals 

The total number of animals used was 20 

rabbits, divided into 4 groups as shown in Table 1. 

The dose for EPO to be used for animals was 

calculated according to the following equation (20). 
 

𝑯𝒖𝒎𝒂𝒏 𝒆𝒒𝒖𝒊𝒗𝒂𝒍𝒆𝒏𝒕 𝒅𝒐𝒔𝒆 (𝑯𝑬𝑫) =

𝑨𝒏𝒊𝒎𝒂𝒍 𝒅𝒐𝒔𝒆 × (
𝒂𝒏𝒊𝒎𝒂𝒍 𝒘𝒆𝒊𝒈𝒉𝒕

𝒉𝒖𝒎𝒂𝒏 𝒘𝒆𝒊𝒈𝒉𝒕
 )

𝟎.𝟑𝟑

       Eq. 1(22) 
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The dose required for the rabbits weighing 1.5-2 

Kg was approximately equal to 10,000 IU in each 

implantable film. Each film for animals contains 

EPO microcapsules equivalent to 9,500 IU as well 

as 500 IU pure EPO (untreated). 

 

Table 1. The groups of animals used during the in vivo evaluation of the prepared EPO implantable 

films. 

 
*The animal used in group 1 received 0.9% NaCl and they were used to see normal values of creatinine, 

Hb and EPO levels. 

**The animal used in group 2 was treated with EPO injection (50 IU/kg) as SC injection every other day 

for 6 months after induction of renal failure using cisplatin IP injection (10 mg/kg) and anemia signal was 

demonstrated. 

***The animal used in group 3 was implanted with film prepared by casing method after the induction of 

renal failure using cisplatin IP injection 10 mg/kg and anemia signal was demonstrated. 

**** The animal used in group 4 was implanted with film prepared by 3D printing after induction of 

renal failure using cisplatin IP injection 10 mg/kg and anemia signal was demonstrated. 
 

After induction of renal failure using 

cisplatin IP injection 10 mg/kg and anemia was 

demonstrated, then  t h e  film was implanted in 

the dorsal part of the animal subcutaneously 

(Figure-3).  The process of sterilizing implantable 

films manufactured using two methods (3D 

printing method and traditional casting method) 

was done by sterilizing the solutions in each step 

by sterile filtration and performing all film 

manufacturing steps inside a sterile laminar 

cabinet. The process of testing the sterility of each 

manufactured film was carried out through the 

direct inoculation method, where the films were 

incubated in a special culture medium.  Soybean – 

Casein digest medium was used as a culture 

medium which is suitable culture for both aerobic 

bacteria and fungi. After incubation for 14 days at 

25 ºC the sample was visualized for any sign of 

turbidity (23, 24). Figure 3 shows the implantation 

procedure. 
 

 
Figure 3. Implantation of film Sc in rabbits 

 

Induction of renal failure 

 All animals were fed and had free access to 

water during the test. Experimental rabbits received 

10 mg cisplatin/kg body weight to induce renal 

failure before treating them with SC injection, or an 

implanted film prepared by casting or 3D printing 

method, while the control group received an equal 

volume of 0.9% NaCl. The first blood samples 

were taken 3 days after cisplatin induction to 

measure the levels of hemoglobin and creatinine, in 

addition to the level of epoetin within the blood. 

The ELISA method was used to measure the above 

factors inside the blood (25). The process of 

measuring blood factors continued every week until 

signs of kidney failure appeared in the animal, 

including high creatinine levels of more than 1.4 

mg/dL, which usually occurs 3-4 days after 

cisplatin injection. Also, signs of anaemia were 

observed two weeks after cisplatin injection. 

Hemoglobin levels appeared to be less than 9 

Group no. The name of the group Number animals 

Group 1* Control group 5 

Group 2** The group received EPO S.C. injections every other day after 

induction of renal failure and anaemia. 

5 

Group 3*** Casting group (group implanted with film prepared by casting method) 

after induction of renal failure and anemia. 

