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Abstract
Application of biodegradable implants in the gastrointestinal tract is a new �eld of research; therefore, it
is important to understand the degradation behavior of these biodegradable implants in vivo before being
applied to clinical settings. In this paper, we provide a detailed protocol for thin �lm implantation into rat,
so that their physiology can be studied. After polyester PCL �lm inoculation in the stomach and intestine,
in vivo bio�lm \(PCL) degradation can be monitored. Therefore, the importance of this protocol is to
study the host responses to bio�lm degradation and to study the fundamental degradation properties of
the bio�lm. An emphasis is placed on surgical precision. The degradation of thin �lm in stomach and
intestine are quanti�ed using their morphology, which is evaluated using scanning electron microscopy.
The implantation of bio�lm in rat and their analyses can be completed using the proposed method in
approximately 28 days.

Introduction
Impact Statements Biocompatible polymers are one of biomaterials extended a great potential for
medical devices and tissue engineering scaffolds. Although, there has been an increase in interest of
biodegradable polyesters which are degraded by hydrolysis with or without enzyme. Surprisingly, more
than thousands of papers being published in the biomaterials and tissue engineering literature which
uses polyester in form of �lms and scaffolds, there is no in vivo degradation and biocompatible study of
polyester in gastrointestinal \(GI) tract. In this study, we have performed a method to study the
degradable and toxicity of polyester in gastrointestinal \(GI) tract. Introduction A number of polymer-
based medical devices have been developed for implantation in the human body; these include vascular
grafts, stents, scaffold structures, and surgical meshes, among others. Biocompatible and biodegradation
polymers, which are new classes of biomaterials, have emerged with high applicability for medical
devices, tissue engineering scaffolds, drug delivery, and biomedical-healthcare sensors. In recent years,
there has been increasing interest in biodegradable polymers that are degraded through hydrolysis, with
or without enzymes, and absorbed in the body via the metabolic pathway. A majority of the
biodegradable polyesters like polylactic acid \(PLA), polyglycolic acid \(PGA), polycaprolactone \(PCL),
and their co-polymers, which are used in drug delivery and internal �xation devices, are based on
hydrolysable ester bonds; however, the evidence for their biological breakdown in vivo is considerably
limited. In biodegradable medical devices, the accumulation of leachable acidic by-products has been
found to be a major contributor for the in�ammatory response in tissues1,2. In particular, the
implantation sites that exhibit low metabolic activity and ability to eliminate by products, may be
incompatible for polyester-based materials, which are recently gaining importance. Nevertheless, despite
the widely recognized importance of these materials, studying their degradation still poses a signi�cant
challenge. In general, aliphatic polyesters degrade in vivo through random hydrolytic cleavage of ester
bonds. The in vivo degradation of polyesters occurs as a two-stage process. The �rst stage involves non-
enzymatic random hydrolytic chain scission of ester bonds3. The second stage is characterized by the
onset of weight loss because of diffusion of oligomers from the polymer bulk. Most of the studies that



