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Abstract 1. Quantities of glycogen in liver and muscle tissue of Lacerta t'ivipara were determined 
at different times of year. 

2. Glycogen content of muscle is less in summer than in spring and autumn. 
3. Glycogen content of liver is low in spring and early summer but increases progressively in late 

summer and autumn. 
4. Glycogen accounts for only 2 3'),, of the energy store of Lacerta vivipara entering hibernation. 

I N T R O D U C T I O N  

Many  terrestrial ectotherms hibernate  in temperate 
regions. Differences in the way of life of active and  
hibernat ing animals  and  the preparat ion necessary for 
h ibernat ion result in considerable seasonal variat ion 
in a number  of bodily functions (Gilles-Baillen, 1974). 
In particular,  because feeding is no t  possible during 
hibernat ion,  h ibernators  must store considerable 
quanti t ies of energy-yielding materials  in the preced- 
ing period. There is now a considerable literature 
which demonst ra tes  that  lipid is stored by vertebrates 
before h ibernat ion  and  used as an energy source dur- 
ing h ibernat ion  (see reviews by Derickson, 1976, and 
Fitzpatrick, 1976). 

Stored carbohydra te  has received less attention,  
a l though it has been demonst ra ted  that  glycogen con- 
tent varies seasonally in much the same way as lipid 
in the lizards Anolis carolinensis (Dessauer, 1953) and 
Eyernia cunninghami (Barwick & Bryant, 1966) and 
the frog Rana temporaria (Pasanen & Koskela, 1974). 
In this last species, glycogen forms 4(~50,% of the 
energy reserves of frogs entering hibernat ion (Pasanen 
& Koskela, 1974). 

This paper  reports  a study on seasonal variat ion 
in liver and muscle glycogen content  in the lizard 
Lacerta vivipara, a cool- temperate  species which 
hibernates for several months  each year (Smith, 1964). 

M A T E R I A L S  AND M E T H O D  

All Lacerta vivipara used in this study were adults; the 
snout vent length of the lizards varied between 45 and 
64 mm. 

Lacerta vivipara were collected from two sites in the 
south of England. Attempts were made to collect both 
male and female lizards on every occasion, although this 
was not always possible. Lizards were normally killed 
within 24 hr of capture, although in some cases they were 
maintained for up to 2 weeks in an outside vivarium at 
Nottingham before being killed. 

Lizards were killed approximately at monthly intervals 
during the active season (late March to early October). 
In addition, a group of lizards which had been hibernated 
artificially in a constant temperature room at Nottingham 
since the previous October was killed in early March 
shortly before the lizards were due to emerge from hiberna- 
tion. 

Lizards were killed by placing them in a deep freeze 
at -25°C. Thereafter they were stored at this temperature 
until required for glycogen estimation, at which time they 
were removed from the deep freeze, thawed, and dissected. 
10mg 100mg of both liver and muscle tissue was 
removed, weighed and transferred to a centrifuge tube for 
glycogen determination. 

Glycogen was estimated in muscle and liver by the 
method of Seifter et al. (1950), modified by the addition 
of a drop of 10% (w/v) sodium sulphate solution to the 
sodium hydroxide digest before precipitating the glycogen 
with ethanol. This acted as a co-precipitant and improved 
glycogen recovery, particularly with dilute samples. The 
early results obtained without using this co-precipitant 
have been corrected for the glycogen lost during the eth- 
anol precipitation step. Glycogen losses were found (in a 
series of control experiments with muscle extracts) to vary 
linearly between 5/~g in an extract containing 20 ~g and 
9/~g in an extract containing 100 #g. The early results were 
corrected using the linear interpolation program supplied 
with the Monroe 1806 calculator. None of these correc- 
tions significantly affected the conclusions drawn from the 
results. 

RESULTS 

In no  case could any significant difference in gly- 
cogen levels be detected between males and females. 
For  convenience, therefore, the results from the two 
sexes have been pooled. Concentra t ions  of glycogen 
in muscle and  liver (mgg lycogen 'g  wet weight tis- 
sue i) are shown in Fig. I and 2. Figure 3 shows 
the liver glycogen concentra t ions  in terms of mg gly- 
cogen .g  wet weight whole l i z a r d - I ;  the muscle gly- 
cogen results have not  been expressed in this fashion 
because the total  muscle mass of the animals  was un- 
known. 
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Fig. 1. Seasonal variation in glycogen content of Lacerta 
l~ivipara muscle. The points and error bars represent means 
and standard deviations and the numbers indicate the 

lizards in each group. 

Quantities of glycogen stored in both muscle and 
liver showed considerable variation; lizards caught 
and killed at the same time frequently had glycogen 
contents which varied by as much as an order of mag- 
nitude. Since the lizards show so much within-group 
variation, it is unwise to employ any of the common 
parametric tests to analyse this data. Therefore the 
Mann-Whitney U-test (a non-parametric test) has 
been used for all analyses. 

