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ABSTRACT

PARETSKY, D. (University of Kansas, Law-
rence), C. M. DOWNS, AND C. W. SALMON. Some
biochemical changes in the guinea pig during
infection with (Coxiella burnetii. J. Bacteriol. 88:
137-142. 1964.-Guinea pigs infected with Coxiella
burnetii, the rickettsial agent of Q fever, were
studied for 11 days postinfection. Maximal changes
in liver lipids, liver phosphorylase, and uridine
diphosphate glucose (UDPG)-glycogen glucosyl-
transferase activities occurred 3 to 4 days post-
infection. In this period, total liver lipids in-
creased from 1.26 to 5.46 mrg/mg of N, with the
largest inerement in the glyceride fraction. Liver
glycogen virtually disappeared by the second day,
with no chemically detectable restoration until
the eleventh day. A pattern of altered phosphoryl-
ase and UDPG-glycogen transglucosylase activ-
ities was observed, with maximal phosphorylase
and minimal glucosyltransferase activities at the
third and fourth days. Histochemical observations
confirmed chemical analyses for lipids and glyco-
gen.

The clinical picture, histopathology, and
epidemiology of Q fever in many animals, and
the cultivation of the rickettsial causative agent,
Coxiella burnetii, in a wide variety of hosts, has
been well described and reviewed (Burnet and
Freeman, 1937; Cox and Bell, 1939; Lillie, 1942;
Perrin and Bengston, 1942; Huebner, Jellison,
and B3eck, 1949; Weiss and Pietryk, 1956; Nor-
dova and Rehacek, 1959; Roberts and Downs,
1959; Zdrodovskii and Golinevich, 1960). Al-
though the biochemistry of C. burnetii has also
received critical attention (Paretsky et al., 1958;
Myers and Paretsky, 1961; Paretsky, Consigli,
and Downs, 1962; Consigli and Paretsky, 1962;
Mallavia and Paretsky, 1963), there is as yet little
information on the biochemical changes in the
host as a consequence of the rickettsial infection.
Myers, Downs, and ParetskY (1963) described
changes in the vitamin B series of infected chick
embryos, and M\Iattheis, Silverman, and Paretsky

(1963) reported patterns of the folate group in
developing chick embryos infected with C.
burnetii. The present report extends the observa-
tions on altered host biochemistry during the
course of Q fever, and describes some biochemical
changes in guinea pigs infected with C. burnetii.

M,IATERIALS AND 1METHODS

Organism. C. burnetii Nine MIile strain, phase
I, second egg passage, was propagated in chick
embryos; the infected yolk sacs were aseptically
harvested and stored at -40 C. Prior to use, a
20% yolk sac homogenate was prepared which
had an egg LD5o of 10-5 6. The inoculum for guinea
pigs was prepared by diluting the homogenate
with an equal volume of sterile 0.1% skim milk.

Guinea pigs. MIale guinea pigs, Hartley strain,
with a high degree of homozygosity, were ob-
tained 3 weeks before inoculation from the Tum-
blebrook Farm, Brant Lake, N.Y. 'T'he animals,
weighing 400 to 500 g each, were fed Rockland
Guinea pig diet, "C" fortified (A. E. Staley
Manufacturing Co., ]Decatur, Ill.) Animals were
individually numbered, and daily weight and
temperature records were kept for each animal.
At the time of infection, the animals weighed 500
to 600 g.

Infection and sacrifice. Each of 20 animals was
inoculated intraperitoneally with 2.0 ml of the
inoculum, and the animals were divided into five
equal groups. Control guinea pigs (12) were
inoculated with uninfected yolk sacs which had
been processed in a manner identical to the in-
fected sacs. These control animals were divided
into three equal groups. At intervals of 2, 3, 4, 7,
and 11 days postinfection, a group of animals was
sacrificed by means of CO2 anesthesia. The ani-
mals were rapidly exsanguinated, and the livers
and spleens were quickly excised. Impression
smears made of the excised organs were stained
for rickettsiae. Liver sections were cut, prepared
by the paraffin method, stained for glycogen with
Best's carmine and for morphology and lipids
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with hematoxylin and eosin; the organs were then
rapidly frozen and stored at -15 C.

