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5-FUdr dnliitiits the enzpue thysidylate synthetase, This 4s the
enzyne which in the preduction of edogenous thysidine converts dudp
(uridine moncphusphate) to dTHP (thyaidine monuphospliate), indicated
in Figure 1,43 below, In the novaal noetabolic cycle the 1 thymidine
monophosphate 16 then converted 1o thymidine triphosphate (nucleotida)
and in thic form enters the DHA, Tt can be seon tharefore that if
thymidylate synthetose is inhihwt@d endogenous thymidine is not
produced and in the absenco of thymidine DHA cannot replicate, This,
of course, prevents mitosis, as has been obsopved exporimentally
(Toliver anu Stwon 1967), Addition of .« tornal thymidine can reverse
the effects of S-FUidk because DHA veplicalion (requiving thymidine)
can again take place. '
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The actuwl resction taking plece during the Tornation of dTHp
from dURP is shown below and in Figuere 1.4%7 at (1), The methyl group
in the reaction below is tronsfereed from Sllo mothytene tetra-

hydrofolate (CH?TF) to the § position of the pyriwmidine ring of

dUMP foriing dTHP + dihydrofolate,

dudp o+ CHTE oo™ dTHE 4 DHF

o s

teteahydro - dihydrofeliate

folate,
The reaction 18 shown i “fs context in the wetabolic schewe in

Figure 1.43 balow.
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The actual biochage of the activity of Lhe enyyme thywidylato
synthetane ocours as folloys
ddFP novmally binds the enzyan Upsnidyvlate synihetase (1T7ase) (1

CAUEP to one moteculn Lf thymidylale synthetass), The

N

molecule of
inhibitor 8-FUAR binds with this enzyae in the ratio twe nolecules

(3]

of 5-FUAR Lo one wulecule of thywidylote synthetase (Heidaibergor

e

186H), This is shoun in Figuve 1,44 bolow,

TSase + 1 dunﬁéﬁg Tﬁagnw(dLW?}I

TSase + 2FAU oo These-(Fdiing
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Once tha onzyes has bean brund by &0 (noviaal reaction) it is used

to comvnrd dUAT te dTIP by faciYitaling the transfer of a mathyl
?“Gup from 5y 10 wethylows tetrahydrorelatle to the & poszition of the
pyrimidine rine of duiy {h;r;wan and HeddeTherose 1661), Methylene

thPa%ngu,ﬁ«r¢“ is rﬁquirnd for the inhibtition of this veaction 1 by
G-l Lin the fora FARE) as, in fis aheence, TdUMP binds peorly to

the eneyoe, The transfor 6F tha Eﬁx group Trom the methylene

i1y

WIS shewn in Figuree 1.45 onpoge 44
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Figure 1,45  Deancfor ol G, From 108 Lo dUME,

A furiher scheme of the 5-FUAR block is shown below with 5-FUAR
entering the cycle at (1) and forming FdUMP instcad of thymine being
able to form dTMP at (2). The FUdR enters the cycle as 5-TddR

and 15 metabolised to FH? as shown in I"igure 1.46 on page 45
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In conclusion, 5-FUdR inhibits the enzyme thymidylate synthetase by
competing for its birding site and in so deing prevents the |
formation of thymidine, thus preventing DNA replication. Fhis causes
an inhibition of mitosis, '
1.8.4, S-Bromodeoxyuridine

5-Bromodeoxyuridine differs from 5-FUdR in thmt a bromine atom
rather than a fluorine atom is found at position 5 (see Figure 1.41)
as shown in TTQU)G 1.47 below,

Figure 1.47  Struelu: oj u»&p B denvuur e (G-J%kﬂw

5-BUdR replaces thymidine in the DNA, making the DNA heavier than
normal DiA. Tigure 1,48 below shows the made of entry of the 5-BUdR
into the DNA at the position marked 2.




For comparison the position marked 1 ‘again shows the 5-FUdR
block. DNA containing 5-BUdR prevents differentiation in cells in
culture although the cells grw normally. This will be further
discussed in sectien ..5.5. below.

RN A DM A
/K & \\ /7{ ‘ \%K\\\\
URPPP———— CRPPP X CARPRP . TdRPPP BUARPPD
4‘ A Ai{
| ) Y ) |
URPP / CRPP CdRPP TdR PP BUARPP
A }\ B !
¥ | R

uip.~‘N‘w~w_“*“mwmmﬂwvﬁ§£m¢wUﬁRP,mgl**awmrﬁap
< L |
ORP :

B

de Novo_

@ Block in Thyrmidyiate Synthesis

Figure 1.48 Entry of §-BUAR into Dia B(Szybctfski 1962)

1.8.5.  Effects of 5~BUdR and 5-FUdR on cells in culture
Although cells wiih 5-BUdR in thejr DNA are fully functional i.e. -
they continue growing and dividing, the production of "Tuxury
proteins" (proteins for the specialised functioning of the ce]l e.qg.
myosin in muscle) is prevented This can be reversed, as when the
5-BUdR s removed the cells proceed to d11ferent1ate normally.
L1kew1se the effects may be reversed if thymidine is added to
replace the shortage of endogenous thymidine. Stockdaie et al (1964)
showed that myogenic cells (prospective muscle cells) in the
presence of 5-BUdR failed to fuse and form multinucleated myotubes
prior to becoming muscle. ‘
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Simon (1963) reported that Hela cells in culture with both 5-BUdR
and 5-FUdR divided only once and incorporated sTightly more 5-BUdR
than did cells in 5-BUdR alone. It could be suggested that this is
due to the lack of thymidine caused by 5-FUdR in the DNA, (which the

. cells replace with §-BUdR). The one cell division is the final one

in the presence of 5-FUdR.

1.8.5.1. The effects of 5-FUdR on cells and organisms

when administered alone, with special

reference to concentration
Owing to the cost of 5-FUdR, prudent use was made in the administration
of this drug. As a first approximation to set a working concentration
of 5-FUdR, it was decided to follow the dosage concentrations for
Chinese Hamster cells which were worked out by Conrad and Ruddle
(1872). They showed that when Chinese Hamster cells were grown in
concentrations of 0,00005 ug/ml 5-FUdR, there was no reduction in
the rate of mitosis and hence no reduction in thymidylate activity.
In concentrations of 0,000 ug/ml 5-FUdR, the rate of mitosis
initially slowed down, stabilised and then returned to normal,

showing an initial reduction in thymidylate activity. When these
workers used a concentration of 0,001 pg/ml 5-FUdR, the rate of cell
division was slowed down permanently and did not return to normal.
Thymidylate synthetase activity was reduced to 20% of its original
level, ‘

Another worker (Ferguson 1978) who worked on the terato]ogfc&]
effects of 5-FUdR in Wister rats, injected 0,1 g 5-FUdR per mg. of
body weight.

