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Alterations in plasma trace metal concen- 
trations are associated with various bacterial 
and viral infections in man and experimental 
animals (1-4). Usually a decrease in plasma 
zinc precedes the onset of clinical signs and 
peak illness while a rise in plasma copper, 
indicative of increased ceruloplasmin syn- 
thesis/release normally occurs only during 
and following peak illness. In this regard 
Rocky Mountain spotted fever (RMSF) in 
guinea pigs appears unique in that the rise in 
plasma copper precedes the onset of clinical 
signs while plasma zinc depression follows 
the peak of fever and coincides with the 
highest titers of rickettsemia. This brief re- 
port also details an increase in plasma sero- 
mucoid concentration as well as a rise in the 
plasma phenylalanine/tyrosine ratio, indi- 
cating that alterations in host nitrogen me- 
tabolism similar to those changes observed 
during bacterial infections (2, 5) occur dur- 
ing this rickettsial disease. 

Materials and methods. Twenty-four Hart- 
ley strain albino guinea pigs (250-300 g) 
were infected by intraperitoneal injection of 
1 ml of a 10% suspension of infectious 
chicken egg yolk sac containing approxi- 
mately l O7 Rickettsia rickettsii, Sheila Smith 
strain. In a concurrent study, this inoculum 
caused a 30% mortality between 10 and 18 
days. Twelve more guinea pigs serving as a 
control group were inoculated with a sterile 
10% yolk sac suspension. Throughout the 
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study animals were provided water and 
standard guinea pig chow ad Libitum. Four 
infected and two control animals were sacri- 
ficed using halothane anesthesia at selected 
times. Rectal temperatures were taken just 
prior to sacrifice. Heparinized blood sam- 
ples were obtained by intracardiac punc- 
ture. Blood samples were quickly frozen at 
-65°C for rickettsial isolations (6). Tetracy- 
cline (250 pg/lO ml blood) was then added 
prior to obtaining plasma and further labo- 
ratory analyses. 

Plasma copper and zinc was measured by 
atomic absorption spectrophotometry (1- 
4). The seromucoid concentration of plasma 
was determined by a modification of the 
procedure of Neuhaus et al. (7). Total 
plasma protein was determined by refrac- 
tometry using a TS meter (American Opti- 
cal Co., Buffalo, N.Y.). Plasma amino acid 
concentration was determined on a Techni- 
con amino acid analyzer (4). 

For statistical analyses the data from in- 
fected animals were compared to the mean 
of all the control animals using Student’s t 
test. 

Results. Four infected and two control 
guinea pigs were sacrificed on Days 1 ,  2, 3, 
5,  8, and 12 following inoculation with 
either virulent R .  rickettsii or sterile yolk sac 
suspension. Within 2 days a signficant in- 
crease in rectal temperature was measurable 
in infected animals. Body temperature 
reached a peak on Day 3 and declined 
thereafter; by Day 12 there was no longer a 
significant difference between control and 
infected animals. Some guinea pigs had de- 
tectable rickettsemia by Day 1. Peak rick- 
ettsemia occurred on Day 5 and although 
there was some decrease in titer thereafter, 
all animals had rickettsiae in their blood on 
Days 8 and 12 (Fig. 1). 

Despite the rise in body temperature on 
Day 2, indicative of overt illness, no signifi- 
cant alteration in plasma zinc concentration 
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FIG. 1 .  Rectal temperature, rickettsemia, and plasma zinc and copper concentrations in guinea pigs during 
RMSF. The shaded bars represent the mean 2 SEM of the values from the control animals (n = 12). Standard 
error bars are shown for experimental animals (n = 4) in each instance where a significant difference exists 
between control and experimental animals. PFU, plaque forming units. 

TABLE I .  PLASMA PROTEIN CONCENTRATION 
(MEAN t SEM). 

Seromucoid Total protein 
Group (mg/100 ml) (g/100 ml) 

Controls (n = 12) 160 2 16 4.24 -+ 0.13 
Infected (n = 4) 

Day 1 214 ? 35 4.25 2 0.27 
Day 2 353 2 72" 4.28 ? 0.17 
Day 3 263 I+_ 4" 4.48 t 0.06 
Day 5 373 2 76" 3.93 t 0.20 
Day 8 390 k 15" 4.05 * 0.18 
Day 12 410 k 61" 4.18 t 0.21 

a P < 0.005 vs controls. 

was noticeable until Day 5 ,  when there was 
approximately a 25 % decrease which per- 
sisted until Day 12. The initial decrease in 
plasma zinc coincided with peak rickettse- 
mia. In contrast, plasma copper concentra- 
tions were almost doubled on Day 1, contin- 
ued to rise throughout the illness, and were 
treble that of control values on Day 12 (Fig. 

