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percentage of reticulin. That section of the single shank identified by the letter “D” in
Figure 3.1 is the preferred portion of the tendon for preparing the collagen dispersion.
Clean the “D” portion of the tendon and freeze tendon in water. The clean tendons are
then sliced to a thickness of about 12-15_millimeters, using the NBI Nantsune deli slicer.
Thicker slices swell slowly in aqueous acid solution and are difficult to disperse. Thinner
slices disperse readily but the dispersion when extruded has poor tensile strength. It is
observed that the tendon sections are sliced across the major axis, as lengthwise slicing
seems to result in a slower swelling.

The weight of sliced tendon was 947.1gm. Using electric meat grinder, grind the
sliced tendon; transfer the ground tendon into a beaker.
. Weight of beaker + tendon = 1489.0 gm
. Weight of beaker = 625.0 gm
. Weight of ground tendon = 864.0 gm

An adequate sample of the sliced tendon is analyzed at this time for total solids, as
the moisture contained in the tendon received from various suppliers at different times is
not constant. Take out and weight 2.0 *0.5 gm of wet ground tendon in to three different
aluminum dry dish. Close the beaker tightly with aluminum foil, so that tendon does not
leave moisture.

Table 3.1 Weights after Grinding the Tendon

#1 #2 #3
a Aluminum dish (gm) 1.0046 1.0048 1.0105
b Aluminum dish + wet tendon 2.1472 2.1110 2.4448
(gm)
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Place the aluminum dishes with the wet tendon into the oven at 100°C for a
minimum of 4 hours, later for 3 days in 100 + 20°C. Take out the aluminum dishes from
the oven and weigh them.

Table 3.2 Weight after Placing in the Oven

#1 #2 #3

c Aluminum dish + Dry Tendon | 1.5379 1.5200 | 1.6312

Calculation for the wet weight, dry weight and percent weight.

Table 3.3 Resultant Weights of the Collagen

d | Wet Weight (b-a) g. 1.1426 | 1.1062 | 1.4343

e Dry Weight (c-a) g. 0.5333 | 0.5160 | 0.6207

f Percent wet solids (e/d x 100) g 46.67 46.64 | 43.27

Initial dry weight of ground tendon available for purification.

(Wet Weight of ground tendon) x (percent solid) = Dry Weight of tendon to be purified.
The ground tendon is next treated with a buffer solution. Preparation of buffer

solution is, 8.4 liter of KH,PO, (Potassium phosphate monobasic) solution by adding

41.25 gm of KH,PO4 to 8.4 liter of distilled or demineralized water. Then 1.5gm of

sodium hydroxide is added to the solution to get the pH around 6.

. Recorded pH-6

. Water = 8.4liter, KH,PO4 =41.25gm

13



Add the ground tendon to the above solution. Warm up to 37°C and add 10gm of
ficin enzyme derived from plant. Dissolve this ground tendon in 300ml of solution taken
from previously prepared 8.4 litter buffer batch. Immediately, add 300 ml ficin premix
uniformly to the buffer solution. The buffer enzyme treatment is needed to dissolve the
elastin, which encircles and ties together the collagen fibers. By this treatment
substantially all of the elastin is dissolved and can be removed. The tendon-enzyme
mixture is incubated at a temperature of about 37°C for 15 to 20 hours.

. Wet weight of ground tendon added is 864.0gm.
. Temperature of solution 36°C (ficin added 10.0gm)

Stir intermittently and keep the solution at 37°C +2 for 1 hour. Now to deactivate
the enzyme and to wash the soluble proteins and lipids, prepare a solution of NH4NO3
(Ammonium Nitrate) and NaClO, (Sodium Clorite) in 8.4 liters of distilled water.

. Water = 8.4 liters

. NHsNO3 =90.2 gm

o pH of the solution=6
. NaClO, =10 gm

Add NaClO; to solution during last 5 minute of preparation. Wash three (3) times,
15 minutes for each time (wash) with 3 liters of distilled water per wash and also squeeze

out excess water. Monitor the pH at each wash.
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Table 3.4 pH reading of the Washes

Start Finish pH
Wash 1 5:45PM | 6:00 PM 6.02
Wash 2 6:15PM | 6:30 PM 5.87
Wash 3 6:45PM | 7:00 PM 541

Store the squeezed dry collagen in cool and dry place. To prepare the collagen
dispersion, 500 ml of distilled water and 500ml of methanol is taken, mix them together,
and then 2 gm of cyano acetic acid is added. This mixture is then poured into the beaker
with collagen. This is allowed to sit for couple of minutes.

