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INTERNATIONAL FERTILITY RESEARCH PROGRAM

Six-Month Report

DEVELOPMENT OF IMPROVED AND NEW IUDs

April 1, 1978 - September 30, 1978
Contract AID-pha-C-1111
SUMMARY

The three main objectives of this contract are the development of postpar-
tum IUDs that have low expulsion rates when inserted 1mmediately following
removal of the placenta, medicated IUDs that will reduce IUD-related
bleeding side effecis and a prescriptive approach to IUD insertion that
will improve contraceptive performance by matching the IUD type to the wom-

an's mndividual attr.butes.

Satisfactory progress ras peen made towards each objective., Additional
data have been generated on the hand 1nusertion of the IFRP postpartum
suture Loops sho.i1mg an expulsion rate at six months that compares well
with 1nterval Loop 1nsertion rates. The postpartum cuture Cu-T 1is
performing fqually well. New postpartum imseriers have been developed and
are avallable for clinical trials. All five models of antibleeding medi-
cated I[UDs (two AMCA, three Trasylol) are scheduled for testing 1n animals
for excessive osmotic swelling and associated tissue inflammation. AMCA-
medicated elinical trials will start 3s soon as ongoing prehysterectomy
wnsertions are complete and evaluated. A decision tree for prescribing an
1UD according to a woman's particular physical characteristics is being

developed.



The extension of the IUD contract from September 30, 1978 to April 30, 1979
provides necessary additional time to complete project objectives. By the
end of the contraclL period, solid data on postpartum devices w1ll be avail-
able and studies of both IUD-delivered drugs, AMCA and Trasylol, will be
underway. The prescriptive approach to IUD insertion w1ll be undergoing

clinical evaluation.

1. POSTPARTUM IUDS AND INSERTERS

The three types of postpartum IUDs developed under this contract are: 1)
the Lippes Loop and Cu-T IUDs with biodegradable No. 2 Chromic gut suture
projections that extend 0.5 em in the anterior and posterior directions

from the fundal limb; 2) the Lippes Loop and Cu-T IUDs with biodegradable
grlatin/polylactic acid or collagen lateral extensions on the fundal limbj;
and 3) the Lippes Loop IUD with molded (nondegradable) anterior-posterior

projections on the fundal limb.

Preliminary evaluations of these devices have led to a concentration of
research effort on the IUD models with biodegradable No. 2 Chromic suture
projections. Clinical trials with the postpartum suture Loop have 1ndica-
ted favorable results (six-month life table expulsion rate for 286 cases
pooled from four centers 1s 11.2 + 2.4 per 100 women). See Table I for net
life table rates for pregnaney, expulsion and removal for pain and

blereding.

Also, preliminary gata from clinical trials of the postpartum suture Cu-T
show favorable results (six-month life table expulsion rate for 100 women
is 8.8 + 2.3 per 100 women). See Table II for net life table rates for

pregnancy, expulsion and removal for pain and bleeding for the suture Cu-T.



Table I. Net life taple rates for pregnancy, expulsion and remo.al for
pain and bleeding of tre postpartum suture Loop. Data pooled from inser-
tions 1a Santiago, Cairo, Manila and Bandung. (N = 286, 1083.5 woman-
months of exposure)

NET LIFETABLE RATES PER 100 WOMEN

Event 1mo, 3mo, b mo.

Pregnancy 0.0 £ 0.0 0.0+0.0 0.6 + 0.6
Expulsion 4.4y +1.3 6.5+ 1.5 11.2 + 2.4
Removal, B/P 0.4 + 0.4 1.2 £+ 0.7 2.3+ 1.1
Removal, Med. 0.4 + 0.4 0.4 + 0.4 0.9 + 0.7

The Bandung study was discontinued after 44 insertions because of operator
difficulties. The expulsion rate for the pooled data minus Bandung at
three months 1s 4.7 + 1.5 per 100 women and at six months 1is 8.8 + 2.3 per
100 women.

Table II. Net life tapie rates for pregnancy, expulsion and removal for
pain and bleeding of the postpartum suture Cu-T. (N = 100, 374.0 woman-
ronths of exposure)

NET LIFE TABLE RATES PER 100 WOMEN

Lvent 1mo. 3m. £ mo.

Pregnancy 0.0 £ 0.0 0.0 £ 0.0 0.0 £+ 0.0
Expulsion 1.0+ 1.0 4.5+2.2 6.2412.7
Removal, B/P 0.0 £ 0.9 0.0 £+ 0.0 0.0~00
Removal, Med. 0.0 £ 0.0 0.0+ 0.0 3.4 43.3


http:remo'.al

There has been high physician acceptance of the retentive suture concept.
The lateral extension and the nondegradable projection concepts, however,
have not proven attractive to either physicians or acceptors and, conse-
quently, studies of these designs have been discontinued. The Chromic

suture devices are simple to manufacture and could be an appropriate LDC

technology r~quiring no significant capital 1investment.

The 1200 sulure Loop cases approved by Lhe Protection of Human Subjects
Committee (PHSC) have been assigned to investigators for evaluation. On
the basis of the suture Loop clinical data noted above, the PHSC has
removed Lhe quota on the number of suture Loops that may be evaluated.
Among the 286 cases reported to the IFRP (including 44 patients in the
study that was terminated because of insertion difficulties experienced by
Lhe physician), there have been no uterine perforations. Reports of pelvic
infections 1include five cases of mild salpingitis, three cases of mild
endometritis and one case of moderate endometritis. For the 11 women who
have had their IUDs removed, investigators have not reported any removal

difficulties.

Having collected preliminary data on the safety and efficacy of immediate
postpartium insertion of the suture Loop, the IFRP 1is proceeding with fur-
ther evaluation of this device. On the recommendation of the Core Advisory
Committee, the IFRP will evaluate immediate postabortal (late first trimes-
ter and second trimester) insertions of the suture Loop. (See Appendix A
for Minutes of CAC meeting on June 2, 1978.) Initially, the IFRP will con-
duct comparative post-midtrimester abortion trials of the suture Loop
versus a plain Loop D in the United States and Singapore. Comparative

immediate postpartum hand insertion of the suture Loop versus the plain



Loop D .s scheduled to begin 1n November 1978 1in Mexico and Chile. This
study will evaluate the importance of the hand insertion technique as com-
pared to the suture projections 1n reducing the expulsion rate of the Loop.

Later studies w'11 compare the hand technique against the inserter Lech-

nique.

Expanded straighbt and comparative trials of postpartum suture Loops will be
mitiated, principally among the regional fertility research programs asso-
ciated with the IFRP. Some of these programs bave specifically requested
that trey be allowed LO evaluate tris device for inclusion in their

national postpartum family planning programs,

A Tapered-Photorsduced Loop withk No. 2 Crromic sutures 1s being tested 1n a

200-case study 1n Bangladesr. Preliminary results will be detailed in the

neXt report.

A number of contributore are being considered for straight and comparative

clinical trials of the suture Cu-T.

New ineerter designus for tre postpartum suture Loop and suture Cu-T,
wmecrporating the sugzestions made by the Core Advisory Committee, have

beery developed and are ready for clinical evaluation,

The research and development work for IUD designs that improve IUD reten-
tiocn when inserted i1mmediately postpartum 1s comrlete., Clinlcal evaluation

is ongoing under Contract AID-pha-C-1172.



II. MEDICATED IUDS

Five contributions to antibleeding medicated-IUD technology are being

developed by Lhe IFRP for clinical evaluation:

1. AMCA/HEMA/Estane 576 Loop;
2. AMCA/EVA Loop;

3. Trasylol/EVA Loop;

4, Trasylol/HEMA Loop; and

5. Trasylol/Collagen Loop.

Plans to develop Trasylol-medicated Cu-T IUDs have been temporarily halted
as a result of the 1n vitro data of Zaneveld and Goodpasture which show
that the addition of copper to sterilized EVA/Trasylol solutions can pro-~
duce up to 70% less Trasylol activity than either the sterile or nonsterile
samples of EVA/Trasylol. (See Appendix B.) The reduced activity of
Trasylol shown in vitro presumably would require much higher drug loads to
achieve desired effects. Therefore, for the present, controlled-release
Trasylol delivery systems will be tested on the Loop vector. Should they
prove efficacious in reducing excessive IUD-related bleeding from this
vector they may later be considered candidates for the Cu-~T, if further

tests so warrant.

An in vitro test 1s underway to validate the EVA/AMCA and EVA/AMCA with
Copper release rate data that have been generated by En-Cas Analytical Lab-

oratories.



This device has been avallable for testing since the last reporting period.
The AMCA/HEMA/Estane 5716 Loop was developed under subcontract by Southern
Research Institute 1n Birmingham, Alabama. Independent release rate analy-
ses suggest that the SRI-developed system offers a consistent release pat-

tern 1n the vieinity of the desired limits, 1.e., 75 pg/day/100 days. (See

Appendix C.)
AMCA/EVA Loop

Tre AMCA/EVA Loop was developed at IFRP by means of a process that
homozeneously 1wucorporates the drug 1mto an pthylene vinyl acetate matrix.
Relrase rate analyses on modified Loops with AMCA-medicated sections sug-

gest that a therapeutic dose can be delivered for at least three months.

{Ser Appendix D.)

By September 1978, only two of the AMCA devices iritially selected to pro-
vide prehysterectomy 1nsertions had been inserted; therefore, devices have
been supplied to another clinie to expedite the process of evaluating the

devices tor unacceptable swelling characteristics.

