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I. INTRODUCTION

During the year under review we have continued to evaluate new WRAIR
compounds with special reference to causal prophylactic agents, to drug potentiation
and to the development of a screening procedure to detect agents with prolonged
activity. We have continued the investigation of WRAI R compounds received in
1977 topether with a further 12 compounds sent this year. (This makes a total of
371 comounds examined to date.)

Biochemical work ha! been delayed during the year because of technical
difficulties that have necessitated the cloning of our rodent malaria strains that
are being employed in this work, and a shortage of small animal accommodation
pending reconstruction work to improve our animal rooms.

In October 1978 the Principal Investigator took the opportunity of his
presence in Washington to visit WRAIR for discussions on the progress of this
programme.

2. CYCLICAL 9ASSAGE OF RODENT MALARIA STRAINS

In order to carry out work on long-acting compounds we are now maintaining
P. yoeli; yociii 17X as well as P. y. nigeriensis in cyclical passage. Every
precaution is takeo to ensure that there is no accidental cross contamination,
including a periodical check on enzyme markers.

3. CHEMOTHERAPY STUDIES

3.1 Blood schizontocides

Apart from the specially selected compounds used in the development
of the szreen for long-acting compounds we have exami-ied 3 8-aminoquinolines
and 2 other compounds of structures so far unidentified to us. WR. 226,296 was
highly active sc and po against P. berghei in the 4-day test. WR 232,584 was
also active but less po than sc. WR 235,485 was very active sc and po against the '
N, NS and RC lines, but the P line was markedly resistant to it, especially sc.
WR 212,293 and 233,637 showed insigniFicant activity at 30 mg/kg and will be

examined at higher doses. Thiese data are summarised in Table 1 and detailed in
Tables 2 through 6.

3.2 Causal prophylaxis

We have examined the causal prophylactic properties of 33 WRAIR
compounds. The data on these are summarised in Table 7, and detailed in Tables
8 through 58. Of the 8-aminoquinolines, the most active was WR 221,527 when
given po. WR 228,456 is another salt of this compound which ;s slightly less active.
Note that the data given have not been adjusted to take account of the molecular
weights, and no primaquine index has therefore been calculated yet. Included in
the compounds studied are several, such as the quinazolines WR 141,871, 159,412
and 180,872 that were provided primarily for studies on repository activity (see
Addendum). It will be noted from the individucl cata sheets that many of these
compounds did exhibit residual activity in the causal prophylaxis test, e.g. the

,Munnich bases WR 194,965 and 228,258.



3.3 Screening system for drugs with prolonged activity

A procedure has now been worked out for the detection of
prolonged antimalarial activity in candidate antimalarials. Details are given in an
Annex to this report. A further development of the procedure is being examined
at the present time to distinguish between true action on exoerythrocytic schizogony
from delayed activity against first (or later) generation asexual erythrocytic stages.

4

We were fortunate in being rble to benefit from dscussions with Dr. A. Ager
of Miami on this project during iE visit to Liverpool in Aoril this year. It is hoped
that Dr. Ager's laboratory will . te over this system or modify it if necessary for
use in screening the large number of candidate compounds with possible repository
activity in the WRAIR inventory.

An examination of the series of compounds provided by WRAIR in this procedure, 4
using diformyl dapsone (DFD) as a control, has shown clear residual activity in the
pyridine methanol WR 172,435 (4 x DFD), the phenanthrene methanol WR 171,669
(3 x DFD) and the quinazoline WR 180,872. (It is encouraging to note that in this
work which was carried out "blind", i.e. the nature of the compound was unknown
to the staff ,erforming the tests, WR 6798 gave precisely the same result as the
DFD control.)

3.4 New drug delivery systems

We have continued our studies on the use of drug-polymer matrix
preparations to obtain a prolongation of antimalarial effect with standard antimalarial
compounds. Our original experimental system, employing implants prepared from
silastic tubing filled with the powdered antimalarial compound has been discontinued,
since such capsules were profligate in the use of compounds, up to 50 mg being used

in each. Comparison of the results obtained with 'tubing' implants and polymer-
drug 'mixture' implants also showed that the latter were more effective.

