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A series of experiments on cats was carried out in order to study the collateral circulation which develops
after the obstruction of the blood flow through the portal vein [14}

During the first laparotomy, the portal vein was ligated, h.mowing its lngen. The second operation (20-2%
days later) consisted of the complete ligation of the portal vein, .

Autopsy of the animals which died or were killed revealed an intestinal tract which was contracted spzs-
tically and enlarged collateral circulation which was obvious to the naked eye. They were injected with ground
white lead dissolved in benzene and then studied by X-rays and by preparation under a binocular Jens.

After the preliminary constriction and subscoueat occlusion of the portal vein of cans, two types of bypads
developed: some passed through the liver—hepato-petal, others connected the system of the portal vein with the
vena cavas (by-passing the liver) —hepato-fugal, or porto-caval. The hepato-petal anastomoses were represeuted
by enlarged veins originating from the gasuoduodenzl vein or the pyloric vein (running into the portal vein peri-
pherally from the location of the ligature). Some of these enlarged veins extended along the bile duct, othess
beside it, still others accompanicd the hepatic artery, but all of them disappeared into the hepatic tissees (Fig. 1).
Such anastomnoses were observed in all the experimental cats, but in some they were little developed, in others
they were so strongly developed that their total diameter was greater than that of the portal vein, The described
collaterals which were counected with the liver anastomnosed many times along their route among themselves aud
with branches of the portal vein after its branches. These are true, so-called intrasystemic, anastomoses of the

"portal vein, which insure collateral portal circulation.

Hepato- fugal anastoinoses, which connect the portal system with hollow veins develop basically:

1) between the inferior mesentesic and lienal veins and e left adrenolumbar vein, the kft hepatic and
the inferior vena cava;

2) between the superior mescateric vein and the inferior vena caval systemn;

3) between the veins of the stomach, esophagus and diaphragm, a3 well as the veins of the rectum aad of
the ileum.

A unique bundle of anastomoses or, more accurately, a venous plexus, connecting the ufbutaries of the in-
ferior mesenteric and licnal veins with the leR adreno-Tumbar vein, the left renal vein and, finally, with the io-
ferior vena cava iuelf (Fig. 2), was observed in the majority of cau.



Fig. 1. Aunastomeses developing after Yigation of the portal
vein of cats,

1) Liver: 2) locatien of the stenosis of the portal vein; 3),
4) anastorneses coinected with the hepatic tissue,

The animals in which the developiment of hepato-petal anastemeses was observed to predominate through-
out the experiment (over 1!/; years) hardly differed at all from the control cats, In others, which developed only
hepato- fugal anastomoses and insignificant hepato-petal ones, constant diarthea, vomiting, emaciation and death
2-3 months after the operation were observed.

Some of the animals developed the hepato-petal to the same extent as the hepato-fugal collateral circula~
tion. The duration of their life was longer.

The difference between the pathological phenomena described above, as ft appeared, depended on the type
of anastomoses which developed in the cats, The functional significance of these anastomoses can be established
not only on the basis of their morphological determination but by physiological indicators as well {5, 6, 7.

Since the time of the work of I, P, Pavloy and M, Nentsky, their coworkers and stadeats [8, 10, 11, ithas
been kncwn that a considerable 2monnt of aminonia, actingioxicallyonthe central nervous sysiem, is present ig -
the blood and organs of dogs with an Eck-Paviov fiswla.

One of us {B. G. Gordon), with N. V, Veselkin, studied the disturbance of the metabolism and the role of
ammonia in the appearance of nervous disorders among dogs with Eck-Pavlov fistulas. In addition, the ways and
methods of preventing imoxication and of normalizing the mctabolism of such animals wese also studied §1,2,
3,4)

The ammonia and glutamine couent of the blood was also detzrmined in people with atrophic cinhosis of
the liver (before and after porto-caval anastomicsis), It was found that the ainmonia conient of the blood of such
patients also Increased {5}, Therefore it was of especial interest to determine the aminonia and glutamine con-
wnt of the blood of cats which had been subjecied to constriction of the portal vein with sabscquent occhsion of



Fig. 2. Plexus of porto-caval anostomoses:
1} Left kidney; 2) part of the stomach; 3) inferior veaa
cava; 4) lienal vein; 5) porto-caval anastomases,

it iz ovder biochemically to show the significance of the anastoiposes which developed as & resubt of this,

The ammonia and glutumine content of the blood was first determined iz pormal cats before the operation,
It puvved to be (average of 19 determinations) 0.32 mg%h,

After the operation, the blood was studied at various intervals: on the 3-5a& day afer the constricting M-
gation {first blood sampling), 3 weeks later, when anastomoses had already deveioped (second blood sampling),
and, finally, on the 5-7th day after occlusive ligation of the portal vein (third Blood samipling)e

The blood was drawn from both experimental and siormal animak under esher anesthesia usually 3-5 hons
aftzx feeding them meat, frequently from the ear, more rarely from the jugular vein or femoral sredes,

The detennination of ammonia was carried out by Parnas® method [15] ca the trichloracetic centrifugate
of @z blood, the amide nitrogen of glutamine was determined by the same meod after hydrolysis of another
portion of the centrifugate for 11 minutes at 2 temperature of 100°  with an exmal volume of 2 N H;S0,

The preliminary experiments carried out in 1952 [14] showed an increasizg amount of ammoaia ia the
bl of cats developing porto-caval anastomoses.®
The fncrease of the ammonia coatent (106%) and glutamine content (317%) after the operation on the portal

vein can be seen clearly in Fig, 3, whete the data of the various series of expeziznents ars summarized, Conve-
quesnly, the ability to eliminate excess toxically active ammonia with the help of glutamic acid by forming

©  Iime Yo circumstances beyond our control, the experiments were suspended amd resumed in 1954,



ghetamine, which is hanniess to the system, is preserved in the operated animak. Similac resulis with respect to
aimnonia were recently cbtained by ). Mang, J. Bollinan, T. Farrar and others in experiments on dogs [15).