Glycogen concentration in muscle varied between 
0.1 and 7mg-g -~ muscle. Some seasonal variation 
could be detected, for summer (June-August) values 
were significantly lower (P - -<0 .01 )  than spring 
(March-May) and sutumn (September, October) 
values. 

Glycogen concentration in the liver shows very 
marked seasonal variation. The glycogen content is 
low near the end of hibernation (early March) and 
during the early months of the active season, but from 
the beginning of July to the time the lizards enter 
hibernation in October there is a build up of liver 
glycogen. The glycogen content of the liver in the 
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Fig. 2. Seasonal variation in glycogen content of Lacerta 
t, ivipara liver. Symbols as in Fig. 1. 
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Fig. 3. Seasonal variation in liver glycogen content of 
Lacerta t,i~:ipara. Symbols as in Fig. 1. 

latter half of the season (July-October) was signifi- 
cantly higher (P = <0.01) than early on in the year 
(March-June). Thus there is an increase in liver gly- 
cogen in the late summer and atttumn, and Lacerta 
t, ivipara enters hibernation with more glycogen in its 
liver than at any other time of year. 

DISCUSSION 

Although muscle glycogen content shows a less 
marked seasonal variation than does liver glycogen 
content, the levels of glycogen in muscle in June, July 
and August are less than at other times of year. This 
may reflect greater muscular activity in the warmer 
months of the year. 

From the data in Avery (1970, 1971), it is possible 
to calculate that an adult Lacerta vivipara has about 
5.1 kJ. g-  ~ stored as lipid just before entry into hiber- 
nation. The figures presented here demonstrate that 
about 0.10kJ.g -J is stored as glycogen in the liver 
of Lacerta vivipara just prior to hibernation (these 
figures are calculated on the assumption that lipid 
contains 39 and glycogen 17 kJ .g-  1 ; Magnus-Levy, 
1907; Passmore & Draper, 1965). Thus liver glycogen 
stores account for less than 2~o of the total stored 
energy of an adult Lacerta vivipara about to enter 
hibernation. Even if muscle glycogen is included 
(assuming that muscle constitutes 50~o of body 
weight, as in crocodiles--Coulson & Hernandez, 
1974), glycogen forms less than 3~ of the total stored 
energy. In this respect Lacerta vivipara is similar to 
the lizard Anolis carolinensis, in which energy in the 
form of carbohydrate accounts for about 3~o of the 
total energy store (Dessauer, 1953). 

About 1.8kJ.g -1 are used in metabolism during 
hibernation by adult Lacerta vivipara (Patterson & 
Davies, unpublished observations). Since a total of 
only 0.13 kJ.g -~ are stored as glycogen (0.10kJ.g -~ 
in liver, 0.03 kJ .g-  1 in muscle), even if the whole of 
the glycogen store were expended during hibernation, 
less than 10~o of the energy required during hiberna- 
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tion could be obtained from glycogen. Thus Lacerta 
rivipara differs sharply from the frog Rana temporaria 
(another cool-temperate ectotherm which hibernates 
for several months each year) in which glycogen 
accounts for 40-50% of the energy store just before 
hibernation and 20-30% of the energy utilised during 
hibernation (Pasanen & Koskela, 1974). 

Nevertheless, the quantity of glycogen in the liver 
of L. vivipara increases markedly in the late summer 
and autumn. In this respect L. vivipara is similar to 
Anolis carolinensis, which also shows a considerable 
increase in liver glycogen in the autumn (Dessauer, 
1953), although the actual quantities of glycogen 
stored (about 5.6 mg.g  body weight-~ in L. vivipara, 
1 mg-g  body weight-~ in A. carolinensis) are greater 
in L. vivipara. 

Although the quantity of glycogen in the liver is 
too small to be a significant source of energy during 
hibernation it could act as an important source of 
glucosyl residues. These could be formed during 
hibernation from three main sources: liver glycogen, 
the glycerol component of glyceride fats and by gluco- 
neogenesis from carbon skeletons of amino acids. 
Maximizing the glucose produced from the first two 
sources would minimize the protein breakdown 
necessary to supply the third. The quantities of glu- 
cose available from the lipid and liver glycogen con- 
sumed during hibernation may be calculated from the 
data of Avery (1970, 1971), Avery et al. (1974) and 
those in the present paper. The liver glycogen of a 
3 g lizard is depleted by approximately 18 mg during 
hibernation; this would give 20mg glucose when 
hydrolysed. The lipid stores of L. vivipara are depleted 
by approximately 200 mg during hibernation (Avery, 
1970, 1971). Since this lipid is 90% triglyceride and 
4 9°,o diglyceride, and fatty acid constituents are 
75% C1 s and 20°/0 C16 (Avery et al., 1974), this 200 mg 
should give about 22mg of glycerol which would 
form almost the same weight of glucose. Thus the 
glyceride glycerol and liver glycogen could each sup- 
ply about 20 mg glucose during hibernation. 
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