Page 3/13

focus on the degradation after few weeks of immersion \(i.e., in vitro) and, in many of them, accelerated
degradation through different agents or conditions \(such as enzymes, free radicals, pH changes,
temperature differences, and alkali) is considered. Compared with PLA and PGA based polyesters, PCL
displays low mechanical strength, owing to its good elongation, in combination with its solubility,
permeability and feasible processing temperatures \(Tg = -60 C). Contrary to PLA, PGA, and polylactic-co-
glycolic acid \(PLGA), PCL does not undergo plastic deformation and failure when exposed to long cyclic
strain thereby making it a suitable component in vascular graft applications4. PCL grafts exhibited good
structural integrity in the rat abdominal aorta models5. Considering the aforementioned applications of
polyesters, in this study, we provide a new direction for understanding the thin polyester �lm degradation
in the gastrointestinal tract \(stomach and intestine) in vivo. RECENT APPROACH FOR IN VIVO AND IN
VITRO DEGRADATION In vitro degradation studies A large number of in vitro models have been used to
study the polyester degradation and physiology to understand the degradation mechanism. In some of
these studies, the objective was to investigate whether long term degradation of polyesters can be
applied for the survival of drugs through the6,7 gastrointestinal \(GI) tract or to serve as arti�cial
replacements for damaged blood vessels8. Hydrolytic degradation is of crucial importance for its
successful implementation in various applications such as surgical sutures, drug delivery systems and
tissue engineering scaffolds, and thin �lms9,10. Hydrolytic rates of the polymer �lm are found to be
similar in both in vitro \(saline) and in vivo \(rabbit) conditions where the enzymatic involvement is at the
�rst stage of degradation, which is not a signi�cant factor in the degradation process11,12. The study of
hydrolytic degradation of polyesters, whether acid or base catalyzed, is important to understand the pH
dependent degradation of biomaterials. The pH of gastric juice in the stomach can go as low as 0.9-1.5,
whereas the pH of the pancreatic juice in the duodenum ranges from 7.5-8.213. These polyester �lms
degraded at strong basic conditions \(pH= 13) with large cavities observed because of non-uniform
super�cial erosion; however, at higher acidic conditions \(pH = 1), cavities, cracks and �ssures appeared,
which were consistent with bulk degradation14. In addition, long term degradation of PCL scaffolds
using phosphate-buffered saline \(PBS) at pH 7.4 also followed a bulk degradation pattern15. PCL
polyesters are easily affected by the enzymatic degradation in the GI tract, where the simulated intestinal
�uids containing enzymes like lipase signi�cantly enhance hydrolytic bulk degradation in PCL, which is
negligible in the other polyesters. Enzymatic degradation of polyesters Lipase is an extracellular
hydrolytic enzyme that digests aliphatic polyesters such as PCL16,17. Extensive studies targeted at
enzymatic degradation, where the degradation of PCL is enhanced by the action of lipase PS in which the
crystallinity of PCL �lm decreased continuously, and the degradation took effect not only in the
amorphous phase, but also in the crystalline region18,19. The effects of molecular weight, crystallinity,
and morphology on the microbial and enzymatic degradation of thin polyester �lms have been reported
in previous studies; it is observed that the degradation begins with the amorphous regions prior to the
crystalline regions20,21,22. In vivo degradation studies It is noteworthy that among the more than
thousands of papers published during the last decade for biomaterials and tissue engineering, in which
polyesters are used in the form of �lms and scaffolds, only a few have discussed their degradation
kinetics, despite the fact that these degradation behaviors are quite different in the in vivo conditions.
Electrospun PCL non-woven material was investigated both in in vitro \(performed in Ringer solution)23
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and in vivo studies \(subcutaneous implantation in rats); the results in a study by Li et al. clearly prove
that faster degradation occurs in vivo due to enzymatic degradation along with hydrolytic degradation24.
In rabbits, the mechanism of biodegradation of PCL, PLA, and their copolymers are qualitatively
similar25. However, the rate of the �rst stage of the degradation process, i.e., non-enzymatic random
hydrolytic chain scission, varied by an order of magnitude and was dependent on morphological as well
as chemical effects. Whilst results about degradation in polyesters are undoubtedly of some interest, the
in vivo correlations in the GI tract are extremely important. The intestinal environment presents signi�cant
challenges to the selection of appropriate materials for various clinical applications including tissue
engineering. Polyesters show good biocompatibility and degradation in major applications including
stents, sutures, drug delivery, and �xation devices26. Biodegradable polyester stents have a signi�cant
advantage, as they do not require any removal process and are dissolved by the hydrolytic enzyme
avoiding the problems associated with current therapies for GI obstruction27. Polyester scaffolds
regenerate the cellular alignment of native intestinal circular and longitudinal smooth muscle layers28.
The features of these polyester materials are also crucial for the production of tissue engineered
intestines, which include designed levels of biodegradability, strength, and elasticity comparable to that
of the small intestine. Advantages and Limitations of this protocol This work presents the signi�cant
study of degradation of polymer �lm in vivo. Implantation enables the inoculation of the polymer �lm into
the stomach and intestine through an external route, which is clinically more relevant compared with the
other models that use in vitro. In addition, physiologies can be studied more accurately in the case of in
vivo degradation when compared with the other models which are done in vitro. This is of utmost
importance when monitoring the degradation of polyester �lm in GI tract for a short term. Furthermore,
this procedure allows systemic and selective suturing ways for clinical work. Moreover, the model allows
analysis of clinically important phenomena such as localized host function in a particular area where the
degradation takes place. This model of work in in vivo is the �rst to describe the polymer bio�lm
degradation in the GI tract. However, this model also presents some limitations. Besides being an
expensive technique, it requires extensive work to acquire more technical expertise. This method requires
regular monitoring and manipulations to notably avoid the sacri�ce of many hosts.