5 

Group 4**** 3D group (group implanted with film prepared by 3D 

printing method) After the induction of renal failure and anaemia. 

5 
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gm/dL, which is one of the expected symptoms of 

kidney failure. Cisplatin is considered a toxic 

substance to human cells, as it causes ischemia of 

kidney cells and ureteral obstruction, which in turn 

leads to a significant and sharp decrease in the rate 

of glomerular filtration, which in turn leads to an 

increase in the creatinine level which lead to 

decrease in Hb levels (26). 

Sampling 
After inducing renal failure accompanied by 

anaemia in each rabbit (groups 2, 3, and 4), each 

rabbit in each group received its dosage form as 

treatment. The rabbit's auricular artery was used to 

withdraw blood samples every week, and the 

drawings continued for 6 months, during which the 

levels of creatine and hemoglobin were monitored, 

as well as the level of epoetin in the blood. The 

ELISA method was used to monitor the levels of 

hemoglobin and creatinine, as well as epoetin. The 

Rabbits ELISA KIT was used to monitor the level 

of epoetin in the blood, as the level of epoetin is 

supposed to rise after its release from doses 

implanted under the skin (27). The same blood 

sampling was applied for each rabbit in the control 

group and analysed for creatinine, Hb level and 

EPO level for 6   months. 
 

Results And Discussion 
In vitro evaluation of the prepared EPO 

implantable films' 
The results showed that the weight variation 

between the prepared implantable films was less 

than 5%  , with a weight range from 755 ± 8.5 mg 

for casting EPO films, while the films prepared by 

3D   printing   gave   a   weight   range from 1003 ± 

4.6 mg. 
 

This indicated that all the prepared films had 

weight variation within the acceptable limit (28). 

The average thickness for each implantable film 

was found to be uniform, equal to 2.02 ± 0.05 mm 

for casting EPO films, while for 3D printing films, 

equal to 4.5± 0.02 mm, which indicated that these 

films had a homogenous thickness and agreed with 

the reported requirements (29,30). Surface pH is an 

important test to ensure that the film will not 

irritate the implanted     area and should have a 

surface pH near normal (pH 7.2–7.4) (31). The 

results (Table 2) showed that all the prepared films 

by casting and 3D printing methods had an average 

pH of 7.13±0.07 and 7.27±0.03, respectively, 

which are not significantly different from body pH; 

therefore, no irritation or changes are expected in 

the implanted area (32).  The results showed that the 

folding endurance of the films manufactured using 

the traditional casting method was more than 66.34 

+ 1.08 times, and this indicates that they have 

acceptable flexibility and good ability for 

packaging and storage (33), as shown in Table 2. 

While the films made using the 3D printing method 

did not show any folding, due to the thickness of 

the films made, which showed resistance to 

folding. 

 

Table 2. In Vitro evaluation of 3D printing EPO film and casting EPO film. 

Test  Films prepared by Casting Films prepared by 3D printing 

Weight variation 755± 8.5 mg 1003±4.6 mg 

Thickness 2.02±0.05 mm 4.5± 0.02 mm 

Surface pH 7.13±0.07 7.27±0.03 

Folding endurance 66.34± 1.08 N.A 

 

In-Vitro Release 

 Figure 4 shows that the liberation of the 

active substance from the film manufactured by 

the casting method during the first week reached 

18.91%, while the film manufactured by 3D 

printing showed 13.42% drug release in the first 

week. The first week's release was mainly due to 

the pure untreated drug (equivalent to 10000 IU of 

EPO) incorporated in the films. The release 

continued gradually from the included 

microcapsules to reach 89.98% and 81.46% (no  

 

 

significant difference, P ≥ 0.05) from casting and 

3D printing films, respectively, within 6 months. 