. Weight of collagen =21.98gm
. Weight of cyano acetic acid = 2.0gm

This mixture is then poured into a blender for three to five continuous cycles. 10
seconds at low speed, 10 seconds at medium speed, and 10 second at high speed. These
three speeds count as one cycle. These cycles can be repeated if needed. A 5-minute
pause between each cycle is taken to prevent heat due to friction. Centrifuging the
mixture at 4000 rpm for 5 minutes then follows this. A very clean, colorless material is

obtained. This is now ready to be spun.

3.2 The Experimental Setup for Spinning
Shown in Figure 3.2 in a schematic view, is an apparatus for spinning a collagen fiber
monofilament. The term “monofilament” as used here, means a single thread of oriented

collagen fibril as extruded through a single orifice spinneret. Item 1 is syringe pump
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made by Harvard Systems Model number 901 on which syringes of 10 cc, 20 cc, 30 cc,
or 50 cc filled with collagen dispersion can be fixed. Item 2 is the needle attached to
syringe, made up of stainless steel with diameter ranges from 16, 18, 20, 22 gauges. The
needle is bent at 90° angle so that its orifice can face right above the conveyer belt item 6.
Needles made of stainless steel are preferable because they have the property to resist
corrosive environment of acetone and ammonia. Items 3A, B, C, D, E, F are nylon rollers
which are 1 inch in diameter. They have bore in the center of about 0.30 inch which make
them look like wheels and their function is to rotate the conveyer belts. In order to resist
the corrosive environment of coagulation bath, the rollers used are made up of nylon.
These nylon rollers are attached to a stainless steel frame, item 16, inside the coagulation
bath item 4. Coagulation solution item 5 which may contain 2 liters of solution originally
made up by adding 1.5 milligrams of NH3;0OH (Ammonium Hydroxide) and 60 grams of
water to 2 liters of fresh HPCL grade acetone. The original water content of this HPCL
grade acetone is 4 grams per liter. This will give pH between 9-10 in the coagulation
bath.

If less ammonia is present in the spin bath, the extruded filament is too soft when
formed at the needle opening and if too much ammonia is present in the bath, the
filament is brittle and cannot be stretched to obtain the desired orientation. In the
coagulation bath, acetone takes out the water from collagen fiber and ammonia
neutralizes the acid to give strength to the monofilament.

The water present in the spin bath has the opposite effect, in that too much water
will result in an excessively soft filament, and too little water will give a brittle filament

that cannot be stretched. Thus, the ammonia present in the acetone bath will compensate
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to some extent for the water present and vice versa. The composition of the spin bath may
be maintained relatively constant by adding ammonia, acetone and water at every 15

minutes and constantly checking pH by using hand held pH meter.
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Figure 3.2 Schematic diagram of spinning of collagen fiber.

Item 6 is the conveyer belt made up of polyethylene and has thickness of 0.15
cm, width of 3.5 cm and 48 inches in length. Polyethylene is resistant to corrosive
environment of acetone and ammonia, it also does not like collagen, that means after
drying the collagen fiber does not stick to the surface of the conveyer belt, so the fiber
readily comes off the conveyer belt. 7 is the cold air blower, very much similar to hair
dryer, which is aimed on the conveyer belt right near the end of coagulation bath to

increase the amount of time required for drying. Item 8A and B is the clamp made up of




aluminum onto which rollers are attached. Item 9 is the rail made up of iron on which
these clamps are mounted. Items 10 and 11 are two pulleys. Item 10 is attached to roller
Item 3F with 0.25 inch bore size, where as Item 11 is attached to electric motor’s Item
14A shaft with 0.5 inch bore size. Item 12 is the timing belt made up of rubber of 4
inches in length, which connect two pulleys. Item 13 is the shaft of electric motor of size
0.5 inches. Items 14A, 14B are two low speed DC motors with speed controllers. The
lowest speed that can be achieved is 2 inches/min, and the fastest speed that can be
achieved is 10 inches/min. Item 15 is the take up roller coated with Teflon or
Polyethylene film. From the trial and error experiment it is observed that to get
uniformity in fiber the identical speed of motor is 3 inch/min and speed of syringe pump
is 2 inches/min.

