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made an wneventful recovery with very little loss in their geﬂell’al
condition.  Several such animals were subsequently slaughtere  for
post-mortem examination, and in each case 1t was found th:tt‘lhe bile
duct had reconstructed itself round the ligature, ~hich was found in
the Jumen of the enlarged portion of e duct. In 15 way the b ary
circulation had become completely re-established. Ag mentioned b.y
Cameron and Ouakley. a similar observation was made by Brodie
(1823) following ligation of the common bile duct in cats.

Thus, in order to obviate the bile duct from reconstructing itself,
it wax decided to place double silk figatures about -3 inch from each
other awd then to sever the duct between the two. In all subsequent
operations this was done.  On cutting the duct, 1t was found that the
two stumps retracted, leaving o gap of about 1 inch. In this way the
chance for nnion of the euds was minimised. This was borne out in
practice ax in no case did the duct beceme patevt agnin. In addition
to ligation and cutting of the ductus choledochus, the cystic duct too
was lgafed at its entry into the gall Bladder and the bile renoved
from the gall bladder Ly means of a syvringe and needle. This was
done in order to preveut bile being forced in large amount into the
oall Lladder and <o possibly causing rupture of 1ts wall. By these
means It wax attempted to cause ax little bile as possible from
actually leaving the liver in {the extrahepatic hile tracts. The lupa-
rolomy wound was closed by three lavers of gut sutures applied to
the peritoneum, muscles, and skin respectively, and dressed with
1odoform and collodion.

Al operated antmals were placed 1n a clean stable for 24 hours,
during which time only a little green feed was allowed. [n practi-
cally every case, healing of the wound by first intention took place.
From the second day onwards, the animals were rvegularly kept
expozed to sunlight 1n a paddock daily from 9 a.m. to 4 p.m. In
addition, a small volume of blood was collected 1v eitrate everv
morning and the animals kept under frequent observation. The diet
conxisted of green fucerne, dry veld hay an: a Iittle erushed maize
with water ad lib.

CriNtcar, SYMPTOMS FOLLOWING Lrcartiox of 1oe Bine Duoer.
ProrosENsTrrsSATION ESTABLISIIED.

In these experiments a total of 5T animals were operated upon.
Without exception the operation was withsteod very well, although
the period of survival afterwards varied widely. The blaod plasma as
taken just prior to the operation, was generally found 1o he water
clear, or very faintly sellowish, although not suflicient 1o yvield =
positive Van den Bergh reaction.

A dezeription of some of these cases will serve to indicate the
type of response oblained.

Angora Goat No. 25303,

12.4.32—ductus choledochus lignied and cut.  Cystic duct ligated.
Serum clear.

13.4.32-—animal lively, placed in sun, serum very vellow, no clinical
lcterus. Nerum gives positive divect Van den Bergh reaction.

16.4.32—serum intensely vellow, clinical icterus as shown in mouth
and conjunctivae. '

24.4.32—animal dull, icterus intense.
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25.4.32~markeq photosensitisation after one hour in sunlight,
scratching ground, marked flinching, ears slightly swollen,
pits on pressure.

16.4.32 —ears badly swollen and pendulous, evelids swollen, eyes
partly closed (see ploto 1), marked Hlinching ‘<ee photo 2).
very restless, urine deep yellow brown. ( ather: sky
partly overcast, sun bright and hot.)

Fig. 1. Goat 25303. Head and ears swollen following ligation of bile duct.

27.4.52—condition unchanged, animal feeding fairly we
¢ - o [P . = K .
28.4.32—swelling of ears subsiding, slightly sensitive m sunlight,
o il ol . D
serum still very yellow.
30.4.32—not sensitive, all swellings subsided serum very vellow, still
giving very strong direct Van den e 1 reaction.
3532 —animal died during night.

Ifig. 2. Goat 25303. Acute photosensitisation following ligation of bile duct.

Lost-morten Report—Xmactation  anaemia, severe generalised

icterus, laparotomy wound healed. ile ducts markedly distended
with Inspissated hile. Swelling an ile pigmentation of the liver

and kidneys. Stasts in fore-stomachs and distal portion of large
intestine.
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14.7.32—animal losing condition, although feeding well, marked
irritation of the head to sunlight. Serum very vellow.
Strong divect Van den Bergh test.