The release of the drug from the casting film was 

higher than from the 3D film with a similarity 

factor (f2) equal to 55.927, which is acceptable 

according to the FDA (34) since the 3D film was 

much thicker than the casting film, so the drug 

required longer time to release from microcapsules 

included within the film. Same results observed 

with 3D implant for an antimicrobial polylactide 

material (35). 
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Figure 4. In vitro EPO release profile from the films prepared by casting and 3D printing 

in phosphate buffer pH 7.4 at 37 ºC. 
 

In-vivo test 

The PVA implants are biodegradable with 

high biocompatibility and biosafety. The results 

demonstrated that there was no redness, exudation, 

suppuration, or other infections in the implanted 

area of the tested animals during the study (6 

months) as well as the results of the sterility test 

(Figure 5 A and B) which indicated no growth of 

bacteria or fungi after 14 days of culturing the 

prepared implantable films. The results presented 

in Table 3 show that creatinine levels for rabbits 

started to increase within the first 3 days of 

implantation and continued increasing during the 

experiment because kidney failure continued to the 

end of the experiment. This indicated that a single 

cisplatin IP injection (10mg\kg) was enough to 

induce kidney failure (where serum creatinine was 

increased ≥ 3 mg\dl) within the first 3 days of 

cisplatin injection and continued to increase to the 

end of the experiment, while the Hb level started to 

decrease ( < 9 mg\dl) within two weeks. Group 1 

(control group) showed normal values for Hb, 

creatinine level, and EPO (12.06± 0.24 gm/dl, 

0.67± 0.07, and 11.724 Mu/ml, respectively), 

indicating that healthy rabbits were used in the 

experiment (36, 37). Group 2 (rabbits treated with 

repeated S.C. injection group) showed an increase 

in Hb level from the first month, and EPO level 

increased to 5-6-fold higher than the control 

indicating the effectiveness of repeated Sc EPO  

 

injection which is similar to the treatment regimen 

applied for human, the increase exceeds the normal 

physiological level, potentially leading to 

undesirable side effects that could negatively 

impact the cardiovascular system (38,39). Group 3 

demonstrated more acceptable Hb levels one 

month after implantation of therapeutic films, with 

EPO levels increasing to twice the normal range. 

This can be attributed to the slow release of EPO 

from the implantable films compared to Sc 

injections. Group 4, which received a therapeutic 

film prepared by 3D printing technology, showed 

stable and acceptable Hb levels from the first 

month. Meanwhile, EPO level remained within the 

normal range, similar to healthy rabbits. This 

observation suggested that the drug release from 

3D printing films was slower than that of casting 

films, enabling better control over EPO release and 

maintaining level close to physiological norms. 

The controlled elevation of EPO subsequently led 

to increased Hb levels. Notably, preventing 

excessive EPO elevation helps to minimize 

potential side effects commonly associated with Sc 

EPO injection for treating anaemia induced by 

kidney failure. The results in groups 2, 3 and 4 

indicated an Hb increase of approximately 2 g/dl 

after 2-3 weeks, which aligns with meta-analysis 

studies that have evaluated the effects of EPO on 

Hb levels in patients with kidney failure. (40,41). 

 

 
Figure 5. A: Implantable films prepared by casting and 3D printing at A: first day of 

sterility test, B:  at day 14 of sterility test 
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Table 3. Blood parameters for 4 groups of rabbits for 6 months. 

 3D printing (G4) Casting (G3) Sc inj (G2) Control (G1) 

 
 

 

Hb g/dl 

Cr 

level 

mg\

dl 

 

 

EPO 

Mu/ml 

 

 

Hb g/dl 

Cr 

level 

mg/ 

dl 

 

 

EPO 

Mu/ml 

 

 

Hb g/dl 

Cr 

level 

mg/

dl 

EPO 

Mu\ml 

 

 

Hb g/dl 

Cr level 

mg/dl 
EPO 

Mu/ml 

W1 9.4±0.37 
5.02± 

0.4 

11.788

±0.66 

9.24±0.