Glycogen. Liver glycogen was analyzed with
anthrone (Kahan, 1953) by use of 5% perchloric
acid extraction instead of trichloroacetic acid.
Reducing carbohydrate in the extract was meas-

ured colorimetrically (Nelson, 1944).
Glycogen synthetase. Uridine diphosphate glu-

cose (UDPG)-glycogen glucosyltransferase (gly-
cogen synthetase) activity was measured by
the method of Algranati and Cabib (1962) with
the use of 25% liver homogenates. Liver phos-
phorylase was determined in 15% liver homog-
enates (Singh, Venkitasubramanian, and Viswana-
than, 1961).

Lipids. Total liver lipids were extracted with
chloroform-methanol (2:1). One sample of the
extract was evaporated under N2, dried, and
weighed; a second sample was titrated with
iodine-bromine for absorption number (Associa-
tion of Official Agricultural Chemists, 1945).
Neutral lipids, phospholipids, and sterols were
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FIG. 1. Temperature and weight changes in
guinea pigs infected with Coxiella burnetii.

TABLE 1. Guinea pig liver and spleen changes during
infection with Coxiella burnetii

Days Wet Amt of N Degree
post- Organ wt Increase (mg/g of of

infection wet wt) infection*

g %
0 Liver 22.4 - 29.1

Spleen 0.96 -

2 Liver 22.2 -0.9 28.7 :1:
Spleen 1.63 69.8 i

3 Liver 25.8 15.2 26.5 +
Spleen 2.75 186.6 +++

4 Liver 31.1 38.8 24.9 ++++
Spleen 2.32 141.7 ++++

7 Liver 20.9 -6.7 27.0 ++++
Spleen 1.92 100.0 ++++

11 Liver 22.7 1.3 30.4
Spleen 2.0 108.4

* Macchiavello stains of impression smears:
L = one rickettsia per ten fields; + = one rickett-

sia per one field; +++ = ten rickettsiae per one
field; ++++ = too numerous to count.

analyzed by the methods of Azarnoff (1962,
personal communication).

RESULTS

The daily temperature and weight record (Fig.
1) shows an initial weight decrease of the unin-
fected animals with subsequent small, steady
increases. Although Derrick (1937) did not report
weight fluctuation in guinea pigs during Q fever,
the infected animals in the present case progres-
sivelY lost weight until the ninth day postinfec-
tion. Uninfected animals maintained a fairly
steady temperature range of 38 to 39 C, and
infected guinea pigs displayed elevated tem-
peratures for 7 days postinfection. The febrile
response shown in Fig. 1 is generally similar to
the classic description (Derrick, 1937).

Gross changes in liver and spleen during the
course of C. burnetii infection are presented in
Table 1. The liver weight increased to a maximum
at the fourth day, with splenomegaly maximal
at the third day postinfection. Liver protein (as
N) varied inversely with total liver weight. This
observation may be explained at least in part by
the increased liver lipids, which also were maxi-
mal at the fourth day (Table 2, Fig. 2). Histo-
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TABLE 2. Liver lipid fractions of guinea pigs infected with Coxiella burnetii

Glyceride, as Phospholipid, Total lipid Unsaturated UnsaturatedDays Cholesterol glcrla i Ttllpd lipid lipid
postinfection (itg/mg of N) ((Ag/mg of N) (JAg/mg of N) (mg/mg of N) (jAeq of I/mg Total lipidof N) Toalid

0 50.8 7.2 39.9 1.26 4.30 3.41
2 65.2 106.5 41.8 2.27 0.86 0.38
3 54.3 169.4 36.0 2.86 1.01 0.35
4 64.1 411.4 34.3 5.46 1.42 0.26
7 80.9 329.7 35.9 4.52 1.34 0.30