21.7.32—condition poor, still sensitive.

23.7.32—feet very painful, animal lame, coronets red.

80.7.32—markedly sensitive, animal cri  ling on knees. Iyelids and
lips hard.

2.8.32

al in extremis, lyving on side, un le to rise. Died at

11 a.m.

Post-mortem Report.—Intense generalised icterus, anaemia and
general atrophy. Oedema of the subcutis of the head and necrosis
of skin. laparotomy wound healed. Severe bile stasis in liver with
marked widening of bile canals whirh on the surface of the liver
appear like enlarged gall bladders. le pigmentation of the ki ieys.
Slightly pasty pellet-shaped faeces 1n the large intestine.

Note.—Throughout the course of e obstm-c’rion of tha bile ducts
the icterus index varied hetween 30 mig. ar 50 mg. b rubin per
litre plasma as determined by the direct van den Bergh reaction.

IMig. 5. Sheep 33094, Head and ears swollen after ligation of bile duct.

Merino Sheep No. 32577.
18.10.52—ductus choledochus ligated and cut, eystic duct ligated.
19.10.32—slight flinching noticeable at 4.30 p.m., also slight c¢linical
icterus.
20.10.32—Aflinching marked when animal placed in sun.
22.10.32-—animal very sensitive and flinching.  linical icterus (con-
junctivae) definite.
24.10.32 —animal not sensitive, icterus marked.
31.10.32—condition very poor, animal unable to rise.
1.11.32—animal in extremis. Killed at 3 p.m.

Post-mortem Report.—Cachexia, anaemia, mark~? generalised
icterus, dilatation of bile duets, atr hy of gall blad :r, pigmenta-
tion of liver and kidneys, stasis in fore-stomachs.
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Merino Sheep No. 32542,

18.10.32—ductus choledochus ligated 1 eut. Cystic duct ligated.

19.10.32—animal pawing ground, slight flinching.

20.10.32—marked flinching, restless, slight clinical icterus, serum
intensely yellow. Strong direct Vaun den Bergh test.

22.10.32—definite clinical icterus.

24.10.32—very sensitive, restless.

31.10.32 —marked photosensitisation and flinching as soon as placed
out in sunlight. Animal collapsed after 1 hour in sunlight.
Placed in stable. In extremis. Killed at 3 p.m.

~ Post-mortem Report.—Cachexia and anaemia, intense gener |
icterus, oedema of subcutis of head and ears. Marked bile ste«ie 'n
hiver. Superficial bile duct filled with colourless slightly d

liquid. Pigmentation of the kidneys. Catarrhal enteritis and stasis
in the large intestines.

Merino Sheep No. 32980.
30.6.32—ductus choledochus ligated and cut. Cystic duct higated.

9 a.m.—before operation, serum water clear.
10.40 a.m.—immediately after operation, serum water clear.

12 p.m.—=serum pale yellowi faintly positive direct Van
den Bergh test. Approximately 0-9 mg. per litre
plasma.

1 p.m.—serum more yellow, 2 mg. bilirubin per litre.

2 p.m.~—serum more vellow, 24+ mg. bilirubin per litre.

4 p.m.—serum quite yellow, 3 mg. bilirubin per litre.
1.7.32—24 hours after operation serum very yellow, 18 mg. rubin

per litre plasma.

o

7.32—48 hours after operation serum deep yellow, 31 mg. per litre
plasma, clinical icterus just starting.
9.7.32—mo0 photosensitisation yet. Clinical icterus well marked, 55
mg. bilirubin per litre plasma.
animal very constipated, still no plotosensitisation, icterus
well marked.
11.7.32—animal died during the night.

9.7.32

Post-mortem Report.—Severe generalised 1cterus, b : stasis in
liver with enlarged bile ducts. Intussusception large colomn.