26 

5.6± 

0.46 

21.428±

0.86 

9.18± 

0.34 

5.16± 

0.4 

61.106±3

.24 
12±0.23 

0.4± 

0.08 

11.834±1.0

38 

W2 9.64±0.298 
6.02±

0.39 

11.698±

0.578 

9.84± 

0.23 

6.38± 

0.44 

21.704±

0.883 

9.58±0.3

2 

5.98± 

0.34 

62.382±2

.69 

11.96±0.

2 

0.5± 

0.04 

11.788±1.1

1 

W3 10.94±0.24 
6.58±

0.27 

11.704±

0.515 

10.26±0.

12 

7.22 

±0.4 

21.256±

0.826 

10.14± 

0.33 

6.88 

±0.23 

62.188±2

.55 
12± 0.22 

0.54± 

0.07 

12.172±1.0

68 

W4 11.18±0.16 
7.32± 

0.26 

11.638

±0.42 

11.36±0

.2 
8.2± 0.3 

20.76±0

.874 

11.34±0.

3 

7.94± 

0.29 

62.53±2.

72 

12.06± 

0.26 

0.5± 

0.05 

11.902±1.0

73 

W8 
11.34±0.14

3 

8.48± 

0.5 

11.432±

0.403 

11.6±0.

15 

9.1± 

0.23 

20.148±

0.757 

11.5±0.1

4 

9.06± 

0.31 

62.17±2.

42 

12.06± 

0.25 

0.5± 

0.08 
12.02±1.07 

W12 11.38±0.14 
9.76±

0.4 

11.18±

0.386 

11.6±0.

2 

10.16±0.

21 

19.266±

0.837 

12.78±0.

15 

10.04 ± 

0.18 

61.658± 

2.37 

12.08± 

0.23 

0.54± 

0.06 

11.944±1.0

9 

W16 11.35±0.15 
9.92± 

0.3 

11.036±

0.408 

11.5±0.

14 

10.21 ± 

0.25 

18.766±

0.73 

12.67±0.

16 

10.15± 

0.17 

60.18±2.

76 

12.06±0.

24 

0.67± 

0.07 

11.724±1.0

7 

W20 11.32±0.16 
9.84± 

0.4 

11.32± 

0.306 

11.4± 

0.21 

9.78± 

0.23 

18.45± 

0.87 

12.76± 

0.14 

10.22± 

0.12 

62.34± 

2.54 

12.05±0.

32 

0.61± 

0.06 

11.871± 

1.02 

W24 
11.54± 

0.18 

9.67± 

0.5 

11.45±

0.45 

11.4± 

0.25 

9.89± 

0.35 

19.46± 

0.92 

12.92± 

0.25 

9.78± 

0.27 

65.67± 

3.25 

12.08 ± 

0.31 

0.59± 

0.08 
11.94± 1.05 

 

Hb =Hemoglobin, Cr= Creatinine, EPO= Erythropoietin, Sc inj.= subcutaneous injection.   

 



 Iraqi J Pharm Sci, Vol.35(3) 2026                                                                                                                      
                                        3D erythropoietin implants 

166  

Conclusions 
The results of this study demonstrated that 

the preparation of an implantable therapeutic film 

using 3D printing technology, containing EPO 

provides a long-term release lasting up to six 

months with a single implantation procedure. This 

approach maintains EPO levels in the body close to 

normal levels just two weeks after implantation. 

The implantation of these films resulted a 

significant improvement in Hb levels, despite the 

reduction in natural erythropoietin in rabbits due to 

induced kidney failure. From these findings, 

Epoetin (EPO) loaded implanted films could serve 

as a promising alternative to the conventional use 

of frequent Sc injection of EPO for treating anemia 

in patient with renal failure. Additionally, the use 

of 3D printing technology in manufacturing films 

may allow for greater customization based on 

individual patient needs, which is difficult to 

achieve with traditional pharmaceutical 

manufacturing methods. 
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الاريثروبايوتين لعلاج فقر الدم المصاحب للقصور الكلوي المستحدث في  دوائي قابل للزرع شكل  

 نموذج الارانب.
 انمار ادهم عيسى 1*,نضال خزعل مرعي 2, خالد جمعة خليل 3

  1 قسم الصيدلانيات, كلية الصيدلة, جامعة الاسراء, بغداد,العراق. 

