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Technical note: Extrapolation of hepatic glycogen concentration
of the whole organ by performing a liver biopsy
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ABSTRACT

Glycogen, a complex polysaccharide, is the form of
storage of glucose in mammals that can be released
rapidly when needed. Recent studies have mainly
reported hepatic glycogen concentration for early-
lactating cows, when the energy demand is higher
than the energy supply from dry matter intake, driving
the cow to use the energy stored as hepatic glycogen.
Generally, liver samples are obtained through percu-
taneous needle biopsies in the right lobe of the liver.
Our objective was to analyze the variation of glycogen
concentration in the livers of Holstein and Jersey cows
among different liver locations representing all lobes,
to evaluate whether samples obtained by liver biopsies
are representative of the whole organ. Liver from 10
culled lactating cows (5 Holstein and 5 Jersey cows)
from 30 to 113 mo of age at slaughter were obtained.
Each liver was sampled no more than 3 h after death
on the following sites: 3 sites in the right lobe (1 to 3),
2 in the diaphragmatic surface of the left lobe (4 and
5), 3 in the visceral surface of the left lobe (6 to 8),
1 in the quadrate lobe (9), and 1 in the caudate lobe
(10). Samples were snap frozen in liquid N, and were
then analyzed for glucose concentration after conver-
sion of glycogen to glucose using amyloglucosidase (EC
3.2.1.3). Glycogen results are reported as grams of glu-
cose per 100 g of wet weight of liver (i.e., percent of wet
weight of liver). Liver weights averaged 5.1 [standard
deviation (SD) 1.2, minimum 3.3, maximum 6.2] kg for
Holstein and 6.0 (SD 1.8, minimum 4.7, maximum 8.9)
kg for Jersey cows. Holstein cows [1.31, standard error
of the mean (SEM) 0.05% of wet weight] had greater
liver glycogen concentration than did Jersey cows (0.75,
SEM 0.05% of wet weight). No significant difference
was noted among the 10 liver locations regarding glyco-
gen concentration and averaged, for both breeds, 1.03%
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of wet weight (SEM 0.10). These results suggest that,
in dairy cows, percutaneous needle liver biopsy in the
right lobe is an accurate technique to fairly extrapolate
glycogen concentration of the whole organ.

Key words: glycogenolysis, cattle, glycogen, liver

Technical Note

Glycogen is a complex polysaccharide that is stored
in the liver and skeletal muscles of animals and can
be rapidly mobilized to provide glucose (Moran et al.,
2012). At the onset of lactation in dairy cows, energy
requirements for milk production are greater than the
energy supply obtained by feed intake, resulting in a
transient negative energy balance (Drackley, 1999).
During this period, liver glycogen stores are used as
a source of energy (De Koster and Opsomer, 2013).
Indeed, it has been repeatedly shown that liver glyco-
gen concentration drastically decreases in early lacta-
tion (Weber et al., 2013, 2015; McCarthy et al., 2015),
suggesting glycogenolysis. Recent manuscripts report-
ing hepatic concentrations of glycogen have aimed to
evaluate the effects of different treatments or physi-
ological conditions on liver glucose metabolism during
the transition period and in early lactation (Hammon
et al., 2009; Mann et al., 2018; Zenobi et al., 2018). Per-
cutaneous needle liver biopsy was used in those studies,
as it is the easiest way to obtain liver samples from live
animals. Liver position changes according to the physi-
ological state of the animal, as during gestation (Skaar
and Grummer, 1989); nevertheless, the right lobe is
always sampled when performing a biopsy (Gerspach
et al., 2017). Liver sampling with this technique typi-
cally represents less than 0.1% of the whole liver and
relies on the assumption that glycogen concentration
among liver lobes is homogeneous. However, Matsubara
et al. (1982) showed that several hepatic enzymes were
not homogeneously distributed within the liver lobes
of rats, suggesting different enzymatic activity among
lobes that could modify metabolite concentrations.
However, it is not known whether, in cows, hepatic
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glycogen concentration varies within liver localizations
and whether, consequently, liver biopsy samples can
be considered representative of the whole organ. Thus,
this experiment was undertaken to assess the variation
of hepatic glycogen concentration among different liver
locations in Holstein and Jersey cows. This analysis
allowed evaluation of whether hepatic glycogen concen-
tration measured from samples obtained via percutane-
ous liver biopsies can be representative of the whole
liver.

Livers from 10 culled and lactating cows (5 Holstein
and 5 Jersey cows) were sampled. To be included in this
study, it was required that cows were not culled for a
liver disease. Only livers displaying no visual abscesses
or damage were used in this study. Age at culling varied
from 30 to 113 mo for both breeds. Cows were stunned
and exsanguinated in a commercial slaughterhouse. Af-
ter slaughter, the liver was immediately removed from
the body, weighed, and stored at 4°C until sampling,
with the latter performed within 3 h after death. Ten
different liver locations were studied, according to Ger-
spach et al. (2017): 3 sites in the right lobe, 2 in the
diaphragmatic surface of the left lobe, 3 in the visceral
surface of the left lobe, 1 in the quadrate lobe, and 1
in the caudate lobe (Figure 1). Each site was sampled
in approximately the same place for each liver. After
sampling, liver tissues were snap frozen with liquid Ny,
put on dry ice for transportation, and thereafter stored
at —80°C until analysis.