L

From the description of a few of the large number of cases in
which complete surgical obstruction of the hile tiow had been carried
out, it is evident that a well marked train of symptoms can be
followed in the Merino sheep. Of these the first to be noticed is the
very sudden rige of bile pigment in the circulating blood plasma.
Thus in sheep 32980, where blood s ples were taken at hourly
intervals, a faintly positive direct Van den Bergh reaction was given
within 80 minutes after operation. his is continued by a progressive
rise 1n the bilirubin content of the plasma, although actual clinical
icterus as noticeable on the skin, mouth and other mucous membranes,
only follows after the lapse of some days. In the meantime a large
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amount of bile pigment is voided in the urine which may be et e
a deep yellow, and also giving a positive direct Van den  rgh
reaction. This indicates an effective participation of the kidneys
eliminating some of the increasing amounts of bile pigment. The eh-
mination via the urine is, however, incomplete, seeing that gradually
an intense bile staining of all tissues follows, resulting in the well-
marked clinical jaundice. Judging from the degree of bile pigmenta-
tion of the kidneys (macroscopically and microscopically) it would

appear that after some days the kidneys become charged with an
excessive amount of bile, all of which cannot be eliminated in t%»
urine. The prolonged bathmg of the body tissues in fluids rich 1n b
pigments then gives rise fo the intense jaundice. It is obvious, how-
ever, that the liver retains its efficiency for secreting the bile into the
normal bile channels, as shown by the tremendous distension of both
the intra- and extra-hepatic bile ducts even up to the point of 11 ture,
and also by the comparative ease with which the ligated 1ctus
choledochus is re-established when one ligature only is applied around
it. It would appear that no effort is spared on the part of the liver in
forcing the increasing amounts of bile into the normal channels. 1
the liver itself a proliferation of the bile capillaries is frequently
noted.

Accompanying the icterus, another symptom which is of unusual
interest, is also developed, viz., that of photosensitisation. As far as
can be a%certalned this syi nptom following bile duct obstruction, has
not been described hitherto. The onset of photosensitisation varies
widely. Thus it may appear on the second or third day after the
operation, or it may be delayed for 12 or 14 days, while in rare cases
as e.g. 1n sheep 32980 it may not be observed at all. The majority of
animals, however, when closely shorn along the back and head, and
kept e:&p()bed in qunlwht develop well marked symptoms of 1)ho’to-
sensitisation within the first weel after the operation. That e con-
dition is definitely associated with sunlight iz shown by the fact that
affected animals continually seek for shade. urthermore, when the
sheep are kept in a stable, no sign of photosensitisation is shown,
whereas if they are placed out in the sun, licking of the lips, scratch-
ing of the head and ears, marked flinching and restlessness may be
observed within a few minutes to a few hours. At times the 1111‘(2111011
is so intense that the most abnormal attitudes ave adopted, e.g. sitting
up on the haunches or dragging the hind legs along, \x 1th the
abdomen held close to the rrlound (see photomraphs) Following on
this, oedema of the exposed pal’ts, e.g. ears, face, lips and peri-orbital
region rapidly develops, and so causes a pecuhar round appearance ~f
the head, with the ears thick and pendulous, and the eyes closed. 1 e
height of the oedema is usually reached within 24 hours. Subse-
quently it gravitates towards the intermandibular space, which
becomes bag-like in appearance. With the subsidence of the oedema
a change in the affected skin can be noticed. » first 1t 1s tough and
leathely and of a dull greyish yellow colour, espeuallv $0 alon(r the
shorn hack. The base of the horns and the feet round the coronet
frequently appear red and painful. The animal may be very sensitive
on the feet, or quite lame and disinclined to stand. In no case were
those parts of the skin which were ly protected by a covering of
wool found to be affected; the demarcation stween disease and
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healthy skin corresponding exac 7 with the shorn and unshorn parts.
After some days the affected skin becomes darker and frequently of a
greenish tint. At the same ti=~ it hardens to the consistence of dried

leather and easily cracks. nless death supervenes ton quickly,
extensive sloughing of the necrosed layers of the skin ay its weol
may take place, so exposing the newly formed healthy pink skin. 2

rare cases the tips of the ears may slough completely.