 2 قسم الصيدلانيات, كلية الصيدلة, جامعة الفراهيدي, بغداد,العراق.

 3 مركز الاورام السرطانية,الجامعة المستنصرية, بغداد,العراق.

 الخلاصة
تستخدم   والتي  للزرع  قابلة  افلام  للإريثروبويتين على شكل  الحي  الجسم  وفي  المختبر  في  والتقييم  والتحسين  التصنيع  العمل  يتضمن هذا 

خصية.  بشكل مفيد لعلاج فقر الدم المرتبط بالفشل الكلوي المزمن لمدة ستة أشهر عند زرعه لمرة واحدة تحت الجلد ويمكن تعديله حسب الحاجة الش

والأ من   الأبعاد  ثلاثية  الطباعة  فيلم  بواسطة  تحضيره  تم  الأفلام  هذه  أحد  للزراعة؛  القابلة  الأفلام  من  نوعين  تحضير  تم  الدراسة  هذه  فلام  خلال 

 لالأخرى تم تحضيرها بطريقة الصب باستخدام فيلم أساس بولي فينل الكحول/ كليسيرول. يحتوي كل فيلم على كمية معينة من ايبوتين ذات مفعو

وحدة دولية(. تم إجراء التقييم في المختبر والتقييم   10000النقي )  الارثروبايوتينوحدة دولية( بالإضافة إلى مسحوق    100000مديد )أي ما يعادل 

المعملي، وكانت قدرة   بالمقارنة مع العلاج المطبق بشكل روتيني. نجح كلا الفيلمين في اجتياز التقييم  الفيلمين  تحمل طي  داخل الجسم الحي لكلا 

بعاد. بالإضافة إلى ذلك، أعطى كلا الفيلمين إطلاق دواء ثنائي الطور حيث تم إطلاق  مرة من أفلام الطباعة ثلاثية الأ  66الأفلام المصبوبة أكبر بـ  

لفيلم الطباعة ثلاثية الأبعاد. أظهر  %88.79لفيلم الصب و %98.73أشهر ليصل إلى   6خلال الأسبوع الأول واستمر لمدة  لارثروبايوتينمن ا 10%

الأفلام   من  النوعين  لكلا  الحي  الجسم  داخل  مستوى  التقييم  بتصحيح  المرتبط  الزرع  من  الأولين  الأسبوعين  خلال  طبيعي  الدم  خضاب  مستوى 

أشهر مقارنةً بـ الحقن المتكرر   6خضاب الدم طبيعياً لمدة    /لارثروبايوتينإلى المستوى الطبيعي في كلا الفيلمين، واستمر مستوى ا  لارثروبايوتينا

)أكثر بكثير من الطبيعي( مما قد يزيد من حدوث اضطرابات    الارثروبايوتينبيعي مع ارتفاع  والذي أظهر مستوى لخضاب الدم ط  رثروبايوتينلـلا

ر بشكل  القلب. نجح هذا العمل في تحضير أفلام قابلة للزرع من الايبوتين يمكنها ضبط كل من خضاب الدم و الايبوتين إلى المستوى الطبيعي وتستم

جيدة بين التقييم في المختبر وكذلك في الجسم الحي. يمكن استخدام هذا    وجود علاقةتحت الجلد مع  طبيعي لمدة ستة أشهر عند زرعة واحدة بسيطة  

                                                        المستحضر كبديل للحقن المتكرر تحت الجلد بشكل روتيني لتحسين امتثال المريض مع إمكانية أقل لإنتاج آثار جانبية ملموسة.            

 الكلمات المفتاحية: طباعة ثلاثية الابعاد، ارثروبايوتين، خضاب الدم, افلام قابلة للزرع , طويل الامد.

 

 

 

 

 


