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tivilty per 100 g wf tissue, the per cenrt changes 
reflect inoreases in activity which cannot be 
explained solely on the basis of hyperplasia 
of the gland. 

Summary. Examination of 10 differ& in- 
bred strains and 2 hybrids of mice indicated 
that the normal levels of amylase activity 
vary from one strain ‘to another. Fulrlther, 
the wtivity of the enzyme in the salivary 
gland tissue is markedly altered by gomdec- 
tolmy. The effeat of such endoorindogid im- 
balanaing varies with each strain. In  some 
strains enzyme activity remains unchanged. 
In  some, activity increases while in o h r s  it 
decreases. The _pattern of change was not 
always the same for females as fw males of 
the same strain. In  other words, we are 
dealing with an enzyme system which is re- 
lated to the genotype, but which may be in- 
fluenced in an undetermined fashion by eni 
dwrine manipulation. 
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We have previouslly trepmted( 1) that con- 
centrations of serum-bound carbohydrates 
were not elevated in anilmais bearing intm- 
muscular transplants of the Jenssn sarcoma 
and Walker 256 carcinoma. This was con- 
trary to the general findings in tumor hosts 
( 2 ) .  When a Ibacterial infection was present 
in athe Itumor or a bacterial emdotoxin was 
injected into normal animals, however, the 
mum-bound carbohydrate concentration wais 
elevated. These studies have now been ex- 
tended by determining the extent of glum- 
9;tmine-C14 incorporation into serum and 
hepatic proteins of control, tumr-bearing, 
and endotoxin-treated rats. 

Materials and methods. The bacteria-free 
tumors( 1 ) were carried as intramusculIar 
transplants in the rectus femmis m d e  of 
female Holtman rats for 7 days. Control 

and experimental rats were selected of the 
same age and lat and were fed ad libitum. 
E .  coli endoltoxin (Difco), suspended to con- 
tain 100 pg/l.O ml, was injected intrapmi- 
toneally 24 hours prior to experimentation. 
G1~colslamine-l-C~~ (50 pc,/mg, Isotopes, Inc.) 
at a level of 5.0 pc/0.2 mi was injeoted into 
the femoral vein 30, 60, anid 120 minutes prior 
to sacrifice. The animals were anesthetized 
with Na second and bled by cardiac pundure. 
One aliquot of b l d  (2:s ml) wlas mixed with 
an equal volume of saline mntaining 0.01 M 
EDTA, and (the mixture centrifuged at 2500 
rpm in ia clinical centrifuge for 20 minutes to 
obtain a red blood cell volume and a plasma 
fraction. The percent plasma d u m e  of whole 
blood was calculated fm these values. The 
diluted plasma was fractionated by precipita- 
tion wibh TCA, defatted, m d  dried using the 
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methods described by Robinson et aZ(3). The 
residues were dissolved in 5.0 ml of 0.2 N 
NaOH with wanmirig. Aliquots were taken for 
protein and C14 assays and far hexosamine 
idation. Hexmamine was isolated, after acid 
hydrolysis, 'by the Dowex 50 column tech- 
nique a.nd asayed for hex&ne(3) and for 
C14 activity. Another aliquot of whole b l d  
was allowed to clot a t  4OC overnight and the 
serum assayed for bound hexose and hexma- 
mine #by methods of Winzlw(4). Ail radio- 
metric assays were made in a windowless gas 
flow (Q gas) counter. Protein was deter- 
mind  by the method of Lowry et aZ(5) 
using bovine albumin as standad. 

Livem were removed firom the lanimd and 
perfused with cold 0.25 M sucrose until fire 
of blood, and the tumm were removed in- 
tact. These were then homogenized in 0.25 M 
suorose and the cell fractions obtained by the 
ultracentrifugal method described by Robin- 
son et a l ( 3 ) .  Aliquwts of the homogenate and 
each suibcellullw fraction were mixed with an 
equal volume of 10% TCA, and the residue 
treated as described for plasma. 

Resutts. Systemic values. Table I shows 
m i e  systemic values far the 4 groups of 
animals. The typical serum hypoproteinemia 
and an increased serum volume were ab- 
served in the tumor hosts. These lanim& ex- 
hibited no elevation in the concentration of 
serum-bound carbohydrate or hexomnine 
whereas there was an increase in the endo- 
toxin-treated animals. 