The actual cause of this photosensitisation has not been ascer-
tained as yet, although it is reasonable to suggest that it 1s brought
about by some fluorescent substance, seeing that it is generally
assumed that this phenomenon is only caused by fluorescent bodies.
Furthermore, it would appear that following the obstruction of the
bile flow, this photosensitising substance which may even be a nn
constituent of bile, increases in the circulation as the jaundice
becomes more marked. In this connection some functional disturb-
ance of the liver may be of primary importance. In the presence of
sunlight and with an unpigmented and exposed skin, the photosensi-
tising prineiple is rendered capable of producing the symptoms and
lesions typical for photosensitisation as, for example, seen with
haematoporphyrin.

Another symptomr which needs explanation is the marked loss of
condition of the animal, in spite of the fact that the appetite remains
good after the operation. Iurthermore there are no obvious s 1s
of digestive disturbance except towards e end, when coustipation in
the caecum and upper portion of the large intestine is frequently
noticed. Prior to this, the faeces appear normal, althoueh +ka bile

1s prevented from playing its wusual part in digestion. th a
normally low intake of fats in the food, it would appear n the

sheep the presence of bile in the intestine is of less importance than
e.g. in the dog, although such factors as absorption from the intes-
tine, metabolism in the liver and detoxification, may also b~ pro-
foundly influenced in sheep when the bile flow is obstructed.  1ese
factors may actually be responsible for the loss of condition.

From the above description and discussion of the results obtained
after simple obstruction of the bile flow in Merino sheep, it is evident
that the symptom complex in many respects resembles that seen in
true geeldikkop, although in the latter condition the skin lesions are
generally far more severe, e.g. as shown by complete loss of ears, total
blindness, extensive and deep mnecrosis of the facial skin causing
mmmobility of the lips, jaws and eyelids. Thus, in an attempt to
accentuate the symiptoms following simple Dbile duct obstruction,
various otlier measures were subsequently introduced either simul-
taneously or after the operation. The following account discloses the
results obtained in this series of experiments, the term ‘‘ bile duects
obstructed ”” being used to indicale that the above-mentioned opera-
tion had been performed, i.e. ductus choledochus ligated and cut
and the eystic duct ligated at the neck of the gall bladder: —

1. Bile ducts obstructed and gall bladder removed.—This opera-
tion was performed on 5 sheep. TFour of these sheep died within
7 days after operation without showing photosensitisation, although
the icterus was well marked. The remaining one sheep showed typical
photosensitisation two days after operation. On the 4th day the ears
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were markedly swollen and icterus visible. It died 13 days after
operation.  Of the 5 sheep, 4 showed a well marked bile peritonitis on
post-mortem due to rupture of the superficial bile ducts of the liver
and bile seepage from the liver surfuce where the gall bladder had
been removed.

Tt mav thus be concluded that the additional removal of the gall
bladder offers no advantages over the ordinary operation, while death
from hile peritonitis frequently ensues in such cases.

2. Partial obstruction of the Vena portae.—The object in this
case wax to ascertain whether a decreased supply of portal Rlood to
the liver could possibly lead to functional derangement of 2 liver
resulting 1n icterus and photosensitisation.

One Merino sheep wux operated on through the right flank, and
a =itk higature placed loosely round the vena portae about one inch
below 1ts entry into the liver. The lgature was adjusted so as to
reduce the lumen of the portal vein to about 4 to | of its normal. The
animal made an uninterrupted recovery after the operation. 11 wax
placed out in the sun and kept under close observation for 12 davs.
No svmptoms whatever were noted and the serum alzo remained water
clear.  The general hezlth and feeding remained good throughout.
On the 13th duy anotlier laparotomy operation was performed imme-
drately posterior and parallel to the first one.  On opening the peri-
toneal cavity, large masses of calcified omental fat were found. In
addition, a large network of newly-formed veins were mude out.
These veins connected the omentum with the paretal peritoneun:
and ran 1n o forward direction.  Ax it was impossible {0 reach the
ligature through these veins, the wound was again closed. Complele
recovery again ensued, while the general health remained good. It
would appear that due to the partial obstruction in the portal vein,
compensation rapidly =et in by the formation of new veins from the
omentum to the abdominal wall, so ensuring a proper return of portal
blood into the systemic eireulation.