A marked increase in plasma seromucoid 
concentration was observed by Day 2 
which persisted until Day 12, but little or no 
change in total plasma protein concentra- 
tion was detected (Table I) .  No significant 
alterations in total plasma amino acids oc- 
curred during this illness at the times stud- 

1). 

ied. However, plasma phenylalanine con- 
centration was increased on Days 3 and 5 
which in the absence of a change in tyrosine 
concentration resulted in a significant in- 
crease in the phenylalanine/tyrosine ratio 
(P/T) at these times (Table 11). 

Discussion. The early rise in plasma cop- 
per was unanticipated; it is of interest since 
it may aid in elucidating the pathogenesis of 
this disease. Previous studies of bacterial 
and viral illnesses in man and experimental 
animals showed increased plasma copper 
concentration only during and following 
peak illness (1-4). An increase in plasma 
copper is thought to be indicative of in- 
creased ceruloplasmin synthesis and/or 
release (8). If the relationship between 
plasma copper and ceruloplasmin holds true 
for the guinea pig during RMSF, then very 
early in this disease something triggers the 
synthesis and/or release of a specific plasma 
protein. Other acute-phase proteins also 
may be increased during RMSF judging 
from the rise in plasma seromucoid concen- 
tration. However, in the absence of turn- 
over studies, it cannot be conclusively 
proven that these putative increases in ceru- 
loplasmin and seromucoid represent in- 
creased protein synthesis/release and not di- 
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TABLE 11. PLASMA AMINO ACID CONCENTRATION. 

Group 

Controls (n = 1 1) 
Infected (n = 4) 

Day 1 
Day 2 
Day 3 
Day 5" 
Day 8" 
Dav 12 

Total plasma amino 
acids (mmoles/liter) 

Phen ylalanine 
(pmoles/liter P) 

Tyrosine (pmoles/li- 
ter T) P/T 

3.79 ? 0.24 

3.54 2 0.54 
2.97 t 0.36 
4.17 -+ 0.31 
3.33 2 0.20 
3.81 -+ 0.46 
3.66 2 0.33 

68.2 t 4.3 

86.3 2 7.1 

105.1 & 6 2  
99.2 2 12.7b 
88.6 t 7.3 

74.4 2 3.0 

92.2 2 9.6 

71.7 t 14.9 1.14 ? 0.10 

73.9 ? 13.4 1.24 ? 0.14 
49.3 2 9.5 1.62 t 0.20 
59.9 2 6.6 1.79 & 0.11c 
55.2 2 7.7 1.81 & 0.14r 
66.9 ? 9.3 1.36 2 0.13 
80.9 2 11.9 1.18 t 0.12 

" n  = 3. 
P < 0.01 vs controls. 
P < 0.005 vs controls. 

minished degradation. 
Another indication of altered nitrogen 

metabolism is the plasma phenylalanine/ty- 
rosine ratio (P/T) which was significantly 
increased on Days 3 and 5.  Increased P/T 
ratios have been noted in a number of infec- 
tions (4, 9, 10) and appear to reflect in- 
creased amino acid mobilization from mus- 
cle tissue rather than merely decreased ca- 
pacity to metabolize phenylalanine (5). The 
increase in P/T occurred, however, without 
a significant decrease in total plasma amino 
acids usually observed during infection (4). 

Alterations in plasma protein, amino 
acid, and trace metal metabolism/distribu- 
tion similar to those described in this report 
have been shown to correlate with tissue 
damage during tularemia in the rat (2), to 
be a consequence of phagocytosis (1 l) ,  and 
to result from the injection of leukocyte- 
derived factors (12, 13). RMSF in guinea 
pigs is characterized by widespread vasculi- 
tis, scrota1 swelling, and necrosis (14). Vas- 
culitis evident as early as 1 day after expo- 
sure becomes progressively more severe and 
is accompanied by thrombosis and vascular 
occlusion (J. B. Moe, manuscript in prepa- 
ration). It thus remains to be determined (a) 
to what extent the alterations in host metab- 
olism described in this paper correlate with 
the onset and severity of the vasculitis, (b) 
whether the early metabolic (and patho- 
logic) changes are the result of a toxic sub- 
stance said to be associated with the rickett- 
siae (15), and (c) if leukocyte-derived fac- 
tors are present and operative. 

Summary. Guinea pigs inoculated with 
virulent Rickettsia rickettsii responded with 
a significant increase in plasma copper con- 

centration within 1 day, preceding fever and 
detectable rickettsemia by 2 and 4 days, 
respectively. A decrease in serum zinc con- 
centration coinciding with peak rickettsemia 
was detectable on Day 5 .  Evidence of al- 
tered host nitrogen metabolism during this 
illness included a doubling of plasma sero- 
mucoid concentration and a significant rise 
in the plasma phenylalanine/tyrosine ratio. 
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