11 68.0 120.9 30.0 2.43 1.03 0.42

chemical examinations of normal and infected
livers at 2, 3, 4, 7, and 11 days postinfection
revealed a sharp diminution of glycogen iD in-
fected livers at the third day and complete dis-
appearance at the seventh day; glycogen restora-
tion was evident by the eleventh day. Infected
livers showed pronounced fatty infiltration at
the seventh day, with relief evident at the elev-
enth day. The histochemical observations are
supported by chemical analyses (Fig. 2). The
glycogen content of infected livers decreased
abruptly from 1.15 mg/mg of N at 0 hr to 0.025
mg/mg of N 2 days postinfection, and was
chemically undetectable after 7 davs. At 11
days, a restoration of glycogen was apparent with
a rise to 0.106 mg/mg of N. Liver reducirig sugars
followed the same pattern, with a minimal level
at 7 days and recovery evident by the eleventh
day. An inverse relationship was noted between
total liver lipids and glycogen, and total lipids
and unsaturated lipids. Further changes in
infected liver lipids are presented in Table 2.
There was some increase in cholesterol and a
large increase of glycerides during infection, with
a pattern of recovery by the eleventh day. The
phospholipids decreased, while the ratio of un-
saturated lipids (as ,ueq of iodine) to total lipids
decreased tenfold 2 days postinfection. The most
striking change was the 57-fold increase in glyc-
eride content.

Hepatic glycogen depletion in infected guinea
pigs suggested study of some enzymes involved in
glycogen synthesis. Glycogen synthetase and
phosphorylase activities were measured in in-
fected and uninfected guinea pigs. The data in
Table 3 show progressive decrease of UDPG-
glycogen glucosyltransferase activity in infected
guinea pig livers as the infection progresses, with
subsequent recovery apparent by the eleventh
day postinfection. At the height of infection, the
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FIG. 2. Liver carbohydrate and lipid changes in
guinea pigs during infection with Coxiella burnetii.

glycogen synthetase has only 26% of the activity
of the uninfected liver enzyme, increasing to
about 70% of normal activity at the eleventh
day. Table 4 shows the greater phosphorylase
activity of infected livers, again with maximal
difference at the height of the infection, and
approaching uninfected liver phosphorylase
activity by the eleventh day.

DiscussioN

Anorexia, muscular weakness, and spleno-
megaly are among the clinical symptoms de-
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TABLE 3. Glycogen synthetase in uninfected and
infected guinea pig liver*

UDPG transglucosylated

Days post- Amt (mismoles) Amt (m,umoles)
infection per g of wet wt per mg of N

Uninfected Infected Uninfected Infected

0 252 - 9.0
2 77.6 - 2.70
3 250 60.4 8.63 2.28
4 - 69.6 - 2.80
7 - 49.5 - 1.84

11 247 17.5 8.02 5.77

* UDPG, 5 mm; tris(hydroxy)aminomethane-
maleate buffer (pH 7.5), 0.08 M; shellfish glycogen,
6 mg; phosphoenolpyruvate, 5 mm; phosphoenol-
pyruvic kinase, 1.1 units; 0.15 ml of 25% liver
homogenate (in 0.154 M KCl, 0.05 M buffer);
final volume, 0.25 ml. Incubated for 30 min at 30 C.
Pyruvate measured as 2,4-dinitrophenylhydra-
zone (Algranati and Cabib, 1962).

TABLE 4. Phosphorylase of uninfected and infected
guinea pig liver*

Pi liberated

Days post- Amt (jumoles) Amt (;umoles)
infection per g of wet wt per mg of N

Uninfected Infected Uninfected Infected

0 3.79 - 0.136
2 - 6.51 - 0.227
3 3.07 7.23 0.107 0.273
4 - 3.97 0.240
7 - 2.71 0.101

11 3.11 4.52 0.100 0.149

* Glucose-l-phosphate, 25 mM; shellfish gly-
cogen, 2 mg/ml; citrate buffer (pH 5.8), 30 mM;
NaF, 54 mm; 15% liver homogenate (in 0.1 M
NaF), 0.4 ml; final volume, 2.0 ml. Incubated for
30 min at 30 C.