‘In the present study, tadpoles were maintained continuously in

water, and concentrations ranging from 0,2 - 20 pg/ml of 5-FUdR were
added to the water. These concentrations were 2000 times greater
than the concentrations of 0,001 pg/ml that were effective in tissue
culture and 200 times gréater than the concentrations injected into

‘the Wister rats. Furthermore, while the rate of uptake of the 5-FUdR

may have been relatively lower, this was compensated for by the
continuous application of 5~FUdR.
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1.8.5.2. Effects of 5-BUR on c211s and organisms
when administered alone, with special

o reference to concentration ‘ ,
In the present project a concentration of 10 ug/ml 5-BUdR was ucd.
This was higher than that used in most tissue culture.experiments as
the tadpoles 'rere swum in the solution and it was assumed that the
chemical could be less toxic with this method than “n tissue culture
as the tadpoles were only getting a fresh solution of 5-BUdR once
weekly. ‘

While 5-BUdR affects differentiation, it does not affect ceil

- division and growth as showr by Bishoff and Holtzer (1970). The fact
that thymidine competes with 5-BUdR to enter the DNA was shown by
Stockdale et al (1964) where excess thymidine added to the culture
medium prevented the uptake of 5-BUdR. '

, Abbott and Holtzer (1968) examined the effects of 5-BUdR on
chondrocytes taken from chick vertebral cartilage. The concentra-
tion used was 20 yg/ml. The resulting chondrocytes had bizarre

‘shapes and the clones consisted of widely scattered fibroblastic
cells i.e. true condensations required for cartilage formation were
not seen. The mucopolysaccharide required for the matrix was
destroyed. ,

Lasher and Cahn (1969) in their studies of cartilage cells
found that a concentration of 10"4M was toxic to the cells, while
10"%M vas not toxic, but prevented differentiation.

Agnish and Kochhar (1976) showed a relationship between the
developmental stage of mice embryos and their sensitivity to 5-BUdR.
From each embryo they removed the 1imbs and grew them in cell
culture, one on normal medium and one on 5-BUdR. They found the
following: :

1. At a concentration of 2 ug/ml 5-BUdP, stage 26 to 29 embryos
(eleven day) showed a complete suppression of chondrogenesys.

2. Mid-eleventh day embryos needed 10 to 25 yg/ml 5-BUdR to
achieve the same effect.
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3@ If twelve and thirtecn day embryos were used the effects were
milder no matter how high the concentration of 5-BUdR was.
The effectiveness of the drug coincides with the various stages
of cartilage differentiation, as the first signs of differentiation

~were apparent only in the Jate eleventh day embryo and after

differentiation has taken place, the drug has no more effect.

Abbott and Holtzer (1968), Coleman et al (1970), (1968), Lasher
and Cahn (1969) found that 5-FUdR had a proximo-distal effect. The
scapula, first to differentiate,became increasingly resistant to the
drug, while the more distal radius and ulna retained sensitivity
throughout. This is in keeping with Tschumi (1957) who shows that
differentiation proceeds in a proximo-distal direction.

Sala and Rizotti (1975) used stage 40 or 47 (NF stage) tadpoles
(Xenopus laevis) and exposed them to 5-BUdR by injecting it into the
coelomic cavity (2«1 of 5 x IO‘EM). The most severe effects were
noticed on stage AQ tadpoles reduction in pigmentation,
swelling in the anterjor portion of the head, curvature of the tail
and accelerated cardiac rhythm. The effects were Tess severe in the
stage 47 tadpoles and at stage 51 no external modifications ‘were
seen. Histologically, however, all the animals had suffered
abnormalities to some degree.

In conclusion 5-BUdR is found to affect the differentiation of
cells in culture and the severity of the effect is related to
concentration. |

1.9 Analysis of DNA by density gradient

~analytical ultracentrifugation :
In the’present study DNA was made heavy by swimming tadpoles in a
sofution of 6-BUdR. This heavy DNA was analysed by Density Gradient
Ultracentrifugation. This technique is a means of measuring the
amount of 5-BUdR that has entereu the DNA due to the fact that the
5-BUdR makes the DNA heavy. Meselson and Stahi (1958) performed the
classic experiment using this technique on DNA Tabelled with 15N
heavy hydrogen. If several species of DNA of different density are
placed in an ultracentrifuge cell in a solution of caesium chloride
and spun for twelve hours or more at 20,000 to 50,000 revolutions
per second. As the DNA absorbs ultraviolet 1ight at 260pm
ultraviolet photographs will display these various bands.




‘Hanawalt 11968) has shown that the Lioyant density of DNA containing

5-BUdR increases by 0,9 gém”B, while Wril et al (1S35) have shown
that in the presence of 5-FUC? even more b-BUdR is taken up as chown
by the fact tha’ the buoyant density of *he DNA increases. Further,
by thismethod one can distinguish between very heavy DNA which has
two strands substituted with 5-BUdR and hybrid DMA. which is

Tighter as only one strand has been substituted with 5-BUdR.

The hybrid bands of DNA are found between the normal DNA and the
heavy DNA on the photcgraphs; Vinograd (1963) has postulated the use
of marker DNA bands using ONA of known density to determine the
density of the various bands of DNA. Each DNA species forms a band
at the position where the CsC1 (taasium chlaoride) density equals the
buoyant density of that species in the ultracentrifuge cell. The
CsCl spins down forming a varied density solution throughout the

- cell, the densest solution being at the base of the cell. The

various solutions of DNA stabilise in position in the cell when
their density is counterbalanced by the density of the CsCl
at a particular point in the cell, This takes up to 12 hours to

.achieve. At this point bands can be seen on the ultraviolet

photographs. |
Figure 1.49 below shows a cell with the various densities of
CsCl. '
! : Inside of ¢cell
with CsCl solution
i PN A
Air »
Meniscus Lower Higher
et ,
\F\ ; dﬁm.'s“y‘ densify
. hY :
Lower density Higher density

Figure 1,49 C¢sCl 4n the ultracenirifuge eell

Figure 1.50dn p51 shows -a typical result of an ultracentrifuge
ultraviolet photograph.
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1.10 Objectives of this study

The hindlimb of Xenopus laevis appears to develop in a proximo-
distal direction (Tschumi 1957) under the influence of the apical
ectodermal ridge. The zone of polarising activity (ZPA) appears to
influence the antero-posterior patterning of the 1imb during its
development (Saunders and Gasseling 1968), Of the three Timb axes,
proximo-distal, antero-posterior and dorso-ventral.the dorso-ventral
axis is established first, followed by the antero-posterior axis and
lastly the proximo-distal axis is determined.