Irasylol/EVA Loop

This device 1s fabricated by the same process developed by the IFRP to make
AMCA/EVA Loops. Release rate analyses suggest that this device is capable
of delivering a therapeutlc dose for a period of at least three months.
Although the release rate 1s below the target level of 100 yg/day. it is
belierved to be high enough to have an effect on menstrual blood loss. (See

Appendix B.)



Irasylol/HEMA Loop

Bend Research undertook development work on a Hydron matrix for Trasylol
release in October 1977. Difficulties, including insufficient physical
integrity and excessive osmotic swelling, have delayed completion of this
project. There is some concern that the relative instability of the Hydron

matrix reduces its suitability for long-term intrauterine applications.

Irasylol/Collagen Loop

Dr. Milos Chvapil 1s under contract to develop and fabricate 100 Trasylol-
medicated devices using a biodegradable collagen matrix. Initial tests
show a release rate of 1.4 mg over 14 days representing a 25% release of
the active drug. (See the progress report in Appendix E.) Later verbal
reports suggest that a diffusion mechanism 1s more i1mportant in drug
release than erosion, and that greatly increased drug capacity is possible
in part due to the slow dissolution rate of the collagen polymer. The

expected date of completion for this project is October 30, 1978.

Jests

In vitro tests on the above medicated devices were designed primarily to
assay for drug release and secondarily Lo measure their physical character-
isties. Just as copper has been shown to inhibit the activity of Trasylol,
ethylene oxide gas sterilization has been shown to have little or no effect
in depotentiating the drug in tests conducted by Goodpasture. (See Appen-

dix B.)

A rabbit study has been planned to permit evaluation of the osmotic swell-

ing characteristics of all the above experimental devices ind to record any



inflammatory tLissue reaction associated with the medicated as well as with
control devices. The study will commence in early November 1978. The PHSC
will be notified of the results, with special reference to Lhe swelling

properties of the devices, in order to avold the time-consuming requirement

for prehysterectomy insertions prior to Trasylol-medicated device studies.

Progestacoll

During the Medical Advisory Committee IUD Subcommiitee 1in June 1978, con-
cerns about the possible assoclation between ectopic pregnancy and the use

of progesterone-releasing devices resulted 1n the Progestacoil being given

a low priority for clinical evaluation.

Sumpary. Medicated IUDs

The research and development work on IUD designs that reduce IUD-related
bleeding 1s nearly complete. To provide clinical verification, clinical

trials under AID Contract 1172 w1ll be initiated as soon as practicabhle,



III. PRESCRIPTIVE IUD INSERTION

Work on the development of a protocol to be used in the clinical evaluation
of an IUD prescription method is nearly complete. A decision-tree guide
with numbered tabs has been developed that will permit the selection of an
IUD type for each acceptor. A comparative study is being des:gned to
investigate what effect use of this method will have on event and continua-
tion rates of IUD users. A description of the decision-tree and how Lo use
it will be published next year by Wheeler in Hafez, ed., IUD and

Biodegradable Delivery Systems. (See Appendix F for abstract.)

One hundred Uterine Cavity Depth Sounds II, which measure ttre distance from
the inner os to the fundus, have been assigned Lo IFRP-associated clini-
cians for further evaluation. More exact knowledge of uterine cavity and
cervical length and their relationship to IUD-related events is needed 1in

order to better develcp the prescriptive approach to IUD insertion.

IV, OTHER

The implementation of a computer storage and retrieval system for library
materials has been initiated. All IUD project literature references have

been loaded Lo facilitate categorical access.

The development of a technique of nonsurgical female sterilization is a
major priority for many family planning programs. A T-shaped IUD has been
investigated as a vector to deliver a tubal-occluding dose of quinacrine
hydrochloride. Dr. Zipper (Chile) is evaluating the safety and efficacy of

this substance for female sterilization.

10



V. PUBLJUATIONS

An article entitled, "Deyelopment of a Postpartum IUD" by Lavfe, Wheeler
and Friel has been submitted for publicatioun. A chapter entitled, "Use of
Brodegradable Materials to Improve IUD Performance: 1. Postpartum Reten-
tion; II. Bleeding Side Effects" by Laufe and Friel and a chapter entitled,
"Decision Gu.de for Selecting I1UDs for Individual Acceptors" by Wheeler are

being prepared for publication uexl year in a ook edited by E.S.E. Hafez.
vI. PLANS FOR NEXT PERIOD

The goal of developing wmproved 1utrauterine devices Lhat are adaptable O
1ndigenous production has been furthered by Lhe establishment of an IUD
fabrication facility 1n Mexico City. A subcontract under AID-pha-C-1172
has been executed with PILACT de Mex1co to continue the IUD fabrication work
initiated under the IUD Contract. By the end of November, the Mexican
workshop will be fabricating postpartum suture Loops. By December 1978 the
Mex1can workshop will be equipped to fabricate medicated EVA Loops. Before
the ead of the contract pericd, 1t will be possible to use this facility to

make producticon quantities of any of the above approved medicated devices.

Clinical evaluation of tre postpartum devices and 1nserters will continue
in straight and comparative trials. A speclal study to investigate the

efficacy of hand insertion versus inserter insertion will be initiated.

At lerast two AMCA-medicated Loop studies will be started 11 IFRP centers
that have the capabilities of doing memstrual blood loss studies. Applica-
tion to the PHSC will be made to begin clinical evaluation of a Trasylol-

medirated device, whose selection will be determined by the outcome of the

cagoing animal study.

11



Protocols for clinical evaluation of IUD prescription methods will be

Lested in a pilot study.

VII. RECOMMENDATION ON CURRENT REEDS

Work to date does not indicate a need to modify project objectives as

stated in the contract.

VIII. ADMINISTRATIVE REPORT

Data on staff salaries, consultants, and expenditures are provided in

Appendix G.
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INTERNATIONAL FERTILITY RESEARCH PROGRAM

1UD Core Advisory Committee Mee*1ng
June 2, 1978

The IUD Core Advisorv Coumi‘tee Meeting was held in the Key Bridge Marriott
Hotel, Arlington, Virginia on 2 June 1978, The names of the par*icipants are
as follows:

Dr. Michael Burnhill Ms. Elizabeth Maguire

Dr. Antcnio Scommegna Dr. Lecnard Laufe )

Dr. Gebhard Schumacher Mr. Reber* Wheeler ,7%59/’
Dr. Loudrens Zaneveld Dr. Patrick Friel b/

Dr. Jaime Zipper Dr. Alfredo Geldsmith

Dr. J. Joseph Speidel Mr, Rober* Taylor

Dr. James Shelton Ms, Be*h Young

Dr. Laufe welcomed “he Ccmmi*‘ee 1in his 1ntroductory remarks. The minutes of
the 16 December 1977 mee“ing were approved.

1. Postpartum IUDs

a,

Young repor“ea the postpar*um da*a for *he Cu-T and Loop D wi%h
Chromic sutures. Laufe explained “ha* the Bandung cancellation was
due *o poor insertion ‘“echnique. He proposed a postabortion mid-
trimes‘er series of Cu-Ts wi*h Chromic su‘ures, Scommegna suggested
“hat a gen*le curet*age be used fcllowing pros*aglandin abortions,
especially when followed oy immedia“e IUD insgervion,

Wheeler queriad “he Commi‘-ee Wwhe*ner cobper on the crossarm of ‘he
Cu-T 220 C or 380 A, when embedced 1in u“erine “1ssue, would likely
cause “1s3ue reactions, 1nflamma%icn, granuloma, etc Scommegna
confirmed his experience with ‘hese reac®ions in *he peri‘oneal cav-
1ty of the rabbi“. During an examina“icn of radiographs of Cu-T
200s (provided by Dr, Hefnaw.) tha“® showed a nigh incidence of
embedmen* (15-20%1), wheeler observed tha* cases of penetra®ion were
asymptoma-ic. Te “his Sconmegna added tha* he ¥new of a series of
hysterectomies performed on copper-lUD-wearing women *ha* showed no
problems in utero, He also questioned whether *he series of %0
radiographs were a randcm selection from *he 200 pa‘ien*s 1in ‘“he
study. Wheeler saia “ha* he would check on this.,

Burnhill, referring *o Laufe's proposed postabortal suture Cu-T
study, suggested compariscn with the suture Lippes Loop. His mis-
givings about copper devices focus on embedmen®, perforation,
expense, and lack of adap*ability “c *he pos*partum or pos*tabortal
uterus. When queried, Zipper repor*ed *‘ha* he experienced very few
problems i1n removing *he Cu-T. Burnnill also sugges*ed tha* TFRP
ini%tiate a good blind comparative, hand vs. 1nserver, of immedia‘*e
postplacental insertion of Chromic suture Loop versus plain Loop.
The Commi%‘ee agreed and Wheeler no‘ed “ha* 1t could be implemen* ed
concurrently with propesed field *rials of *he suture Loop. Shelton
and Speidel expressed interest in comple*1ing 4 *1ghtly con*rolled



comparative study before the initiation of massive clinical trials.
Laufe explained that, in his experience, there was tremendous enthu-
siasm in LDCs for the suture Loop and tha* he preterred IFKP-
controlled studies of the device to uncontrolled experimentaticn.
The concensus of the Committee was that concurrent trials coulu be
initiated but that the highest priority should be attached %o the
comparative Loop study.

