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Hepatic Fibrosis in the Persistently Non-Fatty Liver of the Hypophy-
sectomized Dog.

I. L. Cuaikorr, C. ENTENMAN, T. GriiMaN,* anp F. L. REICHERT.

From the Division of Physiology, University of California Medical School, Berkeley, and the
Laboratory of Experimental Surgery, Stanford University Medical School, San Francisco.

The frequent association of hepatic lipoido-
sis and necrosis with cirrhosis in man and
experimental animals has led to the view that
fatty and other forms of liver-cell degenera-
tion induce cirrhosis. Where fatty changes
did not precede hepatic fibrosis, hemorrhagic
or some other form of hepatocellular necrosis
has usually been considered to be the precipi-
tating lesion.

That some factor or factors other than
liver-cell damage may possibly be responsible
for the initiation and progress of hepatic
fibrosis is brought out in the present investi-
gation. Fibrosis was found in livers of hypo-
physectomized dogs in which the fatty-acid
content never exceeded 4%, i.e., normal con-
centrations, and in which evidence of extensive
liver-cell destruction was not detected histo-
logically.

Experimental Procedures. For the first 3-4
weeks after their arrival at the laboratory the
dogs were fed a diet high in protein and ade-
quate in all respects. Each dog received twice
daily, at 8:00 a.m. and at 4:00 p.m., 15 g of
lean meat per kilo, 10 g of sucrose, 4 g of
bone ash, and 1 g of Cowgill’s salt mixture.!
Vitamin supplements were provided by the
addition of 3 cc Sardilenet and 5 cc of Galen
B.t After the dogs had received this diet for
2-3 weeks, they were hypophysectomized by
a method previously described.® In the pro-

* Adams Memorial Foundation Fellow of the
University of Witwatersrand, Johannesburg, South
Africa, and Fellow of the Donner Foundation.

1 Cowgill, G. R., J. Biol. Chem., 1923, 56, 725.

t Bach cubic centimeter of Sardilene contained
not less than 100 A.O.A.C. chick units of vitamin
D and 600 U.S.P. units of vitamin A. The vitamin
content of Galen B has been recorded elsewhere.2

2 Montgomery, M. L., Entenman, C., Chaikoff,
L. L., and Nelson, C., J. Biol. Chem., 1941, 137,
693.

cedure used in this study no cautery was ap-
plied to the base of the brain. In most cases
the appetites of the dogs were excellent after
hypophysectomy.

At the end of the periods of observation
recorded in Table I, the whole livers of the
dogs were excised while they were under nem-
butal anesthesia. Several sections of each
liver were removed for histological study, and
the rest was ground and sampled for lipid
analysis as described in a previous paper.

Serial sections were made of the base of the
brain of each dog and every fifth section care-
fully examined. No cells of the anterior, pos-
terior, or intermediate lobes of the pituitary
gland were found in the dogs recorded in this
study; nor was there any evidence of damage
to the hypothalamic region.

Results. The chemical and histological
findings in the livers of these animals have
been summarized in Table I. In an earlier
study the fatty-acid contents of dogs’ livers
were examined at intervals of 2-4 months
after hypophysectomy;® no deviation from the
normal was found at these time-intervals.
The results recorded in Table I leave no
doubt that hypophysectomy per se does not
influence the fat content of the liver, even 32
months after it has been performed.

Histologically, the liver cells did not show
any evidence of fatty change or necrosis. The
only abnormal findings in the liver cells were
firstly an unusual distinctness of the cell
walls with clumping of the chondriosomes
(plant-like cells), and secondly an eosino-

