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rats as compared with controls at the first 
MES; these changes persisted in those ani- 
mals subjected to 6 hours of light alternated 
by 6 hours of dark and in animals exposed 
to an all light environment until the rats were 
sacrificed at  49 days of age (Fig. 1).  Shorten- 
ing of flexion and/or lengthening of extension 
of the tonic phase of a maximal seizure indi- 
cate increased convulsive activity( 13). 

Weights olf thymus glands were: 3701 t 
1.7 mgJlOO g body weight, control; 299 t_ 
1.6, 3001 t 2.1, 340 -t- 2.7 mgJlOO g body 
weight for animals subjected to 6 hours of 
light alternated by 6 hours of dark, continu- 
ous light and continuous dark, respectively. 
Significance of difference between experirnen- 
tal and control animals is <0.01 for each 
of the light schedules. Adrenal and pituitary 
weights remained unchanged. 

It is possible that light cycles, as produced 
in this experiment, altered hypothalamic- 
hypophyseal pathways. Obviously, the hypo+ 
physeal gonadotropins can be influenced as 
evidenced by rats subjected to constant illu- 
mination (6).  Ovarian steroids administered 
during the first week of life hastened brain 
maturation as measured by electroshock seiz- 
ure responses and were less effective when 
administered during the second week of life 
(14). On the other hand, administration od 
cortisol during the second week of life 
hastened brain maturation (8).  Thus, the 
ACTH-adrenal cortical axis may be involved 
in the present study since a modest thymic 
atrophy was noted and is a tissue responsive 
to corticoids (1 5) .  

Summary. Alterations in light cycles hasten 
brain maturation olf the young rat, produce 
greater brain excitability and involutioa of 
the thymus gland. 
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Influence of Protein Synthesis Inhibitors on Circulatory Dynamics." 
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It was recently demonstrated in this labora- 
tory that actinomycin D, an inhibitor of 
DNA-dePendent Protein synthesis, hwered 
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the blood pressure of normotensive and renal 
hypertensive rats(1). The degree of blood 
pressure depression was a function of the 
dosage, and W a s  significant even in amounts 
well below that which induced general toxici- 
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TABLE I. Systolic Blood Pressure of Normotensive Rats Treated with Acetoxycycloheximide. 