Using this apparatus we make collagen monofilament from three different
dispersion concentrations; i.e. 1%, 1.6%, and 2%. It is observed that with 1% dispersion,
it gives us a film like monofilament which has the tape or film like structure instead of
round fiber because the viscosity of 1% dispersion is low and when the fiber comes out
from needle orifice it sets on the conveyer belt throughout the coagulation bath. Since the
viscosity 1s very low it gets flat to form a tape or film like structure.

With 1.6% dispersion, which has more collagen in it and has comparatively more
viscosity than 1%, it almost looks like gel and produces round fiber. When 1.6%
dispersion comes out of the needle orifice it does not get flat because of the higher
viscosity. This also happens with 2% dispersion. Fibers with concentration higher than
2% cannot be spun because 2% in itself is very viscous and is found to be difficult to get

through needle with small orifice.
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There are two drawbacks of this apparatus. One is it does not have any
mechanism to remove air bubbles from the dispersion. Due to this problem, at times leads
to the breakage of the continuous fiber that is spun using the syringe pump. This problem
can be overcome by centrifuging the dispersion at more than 5000 rpm. The other
solution of this problem is filling the syringe with desired concentration of dispersion and
let it sit for one or two days. This will remove the air bubble automatically, if not all, at
least most of them. The second drawback is it does not have any cross-linking bath. This
problem here in this project is overcome by using a separate bath to which cross linking
agent is added. This bath is used in the place of coagulation bath in above design. The

fiber is then passed through this cross-linking bath for cross-linking the fibers.

3.3 Chemical Modification of Collagen to Cross Link the Fibers
The primary structure of collagen is made up of long sequences of some 20 different
amino acids. Since each amino acid has its own chemical identity, there are 20 types of
pendant side groups, each with its own chemical reactivity, attached to the polypeptide
chain backbone. As examples, there are carboxylic side groups (from glutamic acid and
aspartic acid residues), and primary amino groups (lysine, hydroxylysine, and arginine
residues), and hydroxlic groups (tyrosine and hydroxylysine). The collagen molecule is
therefore subject to modification by a large variety of chemical reagents. Because of the
chemical versatility there are many ways for the collagen to be chemically modified. In
addition it is possible to react with only a specific type of amino acid rather than all
amino acid residue types carrying the same functional group, also requires chemical

analysis (9).

19



Historically, the chemical modification of collagen has been practiced in the
leather industry (since about 50 % of the protein content of cowhide is collagen) and in
the photographic gelatin industry. Today, the increasing use of collagen in biomaterials
applications has provided renewed incentive for novel chemical modification, primarily
in two areas. First, implanted collagen is subject to degradable attack by collagenases,
and chemical cross-linking is a well-known means of decelerating the degradation rate.

Second, collagen extracted from an animal source elicits production of antibodies
(immunogenicity). Although it is widely accepted that collagen elicits synthesis of a far
smaller concentration of antibodies than other proteins e.g., albumin, treatment with
specific reagents, including enzymatic treatment is occasionally used to reduce the
immunogenicity of collagen (10).

Collagen-based implants are normally degraded by collagenases, naturally
occurring enzymes, which attack the triple helical molecule at a specific location. Two
characteristic products result, namely, the N-terminal fragment which amounts to about
two thirds of the molecule, and the one—quarter C-terminal fragment. Both of these
fragments become spontaneously transformed (denatured) to gelatin at physiological
temperatures via the helix-coil transition and the gelatinized fragments are then cleaved
to oligopeptides by naturally occurring enzymes, which degrade several other tissue
proteins (non specific proteases) (11).