3 Dandy, W. E,, and Reichert, ¥. L., Bull. Johns
Hopkins Hosp., 1925, 87, 1.

4 Chaikoff, I. L., and Kaplan, A., J. Biol. Chem.,
1934, 106, 267.

5 Chaikoff, I. L., Gibbs, G. E., Holtom, G. F.,
and Reichert, ¥. L., 4m. J. Physiol., 1936, 116,
543.



ER
L
TY

AT

-F

N

No

Y

TL

N

TE

IS

PERrs
E

TH

IN

SIS

RO

FiB

C

TI

PA

Hz

6

34

h
Both
ells. live -
iver ¢ the inde
live < d in ile
he di rre whll
of tsprea OccuiS- in al
tion wide ntly bros ed in ent
iniza e are fh urr min, ).
alln wer app ce o oce pro ig' 1
liC h);'ngess an.dcide'nationmostts (F Ce]157
phili o d(}gtheﬁlylalinlz ortal trac 1iVeliti"eD;
th t 0 . ion rta he € o
of tléintly phﬂlcreactsled PZ in tr‘ed tr mostain
nnolsroccaaond
s . . pe eosi ; thn_ﬁb chang appct thot .cs anr
[ £ EET the iver no e ivers fac N id ive
« ok g liv he hes liv the did uso liv
2 o« e t t n 1
Tes th und om of of nd he si iduahighy
= o N T . N e a i
l Zxel = z :rgs & ?\rgal’t ;jOI‘lt;’ vlrt;:)sedn ofhz ini(ii‘l;ér a low
r N o od g EE 2 ) €056
5\0\@ | 1235a % gg‘é the mlar bere clusloof t the d bethe
g = «f‘]"* = .~53=: as’cu.ds W oc ion ve . ribe Of. -
q—o% — @. Rl av soi his siti ga 1) desc' 4 tive
Bl | E é? St inu T ppo. ther Fig. be ity, in nec rm,
s < ‘ v Z = cG,..‘\“ S d. a no ( 0 rlty, on for
S | me_1 S S - g*é bloo close ne a ancetion t seveThiS c its ected
| 'cER:f'\ = w@o,g e Ol ar C g in {f es
i o g B = c gp{: th to pe rea n s, al a lob
P 2 ~ g © f e 1ls ap tic ary dog usu the e o n
W’:‘”H - i [l Celular bro in v d s th tio
5 ize t In il ac 1
= s & Il cel e fi ed, 12 ost alt re eral
= i 5] = + Th ect tom S m tion ot hls sev e
1 :é = —{—;L_‘” s det hys?cn WE} tribL;a;Ce Iziby iOm haVs
L * E wa pop cto dis tp ecte s { arly dog
i s i e ld deary i
. i ; issu e I el S
& tt : 4 t‘ition’ln iver ¢ had : ot 1 jon Lt
a 2% S e = s 2 loc . ! t w ea. I St t
3 e § S el 1iVeLSe Sam?;ve nﬁver-’n at lion'f thisflit tha th.
s £ P his Jes a i
E 3 E‘ i UE} E Ofct1 hafd ea‘CEangethiS ltion 0 the fore ?nalr'l
g z = ++ 2 £ an ts o he ¢ ted tribu o, tOe b‘ebeen broslé
4 = R = = ar dt ifes dis do tim s i n
[ b= = 1a16 = = p.se an hy ur t dog the.ea
= & ot ¥ e Dol 18! m. tc fo or ivi
BE AR s m ich a o sh the ime, ens -
= g = ‘ M g Whlt the SVerally : had of te ext e d?
jus] .z *5‘1 “3 = tha ins on hat? 1ods or w m
«|3 S = : = ) due, leg“nble t perloth m hiChevere o
2 i b e s i ad broba become b sis nost gh by he
E % . g e: b is ! for 1Obec‘)m fibro d mhoug ). T
= = | ! = t n th 2). €p-
= 2 g,jj “-”E I-ed ve he ta ali- rf
B Tcé 'Q: | E g?ﬂ taln]d hael‘e' nt’ tquenacts, s (F §Sib1y0n [6)
= . S | g B wou sev reset fre Itr ion, po lutl. ap-
g | g $= ore n p 0s orta R reghich evo it ue
g | = 5 i M Whe as n:hepthess in the form poss
| < . = . ive- u-
© "5++°° “ @3 ed Wnd d to forms, n ing by cel
= *m Etion < B tect rou fine: (o ges trik nec his bers
: z 5 5 5 2 a W ta, s on
< < ‘j’—o% = 5? T and sconok tnt ° ost lar C4)‘ znun:)rtal
B = & 2 Z2 B foas t(:iifff%re its nlelluand 1argThe pvery
3 Eié 8% bro d Inhly 3, the 1 de em
~ s & & fi ntec "4 hig 2, to lei. L
Aol SEREE = =3 s e ot g (Fie iy . “lucwereroundackﬁdi
z . . o Z = he as rim cy 11, a p cle
2 L. g RR E 3 §§ tearedratloélue P fibro smé;ationlosely nu ere
2 r—;;fgﬁ = '*;ﬁ,;'*u.; p life s nd nd u clo ue w
. < = = 2= 5] S) (0] a. a a m S S5 ions n,
E ) s = ° B k| ;: KN 3 q‘s pr A W, st ge ccu rou s-t1! tion t10]
£ b= =3 g z 25:\*'*‘ larltgroblih laihe anum‘;brou sec IOChaighly
S = © ‘% = = n
~ & ieleba 8 2 Ry 5 ffi bo v d g- he by is
E o e g £ :;EEB Oacts,’ent blls an Ounn,wat? of th
&0 = B =% ] "Q<ﬂ tr m ce. y fte w ts
E EE 517z 52 rominer 5. 70 s e
2 = ]@2@ = g = I Il pf rou Shap 3)'hr0ugct5ys
= IS i . -
& P s 23 BRI indlez andly al ra
Ooo 3 S °‘°+c\1 Spir -4 ue ort
x M= 3 5 Fig bliq p
s Cpgzn &Q%S (totobe
g é g Iza %E;g%” Cuemed
= ;:2 e e s & S 7 se
& o © g § 53 =
- = ©
= P2 D:'E
22 2
’E( 3] % -
w%@m
©§§m
100 N m
80 = o
=3
a



Heratic FiBrosis IN THE PERSISTENTLY NON-FATTY LIVER

Fie. 1.