The differentiation of the hindlimb tissues, muscle, cartilage
and connective tissue.appears to be determined by the cell's
position which the cell determines according to a gradient of a
particular chemical or it could determine its position accordirg to
the amount of time it has spent in the "progress zone™ (Wolpert
1981). ;

The present study used 5-BUdR and 5-FUdR to study the above
processes further. As 5-BUYR prevents differentiation and 5-FUdR
prevents cell division, the hindTimb development was 1ikely to be
affected in various ways. These effects couid increase our
knowledge of the processes of cell differentiation and cell
~ patterning in the Xenopus laevis hindlimb.
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2. METHODS AND MATERIALS

2.1 Experiments investigating the effects of 5-BUdR and 5-FUdR
on the shape and patterning of the Xenopus Taevis hindlimh

2.1.1,  Tadpole breeding and rearing
For the experiments in which the tadpoles were swum in 5-BUdR and 5~
FUdR a reliable, reqgular supply of tadpoles was required. Xenopus lacvis
responds well to 1ife in captivity, in that it breeds all year round
when kept at warm temperatures and treated with a regular dose of
breeding hormone (Pregnyl). The tadpoles respond equally well by
growing and metamorphosing as long as the temperature is kept
constar*ly warm. For these reasons Xenopus laevis was chosen as the
amphibian for this study.

Xenopus laevis tadpoles were bred from adults supplied by
Jonkershoek IsTand Fish Hatchery, Stellenbosch. Females and males
were isolated and fed on chopped beef Tiver twice weekly in summer.
When breeding became more difficult, in winter, they were fed daily.
The water was changed after feeding and the frogs were kept at a
temperature of ZSOC)which is conducive to breeding. Breeding was
induced by Pregnyl (Qrganon). A solution was made up of 4500 units
in 9m1 water, about 500 units/ml. The male was given 2 doses of
0,3m1, about 300 units in total. As breeding became more difficult
to induce during fhe winter, it was necessary to prime the males
daily for two weeks with the above dosage until the black nuptial
pads appeared. The females did not require increased doses. The
hormone was ‘injected through the dorsal Tymph sac (Gurdon 1967). The
frogs were then placed in a Taying tank in shallow water on a mesh.
The eggs dropped through the mesh and were collected the following
morning and placed in shallow trays at 25°C. At this temperature
they developed to stage 43 in three days (Nicuwkoop and Faber 1967).
At about this stage they started teeding and were fed on Liquifry
No. 2 (Liquifry Company Ltd, Dorking), about ten drops daily to
sixty tadpoles in two litres of water, The tadpoles were thinned out

constantly to prevent growth inhibition by overcrowding. The water
was changed regularly.
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. 2.1.2,  In vivo experiments ity which Xenopus laevis
| | tadpoles were swum in 5-BU-R and 5-FUdR and
analys~d for growth deformities <
The following experiments were sot up to test the effects of prddR
and 5-FUdR on Xenopus laevis tadpole growth. A weekly analysis was
carried out uader the dissecting micrescope and hindlimb deformities
were noted. (See section 3.1 for pictures.) The hirdlimb was
therefore focussed on for further experimentation.

2.1.2.1. Pilot experiments
The following initial experiments were set up :

a) Experiment started at stage 43 (NF stage)
Solution Volume (m1)  Number of tadpoles
‘ (2 dishes, 6 tadpcles
per dish)

%:S~BUdR 10 yg/ml +

5-FUdr 0,2 ug/mi 200 2 x6
5-FUdR 0,2 ug/m] 200 2 X6
5-BUdR 100 ug/m 200 2 % 6
5-BUdR 10 ug/m 200 2 %6
5-GUAR 1 yg/m 200 2X6
5-BUdR 0,1 yg/ml 200 2 x6
Water 200 2 X6

b)  Experiment started at stage 46 (NF stagé)

Solution | Volume (ml)  Number of tadpoles
(2 dishes, 6 tadpoles
per dish)

5-BUdR 10 yg/m 200 2% 6
_{S~BUdR 10 ug/ml +
5-FUR 0,2 ug/ml 200 2 %6
5-FUAR 20 yg/m 200 26
Water 200 2x6
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2.1.2.2,  Further experiments using Xenopus
laevis tadpoles swum in 5-FUdR
On the basis of the results of the pilot experiments in 2.1.2,1.
further experiments were set up in which the tadpoles were swum only
in 5-FUdR as 5-BUdR was noted not to have had any externally visible
deforming effects on the hindlimb.

The folluwing oxperiments were set up-;
Stuge solution Concentration Volume — HNumber of tadpoles
(Experiment Copa/ml ml (2 dishes, 6 tadpoles
: g bepun) 1 per dish)
R 0o FUdR 10 200 6% 2
SR 46 FUdR 20 200 6 x 1
46 FUdR O ID 200 6 x 1
46 FUJR 1d 200 6 x 2
47 ‘ Fuda 20 200 6x 2
5 48 FUdAR 20 200 5x1
48 FUdR 10 200 6 x1
49 FUR ’ 20 200 6 x1
44 FUdR 10 200 6 x1
50 ~ FUdR 20 200 6 x 2
52 FUdR 20 200 6 x 2
43 later e 200 6 x 4
: (The tadpole stages used can be seen in Appendix A.)
!
In order to study the deformod Timbs in further detail, and
for the purposes of clearer photography, the tadpoles were figed and
: the Yimbs stained, removed and mounted for photography (whole
: mount)
The tudpoles were fixed in Karnovsky's fixative (Kernovsky
1865) as this was found tn be less domaging than the formaldehyde
: mentioned in the same article. '

Karnovsky's Fixative
4g of purafmmaldehyde are dirsolved in 46m) water, The temperature
C Op s . ‘

1s rafsed Lo 6074 in a water bath and IM NaOH 15 added dropwise

until the selution ¢lears.

AE B0 wl baffr salution © and dnl 2% glutaraldehwde, Titrate at
room tenperature Lo pH 7,2 - 7,4 using IN HCT.




Buffer'" = 41,5mT soln A+ 8,5m1 soln B.

Soln A = Ha HoPO, HZO (mouosodium phosphate) 2,26%

Soln £ = NaCH (sodiun hydroxide) 2,52%.

Washing solution 50% buffer + 507 glutaraldehyde solution.