Collagenases are naturally present in healing wounds and are credited with a
major role in the degradation of collagen fibers at the site of trauma. At about the same
time the degradation of collagen and of the extra cellular matrix components proceeds in

the wound bed, these components are being synthesized by cells in the wound bed (12).
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Eventually, new architectural arrangements, such as scar tissue form a stable between
adjacent organs, which allows the healed organ to continue functioning at a nearly
physiological level. The combined process of collagen degradation and scar synthesis is
often referred to as remodeling. One of the frequent challenges in the design of collagen
implants is to modify collagen chemically in a way, which either accelerates or slows
down the rate of its degradation at the implantation site to a desired level (12).

An effective method for reducing the degradation rate of collagen by naturally
occurring enzymes is chemical cross-linking (13). A very simple self-cross-linking
procedure, dehydrative cross-linking, is based on the fact that removal of water below
about 1% by weight insolubilizes collagen as well as gelatin by inducing formation of
interchain peptide bonds. The nature of the cross-links formed can be inferred from the
results of studies using chemically modified gelatins. Gelatin which had been modified
either by esterification of the carboxylic groups of aspartyl-gluamyl residues or by
acetylation of the Z-amino groups of lysyl residues remained soluble in aqueous solvents
after exposure of the solid protein to high temperature, while unmodified gelatins lost
their solubility. Insolubilization of collagen and gelatin following severe dehydration has
been, accordingly, interpreted as the result of drastic removal of the aqueous product of a
condensation reaction, which led to the formation of interchain amide links. The
proposed mechanism is consistent with results, obtained by titration; showing that the
number of free carboxylic groups and free amino groups in collagen are both
significantly decreased following high temperature treatment (14).

Removal of water to the extent necessary to achieve a density of cross-links in

excess of 107 moles of cross-links/g dry gelatin, which corresponds to an average
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molecular weight between cross-links, M., of about 70 kDa, can be achieved within hours
by exposure to temperatures in excess of 105°C under atmospheric pressure. The
possibility that the cross-linking achieved under these conditions is caused by a pyrolytic
reaction has been ruled out (12). Furthermore, chromatographic data have shown that the
amino acid composition of collagen remains intact after exposure to 105°C for several
days. In fact, it has been observed that gelatin can be cross-linked by exposure to
temperatures as low as 25°C provided that a sufficiently high vacuum is present to
achieve the drastic moisture removal, which appears to drive the cross-linking reaction
(15).

Exposure of highly hydrated collagen to temperatures in excess of about 37°C is
known to cause reversible melting of the triple helical structure, as described earlier. The
melting point of the triple helix increases with the collagen-diluent ratio from 37°C, the
helix-coil transition of the infinitely dilute solution, to about 120°C for collagen swollen
with as little as 20% wt. diluent and up to about 210°C, the melting point of anhydrous
collagen. Accordingly, it is possible to cross-link collagen using the drastic dehydration
procedure described earlier without loss of the triple helical structure. It is sufficient to
adjust the moisture content of collagen to a low enough level prior to exposure to the high
temperature levels required for rapid dehydration (16).

Dialdehydes have been long known in the leather industry as effective tanning
agents and in histological laboratories as useful fixatives. Both of these applications are
based on the reaction between the dialdehyde and the X- amino group of lysyl residues in
the protein, which induces formation of interchain cross-links. Glutaraldehyde cross-

linking is a relatively widely used procedure. The nature of the cross-link formed has
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been the subject of controversy, primarily because of the complex, apparently polymeric,
character of this reagent. Considerable evidence supports the proposed anabilysine
structure, which is derived from two lysine side chains and two molecules of
glutaraldehyde (13, 16).

Evidence for other mechanisms has been presented. Compared with other
aldehydes, glutaraldehyde has shown itself to be a particularly effective cross-linking
agent, as judged, for example, by its ability to increase the cross-link density. The Mc
values provide the experimenter with a series of collagens in which the enzymatic
degradation rate can be studied over a wide range, thereby affording implants, which
effectively disappear from tissue between a few days and several weeks following
implantation. Although the mechanism of the reaction between glutaraldehyde and
collagen at neutral pH is understood in part, the reaction in acidic media has not been
studied extensively (13,16). Evidence that covalent cross-linking is involved comes from
measurements of the equilibrium tensile modulus of films that have been treated to
induce cross-linking and have subsequently been gelatinized by treatment in 1 M NaClI at
70°C. Under such conditions, only films that have been converted into a three-
dimensional network support an equilibrium tensile force; by contrast, uncross-linked

specimens dissolve readily in the hot medium (15).
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Figure 3.3 Collagen cross-linked with gluteraldehyde (27).