S, LPartial obstruction of the posterior Uena cara.—Since obstrue-
tion in the portal vein did not yicld the required symptoms, it was
decided to ascertain the effect of partial occlusion of the posterior
vena cava immediately above the Hiver.  Thix was firstly attempted
through an abdominal wound, although this gave great ditliculiy on
aceount of the close adherence of the liver on to the diaphragm in the
region of the great veins and also because of the posterior vena eava
actually penetrating through the dorsal parl of the lver. (onse-
quently on another sheep, the operation was attempled throu~h the
thoracic cavity with the animal under artificial respiration. silk
ligature was tied leosely round the posterior vena cava tmmediately
anterior to the diaphragm and its lumen reduced to about § the
normal. The operation wax withstood well and the animal quickly
recovered. The only syvmplom noticeable for several weeks after the
operation was respiratory distress, the sheep panting vigorously,
espectally when chased avound the paddock. As no further syn  toms
developed. the animal was killed for post-mortem examination 5y dave
after the operation. The most 1mportant findings included a marke
calcification of fat all over the hody, severe ascites amounting to 6-»
Ditres, cardine dilatation, atrophy and well arked c¢irthosis of the
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In another sheep the bile ducts were obstructed and al the same
time the hepatic artery was ligated and also the splenic vein and
splenic artery higated. No svinptoms were shown up to the 9th day,
when chinical icterus was visible.  On the 15th day the animal
suddenly became very sensitive to sunlight and e ears and lips very
much swollen (see photo i). On the 16th day the exves were practically
closed and the oedematous conjunctivae protruding. The animal
remained very sensitive up to the 2Ist day, when it died, the main
lesions being a generalised icterus, sw  ing and pigmentation of the
Liver, marked enlargement of the bile ducts and formation of a diver-
ticulum, swelling of spleen, necrosis of lips and vround about eyes. All
ligatures were found to be intact.

From these cases 1t 1s evident that the syvmptoms of icterus an
photosensitisation may develop without the normal function of the
spleen.

6. Bile ducts obstructed and one Fidney remoced —The ohject
of this experiment was to note whether 1n the absence of one kidney,
the icterus and photosensitisation would be increased, seeing that
large amounts of bile pigment are voided in the urine in obstruction
lcterus cases.  In {wo sheep the right kidnev was removed, after
Ligation of the renal vessels, at the same fime that the bile ducts were
obstructed.,  The operation was stood well, the animals soon recover-
ing from the effects. Omne sheep became very sensitive to sunlight on
the third day. The following duy the ears were markedly swollen and
a slight icterus was noticeable. Thereafter the animal gradually lost
its condition while the photosensitisation became less marked. 11 was
killed in extremis 4 weeks after the operation. The carcase was
emaciated, bile stasis in the liver, ft kidnev slightly enlarged and
bile pigmented. The other sheep became sensitive on the 4th day
after operation. On the Hth dav it was flinchinz badly, the feet were
tender and the animal disinelined to move. he ears, Tace and lips
were swollen and a shight icterus was present. The animal remained
sensitive up o the 16th day, when it died, the muain lesions being
marked icterus, slight cirrhosis and bile pigmentation of the liver,
slight hypertrophy of the remaining kidney, obstruction in the
caceum.

Irom these two cases 1t would appear as if the removal of one
kidnex does not intensify the syvmpioms obtained with simple hiliary
obstruction.

7. Bile ducts obstrucied and (ntestine parlially occluded.—1In
this series of experiments the object was {0 ascertain whether obstruc-
tion 1n the infestines at different levels would aceentuate the
symptoms produced by simple bile duct ligation. The operation was
carried out by placing a small aluminium bhand round the intestine
and then by means of pliers bending in the ends to form a ving round
the intestine. In this way various degrees of constriction could be
produced. TIn one sheep the ving was placed round the duodenum six
inches behind the pyloric sphincter and the lumen reduced to about
% the normal. Photosensitisation was first observed H days after the
operation, The following day the animul showed marked flinching
and restlessness with a rapidly developing oedema of face, ears, and
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received daily doses of -5 gm. toluylenediamine and 0-5 c.c. chloro-
form (in water) by stomach tube. 'This was continued for a period of
12 days. The animal showed slight *~*~»us on the second dav. the
urine being deep yellow. On the third it showed flinching : 1 the
ears began to swell up. On the 4th day the sensitisation was very
marked, the animal throwing its body into unusual attitudes (see
photographs 14 and 15). On the 13th d~~ the skin of the face and
over the shorn hack was noticed to be ha1  and eracking. The animal
remained sensitive up to the 2Ist day, while the facial skin changed
to a dirty greyish black and covered with hard crusts (see photo 16).
The sheep had great difficulty in feeding and drinking, and was killed
in extremis on the 23rd day after operation.