The tadpoles were Tixed for 24 hours and then washed for 24 hours,
SR _ They were then transferred te acid alcohol for 24 heurs (1% HCT in
oo ~ 70% ethyl aleohol) (Mahoney 1973). They were then steined for one
L week in 1% Vvictoria Blue in acid alcohol. Thay were then differen-
tiated in several chances of acid alcohol until the desired colour
wac oblained. When difrerentialion was complete they were transferred
to 905 aleohal for twelve hours. They were then dehydrated thoroughly
in several changes of absolule alcohol for a few hours. When

}: N g cuapletely dehydrated they were cleared in methyl bernzoite and

4 ‘ fj  stored in fresh methyl benzeate, Tnis method stained the cartilage
fo Dlue and mede the Timb transparent so that the cartilage could be
clearly seen, The Timbs were now whole mounted and phutographed
having been severed from the animal. The preliminary experimehf¢

were photographed on the whole animal (see 3.1). These whole mounts
were analysed by means of a deformity index (see section 3.2),

2,2 Redioactive ih&midwnp JAintake in the presence of
8-FUdR by Renopus laevis tadpole hindlinbs

s b-FUdR is known fo dQWz@%s the uptake of thymidine {by decreasing
D“ replication which reduces the recuirement for thymidine), it was
decided to test this by swisming Xenopus laevis tadpoles 4n
radioactive thymidine 1 ~thywiding). The experiments were set up as
follows
Control
One dish of 20041 capacity with six stage 49 tadpales which were
swik in the solution of 20 yg/ml 5-FUdR for one woek. They were
unfed for three days then fed on Tiquifry No. 2 for four days.
Experiment , ' |
One dish of 2601 capacity with six stage 49 tadpoles which were
swum in the solution of 20 H‘/nl 5-FUAR + FCw/m1 thymidire for one
week, They were unfed for three days, then fod on Hquifry No, 2 for
Tour days, '
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The 1imbs of the tadpoles were removed and weighed as were the
tails. They were than placed singly into clean glass scintillation
vials containing Iml of soluene which was used to solubilise the
tissue. The vials were immediately capped and incubated at 45°C in a
water bath for eight hours to assist the solubilisation process.
10m1 of a specially prepared Toluene based mixture was added to each
vial, The vials were recapped and thoroughly shaken. The vijals were
then placed in the dark in a refrigerator at approximately 6°C for
twelve hours. ‘

The vials were then counted in a Packard Tri-Carb Scintill-
ation Counter (Series 3,000) for fifty minutes each. Counts of
radioactivily were registered on all three channels, each channel
having a window setting of 50 - 1000 and a gain setting of 53% for
tritium. The counts per fifty minutes were then reduced to counts/
min/mg. (Price 1973.) The results are analysed in section 3.3.

2.3 Buoyant density gradient analysis of 5-BUdR DNA

It was decided to analyse the amount of 5-BUdR entering the DNA
using buoyant density gradient ana1ysis and to compare this to the
uptake of 5-BUdR by the DNA in the presence of 5-FUdR, In the
presence of 5-BUdR DNA should become heavy and in the presence of 5-
BUdR and 5-FUdR DNA should become heavier still as the lack of
thymidine should cause the uptake of more 5-BUdR. The tadpo]es were
swum in the solutions as follows :

a) 100 stage 41 (NF stage) Xenopus laevis tadpoles in 200m] water

for three days at 21°¢. These tadpoles were killed at stage 43.
b} 100 stage 43 (NF stage) Xenopus laevis tadpoles in 200m1 of 0,1
mg/ml 5-BUdR for five hours at 21°C.
c) 100 stage 43 (NF stage) Xenopus laevis tadpoles in 200m1
0,1 mg/ml 5-BUdR and 0,0002 mg/m1 5-FUdR (0,2 yg/ml as 0,001 mg
= 1 yg) for five hours at 21°¢,

The DNA was then extracted from the tadpoles and analysed by buoyant
density ultracentrifugation.
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2.3.1. DNA extraction

DNA extraction was done essentially according to the method of

Marmur (1961) and Grossman, Goldring and Marmur (1969).

100 tadpoles were killed in 15 m} of ice cold EDTA solutieon
(Ethy?ené Diamine Tetra-acetic Acid, Disodium Salt, Merck
Analytical Reagent). EDTA solution : 0,1M EDTA + 0,14 NaCl. The
solution was adjusted to pH 8. The tadpoles were homogeniced in
this solution by means of an ultra-iurrax homogeniser, During
this pméessi the test tube with the solution was placed in a
beaker of ice (Ledoux and Huart 1967).

The cells were Tysed in Sarkosyl NL 30, Sarkosyl Wi 97 or
Sarkosyl 0 (scaples by kind donation of Ciba-Geigy). The
Sarkosyl was used at a concentration of 1,37. The mixture was
placed in a 50°C water bath for ten minutes and then allowed

~to cool to room temperature (Marmur 1961). Sarkosy] 15 a new
detergent uscd by Grossman, Geldring and Marmur (1969) instead
o7 SDS (sodium dodecyl sulphate) used by most earlier workers.
SDS is &sua?ly used to dissociate the protein from the rucleic
acid but the amide derivative, sodium dodecyl sarcosinate, is
now used due Lo its high solubility in concentrated CsCl.
Probzbly the hydvocarhen chain of sodium dodecyl sulphate
competes frr hydvophobic'bﬁnds. The anionic detergent appears
to inhibit nucleases and the negative charge prevents inter-
action with nucleic acids (Noll and Stutz 1968). On comparing
DHA yields for the different detergents, Sarkosyl was found to
give a higher yield than SDS. Of the three Sarkosyl NL 30 was
used irstesd of the Sarkosyl NL 97 wused by both of the above
groups of rescarch workers, as it gave a better DNA yield.
Sarkosyl surfactants are high molecular weight carboxylic acids
or their oun sodium calts of the form CH3 (CHZ)n CON (CH3)
CHy, = COCH (or COURG). , '

They are modified fatty acids in which the hydrocarbon chain 1s
interrupted by an amidomethy? group ("ceNcus_). They are the
amide devivatives of S0S (also known as sodium lauryT

a)

b)

sulphale}. This modification fwproves tha s0Tubility and
crystallinity of the molecule, enhances the acidity of the

carnosylic auid group and increases the absorption characteristics.

R " Cim g,
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They are soluble in most organic solvents and are appreciably
soluhle at mildly acidic pH's. They foam less than SDS
(Handbook - Geigy Indusirial Chemicals).

Sodium pewch?orate (pure reagent) was added at a high concen-
tration to separate the protein from the nucleic acid {Marmur
1961). 1,838 g were added to the lysate thus forming a 5M
solution which was then adjusted to pH 5.

The solution was deproteinised by shaking in 30m1 chluroform :
isoanyl alcohol 24 : 1 (isoamyl alcohol 3 methyl butanol
CSH110H pure reagest, HMerck). The solution was shaken gently
for thirly winutes in a stoppered flask,

~The chloroform causes surface denaturation of the protein,
while isoany] alcohol reduces foaming, ailds the separation and
maintaing the stability of ihe layers of the centrifuged
deproteinised solution {Marmur 1961).

