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Manipulative procedures incident to physio- 
logical data collections, despite caution used, 
often excite animals. Such excitement general- 
ly releases epinephrine, which directly alters 
blood sugar in mammals (1-4) through its 
hyperglycemic action on the liver (5,  6).  As 
recent evidence ( 7 ,  8)  suggests that even the 
method of collecting blood is sufficient stress 
to acutely influence adenohypophy seal hor- 
mones in rats, it is likely that plasma glucose 
and liver glycogen also may be influenced by 
blood collecting methods. These considerations 
led to the present investigation. 

Materials and Methods. Animals. The 236 
animals used in this study were adult male 
Sprague-Dawley rats, weighing 300-450 g 
each. Prior to the collection of data, the ani- 
mals were exposed, in series, for at  least 3 
weeks, in a controlled environment room 
(Sherer-Gillett, CER 810) to artificial days of 
12 hr of warm (27 t 1") and light followed 
by 12 hr of cold (16 t_ 1") and dark. The 
light period was always 0600 to 1800 hr; the 
dark, 1800 to 0600. Relative humidity was 
maintained at  40 t 5 %  for all trials. All 
animals, except the fasted groups were on ad 
l ibi tum feed (Purina Rat Chow) and water. 

All experimental trials were between 1400- 
1500 hr-when rat activity and food and 
water intake appear to be minimum (9, 10). 

Animal weights were obtained on a top- 
loading balance (Mettler, Model P1200) 
after euthanasia in all but the decapitated- 
preweighed group. In this group, a preweight 
-taken 24 hr prior to the experimental trial 
-was used. In the decapitated-weighed group, 
the duration of the handling procedure includ- 

1 Supported by AFOSR Contract S o .  F44620- 
68-0020. Contribution No. 82, Department of Physio- 
logical Sciences, KSAES, KSU, Manhattan, KS 
66502. 

ed weighing of the animal. 
Liver weights (wet and dry) were obtained 

with an analytical balance (Mettler, Model 
H 1 OT) . Liver glycogen was measured on 
fractional samples (0.5 g of the caudate lobe) 
of the liver and results were calculated as a 
percentage of the whole liver according to a 
modified Pfliiger method ( 11). 

Method of blood collection. Two blood 
sampling methods were used in this study: 
heart puncture and exsanguination (Table I ) .  
I n  the former method, the duration of animal 
handling included the time between remov- 
ing the animal from its cage through filling 
of the heparinized syringe. In the latter meth- 
od, cervical vessel blood was collected im- 
mediately after decapitation in hepa ri nized 
centrifuge tubes. 

After the blood sample was obtained by 
heart puncture, the restrained-manual group 
was given an overdose of iv pentobarbital 
sodium. In other groups, euthanasia was by 
anesthesia, a blow to the head, or decapita- 
tion. Ether and chloroform anesthesia were 
administered by placing the rats in a small 
jar completely saturated with the anesthetic 
to induce rapidly a surgical level of anesthesia. 
Decapitation slras performed with a Model 
130 decapitator (Harvard Apparatus). 

Following the collection of blood and the 
filling of the microcapillary pipettes, the plas- 
ma was immediately separated from the blood 
cells and frozen until glucose determinations 
were made, usually within 48 hr. Plasma 
glucose measurements were according to a 
modified Raabo and Terkildsen (12) glucose 
oxidase method (Sigma Chemical Company) 
using nondeproteinized plasma. Packed cell 
volumes were measured according to the 
microcapillary hematocrit method. Plasma 
protein was measured with a hand protometer 
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TAB1,E I. Duration of Handling Procedure and 
Method of Collecting Blood from Adult Male 

Sprnguc-Dawley Rats. 
~ ~~~ 

Sampling Duration 
Group method" N b  (min)" 

Restrained, ra t  board 

Anesthetized, ether 
chloroform 

Stunned, fasted 24 hr 
Stunned 
Restrained, manual 

Decapitated, weighed 
fasted 24 hr 
preweighed 

Ex S 

IIP 
HP 

1-I P 
HP 
HP 

Ex S 
Ex S 
E x  S 

9 3.95 2 0.39 

18 3.80 t 0.32 
9 2.90 & 0.20 

13 1.99 0.22 
13 1.99 0.22 
9 1.43 2 0.36 

4 1.37 2 0.09 
4 0.90 & 0.06 
4 0.90 & 0.06 

a Ex S = cxsanguination ; HP = heart puncture. 
" N  = number of animals per group. 

Mean +- SE. 

(Xational Instrument Company). 
Results and Discussion. The influence of 

animal handling on plasma glucose is apparent 
from Table I1 data. Plasma glucose values, in 
order of descending magnitude, appear to be 
directly related to handling time. However, 
these results may be related to other factors. 