With respect to the postpartum inserters for the Loop and Cu-T, pro-
totypes of which were passed around the table, Schumacher suggested,
1) that an orientation mark be hot-stamped at the 12 o'clock posi-
tion on both inserters and b) that a straight section be added %o
the ends of the Y-shaped arms of the postpartum Loop inserter. The
Committee concurred.

2. Medicated IUDs

a.

Wheeler explained the fabrication technique developed at IFRP for
incorporating drugs into an EVA matrix. Zaneveld discussed “he pre-
liminary Trasylol data prepared at his lab tha%t was generated using
such devices (see attachment I). Schumacher reported on his tele-
phone conversations with Bayer Research Center personnel (see
attachment II), the most recent of which revealed that Trasylol
ought not be de-activated by the fabrication process. These find-
1ngs were confirmed by Zaneveld's early data, although his experi-
ment does show that the sterile Trasylol/EVA strip 1s somewhat less
active than the non-sterile sample., Although the copper seemed toO
te suppressing the inhibitor activity of Trasylol, Zaneveld noted
that a recent telephone report from his 13b indicated that this
effect was d'minishing. An additional series of experiments 13
being planned with Dr., Zaneveld on EVA formulations of Trasylol as
well as AMCA to more clearly pinpcint the effect of copper, the
effect of ETO sterilization, and the effect of EVA on the activi‘y
of the drugs. Zaneveld reported that he was also doing analyses for
Bend Research on Trasylol samples being developed under contract for
the IFRP.

Wheeler explained the concept behind the Medicated IUD Study Design
which will enable analysts to estimate IUD-rela*ed blood loss using
a smaller study population than hitherto possible, Shelton sug-
gested that the pre-insertion patients be stratified to equalize the
MBL values. The Committee endorsed the Medicated IUD Study Design.

Zaneveld presented a protocol to test the release of Trasylol 1in
rabbits for its effect on fertilization and implantation. The
Committee was referred to Dr. Hans-Werner Denker's work on the
blockage of implantation by Trasylol. Denker reports that Trasylol
was especlally effective at inhibiting blastolemmase when applied
intrauterally to rabbits. Scommegna noted that 1f Trasylol has con-
traceptive action it might permit the use of a T-vector without cop-
per. Burnhi1ll, who also supported the protocol, raised the question
of whether teratogenic effects had been examined in animal studies.
Shumacher noted that Bayer had performed a complete evaluation of
the administration of the drug in gram quantity dosages many years
ago and had found it to be safe. Still, the Committee recommended



that a literature search be i1mplemented 1n order tc es’ ablish the
results clearrty for the record., In the booklet published by Bayer
enti1tled Trasylol, Code number E 293-795/38008, p. 15, 1t 1S
reported tha*, "Pregnant rats of the FB 30 strain received 1rtrave-
nous injections of Trasylol in dos2s of up to 80,000 KiU/kg on five
successive days during the first “hree aenths of pregnancy. The
treatment Jdid prot resul* 1n any 1mpairment of elther the behaviour
of the dams or the developmen* of *“he foe*uses." 1In addi*ion, Dr.
Schnells of Bayer repor*ed 1n a let*er to *he IFRP (Friel) da*ed 24
August 1976 tha* 1n Bayer-adminis*ered tests 1n rabbi*s a* doses up
to tep ‘imes the therapeutic dose "there was no evidence of any
adverse effect of Trasylwl on fetal development." Returning *o
Zaneyeld's Protocol, Speidel objected to a study of the cuntracep-
tive efficacy of Trasylol 1f 1ts long range release was not feasi-
ble. Burnhill expressed 1n*erest 1n *he possivility of a
non-steroidal medica*ed IUD and Scommegna inquired whether Trasvlol
was among the many compcunds screened oy Dr. Moyer. 10 1s believed
that 1% was no* among *hem. Althcugh 1 1-2 year release term could
be easily predicted, “here is no evidence & “his “ime *hat pin-
points the daily dose needed “c 1nnibi* implan*a~ion, This pro*ocol
may be reconsidered by IFRP 1f clinical evalua*ion of the drug's
antibleeding properties 1ndica‘es any improvement 1in the device's
pregnancy rate. Zaneveld, whco will spend several weeli 1in Essen
doing researcn witn Dr. Tauber, offered ‘¢ look 1nto the literature
on Trasylol's teratogenici‘y.

Photoreduced and Tapered Loops, e* al,

a'

Taylor repcrted on the 3ubject devices, noting that the data were
insufficient “o provide a clear indica“ion of the success of the
modified Loop devices. Further analysis of the data, as it becomes
avallable, will include multivariate ‘“echniques “ha* may explain *he
high varia*ion be‘ween cen*ers tha* was noted 1n these preliminary
data.

The early da*a on the TR-11 are sa*isfac*cry. Further modifica*ions
will be pursued 1f lower side effec*s are es*-blished 1in current
studies,

The Comm1**ee was informed of *“he problems reportedly experienced by
Dr. Newton wi*n *“he Popcouncil Pos%partum T, “he use of which
recently has been discon*inued in Mexico. Dr. Aznar in Mexico City
reports *ha* there is 4 flaw at *he junc*ure »f *he crossarm and
stem tha% weakens *he s*ructural integrity of *he device. 1FRP is
examining the problem with a view to discontinuing 1ts use 1n Ongo-
ing clinical studies if tnis report 1s confirmed.

Wheeler presented to the Commit‘ee drawings of ‘he new Hasson IUD.
The Commit“ee requested prototypes bu* none are avallable, 1I* was
agreed “ha* the concept appears sound, bu* “here 13 no money availa-
ble in the IUD Cecntract a% this time to under*ake such a major pro-
ject.



u'

€, The Progestacoil IUD developed at IFRP was discussed briefly and it
was agreed that for some women this device is potentially preferable
because of 1ts extremely low pregnancy rate.

Mexican JUD Workshop

a. Friel reported on his trip with Wheeler %o Mexico City (PIACT) and
Juarez (Guadalupe de la Vega) to evaluate potential sites for an IUD
Workshop., The Committee endorsed the concept of such a workshop %o
fabricate modified IUDs using in-country resources.

b. Wheeler discussed the visit with Syntex, S.A. 1n Mexico City where
pellets had becen made up for Dr. Zipper's Quinacrine studies.

mar

Highest priority assigned to the implementation of a blind comparative
study of the suture Loop vs. the standard Loop, hand vs. inserter.

Initiate as soon as poasible a mid-trimester postabortion comparative
study of suture Cu-T vs. suture Loop D. Singapore was suggested as pos-
sible site.

The Committee urged tha® AMCA-medicated IUD studies be initiated soon.
The Committee asked Dr. Zaneveld to obtain Trasylol data/biopsies
reportedly available through Dr. Tauber and to visit Bayer scientists
with regard to ongoing work on Trasylol, including 1ts heat stability and
teratogenicity.

Continue Estimation of Blood Loss work and Prescriptive IUD Insertion
modelling.

The Committee endorsed the concept of an IUD workshop 1n Mexico.

pursue TR series thickness hypothesis 1if current TR-11 studies show
improved performance over the Loop D.

Continue Progestacoil development.



FINAL REPORT - IFRP # 4602

COMPARATIVE EVALUATION OF THE ACTIVITY OF TRASYLOL RELEASED IN VITRO

FROM EVA/TRASYLOL DEVICES -A PRELIMINARY STUDY

Prepared by Jessie C. Goodpasture

Terminology and Abbreviations

EVA - trasylol releasing device sent to us by the IFRP. These devices

release approximately 100 pg of trasylol per day.

IUD - a plastic "T" 1ntrauterine device.

Plain IUD - the non-copper containing IUD.

Copper IUD - IUD with 4 copper bands.

PUFS -

"Physiological Uterine Fluid Solution”, the buffer used for these
studies This buffer imitates as closely as possible the ionic
compos:tion of uterine fluid reported by Kar et al., 1n the American
Journal of Obstetrics and Gynecology, 101 966, 1968 It consists of

tne following Na(On) - 81 mEg/l, KOH - 3.5 mEq/l, NaHCO3 - 36

mEq/1, Cally - 3 mEq/1, glucose - 500 mg/l, lactic acid - 115 mg/l,
Peniciilin - 60,000 units/1l, streptomycin - 60 mg/l. The final pH 1s
adjusted with HCl to 7.84, the ph of numan uterine flurd. Care must
be taken 1n the sequence of dissolving the chemicals so that the
CaCi, doss not precipitate.

Trasylol - bovine pancreatic trypsir innibitor suppiied by the Bayer

Facotories

Trypsin - bovine pancreat.c trypsin from Sigma Chemical Company.

ETA sterilization - sterilization by ethylene tetraoxide gas.

Objectives

The purpose of tnis preliminary study was to investigate whether the

activity of trasylol reieased from EVA devices 1s affected by 1) ETO

steri1lization, and/or 2) the presence of copper released from an IUD. In



order to determine this, three EVA devices were tested by incubation 1n a
phystologically suitable medium (PUFS), and the actiwvity of the released
trasylol from each of these three devices compared over a three month period.
One sterilized device was kept n the presence of a copper IUD, and a second
ster1lized device kept in the presence of a plain IUD. A third, non-sterilized
device was kept only 1n the presence of the physiological medium (1.e.,

without an IUD).