The emulsion was separated into three layers by a ten minute
centrifugation at 2000 rpa. The upper aqueous layer containing
the nucleic acids vas romoved with a Pasteur pipette. The
protein interface and chloroform layer were discarded,

Further deproteinisation was accomplished with pronase
Streptonyees griseus, Miles-Seravac (Grossman, Goldring and
Marpur 1969) ).

It vies made ap as follows @

300mg dissolved in 300w water and placed in a water bath at
37% for forty-five minutes. The solution was then adjusted to
pH & with concentrated HCT and left at wnam temperature < w
forty-Tive minutes. Solid Tris Buffer (Seravac) was th.  sed
to adjust the pH to 7 and the enzyme was used at a firal
CQnCﬁﬂbrutlon of 1 mg/ml and allowed Lo act for three hours at
37% (Stern 1968). As well as digesting protewn, pronase partly
digests {tself (McCarthy 1958) ,

The lysate was dialysed aqa1nst S5C for three hours at room
tenperature and then overnight ut 4% (Grossman, Goldring and
Marmur 1969). SSC (standard saline citrate) - 0,184 NaCl +
0,015M Trisodiun Cilrate (P-Hydrate) (Analytical Reagent,
Horch).
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| h)  The lysate was treated with Ribonuclease (RNése) (Bovine

Ribonuclease Grade IT1 5 x crystallised Miles-Seravac). The
enzyme was used at a final concentration of 50 ug/ml and
allowed to act at 37°C for three hours (Marmur 1961). RNase
also partly digests itself (MCCarﬁhy 1968). The RNase was made

~up as Tollows (Kalf and Grece 1968) :

At a conrentratwon of 1 mg/ml in acetate buffer pH 4 5 and
incubated at 37°C for thirty minutes. Acetate buffer - 0,00IM
sodium acetate (trihydrate) (Analytical Reagent BDH) + 0,001M
EDTA, pH was adjusted with concentirated glacial acetic acid. The
solution was heated at BOOC for ten minutes to inactivate any
DNase.

i) The lysate was dialysed at room temperature for four hours and
then overnight at 4% (Marmur 1961). It was dialysed against
0,2% SSC + 0,15M NaCl at a pH of 5.

The dialysis tubing was handled only with rubber gloves, as
enzymes on the hands could denature the DNA. Dialysis removes
the detergent, enzymes and the prod.-  »f enzyme degradation
(Kalf and Grece 1968).

3} The nucleic acids were precipated by addition of absolute ethy]
alcohol (Kalf and Grece 1968). The DNA was then centrifuged
down and dried in a vacuum for two hours and redissolved in 3m}
sgc. A few drops of chloroform were added and it was stored at
4-c,

2.3.2. Buoyant analytical density
gradient ultracentrifugation
The extracted DNA was analysed by buoyant density ultracentrifugation,

2.3.2.1. Theory of analytical density
¢ dient ultracentrifugation
As 5-BUdR has been found to enter the DNA, and as bromine has a

higher molecular weight than the methyl group which it - replaces, the

buoyant denswty of the substituted DNA has been found to increase
and this principle has been used by Meselson, Stahl and Vinograd

(1957) to study molecular weights and partial specific volumes of
macromolecules.

S ‘7 ¢ [ e




h)  The lysate was treated with Ribonuclease (RNase) (Bovine
Ribonuclease Grade II 5 x crystallised Miles-Seravac). The
enzyme was used at a final concentration of 50 ug/ml and
allowed to act at 37°C for three hours (Marmur 1961). RNase
also partly digests itself (McCarfhy 1968). The RNase was made
up as Tollows (Kalf and Grece 1968) :

At a concentration of 1 mg/ml in acetate buffer pH 4,5 and
incubated at 37°C for thirty minutes. Acetate buffer - 0,001M
sodium acetate (trihydrate) (Analytical Reagent BDH) + 0,001M
EDTA. pH was adjusted with concentrated glacial acetic acid. The
solution was heated at 80°C for ten minutes to inactivate any
DNase.

i)  The lysate was dialysed at room temperature for four hours and
then overnight at 4°C (Marmur 1961). It was dialysed against
0,2% SSC + 0,15M NaCl at a pH of 5. |
The dialysis tubing was handled only with rubber gloves, as
enzymes on the hands could denature the DNA. Dialysis removes
the detergent, enzymes and the products of enzyme degradation
(Kalf and Grece 1968). ‘

J)  The nucleic acids were precipated by addition of absolute ethyl
alcohol (Kalf and Grece 1968). The DNA was then centrifuged
down and dried in a vacuum for two hours and redissolved in 3m
Sic. A few drops of chloroform were added and it was stored at
4~C.

2.3.2, Buoyant analytical density
gradient ultracentrifugation ,
The extracted DNA was analysed by buoyant density ultracentrifugation.

2.3.2.1. Theory of analytical density
' gradient ultracentrifugation
As 5-BUdR has been found to enter the DNA, and as bromine has a

“higher molecular weight than the methyl group which it replaces, the

buoyant density of the substituted DNA has been found to increase
and this principle has been used by Meselson, Stahl and Vinograd

(1957) to study molecular weights and partial specific volumes of
macromolecules,
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- ‘ The method involves an observation of the equilibrium
distribution of the macromolecular materia? in a density gradient,
itself at equilibrium. The density gradient is established by the
sedimentation of a Tow molecular weight solute in a solution subject
to a constant centrifugal field. A solution of Tow molecular weight
is centrifuged until equilibiium is closely approachcd. The
opposing tendencies of sedimentation and diffusion have then
prdduced a stable concentration gradient of the low molecular weight
solute. The initial corcentration of low molecular weight solute,
the centrifug.  field strength and the Tength of the 1iquid column
are chosen so that the range of densily at equilibrium encompasses
the effective density of the macromolecular wates ial. At equilib-
rium, the macromolecules reach prsitions at which the density of the
s&rraunding‘?iquid is equal to their own, thus macromolecules of
different ceasity band at different pesiticns in the ultracentrifuge
cell (Hesalson, Stahl and Vinograd 1857, and Peckman Review).