The Figure 3.3 shows how gluteraldehyde reacts with the amino acids of collagen
to form cross-links. There is reaction of amine with aldehydes through condensation. The
immunogenicity of the collagen used in implants is significant and has been studied
assiduously using laboratory preparations. However, the clinical significance of such
immunogenicity has been shown to be very low, and it is often considered to be
negligible. This immense simplification of the immunoligical problem of using collagen
as a biomaterial was recognized a long time ago by manufacturers of collagen-based
sutures. The apparent reason for the low antigenecity of type I collagen stems from the
small species difference among type I collagens (e.g., cows vs. human). Such similarity
is, in turn, probably understandable in terms of the inability of the triple helical
configuration to incorporate the substantial amino acid substitutions, which characterize
species differences with other proteins. The relative constancy of the structure of the
triple helix among the various species is, in fact, the reason why collagen is sometimes
referred to as a “successful” protein in terms of its evolution or, rather, the lack of it (17,

18,10).

24



In order to modify the immunogenicity of collagen, it is useful to consider the
location of its antigenic determinants, i.e., the specific chemical groups that are
recognized as foreign by the immunoligical system of the host animal. The
configurationally (or conformational) determinants of collagen depend on the presence
of the intact triple helix and, consequently, are abolished when collagen is denatured into
gelatin; the latter event occurs spontaneously after the triple helix is cleaved by a
collagenase (10,11). Gelatinization exposes the sequential determinant of collagen over
the short period during which gelatin retains its macromolecule character, before it is
cleared away following attack by one of several non-specific proteases. Controlling the
stability of the triple helix during processing of collagen, therefore, prevents the display
of the sequential determinants (19, 4).

Sequential determinants also exist in the nonhelical end (telopeptide region) of the
collagen molecule and this region has been associated with most of the immunogenicity
of collagen-based implants. Several enzymatic treatments have been devised to cleave the
telopeptide region without destroying the triple helix. Treating collagen with
glutaraldehyde not only reduces its degradation rate by collagenase but also appears to

reduce its antigenecity as well. The mechanism of this effect is not well understood.

3.4 Characterization of Collagen Fibers
The purpose of this work is to determine whether the physical behaviour change of
collagen fiber change as a function of chemical treatment. In all the cases there is a need

to know whether an inflammatory response results in the presentation to the implanted
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implanted tissue the cellular components that lead to calcification, or whether a change in
the protein structure causes the initiation of the calcification process.

The tissue evaluated here is the bovine tendon collagen. Several different fiber treatment
processes were evaluated to see if changes in protein structure could be identified like
treatment with glutaraldehyde. The analytical methods used for the initial studies were
developed to study physical changes in polymers. They include differential scanning
calorimetry (DSC), thermal mechanical analysis (TMA), thermal gravimetric analysis
(TGA). The diameters and surface features are analyzed using SEM and Universal
Research Microscope.

Materials

1. Collagen gel with 1% viscosity treated with ethanol and spun into fibers dehydrated
using a acetone bath (pH 9-10).

2. Collagen gel with 1% viscosity treated with ethanol and spun into fibers. These fibers
are treated with glutaraldehyde during the dehydration process in acetone. This results
in producing fibers with cross-links.

3. Collagen gel with 1.687% viscosity treated with ethanol and spun into fibers
dehydrated using a acetone bath (pH 9-10).

4. Collagen gel with 1.687% viscosity treated with ethanol and spun into fibers. These
fibers are treated with glutaraldehyde during the dehydration process in acetone. This
results in producing fibers with cross-links.

5. Collagen gel with 2% viscosity treated with ethanol and spun into fibers dehydrated
using a acetone bath (pH 9-10).

6. Collagen gel with 2% viscosity treated with ethanol and spun into fibers. These fibers
are treated with glutaraldehyde during the dehydration process in acetone. This results
in producing fibers with cross-links.
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3.5 Thermal Gravimeteric Analysis
Thermal gravimetric analysis was carried out on Q50 Thermogravimetric Analyzer. Non-
isothermal experiments were performed in the temperature ranges of —50 to 250 degree C
at heating rate of 10 degree C per min on each sample. The average sample size was 3 mg
and the nitrogen flow-rate was 50 cm3 per min.