Methodology

The copper and plain IUD's were cut into 3 pieces (in order to fit into the
container) and each IUD placed 1n a separate 10 ml beaker. A sterilized EVA
device was added to each of the two beakers. The non-sterilized EVA device
was placed in a third beaker by 1tself. Ten ml of PUFS was added to each
beaker, the beakers sealed with parafilm, and placed 1n a 37°C, temperature
controiled, moist chamber. The buffer was replaced every day for the first
week (when the release of trasylol was presumably the greatest), every third
day for the next 3 weeks, and once a week for the next two months. Eack t1 .e,
the removed solution was tested for tne total amount of trasylol activity.

The basis for the assay of trasylol activity 1s the quantitative deter-
mination of the amount by which a known trypsin activity 1s inhibited by a test
solution containing trasylol. 0.1 ml of the standard trypsin solution at pH
8.0 1s 1ncubated at room temperature with 0.1 ml of the trasylol test solution
for 5 minutes. The pH of 8.0 of the trypsin so'ution 1s achieved by having
dissolved the trypsin in 50 mM tris buffer containing 50 mM CaClz, pH 8.0.

As control, the same amount of trypsin 1s incubated with PUFS only.
Immediately following the 5 minute incubation period, 0.1 ml of the solution

1s added to a cuvette with 2.9 ml of 50 mM tris buffer, pH 8.0, containing



50 mM CaCl, and 0.5 mM a-N-benzoyl-L-arginine ethyl ester (BAEE). The
hydrolysis of BAEE by trypsin 1s followed spectrophotometrically at 253 nm.
A molar absorption coefficient of 1150 M-lcm-1 1s used to convert
ciiange 1n absorbance to pmoles of BAEE hydrolyzed. One umit of trypsin
activity 1s defined as that amount causing the hydrolysis of 1 ymole of BAEE
per mnute at 259C. One umit of trypsin 1nnibitory activity 1s defined as
that amount of inhibitor necessary to inhibit one unit of trypsin activity.
The amount of trypsin astivity that is inmbited by a given solution 1s
calculated by subtracting the activity in the presence of the test solution
from the control activity:

Control Activity Minus Actiwvity In Presence of Test Solution =

Amount of Trypsin Activity Inhibited.

Duplicate tests were performed each twme. In case these differed, a third test
was performed. This was only rarely necessary.

Standard solutions of trasylol weie prepared containing known concentra-
tions of the inhibitor. A standard curve was prepared with these solutions
which exhibited the amount of trypsin activity inhmbited vs. the known con-
centrations of trasylol. From this curve, the trypsin inhibitory activity
found 1n a solution could be converted to pg of active trasylol (Table I).

In order to 1nsure that the presence of cnpper in the test solutior did
not interfere with the assay system used, one coppe; IUD (cut into 3 preces)
;as placed into 10 ml of PUFS and allowed to incubate (sealed) at 379C for
24 hours. The PUFS was then replaced with a fresh 10 m1 of ihe buffer.
Following a second 24 hour period of incubation, the effect of this solution
(which contained high amounts of copper) on the hydrolysis of trypsin was

determined. The "second day" solution was used because this was a more



reasonable representation of the actual amount of copper 1n the solution, with

the exception of the first day.

Results

The EVA devices incubated with the copper IUG's appeared to be more rigid
and “staffer" than the devices 1n the plain IUD + EVA or the non-sterilized EVA
solutions. No explanation can be offered for this at the present time.

The copper of the "second day solution" did not have an effect on the acti-
vity of the trypsin, 1.e., 1t neither inhibited the enzyme nor activated 1t.

The results of the trasylol tests can be found i1n TablesI, II and III.

The activity of the released trasylol was essentailly the same for the
non-sterilized EVA (Table I) as for the plain IUD + sterilized EVA (Table II).
After the 1niti1al burst 1n trasylol release, the average amount of active
trasylol liberated from both EVA devices 1s 134 pg per day for two days. An
average of 35 ug per day of active trasylol 1s released for the next 20

days. Thereafter, an average of 16 ug per day of active trasylol 1s

released.

The solutions obtained from the copper IUD + sterilized EVA (Table I11)
consistently produced less trasylol activity than evther the plain IUD +
sterilized EVA or the non-sterilized EVA solutions, averaging approximately
40% less trasylol activity during the first week and 70% less thereafter unt1]

the end of the three month period of testing.



Conclusions

(1) Actwe trasylol is released from EVA devices (sterilized and non-
ster1lized) 1n vitro for at least three months.

(2) ETO sterilization of EVA devices does not affect the activity of
trasylol.

(3) In the presence of a copper IUD, the activity of trasylol 1s
significantly less than in the presence of a plain IUD.

(4) After 4 days, the amount of active trasylol released from all the
devices tested is much less than the desired 100 ug per day release
rate.

The observations of the effects of copper on the levels of active trasylol
found are of particular concern because 1t 1s the intention of the IFRP to
attach trasylol releasing devices to copper IUD's. The study should be
repeated with more devices, however, before any definitive conclusions can be

reached.



TABLE I

J. Goodpasture

RELEASE RATE OF ACTIVE TRASYLOL FROM A NON-STERILE

EVA/TRASYLOL DEVICE

Time Elapsed Between || Total Units of Trypsin | Equivalent pg of
Date Tests (hours) Inhibitory Activity? Trasy]o]b
05/20 30.5 354.78 3,608
05/21 17.5 14.09 153
05722 23.5 12.91 142
05/23 23.5 6.78 79
05/24 32.0 6.52 77
05/25 16.0 1.57 27
05726 24.0 3.39 45
05/29 69.0 4.07 52
06/01 74.5 6.99 81
06/04 68.0 4.28 54
06/07 70.0 6.47 76
06/11 98.5 7.51 87
06/14 64.5 4.90 60
06/17 72.5 4.54 57
06/23 140.0 8.50 97
07/07 331 5 7.25 84
07/14 275.5 7.30 85
07/21 160.0 5.06 62
07/34 239.5 6.37 75
08/06 148.0 3.76 49
08/14 188.0 2.35 34
08/21 174.5 6.10 72

3Total units (1n 10 m1 solution) of active trasylol released in X
number of hours, expressed as units of trypsin inhibitory

actwity (see text for

details).

bAs determined with known, standard concentrations of tracylol

(see text for details).



TABLE II

J. Goodpasture

RELEASE RATE OF ACTIVE TRASYLOL FROM A STERILE EVA/TRASYLOL DEVICE

IN COMBINATION WITH A PLAIN IUD

Time Elapsed Between || Total Units of Trypsin | Equivalent ug of

DATE Tests (hours) Inhibitory Activity? Trasylolb

05720 30.5 313.04 3,184
05/21 17.5 10.96 122
05/22 23.5 10.70 119
05/23 23.5 6.00 71
05/24 32.0 3.91 50
05/25 16.0 1.57 27
05/26 24.0 3.39 45
05/29 69.0 10.12 113
06/01 74.5 14.50 158
06/04 68.0 8.03 92
06/07 70.0 12.68 139
06/11 98.5 10.90 121
06/14 64.5 3.86 50
06/17 72.5 4,59 57
06/23 140.0 9.76 110
07/07 331.5 7.46 86
07/14 275.5 5.74 69
07/21 160.0 2.71 38
07/31 233.5 3.91 50
08/06 148.0 4.49 56
08/14 188.0 3.34 44
08/21 174.5 5.63 67

3Total units (1n 10 m1 solution) of active trasylol released in X
number of hours, expressed as units of trypsin inhibitory

activity (see text for

details).

bAs determined with known, standard concentrations of trasylol

(see text for details).



TABLE III

J. Goodpasture

RELEASE RATE OF ACTIVE TRASYLOL FROM A STERILE EVA/TRASYLOL DEVICE

IN COMBINATION WITH A COPPER IUD

Time Elapsed Between

Total Units of Trypsin

Equivalent ug of

Date Tests (hours) Inhib1tory Activityd Trasy]o]b

05/20 30.5 281.74 2,867
05/21 17.5 6.26 74
05/22 23.5 8.74 99
05/23 23.5 3.65 48
05/24 32.0 1.83 29
05/25 16.0 0.91 20
05/26 24.0 1.57 27
05/29 69.0 1.04 21
06/01 74.5 1.72 28
06/04 68.0 0.10 12
06/07 70.0 1.20 23
06/11 98.5 0.89 20
06/14 64.5 0.52 16
06/17 72.5 0.16 12
06/23 140.0 4.17 53
07/07 331.5 1.57 26
07/14 275.5 0 0
07/21 160.0 0 0
07/31 239.5 1.30 24
08/06 148.0 0.89 20
08/14 188.0 1.57 26
08/21 174.5 2.82 39

dTotal units (1n 10 ml solution) of active trasylol released in X
number of hours, expressed as units of trypsin inhibitory

activity (see text for

details).

bas determined with known, standard concentrations of trasylol

(see text for details).
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FINAL REPORT - IFRP # 4714
THE ACTIVITY OF TRASYLOL RELEASED FROM EVA DEVICES IN VITRO
IN THE PRESENCE OF COPPER AND PLAIN IUD'S

Prepared by: Jessie C. Goodpasture

Terminology and Abbreviations

See Final Report - IFRP # 4602, with the exception that in the present
study, a Copper IUD 1s an IUD with 7 copper bands instead of 4 copper bands.