(H32) The periportal localization of the eosinophilic hyalinization with nuelear hyper-
chromasia of the liver cells is clearly shown. Note also ‘‘plant-like’’ cells in the rest of
the lobule and the avascularity of the liver. Note also the absence of fatty change.
Hematoxylin and Eosin X 45.

Fia. 2.
(H28) The cellular periportal fibrosis and the less highly cellular reaction in the
central portion of the lobule are typical of the changes seen in these livers. Hematoxylin
and Eosin X 70.
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Fie. 3.

(H29) The portal tract towards the top left corner of the picture is made prominent
by the marked accumulation of cells. Secattered bands of fibrous tissue can also be
detected in this picture. Hematoxylin and Eosin X 64.

Fia. 4.

(H29) Details of the nature of the cells infiltrating the portal tract depicted at the
top left corner of Fig. 3. In addition to round cells there are large numbers of spindle-
shaped fibrocytic nuclei. Hematoxylin and Eosin X 152.
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cellular connective tissue seemed to be
stretched across the liver lobules. However,
in other areas these sheets of young connective
tissue seemed to be related to radicles of the
hepatic veins or occurred in the middle of
apparently intact liver-cell lobules (Fig. 2).
Such masses of young connective tissue occa-
sionally joined together, thus outlining 2 sides
of a lobule, or, when more extensive, it oblit-
erated a liver lobule. This latter reaction
when present was most common in the sub-
capsular regions, although in the more
severely affected livers such obliteration of
liver tissue was more widespread.

The great cellularity of this connective
tissue was very similar to that detected by
Graef ef al.% in the fatty livers of their hypo-
physectomized dogs (cf. their Fig. 5 and 6
with our Fig. 2 and 3). However, in many
of the fibrosing areas the cellularity was made
less prominent by the fact that masses of
dense, highly eosinophilic collagen fibers had
been deposited among the still numerous
fibroblast and fibrocyte nuclei (Fig. 2 and 3).

Associated with this fibrous tissue were
numerous histiocytic cells containing very
dark-brown coarse pigment granules. Similar
pigmented histiocytes have been encountered
in smaller numbers in the livers of normal
dogs, but such pigmented cells were not de-
tected in the non-fibrotic livers of hypophy-
sectomized dogs.

Discussion. The relation of liver-cell dam-
age to the onset of cirrhosis has been much
discussed in recent years. Although the con-
nective-tissue changes in response to hypo-
physectomy are not so pronounced as those
encountered in livers in which extensive fatty
infiltration or necrosis has been induced, the
present findings leave no doubt that the
stimulus to connective-tissue proliferation in
the liver need not be hepatocellular degenera-
tion, either fatty or necrotic. The greatest
amount of fibrous-tissue proliferation occurred
in the livers of dogs H25, H28, and H29; in
these, fatty change or degeneration of the
liver cells was not detected.

The mechanism by which hypophysectomy
brings about fibrous-tissue proliferation in the

6 Graef, I., Negrin, J., and Page, I. H., dm. J.
Path., 1944, 20, 823,
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liver is not clear at present. Graef et al.
stated that it appears reasonable to conclude
that hypophysectomy itself . . . . had little
if anything to do with the hepatic lesions en-
countered in these dogs. The hypothalamic
lesions disclosed by histological examination
seemed to have a pivotal role in the hepatic
changes.” Careful histological studies of the
hypothalamic regions in owr animals, using
the serial-section technic mentioned above,
failed to reveal any evidence of damage to
this important center. This fact, together
with the absence of fat from the livers of our
hypophysectomized dogs, indicates that the
pathogenesis and possibly the etiology of the
hepatic fibrosis in our animals differed some-
what from those described by Graef et al.

The protein content of the diets of our
animals was high, and consequently low-
protein intake could not be blamed as a factor
in the etiology of the hepatic fibrosis in them.
However, some interference in the absorption
process has been shown to follow excision of
the pituitary gland.™® Hence despite the
ingestion of a high-protein diet by our dogs,
it is conceivable that hypophysectomy induced
some disturbance in the digestion or absorp-
tion of certain dietary substances which play
a critical role in maintaining a normal liver.
The possibility that hypophysectomy pro-
motes an increased need for such substances
is, of course, not ruled out.

Summary. 1. Fibrous-tissue proliferation
is shown to occur in the livers of hypophysec-
tomized dogs. Its development was not pre-
ceded by an increase in the fat content of
the liver.

2. Hypothalamic damage as a cause of the
fibrous-tissue proliferation. was ruled out.

3. The development of hepatic fibrosis in
these dogs fed a diet adequate in all respects
and rich in proteins suggests that hypophy-
sectomy induces either (a) a derangement in
digestion and/or absorption, or (b) an
increased need for certain dietary substances
essential for the maintenance of a normal
liver.

7 Russell, J. A., dm. J. Physiol., 1938, 121, 755.

8 Althausen, T. L., Essays in Biology in Honor
of H. M. Evans, University of California Press,
Berkeley, 1943, p. 13.