Liver tissue was analyzed for glycogen concentration
as per Bernal-Santos et al. (2003), with modifications.
Approximately 200 mg of tissue was weighed, homog-

RIGHT LOBE

" OF THE
CauDAL VENA CAVA

PORTAL VEIN

PAPILLARY PROCESS
oF THE CAUDATE LOBE

CAUDATE PROCESS

GALLBLADDER

: GLYCOGEN AMONG LIVER LOBES 4859

enized with 2.4 mL of 30% KOH using a glass tissue
homogenizer (Eberbach, Belleville, MI), and kept on
ice. For each site, 2 separate samples of 200 mg of liver
tissue each were created. Samples were then placed in a
boiling water bath for 20 min and cooled at room tem-
perature before 2.8 mL of 60% ethanol was added to the
mixture, vortexed to break the pellet down and homog-
enize, and centrifuged at 2,000 x g and 4°C for 20 min,
after which supernatant was discarded. The last 4 steps
(i.e., addition of ethanol, vortexing, centrifugation, and
discarding of supernatant) were repeated 2 more times,
but 10 and 5 mL of 60% ethanol were respectively added
during the first and second repetitions. Then, 8 mL of
0.2 N acetate buffer (pH 4.5) was added to the pellet,
the mixture was vortexed to homogenize, and 200 pL
was pipetted into 2-mL Eppendorf tubes. Ten microli-
ters of antipain (EMD Millipore Corp., Billerica, MA),
a protease inhibitor, followed by 30 pL of an enzyme
solution of amyloglucosidase (4.07 units; from Asper-
gillus niger, Sigma A-1602; EC 3.2.1.3; Sigma-Aldrich,
Oakville, ON, Canada) were added. The solution was
vortexed to homogenize and incubated at 55°C for 60
min to convert liver glycogen to glucose. The glucose
concentrations of samples were then analyzed using a
commercial kit [Glucose (Trinder) Assay, Sekisui Diag-
nostics, Charlottetown, PEI, Canada]. Results obtained
were expressed as micrograms of glucose per gram of
wet weight of liver and are presented as percent of wet
weight of liver. All samples were analyzed in triplicate,
and the inter-assay CV was 10.3%. The intra-assay CV
between triplicates was 3.8% and was 4.9% between
samples of the same liver site.

RIGHT LOBE

CAUDATE LOBE

CAUDAL VENA CAva

LEFT LOBE

Figure 1. Liver sampling sites: right lobe (1-3); left lobe, diaphragmatic surface (4, 5); left lobe, visceral surface (6-8); quadrate lobe (9);
caudate lobe (10; locations from Gerspach et al., 2017). The liver drawing was adapted from Wisniewski et al. (1987) by permission of Oxford
University Press and the American Society of Animal Science (Champaign, IL).
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The quantity of glycogen in the liver was computed
by multiplying hepatic glycogen concentration by liver
weight. Age at culling was categorized as followed: (1)
36 mo or less (2 Holstein and 2 Jersey); (2) between 36
and 84 mo (2 Holstein and 2 Jersey); and (3) 84 mo or
greater (1 Holstein and 1 Jersey). Proc MEANS of SAS
(SAS Institute, 2012) was used to compute descriptive
statistics. Linear mixed model was assessed using the
MIXED procedure of SAS with liver site, breed, liver
site x breed interaction, and age at culling categories
as fixed effects. Liver sites were defined as the 10 loca-
tions described above. Liver weight was included in the
model as a covariate (P = 0.05; Kaps and Lamber-
son, 2017). Quantity of glycogen in the liver was also
evaluated using the MIXED procedure of SAS, with
the same fixed effects described except that no covari-
ate was used. Normality and homoscedasticity were
visually evaluated with residuals. A Tukey’s honest
significant difference test was performed when results
from categorical variables reached significance. The
relationship between age at culling and liver weight
was assessed using Proc CORR of SAS. Results were
considered significant when P < 0.05.

Liver weights averaged 5.1 (SD 1.2, minimum 3.3,
maximum 6.2) kg for Holstein and 6.0 (SD 1.8, mini-
mum 4.7, maximum 8.9) kg for Jersey cows. For an
unknown reason, it appears that livers from Holstein
cows in the current study were smaller than reported
values in the literature (Gibb et al., 1992; Baldwin et
al., 2004). Average ages at culling per category were:
(1) 31.8 (SD 2.1, minimum 30, maximum 35) mo; (2)
63.5 (SD 13.8, minimum 49, maximum 82) mo; and
(3) 112.5 (SD 0.5, minimum 112, maximum 113) mo.
Age at culling and liver weight were not well correlated
(Pearson r = 0.42, P = 0.23).