The thermogravimetric data was analysed using the associated TGA-Q50
software. The loss of mass in terms of percentage loss in weight from the dependence of
the heating rate was the apparent results of this test.

The collagen fiber was cut with a scissors into tiny bits of pieces and weighed.
The pan with the collagen fibers was covered with a porous metal screen to keep the light
fibers from blowing out of the pan. The scan rate was 10 degree C/min over a range of
room temperature to 250 degrees. These parameters were selected based on the previous

studies conducted on rat-tail tendon and collagen of pericardium.

3.6 DSC- Differential Scanning Calorimetry
Thermal analysis of collagen fibers is used as a diagnostic tool to evaluate the effect of
temperature and stress conditions. The effect of temperature on the collagen fibers has
however has not been adequately studied. This method while easy to apply, does not
provide any insight into structural changes occurring in the fiber. This study is based on
the understanding of collagen structure. Collagen chains consist of three helical
polypeptide chains held together by hydrogen bonds (21). The thermoreversible
transformation of collagen to gel is interpreted as the disintegration of these helical

structures into random coils. Upon cooling, random coils (22) undergo a conformational
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coil to helix transition during which they attempt to reform the original collagen
structure(23). Depending on the temperature and time at which the random coils are
allowed to cool, they form less organized gel. In this sense gel is prepared by complete
thermal denaturation of collagen (23) followed by partial renaturation through nucleation
and growth of crystalline links (24). The resulting three-dimensional network is
responsible for the strength and integrity of the gel. Only a fraction of the
macromolecules comprises the helical structure. The space between the fibrils is
composed of disordered amorphous polypeptide chains (25) providing the elasticity to the
collagen fiber.

The purpose of this DSC experiments is to gain an understanding of the structural
changes of collagen fiber when exposed to heating and cooling by observing the relative
heat flow using ramp and heat-cool-heat using thermal analysis.

Thermal behavior and melting temperatures are determined with Q100 differential
scanning calorimetry, TA Instruments New Castle, DE. Samples for thermal analysis are
prepared as follows. The collagen fiber was cut with a scissors into tiny bits of pieces and
weighed. The weight was 2-5 mg then hermetically sealed into aluminum DSC pans and
crimped. An empty pan with a cover was also crimped and placed as a reference sample.
The equipment was first operated on Ramp mode and then followed by Heat-Cool-Heat
mode. The scan rate was 10 degree C/min over a range of —50 to 250 degrees. For heat
cool heat operation mode the scan rate for the cooling cycle was kept at 5 degree C/min
in order to accurately study the thermal events. These parameters were selected based on

the previous studies conducted on rat-tail tendon and collagen of pericardium.
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3.7 Thermal Mechanical Analysis
This test is conducted using the TMA 2940 Thermo mechanical Analyzer made by TA
Instruments. This test is used to evaluate the effect of temperature on the change in
dimensions. The results are analyzed using the software. It is expected that as the strength
of the collagen fiber increase, the temperature at which it break also increase.

Collagen fiber is cut using a scissors and placed between the clamps used to
mount the sample. The sample is then mounted onto the sample fixture. The initial length
of the fiber is measured automatically by the instrument. It is then subjected to the non-
isothermal temperature ranging from —50 to 250 degrees C. It is heated at the rate of 10
degree C per min. Since an internal cooling system was not available, it was cooled

below room temperature using liquid nitrogen in the furnace.

3.8 Tensile Modulus

This test is conducted using the TMA 2940 Thermo mechanical Analyzer made by TA
Instruments to find the Young’s modulus of the collagen fiber at isothermal temperature.
The process of cross-linking after treating the collagen gel with gluteraldehyde is realized
and the slope is listed. It shows that there is cross-linking of terminal amino groups with
treatment of gluteraldehyde. This is demonstrated by the fact that the slope of the plot of
tensile deformation versus applied force decreases when the fiber is cross-linked. The
equipment software plots the changes in the length of the fiber with respect to increase in
force applied. The maximum amount of force applied here 1 Newton.