Fig. 15. Sheep 32638. Marked flinching (same as Fig. 14).

The post-mortem revealed cachexia, anaemia, necrosis of skin
over the head and back, severe icterus, swelling, pigmentation and
bile stasis of the liver with diverticula of the superficial hile duets.
swelling and pigmentation of the kidneys, slight swelling of t
spleen, stasis in the fore-stomachs, and absence of food in the small
intestine.

Fig. 16. Sheep 32638. Necrosis round eyes and nostrils (same sheep as in
Fig. 15).
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Bile ducts obstructed, followed by administration of phenyl-
I z/(lmJn —Phenylhydrazin through its haemolytic action is ]\n(mn
to produce icterus in the dog. It was therefore hoped 1 ¢ in the
sheep 1t may increase the symptoms following obstiruction ot the hile
ducts.
Into one operated sheep phenyihydiazin hydrochloride was injec-
ted mtravenously (in saline xolution) in daily dosex of 0 gm. over a
period of 12 days. On the 3rd day the serum was definitely vellow,
while | 1391]1001()1)111 bands were faintly visible spectroscopically.  On
the 5th day the serum assumed a very brown colour, presumably due
to the mixture of hile pigments and huemoglobin, The wrine, ton, was
dark brown. The animal became <lightly dull and somewhat weak
in the legs, but no photosensitisation was showan.,  On the 9th day
clinical deterus was well marked.  IFrom the  2h dav onwards the
serum changed to a pale vellow colour, while photosensitixation was
still absent.  The condition improved and after 4 weeks the animal
was discharged with its serum only faintly vellowish.

4. Bile ducts obstvucted, followed by injections of manganese
chloride.-—One operated sheep received daily miravenous injections
of 0-1 em. manganese chloride on three consecutive dayvs. Oun the 4th
day the animal becaie markedly sensitive to «nnl with flinehing

and subsequent swelling of the ears. On 2 tollowing dayv the
swelling of the ears and head had increased (see photo 17), and the
animal was intensely ireitated. From the 7th duy onwards {he

swellings decreased with celindcal icterus definitely visible. By the
141l day the animal was very weak and deaih followed the same day.

IFig. 17. Sheep 35334, Head and ears swollen after ligation of bile duct and
administration of Manganese Chloride.

On post-mortem the carcaze showed cachexia, necrosis ot e skin
over the face and Iips, very marked ieterus, swelling of the hver with
dilatation of the hile ducts, muarked swelling of the spleen and
kidneys, stasis in the fore-stomachs.

15, Bile ducts obstructed, followed by injections of B. coli cul-
tures.—In order to ascertain whether certaze types of bacteria
vormally present in the digestive svstem, e.o. . eoli could under
certain conditions, play a role in the production of icterus au photo-
sensitisation, several sheep were mmjected with 24-hour hroth culiures

of B. coli.
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of the affected skin set in, e.g. the ears became thick and
pendulous and the face swollen. hotosensitisation
usually persisted for several days and in some cases lasted
throughout the course of the condition. This was followed
by hardening of the affected skin aund sloughing of :
superficial layers. Skin protected by a coat of wool
remained normal.

(¢) Anmimals with the biliary tract obstructed showed a progres-
sive loss of condition up to the point of extreme
emaciation.

4. On post-mortem the lesions found were those of intense
generalised icterus, enlargement of the liver with marked hile stasis,
dilatation of all the biliary tracts above the point of struction,
entargement and bile pigmentation of the kidnevs, and frequently
stagis in the large intestine.

5. Various modifications of the above operation were also
attempted. The resultant symptoms and post-mortem lesions, how-
ever, were not altered or infensified to any extent.

Thanks are due to Mr. M. (larlisle -~ assistance rendered and to
Mr. T. Mever for taking the photograj s.
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