A very regular relatioaship was established by comparison of the anatomical changes of the venous route
which developed after ligation of the pertal vein with data from cheinical azalyses. As should have been ex-
-pected, the aminonia cortem of the blood increaséd following constriction of the partal vein, indicating the por-
tal blaad flowed juto the inkerior vena cava by collateral routes, bypassing the liver (see table).

Then, as a result of e further development of anastomoses, the ammonia Jevel in the blood varied, de-~
peading on tie 1ype of anasicinoses that developed—through the liver or bypassing .

After complete ligathon of the portal vein and development of hepato-petal anastomoses, the ammonia
content increased again, expecially when it was possible to direct the blood 2sound thre liver more completely
by tying off the hepato-peal patha,

In cats o, 1, 4, 9, 12, 13, 14, 15 and 16, the development of porto-caral anastomoses predominated con-
siderably in comparison with hepato-petal ones. As is apparent in the table, the amount of ammonia in their
blood was high both aftcs sienosis of the portal vein and after its complete ligation,

A considerable develiopment of both types of anastomoses was observed in cats no. 2 and 5; in them, the
considerable rise in ammawia content at the first blood sampling chénged to a fall of it at the second and even
at the third blood sampling {cat no. 5), since the hepato-petal anasiomoses were not ligated,

The stenosis in cat 2o, 3 did not prove 1o be great, both types of anastomoses doveloped slightly, the in-
crease in the ammonia costem of the blood did net reach high figures. In ¢t no. 6 and 8 both types of anasto-
mases also developed inseificiently, with’a slight preponderance of theportc—czval;thc ammonia content did nat
sise sharply (no. 6); it tose noticeably only afier complete ligation of the portal vein and of the hepato-petal
anastomnoses (o. 6, 8).

Porto-caval anastornases were weakly, develeped in cat no. 7, but a greatly enlarged pancreatico-duodénal
vein, maning into the comiral end of the portal vein, was found. The ammmonia content of the blood proved 1o be
low (0.39 mgA).

The interpretation of the dzta regarding the
i glutamine conteat of the blood it still difficult due to
their divergence. It can be supposed that this is de-
pendent on the brevity of the existence of excess

? amounts of glutamine in the blood, 2 hypothesis con-
%” finmed in the lirerature {13, 16, 17).
! -
) . 5 1 Aucation should be called to the fact that the
- : ™ blood of cats afuer ligation of the portal vein and of
g‘ 3 -E or the hepato-petal anastomoses seemed thinner, anemics
e § .- a I tha trichloroacetic sediments after centrifuging were
g sk T =1 ur . light brown with a dﬂck’ ieucocyte layer ipstcad of the
21 - < L - . usual dark browa {all this frequently occus in the blood
s - H 3 3 of people with atroohic cinhosis of the liver and of -
i : By L e OB EX dogs with Eck-Faviov fistula according to our data).
E j 1 z I+ i These picliminary observations require verification.
g o S ur Thus, when the portal circulation was disrupted,
<t 5 3 whea a considerable amount of the portal blood entered
. the vena caval system, by-passing the liver, the am-
’ M&f‘ ¢ w monia content o? the bloidpof theg cats increased. The
Opesation Opesation increase was cs;seéially'sharp in cascs when the portal
Fig. 3. Niwrogen, aimmonia and amide nitrogca vein was compleiely closed and the porto-caval anasto~
of glutamin costenz in mg% of the blood of cats maoses considerably developed and, on the contrary,
when noimal, after constriction and complete slight when hepato-petal anastomases were strongly
ligation of the portal vein, developed. In other words, the changes in the ammoaia
Columns) Average data; - individual unalysis content of the blood of can following stencsis or

930



Ammouis Nitrogen and Amide Nitrogea of Glutamine Content of the Blood of Cats Varioa
Feriods Afier Stencsis and Compleze Ligation of the Portal Vein in mgth,

irst blood sampling gf;c‘,fSccondblooasamyUH aI9Third blood sampling ehar.
- kier steposis of ihe -
Etcnosiz of the portal weiny vein Poriat lcomplete ligation of the
Cat. nitrogen nitrogen niuogey
Ne, '
NHs Fluumfac, Nl glutsroine NRy bm
1 — - 0.52 1.25 —_— —
2 0.89 4.81 0.3 1.43 — ——
3 0.53 2.65 0.30 1.58 — -
4 0.85 3.88 0.53 3. 1.34 5.3
-] 1.08 1.81 0.41 3.8 0.58 3.3
6 9.51 1.95 0.58 2.45 0.75 2.3
7 - - — -— 0.39 2.35.
8 - - — —_— 0.79 23
9 - — - - 0.75 2.31
12 - — - — 0.68 3.66
13 0.74 1.89 0.5¢ 1.26 0.70 2.15
14 0.70 1.47 0.78 2.54 .62 2%
15 0.40 1. 0.91 2.4 - ——

occlusion of the portal vein of cats were acalogous tc in changes in dogs with Eck-Paviov fismla, This can terve
as the basis (for experimental purposes) for modification of the difficult operation Eck-Pavlov fistula operation -
by the simpler method — stencsis and subseguent complete ligation of the portal vein ~ Jeading to the develop~
ment of ponto-caval anastomoses, The larter, by directing the portal blood into the vena caval system, scemed

to produce the Eck-Paviov fistuld.

It can be assumed that the pathological phenomena and behavioral changes of the experimental animals
‘observed by us depend to a considesable extent on the changes in the conditions of biological acutralization and

ammonia elimination.
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