3.4.1 Implants prepared from siloxane-drug mixtures

Siloxane-drug mixtures have been prepared with a number of
standard antimalarials as described in the last Annual Report. Further work has
continued with pyrimethamine, sulphadiazine and latterly, sulphadoxin incorporated
into silicone rubber matrices and employed experimentally. Attention has been paid
to the design of experiments for the evaluation of residual antimalariail activ~n since
two major aspects of the protocol previously employed were considered unreliab"A;
the first related to the fact that during the course of cn experiment mice were of
different ages and body weight at the time of challenge (all mice received implants
on Day 0 and were challenged at intervals thereafter) and the second was the possible
effect of host immunity on parasitaemia in animals which were repeatedly challenged
with infected mouse erythrocytes. In the revised protocol which has been adopted
during the past year, groups of mice receive implants on Days 0, --28 to + 140 at

* 28 day ;ntervals and all groups are challenged on Day + 168. Groups of control,
untreated mice are also set up on Day 0. Thus all mice are o the same age at the

time of infecti-ni and receive a single parasite challenge. With this system it has been
found that a 200 mg implant containing 1 mg pyrimethamine base protects mice for
> 5 < 6 months.

• k;it
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3.4.2 Impiants prepared from biodegradable polymer-drug mixtures

tMixtures of pyrimethamine, sulphadiazine and cycloguanil
in biodegradable matrices have been prepared by Professor Graham , Strathclyde
University, Scotland. Difficulties were encountered initially in preparing mixtures
with pyrimethamine but 24 mg implants of this mixture (30% pyrimethamine base)
protected mice against P. berghei challenge for > 3 months.

A more reliable and technologically simpler method of preparing matrix-
pyrimethamine mixtures has now been developed and preliminary tests have
revealed that 50 mg implants containing 20% pyrimethamine base protect mice for
> 56 days. A full trial of these preparations is in progress.

Preparations containing 10% and 30% sulphadiazine in a biodegradable
matrix have been obtained. Preliminary tests with these mixtures have given
encouraging results and further evaluation is in prog.ress.

SConsiderable attention has been focussed on the use of injectable, powdered

formulations of biodegradable polymers containing sulphadiazine and pyrimethamine
The different grades of particle supplied were of)> 53< 9614, >964.250p and

>1 00 250. diameter. Colloidal preparations of particles were prepared in carbo-
xymethyl cellulose and administered sc at doses from 0.5-5 m/20 g body weight.
The results obtained with the injectable biodegradable matrix-drug powders have
shown that the residual effect of these preparations is much less than that obtained
with an equivalent dosge in pellet form. This is probably related to a more rapid
release of the antimalarial from such powders, and agrees with results obtained
by Wise et al. (J. Pharm. Pharmac. (1978), 30, 686-689). Quantitative studies
on the rates of release of antimalarials from the various preparations employed have
not been possible because radio-labelled compounds have not been available.
A source of radio-labelled sulphadoxine has now been obtained and it is hoped
that radio-labelled pyrimethamine will be made available for our use through the
WHO TDR Programme.

It is also intended to deveiop an in vitro bioassay for the determination of
the serum levels of pyrimethamine, sulphadiazine and sulphadoxine using
P. falciparum in vitro cultures.

In addition to work on pyrimethamine and sulphadiazine a limited amount
of work has also been performed with cycloguanil hydrochloride-biodegradable
polymer mixtures. No powder preparations have been tested but with solid implants
the residual effect of r50 mg implants containing 30% cycloguanil was < 14 days.

3.4.3 Sustained release from AlzetR osmotic minipumps

Experiments using WR 99,210 (LIV/1 019) and primaquine
phosphate released from osmotic minipumps were described in the previous Annual
Report (December 1977).
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A comparison has been made between the antimalarial effects of equivalent
dosages of primaquine phosphate administered once daily by sc injection and
continously by constant release from the osmotic minipumps to determine if the use
of a slow release preparation could result in a reduction in the total dosage of
primaquine required to control parositaemia.

R
On D+3 of infection with P. berghei N strain, Alzet osmotic minipumps

(of I70,*l capacity and a flow rate of 1 pl/hr) containing solutions of 4.125,
8.25 and 16.5ag/l respectively of primaquine phosphate were implanted in three
groups of mice. Three further groups of mice received primaquine at 5, 10 and
20mg/kg, sc, daily from D+3 for 7 days. A release of 4.125.uog/hr from osmotic
minipumps in a 20 g mouse is equivalent to a total daily dosage of 5 mg/kg.
The experiment therefore included three paired groups of mice receiving primaquine
phosphate at daily dosages of 5, 10 and 20mg/kg for a 7 day period.