Collagen fiber is cut using a scissors and placed between the clamps used to mount the
sample. The sample is then mounted onto the sample fixture. The initial length
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Collagen fiber is cut using a scissors and placed between the clamps used to
mount the sample. The sample is then mounted onto the sample fixture. The initial length
of the fiber is measured automatically by the instrument. In this method, the test is
conducted at isothermal temperature. The temperature is kept constant equal to body

temperature i.e 37 degree C.

3.9 Scanning Electron Microscope
The size and surface features of the collagen fibers produced by the different amount of
dispersion and cross-linked and non-cross linked were studied by scanning electron
microscope. Collagen samples about 2-3mm in length were mounted on aluminum stubs.
The instrument used was Leo 1530 VP.

Collagen fibers are placed on the aluminum stubs. Then a double-sided tape, a
piece large enough to place on top of the aluminum stub is cut. The paper on the tape is
peeled off and placed on the stub. Tweezers are used to place the sample onto the tape.
Drop the aluminum stubs into the numbered sample holder and turn screws until tight.
The inner sample holders are placed into the outer sample holder and again the screws are
turned to tightness. The samples were then introduced into the specimen chamber of a

scanning electron microscope and examined for surface structure and diameter.

3.10 Universal Research Microscope
This study was performed on the collagen fibers using a universal research microscope
for obtaining polarized and non-polarized images. About 3-4 mm of the collagen fiber in

length was cut with scissors and mounted on a glass slide. This was then placed URM.
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CHAPTER 4
RESULTS AND DISCUSSION
The table below shows the different fibers spun in this study to characterize their thermal

stability, mechanical, tensile and structural properties.
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Table 4.1 Different Types of Collagen Fibers Spun for the Study.

Percentage | PH of the Speed of Time Speed of | Diameter of Observation
of collagen | coagulatio syringe inside the | extrusion | the
dispersion n bath pump*** | bath (min) | (inches/min) | fiber(microme
(inches/min) ter)
1 9-10 2 3 3 Film* Flat film, transparent,
Non uniform thickness
crosslinked
1.6 9-10 2 3 3 20.4%* uniform diameter,
Non cross cylindrical fiber
linked
2 9-10 2 3 3 18.3%* Uniform diameter,
Non cross cylindrical fiber
linked
| 9-10 2 3 3 Film* flat fiber, uniform
Cross linked thickness
1.6 9-10 2 3 3 14.5%* uniform diameter,
Cross linked cylindrical, firm
2 9-10 2 3 3 20.1%* uniform diameter,
Cross linked cylindrical, firm

*  spun using 18 guage needle (0.033” inside diameter)
**  spun using 20 guage needle (0.023” inside diameter)
*¥*% Volume per minute

4%



4.1 Thermal Gravimetric Analysis

The thermogravimetric curves for three dispersions with and without cross-linking are
shown below in Figures 4.1a to 4.1f. All the samples showed similar behavior with the
main stage of mass loss. This stage showed at about 250 degree C the loss of adsorbed
water and bound water. These graphs show the weight loss as the temperature increases.
The water content in these fibers is completely evaporated at an average temperature of
245.93, it is seen that there is maximum loss in weight for all the fibers or no further
weight loss irrespective of the amount of percentage dispersion of collagen and cross-
linking at this temperature. It is also observed that there is rapid loss between room
temperature and 100 degree C followed by linear weight loss until 246 degree, which
shows that there is some loosely bound water and some adsorbed water. Figures below
show the plots and the rest in the Appendix B.

Table 4.2 Temperatures and the Corresponding Weight Loss of Different Percentage
Dispersions of Collagen and also with Cross-linked and Non Cross-linked Fibers.

Percentage dispersion of collagen Temperature in degree C | Weight retain(%)
1 - Non-Cross linked 245.83 88.66
1.6 - Non-Cross linked 246.02 86.50
2 - Non Cross linked 246.12 85.36
1 - Cross linked 245.94 87.23
1.6 - Cross linked 245.90 86.67
2 - Cross linked 246.06 85.74
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