Obgectives
In the previous study (IFRP # 4602), data indicated that the activity of

trasylol released from EVA devices was significantly less in the presence of a
copper IUD than 1n the presence of a plain IUD. However, this was only based
on a comparison between two single devices. The purpose of the present study
was: 1) to perform a more definitive study 1n order to determine the activity
of released trasylol 1r. the presence of copper IUD's compared to plain IUD's
and 2) to test the effect of copper IUD's as compared to plain IUD's on the

activity of trasylol directly.

Methodology
The methods employed were 1dentical to those used 1n IFRP project # 4602,

except that the length of the study was one month rather than three months.
S1x non-sterile EVA devices were evaluated, three i1n the presence of copper
IUD's and three in the presence of plain IUD's. The devices were randomly
selected from about 10 devices sent to us by the IFRP. The devices and IUD's

were 1ncubated in 10 m1 of PUFS. The PUFS solutions were changed every day



for the first week and every third day for the next three weeks. All
solutions were tested for trasylol activity (see IFRP # 4602).

In order to determine the direct effect of copper IUD's on the activity of
trasylol, copper and plain IUD's were submerged in PUFS containing a known
amount of trasylol, and the trasylol activity measured at two predetermined
time intervals. To do so, 10 m1 of PUFS containing 150 ug trasylol were
added to each of four 10 ml beakers. Two copper IUD's and two plain IUD's
were cut into three pieces each 1in order to fit into the beakers, and each IUD
added to a separate beaker. The beakers were sealed with parafilm and kept at
37° in a temperature controlled, moist chamber. After 3 days and 6 days,

0.2 ml aliquots were removed and assayed for trasylol activity.

Results

The release rates of active trasylol for each of the 6 devices are
presented in Tablesl and II. Starting on the third day of evaluation, all 3
devices that were 1n ccmbination with plain 1UD's (Table I} showed greater
release rates of active trasylol than the devices in the presence of copper
IUD's (Table I). This relationship became more pronounced as time passed
unt1l 1% weeks at which time the plain IUD + EVA device solutions contained an
average of 91% more active trasylol than the copper IUD + EVA device
solutions. After the first 13; weeks, the amount of active trasylol present
remained higher 1n the plain IUD + EVA solutions, but the magnitude of this
difference decreased unt1l, after the third week of evaluation, trasylol
activity became low and approximately equal for both types of IUD's.

These results correspond with the results obtained during the preliminary

study (IFRP # 4602) except that somewhat higher levels of active trasylol were



generally found in the first study than were found 1n the present study 1n
non-copper containing experiments. The ore month data obtained ir both
projects are combined and averaged for the copper IUC's and plain IUD's, and
presented 1n Table III. These are graphically presented in Figure 1. The
differences between the plain and copper IUD's are obvious from this table and
graph.

In the second part of the present study, the effect of incubating plain
IUD's as compared to copper IUD's with trasylol in solution was observed. All
4 1UD's used 1n this study were submerged in equal amounis (150 ug) of
trasylol. The amount of active inhibitor measured was significantly less in
solutions containing copper IUD's vs. those containing plain IUD's (Table IV).
On the third day of incubation, plain IUD + trasylol solutions exhibited twice
as much trasylol activity as the copper IUD + trasylol solutions. At present
we have no explanation for the observation of somewhat low activity on day 3
in the plain IUD + trasylol solutions. Of the original 150 ug of active
trasylol added to the copper IUD's, an average of only 29 pg (19%) remained
active by the sixth Jay, whereas the total amount was active up to that day n

the presence of the plain IUD's.

Discussion and Conclusions

It 1s clear from the above presented data that the amount of active,
released trasylol 1s substantially greater in solutions 1n which EVA devices
are incubated with plain IUD's as compared to copper IUD's, supporting the
results obtained from the preliminary investigation (IFRP # 4602). The
results of the experiments 1n which IUD's were i1ncubated with known amounts of

trasylol in solution strongly indicate that this effect 1s due to a direct



effect of copper on trasylol 1in solution, rather than an effect on the rate of
1nhibitor released from the matrix of the EVA device. Therefore, since the
highest possible levels of active trasylol released from a device are desired,
the combination of a copper IUD with a trasylol releasing device 1s

contraindicated.

It 1s of concern that the amount of active trasylol found was much less
than the total amount released from the device (supposedly 100 pg/day). One
wonders 1f this may be due to the "packaging" process employed 1n making of
the EVA/Trasylol device, since heat and high pressure are used simultaneously
during the process. Although lyophilized trasylol 1s stable to heating at
110°C for 9 to 10 times according to Bayer Factories, the combination of
high pressure with heating may increase the denaturation effect on trasylol.
Thus, the nnermost packaged trasylol, which 1s subjected to many heat-
presssure treatments, could therefore be substantially denatured, whereas the
trasylol in the outer elements of the matrix may not be denatured, or only
slightly denatured.

It 1s recommended that this be further investigated, perhaps by observing
the activity of trasylol released from a device constructed in a different

fashion.



TABLE I

J. Goodpasture

RELEASE RATE OF ACTIVE TRASYLOL FROM £VA/TRASYLOL DEVICES

IN COMBINATION WITH PLAIN TUD's

PLAIN IUD + EVA #1 || PLAIN IUD + EVA #2 JIPLAIN IUD + EVA #3
Total Total Total
Time Units of | Equi~ Units of Equi- Units of | Equi-
Elapsed Trypsin | valent Trypsin vaient Trypsin | valent
Between Inhibi- | ug Inhiby- ug Inhib1- | ug
Tests tory Ac-| Active tory Ac- Active tory Ac-| Active
Date (hrs.) tivityd |Trasylolb tivity Trasyolll tivity Trasyol
07/08 23.5 469.5%7 4771 373.57 3798 281.74 2867
07/09 24.0 26.30 277 26.61 280 26.30 277
07/1C 27.5 11.06 123 16.28 176 12.21 134
07/11 22.0 6.68 78 10.12 113 7.10 83
07/12 23.9 7.62 88 10.33 115 10.17 144
07/13 22.0 8.50 97 10.12 113 8.66 98
07/14 28.0 11.63 128 7.93 91 12.68 139
07/17 69.0 10.90 121 8.66 98 10.85 121
07/20 67.0 4.49 56 2.30 34 5.84 70
07/23 79.0 1.30 24 0.99 21 4.75 59
07/27 88.0 2,97 41 2.66 38 5.69 68
07/31 96.5 1.15 22 0.89 20 1.96 31
08/03 71.5 0.63 17 1.83 29 2.50 36
08/06 76.0 0.94 20 1.41 25 1.72 28

aTota].umts (1n 10 m1 solution) of active trasylol released in X
number of hours, expressed as units of trypsin inhibitory

activity (see text for details).
bas determined with known, standard concentrations of trasylol
(see text for details).




TABLE II

RELEASE RATE OF ACTIVE TRASYLOL FROM EVA/TRASYLOL DEVICES

IN COMBINATION WITH COPPER IUD's

J. Goodpasture

TLCOPPER IUD + EVA #1 |COPPER IUD + EVA #2 [OPPER IUD + EVA-‘a
Total Total Total

Time Units of | Equr- Units of Equi- H Units of | Equi~

Elapsed Trypsin | valent Trypsin valent Trypsin | valent

Between Inhibi- | ug Inhib1- ug Inhib1- | ug

Tests tory Ac-] Actaive tory Ac- Active tory Ac- | Active
[Date (hrs.) tivityd |irasylolb tivity Trasyoll tivity Trasyol
07/08 23.5 419.48 4264 440.35 4475 384.00 3904
7/09 24.0 24.63 260 21.08 224 17.32 186
7/10 27.5 4.59 57 5.11 62 6.99 81
7/11 22.5 3.08 42 2.50 36 3.29 44
7/12 23.0 2.09 32 1.72 28 1.15 22
7/13 22.0 1.77 29 2.35 34 1.77 29
7/14 28.0 0.94 20 1.62 27 0.37 14
7/17 69.0 0 0 0.31 14 0.57 16
7/20 67.0 0 0 0.52 16 0 0
7/23 79.0 0 0 0 0 0 0
7/27 88.0 2.24 33 2.14 32 2.09 32
7/31 96.5 1.10 22 0.83 19 0.89 20
8/03 71.5 0 0 0.26 13 0.78 18
8/06 76.0 2.50 36 0.63 17 3.18 43

I I

3Total units (1n 10 ml solution) of active trasylol released 1n X
number of hours, expressed as units of trypsin inhibitory
activity (see text for details).

bAs determined with known, standard concentrations of trasylol
(see text for details).
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TABLE II1

AVERAGE RELEASE RATE OF ACTIVE TRASYLOL FROM 8 EVA/TRASYLOL DEVICES IN COMBINATION
WITH COPPER AND PLAIN IUD'S
I COPPER IUD + EVA PLAIN Tun + EVA
Average hours | Cummulative a Cummulative . Cumnulative
Days of Incubation be:lgg:e:ests e?§;§§d trggy?glagg}zgsed ttgs;{o?c:;¥2ased tr:gy?g]aﬁgngsed trggy?gIaﬁz}Z:Su