As the molecules sediment towards the bottom of the cell a trans-
parent solvent solution region is created and the image of this
portion of the cell bacemes darter, Where the ultraviolet light is
absorbed by the DHA Vight bands will be seen. By means of a
densitoaeter the duage on the film can be converted inte a plot of
optical donsity versus Jdistance from the axis of rotation (Meselson
and Stahl 1958, Beckman 1962). o

The advantage of this optical system is that concentrations of
0,001 of DNA can be detected which is of the order of maanitude
Tikely to be found in the experimental samples (Beckman Instruction
Fanual E~IM-3),

2.3.2.2. Metlhod Used
One of the most effective low malecular weight substances found for
DHA 1s CsCT, which combines with 4t to form the cacsiuw salt.
Meselson, Stahl and Vinograd (1957) chose it due Lo its high
solubility, high wolecular wight and hiah rensity which allows the
obtaining of steep gradicnts, 1,25 to 1,90 g/ml. It also has a low
viscosity suitablo for rapid cedimentation, 1s non- toxie to DNA and
s soluble in water (Dirks) and calt solutions (Srybalskd 1960)
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The average buoyant density of DNA in CsCl is +/- 1,7 g/ml

and thus a caesium chloride solution was .ade up at average density
415699 g/ml at 25%, t'e temperature used fev the uliracentrifuge
runs (Szybalski 1968). o

The experimental work was done on a Beckman Model E Ana?ytica1‘
UTtrac~ntrifuge. A 30mm charcoal-filled Epon centrepiece was used as
CsCT s corrosive to aluminium (Vinograd and Hearst 1962). The
Tonger centrepiece was chosen, as low volumes of DNA of a certain
density were more likely to be detected. 0,2 to 0,5 ug can be used
(Vinograd and Bruner 1966), A counter-balance of 30 mm was used.

The optical density of the sample was read on a Beckman
Ultraviolet Spectrophotometer at 260 ym

The sample was diluted to an optical density of approximately
0,65 with SSC. 2,85 g of CsC1 (Optical Grade - Suprapur Merck) were
added and the sample made up to a weight of 5,09 g with SSC. The
refractive index of the solution was read ori’ an Abbe Refractometer
and the density read off from t iles (Chervenka 1969).

The upper plain window of <he cell was replaced with a 2°
negativa wedge window to correct for the Tight scatter caused by t}
density of the solution (Vinograd and Hearst 1962} .

The AN.E Rotor was used and the machine was run at 44 770 rpm
in order to allow the sedimentation of the macromolecules in the
dense gradient (Meselson, Stahl and Vinograd 1957, Grossman,
Goldring and Marmur 1969),

The duration of the run was eighteen hours and photographs were
taken at two hourly intervals with an exposure of two minutes.

The photographs were analysed in a Beckman RB Analytrol with a
Film Densitometer attachment.

The following three runs were p@rfbrmed‘:

Optical  Refractive Density Volume

. FOA - ; R i e e i e ~, ek st ity > St ot
. . . Ve R ; . : g M
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.“
R YT R

Density Index CsCl used
DNA CsC1 {g/m1) (m1)
| | g1y
1. Water 3 hrs, 0,58 - 1,3991 1,689 1,3
2, 5-BUdR & hrs., 0,52 1,4000 1,699 1,8
3. 5-BUdR + 6-FUdR 0,46 1,4005 1,720 1,3

5 hrs. :
The photographs’and densitometer traces are shown ih'section 3.4,
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2.4 Investigation into the arowth of tadpoles

“under different methods of feeding
It was decided to investigatc the optimum growth conditions for the
tadpoles, as far as feeding was concerned, in both large trays (2
litre capacity novmally used) and small dishes (200 ml capacity used
in this study due to scarcity of 5-FUdR). | |

Tadpoles were taken at stage 47 (NF stage) and placed into
trays of 2 Titre capacity and large surface arca, Sixty tadpoles
vere placed in two Titres of water as this was the concentration of
tadpoles used in the small (200 w1} dishes.
Experiment A

b e ‘ Food Dose Number of Volume of
g | “Tadpoles Water (Titres)
fg‘ i Commarcial |
t\ baby food
8 (Tiver and 1 y/day Tor 2 wocks 60 2
vegetaules) 2 g/day for rest
Compian i 60 2
Yeast " 60 2
Liguitry Y 6o 2

Experiment £

Facd Dase , Number of Volume of
Tadpoles Water (Titres)

Commerceial
baby food

(Tiver and 1 g/day Tor 2 weels 60 2
vegetables) 2 g/dsy for rest

Fish food o 60 2
(Tetraiin)

Yeast Y ; 60 2
Liquifry ) 60 2
Lettuce s ‘ 60 2
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Experiment C

F;;gmm“m*“ Dose Number of Volume of
b | T S Tadpoles  MHater (mls)
Commercial
i baby food
| {Tiver and 0,16 g/day - 7 weeks 6 200
l vegetables) 0,32 g/day for rest :
Yeast " 6 200
Fish Food . 200
(Tetrawin)
Lettuca v 6 200
I Liquifry " 6 - 200
il The tadpoles were analysed for vate of growth once weekly by
;i, counting the nunhar of anfuals at any one stage (WF stage). The
I rasults are shown in section 3.5
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2.5 Details of the chemicals used

and source 1ist of suppliers

BUdR, 5-Bremo 2'deoxyuridine, Sigma Chemical Corporation.
5-FUdR, 5-fluoro 2'deoxyuridine kinaly denated by Dr. Ram of
Roche Products (Pty) Limited,

Victoria Blue, 4R Merck, Art 8539.

Tetramin, Lopis, Johannesburg, containing fish meat, fish roe,
fish Tiver, crayfish, water plants, mussel meat, brine shrimp,
wheat germ, cod Tiver, insect larvee, kelp,

Liver and VQgetablas, Licence Gerber Prod. Company, USA,
Purity Ricket and Colwan SA Lid, cortaining modified maize
starch, liver. soya proiein, towatoes, yeast, onion extract,
caranel, iodisc? salt.

Yeast, Anchor Yeast (Pty) Limited, Watt Street, Industria,
Johaninesburg., ,

Complen, Glaxo Allenbury's SA (Ply) Limited, Manchester Road,
Kadeville, contuining protein 3lg, fai 16g, carbohydrate 41y,
caleium 850ng, phosphorus 7%0mng, sodium 400mg, chloride 750mg,
potassim 1100Gag, iron 7,7mg, iodine 44ug, Vit A 1100 units,
Vit S] L,0ng.

CsCl, Art 2641 Herck 2525019 extrapur nw. 168,36,

Seluena 350 (Packard) is an extremely efficient salubiliser of

animal tissue. Since most of the Bﬁologica? samples containing

radioactivity measured by liquid scintillation counting are not

readily soluble in the aromatic hydrocarbon based scintillation
solution (Toluene) special solubilisers are required to obtain
a harogenous system for rveproducible measurement of radicactivity,
Toluene scintillant {s composed of 100m] Permafluor XTI
(Packard) in 1 Titre of Toluene (Packard). The resulting
solution contains 5,0y PPO and 0,by bis-MSB per litre. PPO and
bis-M5B arc highly efficient scintillators which will not form
quenching adducts with tissue solubilisers, amines and acids.
Toluene mixture. The solubiTising mixture was made up as
follows ‘

Povimat tuor 111 Puckard 707

Tedton X 160 Packard @ 30

[
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Permafluor is a concentrated solution of stable efficient

scintillators (PPO and bis-MSB). It does not form quenching

adducts with tissue solubiliser, amines and acids. Triton X

100, especially purificd for Tiquid scintillation counting,

1s an efficient tissue solubiliser, so that the mixture of

PermafTuor and Triton is an extrewmely efficient scintillant.