Dosage per Average blood pressure (mm/Hg) 3 

100 g body 
wt ( p g )  No. rats 0 ri gin a 1 24 hr 48 h r  72 hr  

~~~~~~ ~ 

10 1 2  112 (+ 8.7)" 96 (-I 7.3) 104 (2 9.0) 109 ( 2  8.1) 
20 12 115 (+ 9.1) 85 (t 7.7) 94 (k 8.6) 105 (" 8.9) 
30 12 111 (k10 .2)  77 (5 8.4) 86 ( 2  9.4) 101 (210.4) 

* Standard deviation. 

ty. The mechanism of this response is obscure 
since this substance is able to alter protein 
metabolism of extra-vascular, vascular or intra- 
vascular tissues, any of which may influence 
blood pressure levels. In this regard it was 
demonstrated, however, that reduction of 
b l d  pressure apparently did not result from 
suppression of adrenal cortical steroid syn- 
thesis since administration of an anti-inflam- 
matory steroid failed to prevent it. I t  was 
furthermore shown that the phasic contractile 
response to pressor drugs was not diminished 
when administered to rats whose blood pres- 
sure was depressed, suggesting that were low- 
ering of peripheral resistance a factor it 
would probably involve resting state rather 
than contractile protein mechanisms. 

To clarify the role of protein metabolism 
in the regulation of blood pressure, other 
inhibitors of protein synthesis were tested for 
possible effects. Three compounds were se- 
lected for this purpose, all of which are 
known to interfere with protein formation at  
the ribosomal level : (a) acetoxycyclohexi- 
mide, which interferes with the transfer mech- 
anism of amino acids ( 2 )  ; (b) chlorampheni- 
col, which also disturbs such transfers but 
requires relatively large doses to be effective 
in mammalian tissues( 3 )  ; and (c) puromy- 
cin, which releases nascent polypeptides pre- 
maturely from the ribosomes (4). These com- 
pounds were administered in various fractions 
of their lethal doses on the assumption that 
toxicity is due to protein synthesis inhibition. 

In addition to obtaining blood pressure 
responses to these compounds, the effect of 
prednisolone on such responses was also 
studied. Furthermore, as was done in the 
previous study with actinomycin D, phasic 
contractile reaction to a pressor drug was 
investigated in rats treated with acetoxy- 
cycloheximide. 

a. AcetoxycyclO~e@v;tide,t .~ Methods and 

results. This compound was administered to 
norm0 tensive male Long-Evans rats weighing 
250-300 g and to those made hypertensive by 
figure-of-eight renal ligation. Groups of 1 2  
rats were injected intraperitoneally twice at 
a 6-hour interval at 3 dosage levels totalling 
30 pg, 15 pg, and 10 pg  per 100 g body weight. 
Under these conditions one LD/SO was ap- 
proximately 60 pg per 100 g body weight. In 
about 50% of the rats treated with 30 pg 
per 100 g body weight there were signs of 
moderate toxicity for a day or two as shown 
by lessened activity, ruffled fur, and diarrhea, 
and one hypertensive animal died on the 
fourth day. The lesser doses elicited no ap- 
parent signs of illness, and there were no 
deaths. Systolic blood pressures were obtained 
by microphonic manometer prior to the first 
and second injections and daily thereafter for 
6 days following the day of treatment. 

Blood pressures of normotensive rats were 
significantly depressed at the 3 dosage levels 
of acetoxycycloheximide (Table I). The de- 
pression of blood pressure in hypertensive rats 
was even more pronounced, as depicted in 
Fig. 1. For purposes of comparison, the aver- 
age daily blood pressure of a group of 1 2  
hypertensive rats treated similarly with 30 
pg per 100 g body weight of actinomycin D 
are included in Fig. 1. 

It can be seen that a marked depression of 
blood pressure followed the administration of 
acetoxycycloheximide at  all dosage levels, and 
that the amount of reduction was a function of 
the dosage. The blood pressure decline was 
quite rapid, averaging approximately 40 mm 
Hg 6 hours after the administration of the 
first injection of 15 pg per 100 g body weight. 
Blood pressures reached their lowest level 

f Furnished through the courtesy of T. J. McBride, 
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about 18 hours after the second injection, and 
thereafter gradually climbed to their original 
levels by the sixth day. The blood pressures 
of animals treated with actinomycin D were 
at their lowest point a day later. 

B. Chloramphenicol. Methods and results. 
Two groups of 1 2  hypertensive rats were in- 
jected in the same manner with amounts of 
chloramphenicol totalling 150 mg and 75 mg 
per 100 g body weight. Under these con- 
ditions LD/50 is approlximately 300 mg per 
100 g. The rats receiving the larger dosage 
were not as active as the controls, but did not 
otherwise appear under toxic influences. The 
smaller dosage apparently did not affect the 
vitality of the rats. The average daily systolic 
blood pressures of the hypertensive rats fol- 
lowing this treatment are shown in Fig. 2. 