1 27 - «D - ﬁ * -

2 21 48 * - * -

3 26 74 74.8 - 138.0 -
4 23 97 45.0 119.8 86.3 224.3
28 125 27.8 147.6 91.8 316.1
6 19 144 28.0 175.6 83.8 399.9
7 26 170 22.0 197.6 100.8 500.7
10 69 239 12.8 210.4 113.3 614.0
13 n 310 11.0 221.4 79.5 693.5
16 73 383 3.0 224.4 49.0 742.5
19.5 79 462 30.0 254.4 71.5 814.0
23.5 98 560 20.3 274.7 48.5 862.5
.26.5 L3 628 11.8 286.5 33.0 895.5
29.5 74 702 27.0 ' 313.5 32.5 928.0

3See Methodology section for details.

bFOP purposes of clarification and simplicity, Ffigures for the first two days have been ommited since ihey were all
high and swnlar for each desice 1n both arcups (copper vs. plain).
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TABLE IV

J. Goodpasture

EFFECT OF PLAIN AND COPPER IUD'S ON TRASYLOL ACTIVITY

Experimentd

Equivalent pg Active
Trasylol Measured
Following 3 Days

of IncubationP

Equivalent ug Active
Trasylol Measured
Following 6 Days

of Incubation

Copper IUD #1 + Trasylol
Copper IUD #2 + Trasylol
Plain IUD #1 + Trasylol

Plain IUD #2 + Trasylol

62

65

117

118

31

26

144

154

35ee text for experimental details. A1l solutions contained 150 ug
of active trasylol on day 1.
bSee text for details regarding 1ncubation and measurement of trasylol

activity.
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LABORATORY REPORT

EN-CAS Job #: 78-051 (PO 4522-1)
Customer: International Fertility Research Program
Subject: AMCA Release from Medicated Lippes Loops

No. 9043-45-11 and 9043-45-S.

Experimental:

The devices were immersed in 100 ml portions of

pH 7.1 physiological sal ine buffer at 37°C. A fine stream of air

was bubbled into the solutions to provide agitation. After 7, 14,

21 and 28 days of immersion, the solutions were decanted for analysis
and replaced with 100 ml of fresh buffer. A buffer blank was run

along with the samples in order to monitor any interferences. AMCA

was analyzed by the Fluoram fluorescence method as previously described.
Visual observations of the devices were periodically made to

determine whether the membrane coating remained intact during the
immersions.

Results:

As shown in the accompanying table, both devices
yielded quite uniform release rates. However, the release rate from
the 45-I1 device was 2-3 times that from the 45-S device. The
membrane coating remained intact throughout the study. There was
no evidence of the unraveling or disintegration seen in some
similarly constructed devices previously tested in our labweratory.

EXPOSURE PERIOD AMCA Released (ug/day)
(DAYS) 9043~45 II 9043-45-S
(E6278) (E6279)
0-7 104 47
7-14 93 33
14-21 93 29
21-28 91 34
2l /
Approved: © /f}/éitda 2/21/7¢
Charles’Ganz, Ph.D., Date

President
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MONITORING @ TESTING @ METHODS DEVELOPMENT ® CONSULTING Phone (919) 768-8240-1

Laboratory Report

En-Cas Job i#: 78-192 (PO#4642)

Customer: 1 1iternational Fertility Research Program
Subject: Study of AMCA Release from five

Medicated Intrauterine Devices

Experimental: The five devices were immersed in 100 ml

of pH 7.1 physiological saline buffer held at 37° C. A fine
stream of air was bubbled through the solutions to ensure
continuous mixing. After 7, 14, 21 and 28 days of immersion,
the buffer was removed for analysis and replaced with 1090

ml of fresh buffer. A buffer blank was run along with the
samples to monitor possible interferences.

aMCA analysis we performed by the Fluoram
fluorescence method as previously described.

Results:

@\,3’
Exposure Time AMCA Released -
(days) ug/day W

9043-45C  9043-45H  9043-43§ 9043-43X 904 3-45BB

(E 7207) (E 7208) (E 7211) (E 7209) (E 7210)
0-7 49 59 49 197 47
7=-14 54 63 59 109 59
14-21 46 79 59 190 54
21-28 43 73 63 169 51
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LABORATORY REPORT

En-Cas Job #: Part of 78-219 (P.0.#4680)

Customer: International Fertility Research Program
Subject: Release of AMCA from Medicated EVA-Coated IUD's

Experimental: The 3 devices were immersed in 100 ml of pH 7.1
physiological saline buffer iield at 37°C. A fine stream of air
was bubbled through out the solutions to ensure continuous mixing.
After 7, 14, 21 and 28 days of immersionm, the buffer was removed
for analysis and replaced with 100 ml of fresh buffer. A buffer
blank was run along with the samples to monitor possible inter-
ferences.

AMCA analysis was performed by the Fluoram fluor-
escence method as previously described.

Each device was blotted and weighed after 28 days
of exposure to determine if any weight gain had occurred.

Results:
Exposure time AMCA Released
(days) ug/day
) ¢ VAl .
78-016B,  78-016C. 78-016A .
E-7366. E-7367._ ' E-7368
0-7 1616 1808 1760
7-14 401 607 401
14-21 336 427 370
21-28 261 341 273
Wt. at 28 days 757 mg 781mg 780mg

-

Approved by: ’tﬁgj@z? 22414‘u
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Charleg/Canz, P&.D., ate

President
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IUD - TRASYLOL DELIVERY SYSTEM
REPORT ON THE COMPLETED PHASE

The Following Experiments were Performed

1.

TEST IF COMPONENTS OF THE POLYMERIZING SYSTEM INTERFERE WITH THE

BIOLOGICAL ACTIVITY OF TRASYLOL IN TRYPSIN INHIBITION TEST

ema——

We obtained two shipments of Trasylol
Sample 1 - approximately 150 mg Trasylol BE - KI/73
Sample 2 - 3 g Trasylol BE - Xi/73

Sample 1 was kept at least 3 months at room temperature in
cloud vial. On Sephadex G-10 column it showed two peaks, the
major (v70%) at 7,000 daltons molecular weight and the smaller
peak at 500 daltons, fuming Vv30% of the total area. This finding
urged us to call Dr. Fried, as we felt that our sample was not

homogenous This finding was reproduced.

Sample 2 showed only one peak at 7,000 daltons.
General
1) Reaction of Trasylol with HCOH was carried out with & mg
Trasylol in .5 mls ddHZO reacted with 0.05% HCOH (final
concentration). This was vortexed for 15 min. at room
temperature
2} Column purification of Trasylol + HCOH (and control
Trasylol) Sephadex G-15-20 was carried on UV absorption
analysis and protein (Micro-Lowry) was completed on
sample before it was placed on the column /protein =
4,300 mg/ 5 mls). Only one peak was found, tested at
280 nm, 340 nm and by Micro Lowry {see graph 1)
3) HCOH was analyzed in Trasylol - HCOH sample by a

colorimetric reaction. NH - acetate buffer (pH 6) and



pentanedione form color reaction with HCOH. No HCOH

was found in the sample of Trasylol + HCOH after going

through the column,

4) Trypsin Inhibitory Capacity (method enclosed as Appendix A)

a Calibration curve to determine concentration of
Trypsin to be used (Graph B).

b. Trasylol inhibiting curve (on freshly weighed
Trasylol - Graph C)

¢ Trasylol + HCOH inhibiting curve (on freshly weighed

Trasvlol and freshly reacted Trasylol, as in #1 -

Graph D).
Results
Absolute 410 Average 410 nm
Control 449 - 451 450
Trasylol 309 - 310 .3095
Trasvlol + HCOH 281 - ,278 2795

Trasyloi + HCOH appears to inhibit better than Trasylol

Conclusion

Foimaldehyde, used as & crosslinking agent in developing
collagen derived polymer vehicle for Trasylol, does not affect

the biological activity of Trasvlol,



TRYPSIN INHIBITORY CAPACITY in the U,S. Department of Health, Education
and Welfare Alpha - Antitrypsin Laboratory Manuel, Procedure by-

1) Eriksson, B.F, Studies 1n a antitrypsin deficiency. Acta
Scand. 177 1-85 (Suppl 432), 1975,

2) Eilanger, B,F,, Kokowsky, N , and Cohen, V, The preparation
and properties of two new chromogenic substrates of trypsin.
Arch. Biochem Biophys 96 271-278, 1961

Reagents
1) 0 0025 M HCcl solution

2) Trypsin - standard liquid solution from Reheis Chemical Co.
(stock #024-00)

3) Benzoyl-DL-arginine-p-nitroanilicle hydrochloride (BAPNA)
435 mg to 1000 mls HZO (dd)

4) 0.1 M Tris - 0.02 M CaCl2 pH 8 2

5)  30% (w/v) HOAC

Procedure (General) - will refer to this

1) Warm reagents and samples to 25°¢.

2) 2.8 mls Tris buffer into sample, standard serum and control
tubes,

3) 3.0 mls Tris buffer into sample, standard serum and control
blank tubes,

4) Add 15 pl samples (trasylol) to sample or standard.

5) Add 200 pl of Trypsin solucion at 15 second intervals and
incubate for 15 min. at 25°¢ (mix) (No Trypsin to bhlanks).

6) Add 3 0 ml of BAPNA in 15 sec intervals to all tubes ‘mix) .

7Y 10 minutes after addition of BAPNA to the first tube, add
750 pl of 30% acetic acid in 15 sec. intervals.

8) Absorbance 1s read at 410 nm on spectrophotomer,



To determine the concentration of Trypsin to use, follow the
general procedure and set tubes up as below (step 4 not included)

(standards 1in duplicate).