Reagents
REAGENTS • ANIMALS Sprague Dawley \(SD) rats weighing ≈500g obtained from the National center
were used in the study. \! CAUTION This protocol was approved by the Laboratory Animal Center
Committee of National Defense Medical Center and conformed to ethical and technical training program
guidelines. \(REFERENCE OR PERMIT NUMBER) • Zoletil, 20 mg/kg • Sterile water \(Gibco, Cat. No.
15230-07) • Sterile 1 × PBS \(Cat. No. 10010-023) • Poly\( -caprolactone) \(Sigma-Aldrich, Cat. No.
704105) • Dichloromethane \(Sigma-Aldrich, Cat. No. 75092) • Chloroform \(Sigma-Aldrich, Cat. No.
67663) • Ethanol, 70% v/v \(Sigma-Aldrich, Cat. No. 34935-1L) • Sterilized cotton swabs \
(Covidien/Kendall, Cat. No. 61541400) • Betadine solution, bottle of 120 ml \(Vetoquinol)

Equipment
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EQUIPMENT • Laminar air �ow \(Faster-air, Cat. No. Faster BH2006) • Hot bead sterilizer \(Fine Science
Tools \(FST), Cat. No. 18000-50) • Beads \(FST, Cat. No. 18000-51) • Micro-spring scissors \(1; FST, Cat.
No. 15007-08) • Fine scissors \(1; FST, Cat. No. 14502-14) • Fine forceps \(2; FST, Cat. No. 11245-30) •
Blunt forceps \(1; FST, Cat. No. 11000-14) • Halsted-Mosquito Hemostats \(2; FST, Cat. No. 13108-12) •
Silk thread, 22.5 m \(FST, Cat. No. 18020-30) • Curved forceps \(FST, Cat. No. 91197-00) • Suture Dexon
5/0 absorbable, box of 36 \(Beige, Cat. No. 9552-21) • Scalpel \(Swann-Morton, Cat. No. 0510) • Sterile
gloves \(Size 7–8, Medium; LCH, Cat. No. STP641) • Sterile gauze pad \(LCH, Cat. No. CNST-470) •
Syringe, 2ml \(Cat. No. 300186, BD Biosciences) • Glassman Non-Crushing Intestinal Clamp \(MDS
6420423) • Huber needle, straight 7/10, 22 Gauge, 30 mm, box of 50 \(Perouse Medical, Cat. No. 512507)
• Respiratory mask, FFP2 \(Fisher Scienti�c, Cat. No. 19-130-4825) • Sterile gown \(BARRIER, Cat. No.
98000622) • Mozer Max45 clipper \(Moser-Animal Line, Cat. No. 1245-0066) • Tweezers \(B. Braun
Aesculap)