The results of this experiment (graphically illustrated in Figures 1, 2 and3)
demonstrate that the antimalarial effect of primaquine phosphate was similar in mice
treated daily and in those which received drug continuously. A fulminating infection
was observed in mice receiving 5 mg/kg daily and 4.125,,g/hr there being a slightly
greater antimalarial effect in mice receiving the drug by daily injection. A plasmodistatic
effect was observed during the period of treatment at 10mg/kg daily and 8.25kUg/hr
and a plasmodicidal effect with elimination of parasites by D+7 resulted from treatment
with 20 mg/kg and 16.5/Q1/hr.

These results and those from a duplicate experiment indicate that no reduction
in the total dosage of primaquine phosphate required for the treatment of malaria
infections may be achieved by the employment of slow release preparations.

3.5 Drug potentiation

We have completed studies on the potentiation of the blood
schizontocidal activity of WR 158,122 by dapsone .,-d by sulphadcxine, both of
which are shown in Tables 59 and 60, and Figures 4 and 5 exhibit a marked degree
of potentiation. In view of research that has been undertaken elsewhere (Dynatech
R/D Corp) on the incorporation of WR 158,122 and sulphadiazine ;nto biodegradable
polymers these data give encouragement for the extension of polymer studies with one
or other mixtures of these compounds.

3.6 Mode of action of chloroquine and mefloquine

It has been suggested that the death of the chloroquine-treated ma!'3rial
parasite is caused by intercalation of chlorocuine into the parasite's nucleic acid.
To investigate this, parasites were treated with radioactively-labelled chloroquine for

one hour in vitro and the amount of rcdioactivity associated with the TCA-insoluble
fraction of the pa-asit~sed cells was measured. The first two experiments of this kind
indicated sbstointial retention of chloroquine in the TCA-insoluble fraction with more
of the chloroquine associated with protein than with nucleic acid. However, in three
further experiments carried out in identical manner, virtually no radioactivity was .

found in either the protein or the nucleic acid fractions. Whether these conflicting



results were due tc artefacts or to a change in the chloroquine sensitivity of the
parasite due to the abnormally high temperature in the animal house cannot at presentbe determined. At the end of these experiments it was found that the enzymes of the

parasite were no longer those of the chloroquine-sensitive N strain, but those of the
chloroquine-resistant NS line. Experiments will be resumed when improvements to
the animal house permit the preparation of an indisputably cloned strain.

4. CONCLUSIONS AND RECOMMENDATIONS

Our current year's work has continued to provide useful data concerning the
value of the newer 8-aminoquinolines as causal prophylactic agents. Further work is
required on a technique to distinguish definitively in rodents between true causal
prophylaxis and the delayed blood schizontocidal action of some of these compounds.
This will link in well with the extension of our work on the technique of evaluating
long-acting drugs which has made good progress during the current year.

With the pending completi,,n of construction work on improved small animal
accommodation and the production of clones of the strains of Plasmodium needed for
further biochemical studies on drug resistance, it is anticipated that experiments on
the mode of action of chloroquine and mefloquine using radiolabelled material will
continue early in the new year.

A fluorescent technique is being developed for the detection of small numbers.
of tissue schizonts as part of the screening procedure referred to above. Sera obtained
in immunised rabbits have so far not been of sufficiently high titre to give consistent

• results.

Our studies on the prolungation of antimalarial action of various drugs by
their incorporation in polymers will be continued, using any WRAIR compounds
that may be suggested. Potentiating drug combinations will also be examined in
such formulations.

The Principal Investigator will transfer his activities in October 1979 when
he leaves Liverpool to take over the Chair of Medical Protozoology at the London
School of Hygiene and Tropical Medicine. Funds hove been requested from WRAIR
to permit completion of the oresent programme up to the end of September 1979
in Liverpool. Early in the new year it is hoped to have a further meeting with WRAIR
to negotiate possible further collaboration.
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6. APPENDICES

Table 1 Summary oi blood schizontocidal studies in 4 day
test against Plasmodium berghei.

Tables 2-6 Detailed 4-day tests of lood schizontocidal action

Table 7 Summary of causal prophylactic tests against
Plasmodium yoelii nigeriensis

Tables 8-58 Details of causal prophylactic tests

Table 59 ED 0 of WR 158,122 and DDS alone or in combination.
Daa in mg/kg sc in 4-day test (see Figure 4)

Table 60 ED, 0 of WR 158,122 and sulphadoxine alone or in combination.
Dafa in mg/kg sc in 4-day test (see Figure 5).