This mixture modified from Thorntey 1971, was found to be the

most efficent method of detecting radicactivity in aqueous

biclogical samnlas. Samples were incubated in the dark to allow

thaw to cquilibrate and to reduce chemiluminescence 1o a2

mintmum (Packard handbook),

Methyl 3 P ihypidine specific activity 18 Ci/minol 1abaTs ONA. .
5,6 3H Uridine (mellyl) specific activity 40,0 Ci/mnol :3bel A.

Ligquifry Ko, 2 (Liquifry Company Limited, Dorking).

Pregryl (Crgonen). This is a memwalian gonadotropin which in
the male frog stimulates the growth of the tesves, sexual

meturityand release of the eperm, as well as {he formation of
dark nuptial pads on the insides of the forelimbs. The

formation of the nuptial pads indicetes that the males are in
mating condition,

EDTA, Ethylone Diswine Tetra - acetic acid, disodium salt,

Herck analyviical reagent,

Sarkosyl KL 30, sarkesyl HLO7, sarvkosyl 0, by kind donation of

Ciba Geigy.

Tsoamyl alcehol = melhy1 butano C 11QH pure re dgent Herck,

Pronase, gﬁrﬁptumvar* seus Mites Sﬁrdvac‘

Ribonucles.c, Bovine ﬂihonug1ea'm Girade 118X crystallised

Miles Seravac.

Sodium fceteta, nnul' ical Reagent Bpi,
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3, RESULTS

The hindlimb buds of the tadpoles swum in 5-FUdR were found to be
deforr 4 (see section 2.1) either in shape or lacking the full

. number of digits or both. A method was devised to approximate the
R ~ degree of deformity of each 1imb, In the 1imb each defect was given
o equal weighting as described on page 73. For convenience, the 1imbs
were divided {nto three types: adult limbs (56 - 65) were given a
count of 91 when normal, medium mature Timbs (54 - 5b) were given a
count of 32 when normal and jmmature 1imbs were given a count of 24

3» _f: when normal. From these normal counts points were removed depending
il iy ~on the type of deformity and the result is referred to as the
3: i ~ deformity index for each Timb.

3.1 Results of pilot experiments in which Xenopus laevis

tadpoles were swup in solutions of 5-FUdR and 5-BUdR
A series of initial experiments revealed the hindlimb deformities on
observation of the tadpoles under the dissecting microscope. These
tadpoles were subsequently photogrushed to show the deformities. The
photographs of these tadpoles are shown in the next few pages. In
section 2.1 the Timbs were further analysed by staining the
cartilage and taking magnified photographs of %the result. Below, in

%‘ o ~ Figure 3.1, is a picture of a tadpsic (NF stag> #0) with three {oes
IS e . on the left hindlimb and two toes on the wight nindlimb.

R S R
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Figure 3.1 Dorcal view of stage 60 tadpole swum in 0,2 vgfmi
5-PydR. A claw is vis.ble on the third toe cf
the left foot.

In Figure 3.2 below are sketches of the hindlimbs of the above
tadpole compared to the sketch of the nurmal tadpole hindlimb for
that stage. ' ' ‘

claw on
{Uﬂl‘d toe

i‘,. A R B o W N
AR T

S A/
PSRN
\7‘;\/

Right foot

Left foot

Ejﬁﬂﬂfl3'2 Sketeh of the hindlimbs of the tadpole in Figuve

5.1 comparved to that of the noymal stage 60 hindlimb.
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The tadpole in Figure 3.1 can be compared to the normal stage 60
tadpole shown in Figure 3.3 below.
Figure 3.3 Photograpn of normal stage 60 tadpole.
This type of result was found consistently throughout the various
preliminary experiments as will be seen in the following photo-
graphs (Figures 3.4 to 3.11). A stage 53 tadpole was seen to have a
bifurcated hindlimb bud instead of the normal division into five
toes at this stage. See Figure 3.4 below.
B‘t‘
Figure 3.4 ILateral view of ctage §5 tadpola swwm in L0 /ml i
G=BUR Lpg/ml S=RUR.
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The tadpole in Figure 3.1 can be compared to the nornal stage 60 -

1]

tadpole shown in Figure 3.3 below.

[T

|
i
i
‘g 3 Figure 3.3 Photograph of nomal stage 60 tadpole.
| Lo o B k
: This type of result was found consistently throughout the various
It preliminary experiments as will be seen in the following photo-
: graphs (Figures 3.4 to 3.11). A stage 53 tadpole was seen to have a

bifurcated hind1imb bud instead of the normal division into five
toes at this stag:. See Figure 3.4 below.

] : . } Figurce 3.4 Lateral view of stage 53 tadpole swwm in . 10Krg/ml .
b Lo 5-BUAR + Tpeg/ml 5-PUIR.
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The same tadpole was enlarged to show only the abdominal reg*ion 1)
that the hindlimb was clearly visible (see Figure 3.5 below).

Figure 3.5 Abdominal vegion of stage 53 tadpole enlarged to
show detail of bifurcated hindlimb.

Abnormal

22

Figure 3.6 Sketeh of the above hindlimb With a normal
Limb for comparison.
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A photograph of the normal stage 53 tadpole 1s shown below for

comparison to the photograph in Figure 3.4.

Figure 3.7 Photograph of normal stage &3 tadpole

In Figure 3.8 bélow is a photograph of a stage %7 tadpole with
a hindlimb having three toes.

Figure 3.8 Lateral view of stage 57 tadpole swum in  l0Opg/ml
5-BUdR ~ + QP@MQ/MZ 5-FUdR. Only three toes can

i

PO
be seen.
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. The photograph in Figure 3.8 has been enlarged to show the
hind1imb more clearly. '

e | e

Figure 3.9 Enlavgement of the hindlimb region of the tadpole
in Figure 3.8 on page 70. Three toes are clearly seen.
A sketch is shown in Figure 3.10 below comparing the three-toed
stage 57 hindlimb to the normal stage 57 hindlimb.
Abnormal
Normat
Figure 3.10 Sketeh showing the hindlimb from Figure 3.9 above
: scompared to normal badpole hindlimb.
=
I |
1
i B
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In Figure 3.11 below an enlarged hindlimb of a normal stage 57
tadpole hindlimb is seen for comparison to Figure 3.9.