PZasma glucosamine-C14 incorporation. Fig. 
1 shows an increased specific avltiivity of the 
g1~cosamine-C~~ incorparated into the plasma 

protein of the tumor hosts and endbtoxin- 
treated animals after 120 minutes. 

Hepatic glucosamine-C 4 .  A1 though there 
were no apparent differences in the rates of 
g1~cosamine-C~~ incorporation into TCA- 
insoluble hepatic proteins of control m d  tu- 
mor host between 30 and 120 minutas, the 
magnitude of the specilfic activities differed 
(Fig. 2 ) .  The rate of incorporation 04 the 

Walker 256 
Carcinoma 

- 0  30 60 90 1% 
Minutes 

FIG. 1. Specific activity of glucosamine-C" in- 
co,rporated into plasma proteins. Control, - . -; 
Jensen sarcoma, - 0 -; Walker 256 carcinoma, 
- X -; endotoxin, - A -. Verticle bars represent 
standard error. 

TABLE I. Systemic Effect of Jensen Sarcoma, Walker 256 Carcinoma, and Endotoxin." 

Control Sen sen hoist Walker host Eli dot oxin treated 

Body or carcass wt (g)  191.3 k3 .8  (24) t  196.7 2 2 . 5  (22) 220.8 k4 .4  (12) 180.0 22 .6  (22) 
Liver wt  ( g )  8.11 2 .14 (23) 9.95 & .21 (17) 11.38 f .16 (12) 7.88 i- .12 (22) 

Serum : 

Tumor wt (9) - 16.91 .94 (17) 25.54 k1.66 (12) _- 

% Bloocd volt 46.9 +2.9 (15) 68.3 21.5Q (17) 63.9 +1.4$ (9) 53.8 t 2 . 6  (16) 
Bound CHO (mg%)  108.1 k3 .4  (15) 90.5 k2 .6  (12) 175.8 k 4 . U  (11 )  133.6 +6.4Q (11) 
€Iexosamine(mg%) 140.6 k5 .2  (11) 131.2 k 1 . 5  (11) 131.0 k3 .4  (11) 172.7 23 .8$  ( 7 )  
Protein (g %) 7.31 k .05 (12) 5.12 + .IS$ (7) 4.47 k .02Q(ll) 7.73 -+. .04$ (8) 

* Mean values _+ standard error. 
t No. of animals. 
f Standard henmtocrit procedure gave 53.5Y0 for  control and 65.6% f o r  tumor-host plasma volumes. 
$ P <o.o2. 
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FIG. 2 .  Specific activity of glucosamine-C14 in- 
corporated into hepatic proteins. See Fig. 1 far 
symbols. 

endotoxin4reated animals, however, showed 
a peak inmprat ion at 60 minutes and then 
diminished. The variation in magnitude of the 
specific activities of the conhrol and $umm 
host suggested a heptic endogenous p l ,  
which diluted the glu~mamine-C~~, in the 
tumor host. Analysis of the liver hagmatm 
revealed 3.11 t 0.13, 4.38 t 0.10, and 
3.87 t 0.18 pg hexosamine/mg protein in 
the control, Jensen sarcoma host, and mdo- 
toxin-treated animals, respectively. No sig- 

nificant change occurred in this p l  size 
of the respeotive tissues duning the time 
period studied. 

TCA-solubte fractims. To determine 
whether our observation wlas further in- 
fluenced by the incomplete precipitation by 
TCA of a highly labeled fraction in the tu- 
mor b, the TCA-soluible fi.a;ctions were 
dialyzed for 48 horn against 4 changes af 
HzO a t  4OC. The dialyzed podon was then 
assayed for C14 and protein. No detectable 
protein ( <O.OS%) was observed in the dia- 
lyzed plasma or tumor TCA-soluble fractions, 
but 0.21, 0.18, and 0.23% of the total liver 
protein was nonldialyzable in the control, 
tumor hwt, and endotoxin-treated animals, 
respectively. The C14 values are shown in 
Table 11. An increase with time w m  noted in 
the control and tumor-host values, but Ithere 
were no differences between the 2 groups. The 
endotoxin-trearted animals, however, showed 
that 5.5% of the liver and 61.6% of the 
plasma TCA-soluble C14 were nrmdialymble 
after 120 mimhs. In the tumor hmgenate ,  
5.0% of the tdal C14 was ncmrdialyzable after 
120 minutes; no detectable pmtein was found. 
Tumor incorporation of gtucosamine-C14. 