Figures 1-3 A comparison of the response of Plasmodium berghei to
primaquine phosphate following drug administration by
repeated daily injections via mini osmotic pumps.

Figure 4 WR 158,122 and DDS - ED9 values when compounds are
used alone or in combination in varying proportions.

Figure 5 WR 158, 122 and sulphadoxine - ED values when compounds
are used alone or in combination in varying proportions.
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SUMMARY OF ANT IMALARiAL DRUG TESTS TABLE - 4b
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SUMMAARY OF ANTIMALARIAL DRUG TESTS T.ABLE 4d
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SUMMARY OF ANTMALARtAL DR-JG IESTS TABLE 6
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or NUMB'~ER .... PAA E.*.**.**

Roote of administrat*,on

StrinDolydoe o. No. of 1 Mecr, co-t!drA Treo tea PR% 10
StrcI Doxpydoieen.ts porasi--e rate % 10o0R

1mg/kg DO - D -:.-3 miecer ____________T

Ilk.

ED 50 (,range)

ED0 (range)

________ ~Reistance ! _ _ _ _ _ _
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L .V/1 342 (WR 158,122) - -_

0.03 0.1 0.3 1.0 ED90

100 +2.3 95.7+3.2 68.5+5.9 30.9+9.8 1.6

0.03 77.5+7.4 73.7+6.9 17.6+5.4 1.3+0.7 0 0.14

0.1 63.6+8.2 49.6 +11 . 6.7+2.7 0.4+0.3 0 0.09

0.3 59.4+16.214.5+ 6.7 5.3+3.8 0.3+0.2 0 0.08

1.0 23.7+ 8.5 0.7 + 0.4 O.1 + 0.1 0 0 0.004

ED_ _ _ _ ___,_.... -_,,_. ....90 4.0 0.32 0.12- 0.009
,,, I . .. . .

TABLE 59

LIV/1342 (WR 158,122)

0.03 0.1 3.3 1.3 E Dc

10 +3.2 95.8+2.1 71.9+8.231.1+8.2 1.6

0.003 96.!0+3.3 69.3+3.1 50.4+11.1 6.1+3.4 ,.18

Z,.,1 78.5+4.8 63.8+5.2 57.2+5." 6.5+4.3 , 0.1I

oC.C3 5. +2.3 59.1+5.7 24.9+5.! Q.2+ ..2 C 0.12

C.1 52.6.4.5 41.9+2.4 2.8+1 .,

r' • ' 4

TABLE 60

-- - -- - -- - - - - -- '
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FIGURE 4

WR 158,122 and ODS - ED 90 values when compounds are used alone or in combination
in varying proportions. (See data in Table 59). The grapi. shows a very strong
potentiation between two cornpound:L
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ADDENDUM

A technique for screening of drugs with residual antimalarial action

P. Schofield, R. E. Howells and W. Peters

The method described here for the screening of long-acting antimalarial
c:gents in a ,adenf malaria system represents a primary screening system with limited
objectives. The screen is designed to detect compounds which may possess either
residucl causal prophylactic or residual blood schizontocidal activity or both
and which may act following administration either orally (po) or subcutaneously
(sr.. The technique employs a single dosage level of test compounds and this
dosage :s that which, in a series of preliminary experiments using selected
candidate compounds, has proven optimal in terms of demonstrable residual activity
and minimal local tissue reaction at the site of administration. The test is limited
to a 35 day period of observation.

Materials and methods

Piasmodium y. yoelii (17X) is employed in this screen. The parasite is
maintained by cyclical passage through Anopheles stephensi and albino mice.
Mice are maintained at 220C + 20C and supplied with Dixon's 41B diet and water
ad I bitum. Mosquitoes are naintained at 260C + 20 C and at 75%-85% R.H.
All expe, imental procedures are performed in random-bred male albino mice
(Tuck, TFW) which are of 20 g body weight on the first clay of an experiment.
The mice are employed in groups of five. Sporozoites are obtained from mosquitoes
iwelve days after the infective blood meal. Whole mosquitoes are homogenised
in tissue culture medium 199 containing 1% bovine serum albumin (BSA) and the
crude homogenate is centrifuged at 500 rpm for 1 minute to sediment the mosquito
tissue. The supernatant, containing sporozoites, is rem'ved and stored on ice until
required. Sporozoite numbers are determined in a hoemocytometer and the sporozoite
suspension is diluted with TC 199 and 1% BSA to give a final count of 40,000
sporozoites/0.2 ml. Mice are infected by the intravuiieus (iv) injection of 0.2 ml
of the sporozoite suspension.