LT O T TS Y TN WY O W SO N B

Figure 3.11 Enlarged hindlimb mgian of stage 57 tadpoie
- to show normal hindlimb

These preliminary results provided the basis for further exhaustive
experimentation. The hindlimbs were studied in greater detail by the
more refined method of cartilage staining (see section 2.1.2.2.) and
the 1imbs were analysed in detail in section 3.2.

3.2 Effect of 5-BUdR and 5-FUdR on tadpole

hindlimb development - a detailed analysis
The tadpoles were immersed in solutions of §-BUdR and 5-FUdR. which
were renewed weekly (see section 2.1). The tadpoles were staged and
studied each week under the dissecting microscope, in order to
detect any deformities in the development of the hindYimb. The
progress of the deformity was traced until no further deformity
appeared. Subsequently the tadpoles were killed and the hindlimbs
stained to make the cartilage clearly visible (see section 2.1,

72
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These stained hindlimbs were photographed. The photographs were
analysed in a semi-quantitative manner, according to the degree of
the deformity. A penalty number was given which reflected the degree
of this deformity.

In order to attain a non-weighted figure (overall) a measure of
the degree of deformity with regard to the temporal aspect of the

formation of the deformity was adopted. In this approach a score was

allocated which reflected the absence or magnitude of the deformity.

For convenience the developing hindlimb was classifed into three

stages ‘

1. The most mature Timb (adult 1imb) in which the digits are

~ clearly visible and demarcated and all the cartilaginous
elements as would be seen in the adult Timb are present, Stages
56 to 65. (See Figures 3.12 and 3.16.)

2. The medium mature Timb 1in which the cartilage elements are not
clearly seen but demarcation of toes was visible. Stages 55 to
56. (See Figures 3.13 and 3.17.)

3. Immature limbs in which only a paddle was visible. Only
deformities 1in shapé could be detected in these 1imbs. Stages
Si4-and younger. (See Figures 3.14 and 3.18.)

In this approach each element was awarded a point of 4 and from this

number a penalty of 2 was imposed on a deformed element, while a

penalty of 4 was imposed on an absent element.(Toes could be visibie)

3.2.1. Adult hindlimb
In this 1imb according to the point system above a total score of 91
was accumulated in the normal adult 1imb as follows :

Femur 4

Tibio-fibula 4

Tibiale fibiale 4

Metatarsals 20 for 5 elements = 20

Phalanges 86 2(2x4) + 2(3x4) + 4(4) = 16 + 24 + 16 = 56
Claws 3 (1 per claw)

Total 1
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: In a typical deformed adult Timb one could calculate a penalty
index as follows
Femur 2 bent (4-2)
Tibio-fibula 2 bent (4-2)
Tibiale fibulare 3 mildly bent (4-1)
Metatarsals » 12 two absent (20-2(4))
Phalanges 28 digits 4 and 5 absent (56-4(4)-4(3)
Total 47
This indicates approximately 50% deformity.
To illustrate these analyses more clearly a series of graphs
has been drawn alongside each 1imb photograph, next to the penalty
index analysis. In Figure 3.12 below a norwmal adult Timb is shown on
‘ this graph and below it a typical deformed 1imb as described above
- with a penalty index of 47. ‘ , Y
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Figure 3, 3.12 Gvaphwaaé representation of normal adult
%hzndlzmb and a typieal deformed hindlimb
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3.2.2.  Medium mature hindlimb
In this stage of Timb development, although the metatarsals and |
phalanges were present they were not clearly demarcated and could
not easily be counted. For this reason penalties in the distal
region of the hindlimb were only given for the presence or absence
of toes,
According to the point system a total score of 32 was
accumulated for the normal medium mature Timb as follows :

Femur 4
Tibio-fibula 4
Tibiale fibulare 4
Toes 20 (Bx4)
Total 32

In a typical deformed medium mature Timb one could calculate a

‘deformity index as follows :

Femur 4

Tibio-fibula 4

Tibiale fibulare 2 slightly hent

Toes 12 (3x4) 2 toes missing
Total 22

This indicates approximately 33% deformity.

To iilustrate these analyses more slearly, a series of graphs
has been drawn alongside each 1imb photograph, next to the deformity
analysis, In Figure 3.13 below is a graphical representation of a
normal medium mature 1imb and below it the typical deformity
analysed above.
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. 3.2.3.  Immature hindlimb
f In this stage of Timb development deformities in early limb shape
- were noticed, which often went on to form the typically reduced
o .
. i number of digits in the adult Tlimb. Penalties were given only for
shape and possible absence of toes judyed by indentations on the
paddle at stage 53 only. According to the point system a total of 24
was accumulated for the normal immature 1imb as follows :
L Shape 4 -
Coe ' Toes 20 (5x4)
| | Total 24
, 'ié‘ : In a typical deformed immature Timb one could calculate a deformity
: index as follows : | |
Shape 1 Timb very bent
Toes 16 (4x4) stage 53 smaller paddle in width 1i.e.
S : one toe less
el Total | 17
| i , A 28% deformity.
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To 11lustrete these analyses more c?eaf?y a series of graphs
, 1 (a3 s - R e dof i
ias been drawn alongside each 1imb photograph, next to the deformity

analysis. In Figure 3.14 helow is a sketch of a normal immature 1imb

and below it the deformity analysed above.
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o264 =10 % 5§ =2
) ‘:: ’ 14 : missmgr 3 hi -8

I,
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Figure 3.14 Graphieal veprecentation of the normal inmature
- hindlimb and a typieal deformed hindlinmb

This detailed analysis is summarised as follows :

There are three classes of 1imb development for this analysis.
The earlier two classes were analysed to show the on-going progress
of the deformity while the adult class was a detailed analysis of
the deformities themselves. This semi-quantitative approach gave
interesting results even though the deformities were not found to be
consistent either with stage or concentration. ,

The detailed analysis of the limb deformities is carried out 4n
3.2.5. for adult limbs, 3.2.6. for medium mature 1imbs and 3.2.7.
for immature 1limbs.

The results show limbs with one or more digits missing. In the

thirty cases of adult

Digit 1 missing - 23 ~ 30 cases
Ligit 2 missing - 13 - 30 cases
Digit 3 missing ~ 6 - 30 cases
Digit 4 missing - 16 - 30 cases
Digit 5 missing - 16 ~ 30 cases.

Timbs analysed in detail :




e
3.2.4. Analysis of normal hind1imbs
Figure 3.15 Normal hindl<imbs
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Figure 3.16 Adult hindlimbs
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