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blasts of the chorion offer the possibility of 
recognizing viruses which do not grow in epi- 
thelial cells, such as salivary gland virus. ‘The 
fibroblasts have been maintained with infre- 
quent medium changes for more than a month. 
The fact that chorion cultures contained 2 
types of cell made recognition of cytopatho- 
genic effect more difficult than with cultures 
of a single-cell type. After 2-3 weeks the epi- 
thelial cells were often shed leaving a rela- 
tively pure culture of fibroblasts. 

Suiiiiizar?l. 1. Chorion cell cultures of mised 
epithelial and fibroblast-like cell types have 
been Frown regularly in tissue culture. 2. 
Susceptibility of these cells to various viruses 
has been explored. Polioviruses types 1. 2 ,  
Pr 3: Coxsackie B1, B2. R3. B4. and B5: 
Cossackie A9: adenoviruses 1.  2 .  3. 4. 5 .  6, 
7 .  and 9: herpes simplex; ECHO viruses 1. 3. 

4. 6. and 11: vaccinia: and human salivary 
gland virus have been found to induce cyto- 
pathic changes in chorion cell cultures. 
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part of preclinical evaluation of a poten- 
tial drug in our laboratories the effect of long- 
term administration of the agent is observed 
in dogs. Because it is essential to know 
whether changes in chemistry or hematology 
are developing in response to a challenge with 
the therapeutic agent. control data are ob- 
tained on dogs prior to initiatioq of the agent. 
-4 compilation of these control data is pre- 
sented herein. There is in the literature little 
systematic information concerning clinical 
chemical or hematologic norms in the dog in 
spite of extensive use of this species in labora- 
tory work. Albritton(1) has made a critical 
selection of blood values from the literature, 
but many of the data were based on small 
populations, and each component was usually 
measured in a different group of dogs main- 
tained under different conditions of diet and 
handling. This paper presents data obtained 
on blood and urine components in a large 
number of “normal” dogs under certain spec- 

ified conditions. I t  is to be hoped that this 
may permit more useful correlations than 
would a mere compilation of the results of 
various tests that are at present scattered 
throughout the literature. 

Methods. Female mongrel dogs were se- 
lected from stock on the basis of apparent 
good health, were dewormed, inoculated 
against distemper and maintained in metabo- 
lism cages for several weeks. A 500-g portion 
of food (25% horse meat in commercial dog 
food) was made available for one hour each 
day, after which remaining food was removed 
and weighed. m’ater was available at all 
times. After the dogs had become accus- 
tomed to handling and were of constant or 
increasing weight, weekly chemical and hema- 
tologic values were obtained prior to the daily 
meal. An extra 500 ml of water was given 
by gavage on the day preceding chemical 
analysis to insure an  adequate volume of 
urine. Blood was drawn from the jugular 
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FIG.  1. Daily excretion of iiitrogeri by normal 
dogs. 

vein; heparin was used as anticoagulant. 
When the results of 3 successive tests indi- 
cated reasonably stable values, the dog was 
considered to be ready for use in evaluation 
of a drug. The data presented below are the 
results of these 3 successive “triplicate con- 
trol” values in over 100 dogs (total > 3 0  
determinations), except in the case of Table 
I. Total nnd non-protein nitrogen were deter- 
mined by the method of Koch and McMeekin. 
Protein was calculated from the above as N 
x 6.24. Urea was converted to ammonia with 
urease and color developed with Nessler’s re- 
agent. Creatinine was determined with al- 
kaline picrate. Glucose was determined on a 
tungstate filtrate with Benedict’s reagent. To- 
tal bilirubin was measured by the method of 
Malloy and Evelyn, cholesterol by the pro- 
cedure of Xbell, alkaline phosphatase using 
P-glycerophosphate substrate prepared ac- 
cording to Shinowara, Jones and Reinhart, 
phosphate by the method of Fiske and Subba- 
Row, potassium and sodium using a Baird 
flame photometer with internal lithium stand- 
ard, and thymol turbidity according to Mac- 
lagan. Literature references for these pro- 
cedures may be found in Hawk, Oser and 
Summerson ( 2 ) .  Standard hematologic stain- 
ing and counting technics were used. Hema- 
tocrit and sedimentation rates were measured 
using the ivestergren method. Hemoglohh 
was determined by the method of Evelyn(3) 
adapted to the Coleman Junior Spectroplio- 
tometer. 

In a normal distribution, 677” 
of a population will fall within one standard 

Results. 

deviation, and 95% will fall within 2 stand- 
ard deviations. If a normal distribution be 
assumed for the type of data presented here- 
in, one may approximate to the 95% range 
by excluding the top and bottom 2 5  % of ob- 
served values. This is the “9570 range” as 
used below. It should be stressed that the 
data are derived from 3 tests on each individ- 
ual, and that both chemical and hematologic 
values are obtained from the same dogs. 