All experimental compounds are prepared in suspension or solution wiih
0.2% Tween 80. Ager (personal communication) has observed that Tween 80
and hydroxyethyl cellulose are equally effecive, and superior to arachis oil,
as vehicles for experimental agents in the screening of residual antimalarial
activity. The screen has been developed with a series of compounds provided by
\A/RAIR,-rable 1).



Experirrantal procedure

The screening method involves a preliminary stage designed to eliminate
from the screen those compounds which possess no appreciable residual activity
and a second stage, performed on selected compounds, which is designed to i
detect compounds which have a residual action of <7 days,> 7 days and
<14 days, >14 <21 days, and of greater than 21 days. The observation period 
is limited to 35 days.

The preliminary stage
4"A

In this stage, mice are treated po and sc with 80 mg/kg body weight
of the test compound on Day 0 (DO). Thus the total dosage per mouse is 160 mg/kg
Three days later (D+3) the mice are infected by iv inoculation of 40,000 sporozoites
of P. y. yoelii 17X. Blood films are prepared from the mice on D+10 and the
parasitaemia determined. On D+17 the number of surviving mice are recorded.

All experiments include groups of control animals which receive 0.2 ml
of 0.2%o Tween 80 po and sc and groups which receive a standard, long-acting
atimalarial compound. Diformyl dapsone (DFD) is an appropriate standard
compound for inclusion in this screen. DFD has no demonstrable residual activity
following administration po but has a marked residual effect sc, even at 20 mg /kg.
To ensure uniformity in the test, however, DFD is employed po and sc at 80 mg /'kc

The parasitaemia of mice on D+10 is determined from Giemsa-stained biood
films and scored 0 through +++++. The following system is used in scoring parasitaemia
(using a microscope fitted with x 100 objective and x 10 eyepiece).

0 = negative (no parasites in 10 fields)
+ = very scanty (< 5 infected cells in 10 fields)
+ = scanty (4 5 infected cells per field)

+4- = moderate (4 20 per cent of erythrocytes infected)
= heavy (i 50 per cent of erythrocytes infected)
= very heavy (> 50 per cent of erythrocytes infected)

Examples of the resuii5 obtained in this preliminary test are appended
(Table Il). Compounds which possess some demonstrable antimalarial actvity in
this screen are selected for further evaluation.

The secondary stage

A further evaluation of the residual antimalarial activity '- selected compounds
is periormed in a secondary stage. In this stage of the procedure three Oroups of mice
receive po and sc 80 mg/kg body weight (total 160 mg/kg) of the test compounds
on DO, +7 and +14 respectively. Groups of control animals are also treated on these
days, one with 0.2% Tween 80 alone (untreated control) and a second with DFD atQ-' mgikg; po and sc.

!



i Iiii

All mice are infected on D+21 by the inoculation iv of 40,000 sporozoites
of P. y. yoelii 17X. Blood films are prepared from mice on D+28 and D+35,
parasitaemia being scored 0 through i1--I- , as described in the preliminary stage.
Mortalities on D+28 and D+35 are recorded.

The results obtained with a series of selected antimalarial compounds are
presented in Tables IV and V. These results demonstrate that DFD is an ideal standard
compound for inclusion in this test, giving at the dosage employed a marked residual
effect, but one that is a shorter duration than the observation period. It is therefore
convenient to express the residual effect observed with other compounds relative to that
oF DF,). In this DFD Index (DFDI) the residual effect of DFD is considered as 1.
Candidate compounds in the secondary screening stage may be expected to vary from
those with no demonstrable residual activity to those which totally suppress, for a
period of 14 days (to D+35), the parasitoemia of mice challenged 21 days post-
treatment. The performance of such compounds and those with intermediate residual
activities has been scored from 0 through 4 on the basis of comparison with the residual
activity of DFD, as illustrnted in Table II.

Examples of the interpretation of results in DFDI terms are presented in Table IV.
A simplified system for the presentation of results in terms of DFDI is represented in
Table V.