The micruwmal and supmnatant fractions 
showed continued g 1 ~ m ~ n e - C ~ ~  inax- 
poration up to 120 minutes, with the mkrw 
soma1 firaction having the grater specific ac- 
tivity (Fig. 3). 

Discussion. Although serum concentrations 
did not rdeot it, these data suggest that the 
synthesis of serum glycoprotein in amimals 
hoslting 7-day intramuscular Jensen SarrOoMa 
or Walker 256 civcinoma was enhanced. The 
source of this enhanced g l p p o t e i n  synthesis 
did not, however, appear to be the liver, since 
no apparent increase in rate of g l u m i n e  
incorporation occurred in the micrmmal 
fraction fmm tumor-hoist liver. Endotoxin, in 

TABLE 11. Percent of Total TCA-Soluble-C1* Found Nondialyzable.* 

Control Jensen sarcoma Endotoxin 

30min 601nin 120niin 30niin 60niin 120iiiin 30nliri GOmin laomin 

Liver .97 1.37 2.87 .98 1.51 2.08 1.39 2.25 5.51 
Plasma .20 .63 1.53 .23 .61 1.43 .60 - 61.6 

- - - 1.37 2.61 4.98 - - - Tumor 
~~~~~~ ~~~ ~ ~ 

* Each value represents the average of 3 experiments; values express nondialyzable CL4 as 
percent of total C1' found in the TCA-soluble fraction. 
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FIG. 3. Specific activity incoporated into tumor 
proteins. Solid lines are microsoma1 ; broken lines 
supernatant. Jensen sarcoma, - 0 -; Walker 256 
carcinoma, - . -. 
contrast, elevated serum glyclolprotein cm- 
centration, which was correlated with an in- 
cmsed hepatic incorporation af glumsaxnine. 
The rate studies might have been complliatd 
by the presence of the i n m d  endogamus 
pool of h e d n e  in the ~tumor-hmt liver. 
This would appear, however, not to influence 
the rates of incorporation since the m m a l  
liver, which cmtahed Ithe l m r  hexosamine 
p l ,  h d  the higher specific activity, while 
the tumor hmt liver, with its inmeased p l  
size, h a  the lower specific activity. The in- 
fluence of the p l  size on the endotoxin- 
treated a n i d s  appeam to have been over- 
come by its increased rate of gluc&ne-C14 
incorporation. While this wwrk was in pro- 
gress, Bekesi et aZ(6) r e w e d  that in Wdker 
256 carcinoma hosts the rate of inmqmratim 
of glumsamineC4 into hept ic  protein wtas 
not altered fmm normal in the early stages 
(6 days) of tumor development, but was 
enh-anced at 12 dayg. They, as well as Molnh 
et aZ(7), working with the Ehrliah ascites 
tumor, presented evidence that the tumor 

synthesized glymprabins which were sub- 
sequently r e 1 4  into host serum. A similar 
suggestion has been m d e  by Spiers and 
Malone fw hexmamines in ptkmits with 
cancer (8). In the present study glumsamine- 
C1* was incorporated into the protein syn- 
thesizing apparatus of tumor. 

The dilalysis experiments showed that 
equivalent fractions of the control and tumor- 
host tissue were precipitated with TCA. Of 
interest, however, was 'that up to 62% of the 
total &dioarCltivity of the TCA-wlubIe frac- 
tion firurn plasma of the endokxin-&eated ami- 
mals was nondialyzable. This mmpn& ww 
being synthesized, as an increase .oroc~rred 
with time, but the inmase wm grater in 
the endotoxindtrmted animlal. 

The d&a presented here confirm om pre- 
vious observation that the serum glympmt&n 
concentrations of animals hwtimg baateria- 
free Jensen sarcoma anld Walker 256 car- 
cinoma were mt elevated. Whekher this is 
due to dilution via the inoreased plasma 
volume, am increased turnover of the g l p  
protein in the tumor host, (similar to that 
reported by Bekesi et a2( 6 ) ,  m a combination 
of the ' t m  must await further study. The dkta 
presented would appear to support the hy- 
pothesis that enhmced hepatic biosynthds 
of glycopmtein does not occur in the early 
ytages of tumor growth ( 7  days). 
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