Chemical Results. Urine. Distribution of 
urinary excretion of nitrogen is shown graph- 
ically in Fig. 1 and 2. Total nitrogen excre- 
tion is shown for 314 twenty-four-hour collec- 
tion periods on 105 dogs. The shape of the 
distribution appears to be nearly normal; 
60% of the samples contain between 6 and 
9 g. Since the diet provides 7.6 g of nitro- 
gen/day, most dogs would seem to be in nitro- 
gen balance. Urea nitrogen excretion is less 
variable than total nitrogen. Two-thirds of 
the samples are in the range of 5 to 7 g of 
urea nitrogen/day. The difference between 
total and urea nitrogen excretion for individ- 
ual samples was, in most cases, between 1 and 
2 g/day. Excretion of creatinine was more 
variable than that of either urea or total nitro- 
gen (Fig. 2). When the creatinine excretion 
for individual samples was plotted against 
urea excretion, a positive correlation was ap- 
parent. On the other hand, no correlation 
was observed between urine volume and 
amount of creatinine excreted, although such 
a relation is often assumed to exist in the 
human. 

The excreted volume ranged from less than 
200 ml to more than 1200 ml. The urine pH 
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FIG. 2. Daily excretion of creatiniiie by norinal 
dogs. 
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lower than have been reported elsewhere ( 1 ) . 
The 9570 range for non-protein nitrogen was 
30 to 38 mg/100 ml. A plot of protein against 
iion-protein nitrogen in individual samples 
showed no correlation between these com- 
ponents. The high values for glucose. urea, 
protein and non-protein nitrogen are scat- 
tered among the population and are not at- 
tributable to consistently high replicate val- 
ues in a few animals. 

A limited number of determinations of con- 
stituents listed in Table I has been made. 
The results may have lower validity than 
those of Fig. 1, 2 and 3,  since a smaller num- 
ber of dogs is represented and since all tests 
were not performed on a single group. Ex- 
cept for cholesterol, for which single values 
were obtained, the data of Table I include re- 
sults of 2 or 3 weekly samples from each ani- 
mal. In performing alkaline phosphatase de- 
terminations, i t  was found that the final pH 
of the buffered substrate-plasma mixture was 
actually between 9.6 and 9.8. Since it has 
been demonstrated(4) that the optimum p H  
is 9.5. these values are probably about 10% 
low. 

Liver function was measured by the brom- 
sulfalein test in 90 tests on 53 dogs. Reten- 
tion a t  30 minutes was less than lo?$ in a11 
cases. and less than 3Y0 in of the tests. 
Considerable data on kidney function in the 
dog have been presented in an earlier paper 
from this laboratory( 5 ) .  

Hematologic tests. Fig. 4 summarizes re- 
sults of hematology studies in 3 weekly con- 
trol tests in over 100 dogs. The *‘957& range” 
is obtained by excluding the top and bottom 
2 ,I 2 % of the values. Control data have been 
examined with respect to spread of the 3 
weekly serial determinations on an individual 
dog. In general, the values for a particular 
dog did not vary greatly from week to week. 
Three hundred sixty erythrocyte counts were 
made on 120 dogs. The 95% range was 4 
to S million/cu mm, but in only 11 dogs was 
the range of variation more than 1 million in 
the 3 weekly counts. 

Hemoglobin varied more widely. the 95% 
range being 13 to 20 g/100 ml. In many 
dogs changes of 1 to 2 g were observed, but 
in a number of cases this was a consequence 
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F I G .  4. Tripl icate  hematologic values in normal 
fenialc nioiigrel dogs. 

of increases in hemoglobin in dogs whose 
physical condition was obviously improving 
during the study period. 

Hematocrit values are in accord with liter- 
ature reports in this species. For any given 
dog, the 3 serial values were remarkably con- 
stant: in only 7 cases was the spread more 
than 10% among the 3 weekly determinations. 
The percentage of reticulocytes varied greatly, 
and a marked spread of values was often seen 
in individual dogs. The 95% range is mean- 
ingless in this instance; in one-half of the 
dogs, the count was less than 0.3% reticulo- 
cy tes . 

Sedimentution rates (Westergren) were zero 
in most cases. In 14 dogs, the sedimentation 
rate changed by 10 mm/hr from one week to 
another, but in one-half of these cases, the 
initial value was elevated and fell to normal 
in subsequent weeks. 

The 957% range for leukocytes appeared to 
be from 5000 to 15,OOO/cu mm in this series. 