These values are generally higher than 
those previously reported for rat plasma (13, 
14). For example, the glucose value of the 
stunned-fasted group is 111 k 3.4 mg/100 
ml compared with 93 mg/100 ml ( 14), 104 
mg/100 ml (15), and 110 mg/100 ml (13) in 
nonfasted rats ( 13-15). The apparent discrep- 

ancy is thought to result from the method of 
determining glucose. On the other hand, the 
elevated plasma glucose values during ether 
and chloroform anesthesia probably resulted 
from the transient hyperglycemic effect of 
those two substances with decreased use of 
carbohydrate, mobilization of glycogen as glu- 
cose during the period of increased epinephrine 
production, and depressed insulin production 

The increased values for the restrained-rat 
board group (Table 11) over the restrained- 
manual group nlay be related primarily to 
duration of the former treatment-about 3 
times longer than the latter treatment. How- 
ever, values for the decapitated-preweighed 
and the decapitated-weighed groups did not 
differ significantly even though the latter re- 
quired 50% more handling. 

Blood glucose values were higher in all 
decapitated groups compared to restrained- 
manual and stunned groups. This probably 
resulted, first, from the massive sympathetic 
discharge with decapitation and the con- 
comitant epinephrine release at  the sympathet- 
ic nerve endings, including those in the liver 
(16-18) and, second, from exsanguination not 
allowing the blood to enter general systemic 
circulation freely so the glucose exchange with 
interstitial fluid could occur. 

Correlation of plasma glucose with handling 
time was r = 0.703, with 0.707 significant a t  
the 5% level-a relationship described by the 

( 16) * 

TARLE 11. Influence of Animal Handling on Plasma Glucose. 

Plasma glucoseb 
Group N" (mg/100 ml) % Difference" 

Anesthetized, ether 40 165.3 & 2.7d +35.2 
chloroforni 9 160.0 & 5.2d +30.8 

Restrained, r a t  board 9 149.6 _+ 6.8" +22.3 

Decapitated, preweighed 19 141.2 2.2"' +15.4 

fasted 24 hr 9 124.3 & 1.60 + 1.6 
weighed 61 135.9 +- 1.3' +11.1 

Restrained, ni:cnuul (control) 40 122.3 & 2.58 0 
Stunned 38 121.5 2 2.40 -0.6 
Stunned, fastod 24 hr 11 111.1 2 3.4h -9.2 

" N = number of animals per group. 
" Meaii 2 SIC; those with different superscripts d e f g h  differ significantly ( p  < .OS). 
'' Perwntngc difference = 100 [ (experimentd-control)/control]. 
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TABLE 111. Influence of Animal Handling on Liver Glycogen. 

Group N” 
Liver glycogenb 
(% of liver wt) % Differenceo 

Decapitated, preweighed (control) 
weighed 

Stunned 
Anesthetized, chloroform 
Restrained, rat board 
Anesthetized, ether 
Restrained, manual 
Decapitated, fasted 24 h r  
Stunned, fnsted 24 hr 

1 9  
6 1  
38 

9 
9 

40 
40 

9 
11 

3.16 -e 0.17d 
2.29 t 0.06” 
2.03 -e O X r  
2.01 t 0.091 
1.90 * 0.101 
1.80 t O . l l r  
1.04 t O. lOg  
0.47 2 0.13h 
0.34 5 O . l O h  

0 
-27.5 
-35.8 
-36.4 
-39.9 
-43.0 
-67.1 
-85.1 
-89.2 

N = number of animals per group. 
hfean 2 SE; thoso with different supeyscripts tlefyh differ sigilific;intly ( p  < .05). 
Percentage difference = 100 [ (experimeiital-control)/control]. 

equation y = 119.5 + 9.76%. In  any event, 
about 49% of the increase in plasma glucose 
appears to be due to duration of handling time 
( r2  = 0.49). 

The influence of animal handling on liver 
glycogen is shown by data in Table 111. The 
values are listed in order of descending mag- 
nitude, which differs from plasma glucose 
values-partially perhaps because decapita- 
tion and anesthesia affect liver glycogen less 
than plasma glucose. However, liver glycogen 
quite often is a t  or above control level after 
epinephrine is administered ( 19). Our values 
for liver glycogen agree with the normal range 
of 1.9-4.7@ reported by others (13, 14, 20) 
except for the two fasted groups and the re- 
strained-manual group. 

The overdose of intravenous sodium pento- 
barbital may, in some way, account for the 
small percentage of liver glycogen in the man- 
ually restrained rats. However, dry weights 
of their livers, not shown, did not differ signifi- 
cantly from others. Excluding the two fasted 
groups for obvious reasons, it appears that 
liver glycogen and handling time are not sig- 
nificantly correlated although, generally, an 
increased handling time results in a decreased 
liver glycogen. 

There were i10 significant differences in 
packed cell volume or plasma protein con- 
centration between any of the esperimental 
groups. 

Conclusions. The results presented indicate 
that: (a)  the method of obtaining a blood 
sample, including animal handling, can sig- 
nificantly affect the parameter being mea- 
sured; and (b) duration of handling can affect. 

plasma glucose and liver glycogen values. 
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