Liver glycogen concentrations were greater for
Holstein than for Jersey cows (P < 0.0001; Table 1).
Hepatic glycogen concentrations of Holstein cows were
similar to or above previously reported values for cows
in early lactation (McCarthy et al., 2015; Mann et al.,
2018). To the best of our knowledge, this study is the
first one reporting hepatic glycogen concentration of
Jersey cows. Hepatic glycogen concentrations varied
according to age at culling (P < 0.0001). The lowest
glycogen concentrations were obtained for the oldest
group (Table 1). Moreover, cows between 36 and 84 mo
at time of slaughter had the greatest hepatic glycogen
concentrations. One limitation of this study is that DIM
of cows at culling could not be determined, as it was
not possible to access personal cow file data. Because
it has been shown that hepatic glycogen concentration
varies according to lactation stage (Weber et al., 2013)
and few cows per category of age at culling were in-
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volved, it cannot be ruled out that the effect of the
stage of lactation was confounded by the effect of age at
culling. We did not observe any difference between liver
locations on glycogen concentration (P = 0.89; Table
1), and concentrations averaged 1.03 + 0.10% of tissue
wet weight for all cows. Another analysis was carried
out to evaluate hepatic glycogen concentration among
liver lobes instead of liver locations. It was considered
that the cow liver has 4 lobes: right, left, quadrate, and
caudate. We found no difference among liver lobes on
glycogen concentration (P = 0.83). Indeed, regardless
of breed, hepatic glycogen concentration averaged 0.97,
1.08, 0.98, and 0.98 + 0.10 for right, left, quadrate, and
caudate lobes, respectively. Hu et al. (2017) concluded
that glycogen molecular weight distribution of differ-
ent rat liver lobes was similar. We found that glycogen
quantity in the liver was greater for Holstein (68.6 +
3.8 g) than for Jersey cows (46.1 + 3.8 g; P < 0.0001).
Table 2 shows liver weight and descriptive statistics
regarding hepatic glycogen concentration among cows.
It can be observed from this table that the difference
between the highest and the lowest hepatic glycogen
concentrations among liver locations varied from 0.28
t0 1.03% of wet weight among cows.

Our results suggest that liver biopsies are representa-
tive of the whole liver regarding glycogen concentration
in dairy cows. Although some variations exist among

Table 1. Hepatic glycogen concentration (% of wet weight) according
to breed, age at culling, and liver sampling locations

Ttem Glycogen' SEM P-value®
Breed <0.0001
Holstein 1.31 0.05
Jersey 0.75 0.05
Age at culling (mo) <0.0001
<36 118" 0.05
36 to 84 1.43" 0.05
>84 0.49° 0.09
Liver locations 0.89
Right lobe 1 0.99 0.10
Right lobe 2 0.92 0.10
Right lobe 3 1.01 0.10
Left lobe (diaphragmatic) 4 1.04 0.10
Left lobe (dldphragmatlc) 5 1.16 0.10
Left lobe (visceral) 6 1.09 0.10
Left lobe (visceral) 7 1.09 0.10
Left lobe (visceral) 8 1.05 0.10
Quadrate lobe 9 0.98 0.10
Caudate lobe 10 0.99 0.10

““Different superscripts within a column indicate significant differ-
ences (P < 0.003).

!Obtained from the conversion of glycogen to glucose using the enzyme
amyloglucosidase and presented as grams of glucose per 100 g of wet
weight of liver (i.e., % of wet weight).

’Liver site x breed interaction, P = 0.96.

*Adapted from Gerspach et al. (2017).
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Table 2. Liver weight (kg) and average, SD, minimum, and maximum hepatic glycogen concentration (% of
wet weight)' among liver locations of the 10 cows studied

Hepatic glycogen concentration

Cow Liver weight Average SD Minimum Maximum
Holstein
1 6.2 1.98 1.21 1.84 2.18
2 5.8 1.49 1.01 1.34 1.62
3 3.3 1.26 1.50 1.05 1.46
4 5.5 0.62 0.16 0.23 0.80
5 4.6 1.62 0.34 1.24 2.27
Jersey
6 8.9 0.55 0.10 0.37 0.65
7 4.7 1.33 0.24 1.04 1.67
8 6.8 0.53 0.14 0.34 0.76
9 5.1 0.99 0.14 0.83 1.33
10 4.7 1.03 0.31 0.58 1.48

!Obtained from the conversion of glycogen to glucose by the enzyme amyloglucosidase and presented as grams
of glucose per 100 g of wet weight of liver (i.e., % of wet weight).

liver locations, these variations are not related to the
sampling site. Hence, even though only the right lobe is
sampled when performing liver biopsies, this sampling
technique can be used to extrapolate glycogen concen-
tration of all hepatic lobes. It should be kept in mind,
however, that some physiological differences (e.g., re-
maining blood, tissue metabolism) might exist between
liver samples collected from live or dead animals.
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