(GRAPH A)
*

Tube Tube 7 Tris Sample Trypsin BAPNA Acetic
Standard 1,2 2 8 mls .25 % (1n 200 ul) 30 mls 750 pl
Standard Blank 3 3.0 mls -~
Standard 4,5 2 8 mls .10 7. (1n 200 uly
Standard Blank 6 30 mls --

Standard 7,8 2 8 mls .05 % 1n 200 ply
Standard Blank 9 3.0 mls --
Standard 10,11 2 8 mls 0257 11n 200 pl) v
Standard Blank 12 30 mls --
(GRAPH B
Tube Iube - Tris Sample rrvp.,ln-r BAPNA Acetic
Standard 1,2 2 8 mls 05 % 30 mls 750 ul
Standerd Blank 3 30 mls -
Standard 4,5 2 8 mls L0257
Standerd Elank 6 3 0 mls --
Standerd 7,8 2 8 mls 02 ¢ ,
Standard Blank 9 30 mls -- 1
Stanaard 10,11 2.8 mls 01 ° J !
Standard Blank 12 30 mls --

Percertage 1n final concentration is 200 ul,
g

Trasvlol i1nhibitor curve

1)
2)
3)

Mix fresh Trasyvlol to form & calibratior curve

Follow instructions from general procedure,

Tubes set-up as follows (standards in duplicate),



(GRAPH ©)

(Trasylol) Sample

Tube Tube # Tris Final Concentration Trypsin  BAPNA Acetic
Control 1,2 2.8 -- 200 p1 3.0 ml 750 pl
Control Blank 3 3.0 -- --

Standard 4,5 2.8 1 ug in 15 pl 200 p1

Standard Blank 6 3.0 --

Standard 7,8 2.8 10 ug 200 p1

Standard Blank 9 3.0 --

Standard 10,11 2,8 15 ng 200 pl

Standard Blank 12 3.0 --

Standard 13,14 2.8 25 pg 200 n1 |
Standard Blank 15 3.0 Y .- v Y

Trasylol and HCOH inhibitor curve

n

2
3
4\

Mix fresh Trasylol and add 0.05% HCOH Mixing is completed
by vortexing for 15 min at room temperature.

follow instruction in gencral procedure,

Standards in duplicate

Tubes set up as follows
(GRAPH D)

Trasylol+ HCOH) Sample

Tube Tube # Tris Final Concentration Trypsin BAPNA  Acetic
Control 1,2 28 -- 200 p1 3 0 ml 750 pl
Control Blank 3 3.0 -- --

Standard 4,5 28 1 ug in 15 pl 200 pl

Standard Blank 6 3.0 -

Standard 7,8 2.8 10 pg 200 pl

Standerd Blank 9 30 --

Standard 10,11 2.8 15 pg 200 pi1

Standard Blank i2 3.0 --

Standard 13,14 28 25 ng ¢ 200 p1 J 1)
Standard Blank 15 3.0 .-




Run Column Samples

1Y 1rasviol (dilute 1-10) (v12,18 ug protein run in test).

2% lrasylol + HCOH (dilute 1-10) /+11.9 ug protein run in test).

3) Follow instruction 1n general procedure

4, Set-up test tubes as follows (duplicates)

Tube Tube # Trais Sample Trypsin  BAPNA Acetic
Control 1,2 2 8 ml -- 200 ul 3.0 ml 750 p1
Control Blank 3 30ml -~ -- [

Trasvlol Standard 4,5 2.8 ml 15 ul 200 upl
Blank 6 3.0 ml t --
Trasylol + HCOH 7,8 28 ml I 200 pl
Blank 9 30l v - ‘ v
Average
tube # Results Absolute 410 Protein
Control 1 449 450
2 451
Trasylol 4 309 .3095 12,18
310
Trasylol 7 .281 . 2795 “v11.9
+ HCOH 8 .278

Trasylol + HCOH appears to inhibit better than Trysylol
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2.

M/M

In Urokinase Test

What 1s the concentration of Trasylol that inhibits the Jtlc
activity of urokinase on fibrin plates by approximately 5n%?

Urokinase stock solution (233 Ou/ml) 1n saline (U¥*)
Trasylol [20mg/100m1) in saline (T¥)
Urokinase-trasylol solutions

0.25p¢ = 0 05md T + 1,01 U¥* + 2 95ml saline
0.50,7 = 0 17m1 T* + 1.0m1 UK¥* + 2.90ml saline
1.00pf = 0.20m2 TH + 1.0ml UK¥ + 2.80ml saline

Uro¥inase solution (58 2u/ml) in saline
Standard fibtr.n palte.

Place O 1ml U sclu<:on and Tras,lol-UK solutions on plates (n=9).
Incuccte 1n huria incubator (37°) for 24 hours.
Determine 1l/tic are=s bv plarinmetry.

AGE T LYTIC AREA (mmg) PER CENT TNHIBITION
5.62u UK 1753 N/A
5 82u U< + 0 25 T 1140 65 1
5.82u U + 0 50.¢g 7T 808 Le.1
5.87u Uk + 1 00. ¢ T 0 100 O

1.0pg Tras, 1ol co~.letelv inhib.ts the activitv of 5. 82u urokuinase.
Lowor concentratinns apnear to inhibit the activity in a doce related
manner. The cecncertiration 0 50pg causes approximately 507 1nhibition
and can pe usea 1w further studies.

On all plater thit nad lytic activity, there was a small 1sland of
unlysed fibrin either floating in the lvsed clot or attatched laghtly
to the plate This probably represents an interaction or trasylol
and fibrin resilting from the aoplication of the trasvlol-urokinase

solution to the fibrin plales.



Trasvylol-urokinase solations

Dilute Trasviol 20m-/107m1 (9 2mz/ml) vith normal saline.

0.05m1 (¢ 91me Tracvlol) to 1 2D ml= Test 1
0 10m1 (3 2°2-- Tras.lol) to 1 2 =l= Test 2.

0.20m1 {7 A== Trg- rlo2) o 1N ml= Test 3

1 25 ¢ Tracylol o+ 57 2 u U/
2. 5 3'¢. lrac 2-. 4+ 55 0 u Un/wl
3 10 Osg Trasylol + 59,2 u U¥/-1

Disnernse 0 1 s .
urokinase (5% 2 u/~1) ~r fiorin pla

Quantitiez o rlate are
Ur. 5 &2 u
1. .25 7T + 5 B9 y U~

B2 u UL”

N
w
(]
<
(@]
-3
+
N

+5.22 u U”

[9%)
bt
o
&
-

uti1o1 or T.bri- vlates. Also dispense 0.1 ml



Qr what are the effects of various concentrations of glutaraldehyde on
the lytic activity of urokinase”

M/M Urokinase stock solution [233.0u/ml) in saline (UK¥)
Urokinase solution [58.2u/ml] in saline
Glutaraldehyde [1.25%] 1n saline (G*)
Glutaraldehyde-urok:inase solutions

0.01% = 0.025m1 G¥ + 0.5m1 UX* + 1.475m1 saline
0.02% = 0 0501 G* + 0.5ml UL* + 1 450m1 "
0.0L% = 0 100ml G* + 0.5m1 UX* + 1.bhoOm1 "
0.08% = 0 200m1 G* + 0 5m} UK* + 1.300m1 "
0.10% = 0 250m) G* + 0.5m1 UX* + 1.250m1 "

Standard fiorin rlates

Place 0.100ml uroFinase solution and Glutaraldehyde-urokinase solution
on plates (n=2)

Incubate 1n humid 1~cubator (37°) for 2L hours.

Determine lytic area by planireirv.

R AGENT LYTIC AREA (me) % INHIBITION
5.82u UK 1753 N/A
0.01% G 1n 5 82u Uxr 0 160
0.027 G in 5.82u U- 0 100
0.04" € in 5.82u U¥ 0 100
0 08% G in 5 62u Un 0 100
0.10% G 1n 5.82u UX 0 100

Glutaraldehvde cormpletely inhibits the activity of 5.82 u urokinase
at all concentrations tested. It cannot be utilized in the present
model.



Q: What are the effects of dialvsed trasylol and formaldehvde-treated

<.

dialysed trasylol on the activity of urokinase”

Jlol  rd dialysea HCOY-Trasvlel lor~/ml] ac received
ta 0 2/r1 with saline

¢ prtn dizliveea trasylol and dinlviscd HCOd-
1 concen*trat.on of traovlcel vould be

M/t Dialycea Tri-c
were d.lut
Solut.cr~ w r o)
trasrizl s.ch L oot te Nin
5p5/"1 i o_yce raza f 2

-

an~ 1 171 of -trai~ht Uk [9% 2u/rl] were

'a 7 - -~ -~ - P
[ I A G Lav” DLl oTo
- ~ A
— K v [ R
.2tz O 2tAE 2orl TLirLn Tadies

Areas of 1vi.s wore mote1 after incubation for 2L hr at 37°

) fos - L1SIO 454 (mnt) % INHIBITION

e e)
’—'

5 82u L~ (~=3) 1556 N/A
o] 5P3 dial_ =sez T L1

5 821 L~ ‘n=1n) 1615 no 1nhibition
O.S}'? dialroe . T2

T, 121 i 5 B U

il 1395 10

Evicantl,, @isl 3.7 rosovea all tres 101 from the simr le not treated witn
formaldon ce £ s—~1ll and rroc.cl. intignificant amount ol inhibition
rezlaenyu. treited trasyslol. Tt 1o nol possable

- - - - o
1S5 not.n o~ Lnt IC
+ +
- -

- Ead
A tre get. ots of trasvl sl in vies of the absence of

5 822 o (n=3) 1L1n N/A
0 9d¢ Lstracted trog,lol

in 5.87u U (7=4) 756 53 6
O Su, Eenractea :Clh-

tra~;1ol 21 5 52 u U

(n2f) 117 50 9

Tne treatment of trasylol with Tormaldenvde does notb sigarficantly nlter the
inhioltory ef“ects of the substance on the lytic activity of urokinasc.


http:tr,,t<.nt

3. Development of polymer for IUD - Trasylol

The optimal polymer should meet the following requirements

1) Biodegradable for a period of 4-5 months (which would give
reasonable release of the drug during requested 100 days
post implantation).