In general, the 3 determinations of total leu- 
kocyte count on an individual dog remained 
within 4000/cu mm, although in 3 dogs the 
count varied in a range of 8000/cu mm. A 
range of 9000 to 24,00O/cu mm with a mean 
of 16,000 is reported in the literature(1). 
The lower values may reflect a lower inci- 
dence of intercurrent infection attributable to 
the selection and management of the dogs. 

The percentage of lymphocytes and neu- 
trophils ranged widely, with values as low as 
50 neutrophils and as high as 50% lympho- 
cytes in an appreciable portion of the popula- 
tion. For any particular dog, however, the 
percentage of either element changed only 
slightly from week to week; in only 10 cases 
was the range greater than 20%. 

The eosinophil percentage was high in a 
few dogs, perhaps because of parasitism. 
Whether high or low, the count tended to re- 
main constant a t  a value between zero and 
loyo. In only 8 dogs was the spread among 
triplicate values greater than 10%. 

The range for monocytes was zero to 5 % ;  
within this range, a wider individual varia- 
tion occurred from week to week than was 
anticipated. The 20 highest values were not 
restricted to a few dogs, although 4 dogs had 
more than 4% monocytes on 2 out of 3 
counts. 

A basophil count of zero was most frequent. 
The higher values represented sporadic high 
counts on a number of animals, rather than 
consistent elevation in a few. 

Discussion. The present report defines the 
range of ‘(normal” values to be expected with- 
in a large group of apparently healthy female 
dogs on a standard diet, using recognized pro- 
cedures. The results are in general agreement 
with those compiled by Albritton(1) from a 
critical survey of the literature. A detailed 
comparison is beyond the scope of this report, 
involving questions of methodology, dietary 
states, and semantic difficulties associated 
with the word “normal.” 

An important feature of the ranges reported 
here for blood is their resemblance to those 
tabulated elsewhere( 1,6) for the human. The 
“normal” distribution for most hematologic 
values is higher for the dog than for the hu- 
man. Amounts of the chemically determined 
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constituents are similar to those of man. This 
would not necessarily be the case were other 
tests employed. Thus, in a number of sam- 
ples in which thymol turbidity values were 
normal. the cephalin flocculation test was in- 
variably positive, making the latter an in- 
valid criterion for normal liver function in the 
dog. The differences may be a consequence 
of the dissimilar electrophoretic patterns that 
have been observed with canine and human 
serum. 

The values observed for sodium and potas- 
sium in these “normal” dogs are higher than 
found in this laboratory for “trained” dogs 
that have been subjected to frequent veno- 
clysis and venipuncture. I t  should be noted 
that whereas in the human the K +  ‘?-a- ratio 
in erythrocytes is 2 2 0  times that in plasma. 
the K- S a -  ratio in erythrocytes in dogs is 
similar to that in plasma. These considera- 
tions must be kept in mind in evaluating the 
importance of hemolysis in plasma samples 
and the significance of determinations of Na 
and K+ in whole blood. 

The differences in renal clearance values 
between dog and man and the closely asso- 
ciated differences in metabolism of drugs are 

illustrated abundantly in the literature and 
need not be summarized here. 

Summary. Hematologic and clinical chem- 
ical data were obtained on 3 occasions in over 
100 apparently healthy female mongrel dogs. 
Procedures are described and the normal 
ranges presented. 

The authors wish to express their appreciation to  
members oi  the Pathology and Pharmacological 
Chcmistry Departments, to whom should go much 
credit ior tlic chemical and biological phases of this 
report. 
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Plasmin is a proteolytic enzyme. normall!- 
existing in blood as inactive precursor. plas- 
minogen ( 1 ) . The latter may be transformed 
to plasmin by streptokinase(2) or other 
kinases ( 3 - 5 ) .  Plasminogen has been re- 
ported to be increased in a number of patho- 
logical and physiological conditions and. in 
some cases, blood has been found to possess 
spontaneous proteoly tic activity , presumablq- 
due to presence of plasmin itself ( 1,6-14).  In  
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one report? excessive blood proteolytic activ- 
ity was found in a patient undergoing surgery 
for carcinoma of the pancreas( 15) .  Because 
several other serum enzymes are increased in 
pancreatic disease, it  was thought of interest 
to investigate serum plasminogen levels when 
the pancreas was in an abnormal state. For 
the sake of clarity, several of the terms used 
are detined. PZasmin. Spontaneous proteo- 
lytic activity of blood; such activity is 
ascribed generally to plasmin. However, one 
should be mindful that characterization of 
this enzyme has not been sufficiently specific 
to rule out the possibility that this phenome- 