It should be noted that in our laboratory, few untreated mice die within 14 days
of infection with 40,000 sporozoites of P. y. yoelii 17X. The DFDI presented here is
consequently based on parasitoemia scores. In other laboratories where the strain of
parasite may be of greater virulence, or the mice of greater susceptibility to infection
than those presently employed, significant mortality rates may be expected within
this period. It is considered highly improbable however, that the death of mice will
occur by seven days post infection (D+28). Under tFese circumstances both mouse
surv a and parasitoemia scores will b- considered ,n the interpretation of results,
but should not influence the applicability of the index and the scoring of individual
compounds. N

Observations

The methods which are described in this document are designed for the
primary screening of compounds for long-acting antimalarial activity and enable
compourds with varying degrees of residual activity to be selected. The tests are
limited in that they employ a single dosage level of the test compound, do not

differentiate between compounds which are active po or sc or both, and will select
compounds with both causal prophylactic and blood schizontocidal activity. A flow-
chart outlining the sequential stages fr the further evaluation of long-acting
antimalarial compounds is appended (Figure A).

The results obtained with cycloquanil pamoate in the seccndary screening
S TO e at first sight appear enigmrtic and might be considered to cost doubt upor the
,.&idity of the test. As indicated in Table IV 3/5, 1/5 and 4/5 mice were negative
7 0 cnd 14 days post-challenge (on D+21), following treatment on days 0, 7 and 14



respectively. The compound does therefore demonstrate a marked residual effect
and would therefore be selected for further studyi particular lysince no.sign of
induration or ulceration was observed at the injection site at the dosage level of
80 mg/kg. The results furthermore are consistent with those reported by
Thompson et al. (Am. J. trop. Med. Hyg., 193, 12, 481-493) who described
the repository action of cycloguanil pamoate inmice, following injection sc at
dosages from 24 mg/kg to 1317 mg/kg. In that study 2/3, 3/5 and 3/3 mice
exhibitedpatent parasitaemias seven days after challenge at 3, 4 and 5 weeks
respectively post- treatment with 189 mg/kg sc in lipid and aqueous suspensions.
We conclude that even were the secondary screening stage to employ cycloguanil
Pamoate at a dosage level of approximately 200 mg/kg, essentially similar results
would4 be obtained to those at 80 mg/kg.

IJ
i

t,!



TABLE I

OF THE SCREENING TECHNIQUE

Standard Agents (11)

WR 15d4 Chloroquine AR 20613 LIV 1488
4<WR 5473 Cycloguanil (Pamoate) AU 76138 LIV 1489

W298Pyrimethamine AG 65046, LIV 1490
WR 7557 Sulphadiazine ZN 32629 LIV 1491
WR 40629 Suiphalene AU 72569 LIV 1492
WR 59,49 Trimethoprim AF 87341 LIV 1493
WR 2977 Amodiaquine AG 64870 LIV 1494
WR 1543 Atebrin AR 78360 LIV 1495
WR 2975 Primaquine AH 24988 LIV 1496
WR 2976 Quinine AW 23860 LIV 1497
WR 25979 Nitroguanil AH 78744 LIV 1498

Exoerirnental Aents (20)

<1Quinoline Methanols Naphthogui nones
WR 30090 AV 07996 LIV 1499 W; 49808 A~J 32298 LIV 1509
WR 184806 ZN 37115 LIV 1500

Phenanthrene Methanols Triazi nes
WR 33063 AW 43746 LIV 1501 WR 38839 AM 33272 LIV 1510
WR 171669 BB 43914 LIV 1502 WR 99210 AW 23628 LIV 1511

Pyridine Methanols Quinazolines
WR 172435 AY 98670 LIV 1503 WR 141871 AX 26848 LIV 1512
WR 180409 BE 99420 LIV 1504 WR 159412 BB 59823 LIV 1513

WR 180872 BD 09556 LIV 1514
Sulphones Mannich Bases

WR 48 AG2874 LIV 1505 W1965 BG 56327 LIV 1515
WR 6798 AF 50013 LIV 1506 WR 228258 BG 85640 LIV 1516

Furans Miscellaneous
WR 93133 BB 59627 LIV 1507 WR 81844 ZF 92291 LIV 1517

~ 790 8 774 LIV 1508 WR 87781 AB 34313 LIV 1518
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