2) No swelling of the final product above the requested 4 mm.

3) Sufficient mechanical strength.

4 Controlled delivery of known quantity of the drug within
100 days post implantation,

Procedure - a total of seven (7) various polymer mixtures were
studied. The variables were
1) Concentration of gelatin.
2) Presence of glycerin - to keep pliability
3) Addition of fibrous collagen - to obtain enough tensile
strength,

4) Degree of tanning vith formaldehvde or glutaraldehyde.

It was found that optimal mechanical and swelling characteristics
has a mixture containing-
65% collagen fibers
357 polymerizing solution with glvcerin
The final polymer (7251) does not swell in physiological media as

shown in the table,

Time Weight Diameter of the Tubing
(ho 1g) ! mm)

0 | 0.287 4,10

1.0 0 296 4,13

1.5 0 297 4.13

18.0 0.297 4,13

Incubated in 0.9% saline at 37°C.



4  KINETICS OF THE RELEASE OF TRASYLOL FROM

COLLAGEN BASED POLYMER

Aim of the study

1 Prepare polymer with Trasylol

2 Studv the rate of the release of Trasvlol from the polymer
incubated 1n saline at 37° without starting

3. Study tie release of Trasylol, starting with 6 hours of

incubation, then at daily intervals for a total of 14 days.

Measurements

1. Trypsin inhibition test

2. Micro Lowry protein

3 Hvdroxyproline release

Whi.e test 1 ¢ 2 snould indicate the release of Trasylol, parameter
3 refers to degradation (solubilization) of the collagen based polymer

in the 1incubation medium

Methods

1 Preparatior of Polymer-Trasvlol in the form of 4 mm thick

tubing with & 2 mm central opening

3 g collagen paste 1s mixed with 2 ml solution B to form a homogenous
viscous gel Add 20 mg Trasylol and mir thoroughly The polymerization
is 1nitiated with 0.2 ml 257 glutaraldehyde This paste was 1njected
through 8 syringe in a mold of a tubing. Polymerization was completed
in 60 - 90 minutes

We obtain 37 cm long tubing having a wet weight of 5.0 g and a

water content of 787.



2. Incubation procedure

A .4 g segment of the collagen polymer-Trasylol tubing was
incubated at 37° in 25 ml of 0.9% NaCl under sterile conditions.
0.5 ml volume samples were collected after 6 hours of incubation and
then at daily intervals upto 14 days. Theoretically, there should

be 5 6 mg Trasylol present on the incubated sample

Resultg

1. Release of protein into the 1incubation medium (Figure 1)

The determination of protein by Micro-Lowry procedure showed
that, from the theoretical 5 6 mg Trasylol present in the incubated
polymer, 1.4 mg was eluted during the 14 days. This represeats 257
release of the active substance 1n 14 days. The release was
continuous and linear with time of incubation

The analvsis of protein on the eluate by Micro-Lowry met
with several difficulties which I would like to report in case
somebody reproduces ocur results Both glutaraldehyde and resorcinol
interfere with Lowrv procedure, both giving positive reaction and
contributing to the colour formation For these reasons, we obtained
excessive values of protein released

In order to eliminate the positive interference of both glutar-
aldehyde and resorcinol, we absorbed these compounds to Sephadex
G-15 according to the procedure of Neal and Florini (Anal. Biochem.
55 328, 1973) In principle, swollen Sephadex G-15 in 0.1 M ammonium
sulfate 1s mixed with the eluent. The eluent 1s disabled and protein
(Trasylol) recovered after spinning the system. The interfering

substances are trapped within Sephadex matrix.



2 Reclease cof collagen into the medium (Figure 2)

The incubation medium poorly mimics the situation of the IUD-
Trasvylol i1n the uterus environment Ihe presence of inflammatorv
cells, granulocvtes aad macrophages, in the uterus with the IUD
should enhance the rate of collagen polymer degradation

In our model svstem, 800 pg of hvdioavproline was released from
the polvmer TMis amounts to 5 9 mg collagen (Hvp x 7 34 = collagen)
Assuming tnat the pol.mer tubing (2 & g weight and having 227 solids)
contains approwimatels 528 mg collagen protecin, the amount of
dissolved collagen wouvla be between 1 to 27

3 '~ ps11 (m.1biZ10n test

knowing, from lowr. protein determination, that quantities
amountinz to tens o milligrams of protein (globular) were released
from the collagen pol.mer, we used oalv 15 pl aliquots of the incuba-
tion medium for tne ver sensi.ive tryvpsin inhipition test The
sample was analvzed as such, without am additional treatment
The results ave summarized in Tlable 1
TABLL 1

TRYPSTN INWIBITION TEST TUBING
THE RELEASE OF T1RAS 1 0L FROY COLLACSN POLYMLR

Time of Incubation

Davs 7 Inhibition
1 00
3 1.48
5 1 82
7 2.36
10 3.82
12 3 28
14 4 01




The results showed a certain increasing trend indicating that
more Trasylol is present in the eluste with a duration of the

incubatinn,

Conclusion

Trasylol 1s released from the collagen polymer tubing, 25% of
the drug being eluted i1n 14 days At the same time there is a minimal
change in collagen polymer structure, Tn~ released drug was biologi-

cally active, as indicated by Trypsin inhibition test.
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Dr. E.S.E. Wyfs;
Department of  YN/OB

IUD & BIODEGRADABLES Please complete Mcdical Re:« ‘' Bui{lding
and return to: Wayne Statce ' i.ersit
Abstract Fornm yn y
550 E. Canffiid
Deadline: October 1, 1978 Detroit, Michigan 4B201, U.S.A.

RECISION GUIDE FOR SELECTING 1uDS FOR INDIVIDUAL ACCEPTORS

R G. Wheeler
International Fertility Research Program, Research Triangle Park,

North Carolina 27709, U.S.A

Providers of contraceptive services can 1mprove the use etfectiveness of
IUDs by selecting subjects and I1UDs according to a decision system based
on cluster analysis. The general principle 15 11lustrated by using
continuation rate as the dependent variable and IUD acceptor attributes
recorded on the IUD study admission form as the 1ndependent variables

Computers were used to classify women 1rto aroups which had unique
combinations of attributes and groups which had unigue average continu-
ation rates and variances The Searching For Structure computer program,
developed by the Department of Social Sciences, University of Michigan,
was Lsed to make a cluster analysis on several thousand IUD admissions
and follow-up records at the International Fertility Research Program
The result 1s ; decision tree for selecting IUDs for individual acceptors

The Provider 1s quided along the first brancnh of the decision tree by
selecting one cf the two possible answers to a series of questions

The question and branching process continues until an end category 1s
reached This process requires from three to ten questions, depending
on the path taken At the end of the last branch the provider will find
the predicted event, rates, and standard deviations for several types

of IUDs

The convenience of only one prediction tree for all events offsets any
improvement in the standard error of estimate that would be obtained with
a separate tree for each event Knowledge of the expected outcome of

1UD contraception will enable the provider to select an IUD with the
highest probability of continued effective use.




SALARIES
AID/pha-C-1111

4-1-78 to 4-1-78 to
Name and Position 9-30-78 Adjustments 9-30-78
Laufe, L, Medical Director 6238.98 6238.98
Wheeler, R., Bioengineer 19228.08 19228.08
Greenh111, B., Laboratory Assistant 5119.56 5119.56
Friel, Pat, 1UD Project Manager 9008. 52 (768.13) 8240.39
Barnes, E., Secretary 5200.08 (385.00) 4815.08
Smith, A., Parttime Assistant 1319.56 1319.56
Other -—— 961.38 961.38

Total 46114.78 (191.75) 45923.03



CONSULTANCY

A1D/pha-C-1111
4-1-78 to 9-30-78

Name Days Worned Fees Paid
Brenda Sawser 32 days @ $43.85/day - $ 1,403.20
Jaime Zipper 17.5 davys @ $100/day = 1,750.00
Gebhard Schumacher 1 day @ $150/dav = 150.00
Antonio Scommegna 1.5 davs @ $155/day = 232.50
Lourcns Zaneveld 1.5 davs @ $109/day = 163.50

Total $ 3,699.20




EXPENDITURES

AID/pha-C-1111

Twelve-month Period Ending September 30, 1978

Category Year-to-date
10/77 - 9/78

Salaries and wages $ 90.779.00
Fringe benefits 20,943.00
Overhead 58,814.00
Consultants 9,951.00
Travel 8,090.00
Equipment 6,126.00
Expendable supplies and other direct expenses 50,608.00
Subcontracts 13,646.00
Publication costs 920.00
Occupancy 4,410.00

$ 264,287.00