scribed for several species during Q fever (Lillie,
Perrin, and Armstrong, 1941; Lennette, 1959;
Zdrodovskii and Golinevich, 1960), but the
altered host biochemical responses which give
rise to the gross clinical changes are not well
understood. In the present report, we describe
increased weight of livers of guinea pigs infected
with C. burnetii, correlated with an increment in
total liver lipid. The observed fatty infiltration
of the liver is a condition which occurs in a wide
diversity of infections and pathological condi-
tions. Selye (1950) described fatty infiltration
of the liver as a response to X rays, cold, starva-

tion, and bacterial toxins. Dible (1950) and Boyd
(1961) reported fatty infiltration in livers as a
consequence of diphtheria toxemia and other
poisons. During Q fever in the guinea pig, there is
actually a decrease in the proportion of unsat-
urated to total lipid (Table 2), consistent with
Dible's (1950) description of decreased iodine
numbers in fatty livers as the fat content in-
creased. The increased liver lipid in guinea pigs
infected with C. burnetii may be analogous with
the demonstration by Gaush and Youngner
(1962) of large total lipid increment, especially
in the glyceride and sterol fractions, in chick
chorioallantoic membranes subsequent to infec-
tion with vaccinia virus.

Associated with lipid increase during Q fever
is a rapid disappearance of hepatic glycogen.
A diminution of muscle and liver glycogen found
in mice infected with Salmonella typhimurium
was attributed to bacterial toxins (Berry and
Smythe, 1960). Singh, Venkitasubramanian, and
Viswanathan (1963) and Singh et al. (1963)
reported a depletion of hepatic glycogen in
tuberculous guinea pigs, and attributed this to
suppressed glycogenesis resulting from decreased
activities of some enzymes of the glycogen cycle.
The present paper shows that during the course of
Q fever. there are changes in activities of two
enzymes involved in glycogenesis: UDPG-glyco-
gen glucosyltransferase (glycogen synthetase) and
phosphorylase. If decreased hepatic glycogen is
at least partially due to suppressed glycogen
synthetase activity, then the diminution of
synthetase activity observed during the height
of the infection, and restoration of enzyme activ-
ity during recovery (Table 3), meets the expecta-
tion. Similarly, enhanced phosphorylase activity
leading to glycogenolysis could be expected as
the infection progressed, and this was actually
found. A parallel observation of glycogenolysis
accompanied by increased active phosphorylase
and decreased glycogen synthetase activities was
reported by Belcopitow (1961) in epinephrine-
stimulated glycogenolysis. While the present
report indicates that decreased glycogen synthet-
ase activity is apparently one site of metabolic
impairment in Q fever, the actual mechanism of
enzyme inhibition remains to be uncovered.
Altered phosphorylase activity could be the result
of a series of reactions, and might be hormone-
linked, for infection stress in the guinea pig could
stimulate epinephrine secretion with resultant
phosphorylase activation (Cori and Illingworth
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1956; Sutherland and Rall, 1958). Hormonal
involvement in glycogen synthesis by insulin-
enhanced glycogen synthetase activity was
shown by Villar-Palasi and Larner (1961) and
Steiner, Rauda, and Williams (1961). Hormonal
involvement was also shown in epinephrine-
mediated hepatic glycogenolysis in normal mice
(Szentivanyi, Fishel, and Talmage, 1963); it was
proposed that this effect was obviated in pertus-
sis-sensitized mice by blockage of some adrenergic
effector cells.
The present experiments, which demonstrate

enhanced hepatic glycogenolysis and concomitant
lipogenesis, indicate a biochemical derangement
in the guinea pig as a consequence of C. burnetii
infection. Some of the gross changes which occur
during Q fever are correlated with altered enzyme
activities, but the rickettsia-induced mechanisms
responsible for changes in host biochemistry
remain to be identified.
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