Procedure
Presurgical procedures 1) Acclimatize rats for 1 week prior to conducting the experimental procedure. The
rats were fed a high-fat diet and bred in the animal center with a 12/12 light cycle at 23±2°C. The
operation was performed when the body weight of the rats reached 500 g. The rats were fasted at least
24 hours before operation. \! CAUTION The animal room should be cleaned with disinfectant every day
until the end of the study. 2) PCL �lms were sterilized by immersing into 70% ethanol for 1 h then
immersed into PBS \(pH 7.2) to eliminate the ethanol. Then, PCL �lms were implanted on the wound
sites. Surgical procedure \(PCL �lm implantation, Day 0) ● TIMING ~55 min Stomach 3) Anesthesia \(2
min per rat, 5–6 min for a rat to sleep). Anesthetize the rats using Zoletil at 20 mg/kg with intramuscular
injection into the front of the thigh. 4) Shaving \(3–4 min per rat). Once the rat becomes completely
unconscious, shave the ventral side of the rat \(Fig. 2a) with an electric clipper to remove hair. ▲
CRITICAL STEP If the rat is not completely asleep during the experiment, it can be affected by stress,
leading to the death of the rat. 5) Disinfection \(5 min per rat). Transfer the rat into a sterile sheet. Gently
clean the shaved ventral side portion, as well as the surrounding area and then scrub with Betadine
solution 2–3 times \(Fig. 2b). Allow the disinfectant to dry for 5 min, an incision was later made. ▲
CRITICAL STEP Betadine has been previously shown to kill bacteria in seconds to minutes. 6) Preparation
for surgery \(10–15 min; Fig. 1). It takes 10–15 min for a rat to be ready for the surgery; meanwhile, arrange and
prepare the surgery area. 7) In one part of the sterile sheet, place on the left corner a pair of scissors,
hemostats \(two), micro spring scissors, �ne forceps \(two), two pieces of silk thread ~20 cm long,
curved forceps, sterile gloves, and a scalpel. On the right-hand side, keep sterile gauze pads, Dexon suture,
PCL �lm 0.6 × 0.6 cm2 \(Fig. 1b). 8) Turn on the instrument sterilizer. \(Sterilize instruments before
operation by using pressure cooker) ▲ CRITICAL STEP Keep everything handy before you start the
surgery, as the rats may start to wake up if there is any delay in the surgery process, which can cause it to
be stressed. 9) Surgery \(~20-30 min per rat; Figs. 3-4). Once the rat is disinfected, place the rat on the
surgical sheet prepared in Step 7 in the ventral side position. Take some 70% v/v ethanol and wipe the
body of the rat once. Wear sterile gloves and avoid touching any surrounding areas, which can cause
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infection. 10) Make an upper midline incision \(~5 cm) on the ventral portion to enter the peritoneal
cavity with a scalpel \(Fig. 3a). The gastrocolic ligament in the stomach was fully mobilized, and the
bleeding was handled using ligation with Dexon suture. ▲ CRITICAL STEP Avoid making a very deep
incision, as it results in more bleeding. Pulling the skin outward while making the incision prevents deep
incisions. ? TROUBLESHOOTING 11) Purse-string suturing technique: Passed as a running stitch in and
out along the edge of a circle and pull together the two ends of the suture material to cause stitched
areas for closure Use purse-string suturing technique to make a circle with 15 mm diameter over lateral
aspect of mid-body of stomach and pull together the two ends of the suture to create a gastric pouch. 12)
Make a 1 mm opening of gastric pouch and insert PLC �lm into pouch for degradation study; then, close
the opening and control the bleeding with a �gure-of-eight suture. Make sure the pouch is su�ciently big
to easily insert the PCL �lm \(Fig. 3b, c). ? TROUBLESHOOTING 13) After insertion of the �lm, secure the
portion by suturing \(using a hemostat to hold the suture and blunt forceps to hold inside of the skin)
with Dexon 5-0 suture \(Fig. 3d, e). ▲ CRITICAL STEP It is important to wipe the excess bleeding with a
gauze pad throughout the process. ? TROUBLESHOOTING Small intestine 14) Identify the jejunum \(Fig.
4a), a non-crushing clamp was �xed at 10 cm distal to duodenum and divided with a knife close to the
clamp \(Fig. 4b). 15) The proximal cutting end \(B point) was brought up as a bowel loop, insert the PCL
�lm \(0.6 × 0.6 cm2) from the opening of cutting end \(Fig. 4c). Once the �lm in inserted, secure the
opening by suturing and control bleeding with a �gure-of-eight suture \(Fig. 4d). A suture tie was made
below the bowel loop to prevent PLC �lm migration \(shown in black arrow). ▲ CRITICAL STEP It is
important to make a suture tie below bowel loop \(between PCL �lm and enteroenterostomy) for
prevention of PCL migration as well as the passage of food to bowel loop. 16) An enterotomy was made
at 5 cm distal to proximal cutting end for end-to-side enteroenterostomy anastomosis with single-layer
continuous suture. Suture method should perform as outside-in-inside-out stitch. \(Fig. 4e, f). ▲ CRITICAL
STEP All bleeding should be checked and hemostasis ensured to prevent post-operative bleeding.
Enteroenterostomy should be checked with air leak test to prevent post-operative leak. The fascia of
midline abdominal wound was closed in the same fashion with continuous suturing and skin was closed
with interrupt suturing. 17) Clean the surgery area and close the ventral side \(three or four stitches) and
incisions by making simple interrupted sutures. Apply antiseptic cream \(such as Betadine) \(Fig. 4g). 18)
Finally, the rat need to be single housed \(one rat per cage) for post-operative care. Post-operative care:
Day +1 to Day +3 ● TIMING ~10 min per rat per day 19) Use analgesic \(Ketoprofen, 5 mg/kg) to relieve
pain or distress caused by the operation on rats on Day +1 after surgery. 20) Normal chow diet was fed to
rats starting on the post-operative Day 1. Physical function was monitored, and surgical wound was
inspected. Rats were sacri�ced after a number of postoperative days \(3 d, 7 d, 17 d and 28 d) and the
PCL �lm was taken out for analysis of the extent of degradation.

Timing
It has been mentioned in each section.

Troubleshooting
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? TROUBLESHOOTING Postchallenge care and monitoring ● TIMING 30 min per rat Carefully monitor
and record weight loss, fever, diet intake, or any other abnormal behavior. Any rat with a temperature >39
°C ± 0.5 or <34 °C ± 0.5 for 28 continuous days must be euthanized. In addition, any sick rats must be
euthanized.

Anticipated Results
Anticipated results The two important factors that determine the selection of polyester material are its
degradation rate and its effect on the surrounding tissues. Fig. 5 highlights the degradation rate of a PCL
bio�lm in the stomach and intestine at various degradation periods. The thickness of the bio�lm in
intestine reduced considerably rapidly compared with that in the stomach region. In general, the
degradation of the PCL bio�lm for 28 days would result in a 72% thickness reduction in the intestine,
which represents the degree of polyester degradation. Finally, it should be noted that the side reactions
around surrounding tissue regions were not signi�cant. In all implantation protocols, the foreign
biomaterials exhibit a mild in�ammation as a foreign body response. Figs. 6a and b typically shows the
mild in�ammation and mucosal erosion in the stomach and small intestine, respectively; tiny vacuoles
occurred in the enterocytes lining on the surface of the villi and weak detachment of epithelial cells were
observed because of leachable acidic by-products after degradation \(indicated using black arrows).
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Figure 1

Preparation of surgery a) Rat was brie�y kept in restrainer and it was injected intramuscularly with
anesthesia to complete sedation before starting the procedure b) surgical instruments were prepared and
kept on a sterile sheet in the surgical hood. Wo
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Figure 2

Shaving and disinfection procedures. Surgery for rat preparation was performed under laminar �ow using
a surgical hood, and aseptic conditions were maintained throughout the surgical procedure. a) Rat was
�ipped on its ventral side after it was complete
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Figure 3

Figure.3 PCL Surgical implantation in stomach (steps 10–13) a) Incision was made on the midline of
abdominal wall (5 cm), b-c) PCL �lm was inserted after the gastric pouch created, d-e) the gastric pouch
and outer skin was secured by sutures after insertion. Work
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Figure 4

PCL Surgical implantation in short bowel (steps 14–17) a) Identifying the small portion of the short
bowel region below duodenum, b) Dividing the portion A & B, c-d) PCL �lm was inserted at the end of B
and securely sutured, e-f) surgical wound was creat
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Figure 5

Thickness of the PCL on degradation in stomach and intestine

Figure 6

Histological changes of (a) stomach and (b) intestinal slices on day 17. Slices were �xed in 4% buffered
formalin & embedded in para�n, stained with Hematoxylin and Eosin. (1) strong transmural
in�ammation with loss of crypt structure goblet cells and