It can be noted that the blood pressure 
response to chloramphenicol followed the 
same general pattern as that observed after 
ace toxycycloheximide administration, except 
that a t  one-fourth LD/50 dosage there was 
somewhat lesser depressioln than after an 
equivalent dme of the latter. 

C. Puromycin. Methods and results. 
Three groups of 4 renal hypertensive rats 
were injected in a similar manner with puro- 
mycin in dosage totalling approximately 20 
mg, 10 mg and 5 mg per 1001 g body weight, or 
50 mg, 2 5  mg and 12 mg, respectively, per rat. 
The highest dosage was approximately one 
LD/50(5). There was no significant change 
in blood pressure in rats treated at  any of the 
above dosage levels. 

D. Eflect of prednisolone on blood pressure 
depression. Methods and results. A group of 
12 renal hypertensive rats received 30 pg 
acetoxycycloheximide per 100 g boldy weight, 
divided into 2 intraperitoneal injections 6 
hours apart. A second similar group received, 
in addition to this, 2 mg prednisolone acetate 
subcutaneously at  each injection and 2 mg 
daily thereafter. A third group of 10 hyper- 
tensive rats received 150 mg chloramphenicd 
per 100 g body weight in 2 intraperitoaeal in- 
jections 6 hours apart, and a fourth group of 
10 such rats was injected in the same way, 
but with the addition of 2 mg prednisolone 
acetate at  each injection and daily thereafter. 
Systolic blood pressures were obtained in 
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FIG. 1. Average systolic blood pressures of hyper- 
tensive rats following acetoxycycloheximide adminis- 
tration on day zero. A = 10 pg, B = 15 ug and 
C = 30 pg per 100 g body weight. D = after 30 
fig per 100 g body weight actinomycin D. 

FIG. 2 .  Average systolic blood pressures of hyper- 
tensive rats after administration of chloramphenicol. 
A = 7 5  mg and B =150 mg per 100 g body weight. 

FIG. 3 .  Average systolic blood pressures of hyper- 
tensive rats receiving A-acetoxycycloherrimide and 
prednisolone ; B-acetoxycycloheximide alone ; C- 
chloramphenicol and prednisolone ; D-chloram- 
phenicol alone. 

these four groups prior to treatment and daily 
thereafter. 

The results of this experiment are shown in 
Fig. 2. I t  is quite apparent that predniso- 
lone effectively protected the rats against 
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the blood pressure depressor effects of 
acetoxycycloheximide and chloramphenicol. 

E. Pressor response t o  ,!-norepinephrine. 
Methods and results. A group of 12 normal 
rats was injected with 30 pg acetoxycyclohex- 
imide per 100 g body weight divided into 2 
injections 6 hours apart. Twenty-four hours 
after the first injection they were studied for 
pressor response as follows. The abdominal 
aorta was cannulated at  the femoral bifur- 
cation and connected to a mercury manom- 
eter. After a 5-minute interval for blood 
pressure stabilization they were injected in- 
travenously with 1 pg 1-norepinephrine. The 
blood pressure response was recorded at  its 
peak, and then at  one-minute intervals for 5 
minutes. This procedure was repeated an 
additional 3 times at  5-minute intervals. A 
similar study was made in 10 untreated con- 
trol rats. 

The average mean blood pressure of 
ace t ox ycycloheximide- trea t ed rats before ad- 
ministration of the pressor drug was 68 mm 
Hg as compared to that of the controls, which 
averaged 94 mm Hg. There appears to be no 
significant difference in responses to the 
pressor agent between the treated and control 
groups of rats. 

Discussion. The data presented above dem- 
onstrate that acetoxycycloheximide and chlor- 
amphenicol are effective in reducing blood 
pressures of renal hypertensive rats. The 
degree of reduction is dose-dependent and is 
appreciable following doses which are below 
those which cause general toxicity. These 
results suggest that the lowering of blood 
pressure is independent of “non-specific” toxic 
factors. In addition, such factors as inter- 
ference with nutrition or reduction in potas- 
sium intake, which have been demonstrated 
to lower blood pressure of hypertensive rats, 
may be ruled out of the present experiment. 
I t  requires several days or even weeks for 
such a response, in contrast to the marked 
lowering of blood pressure within several 
hours after administration of the antibiotics. 

The blood pressures fall quite rapidly, and 
can be readily observed within 6 hours after 
administration of these substances. The 
lowest level is reached in about 24 hours, 
after which there is a gradual recovery to 

pre-injection pressures by the sixth day. In 
comparison, blood pressures following ad- 
ministration of an amount of actinomycin 
D with an equivalent depressor effect reached 
the lowest levels a day later. This result is 
not surprising on the assumption that inhibi- 
tion of protein synthesis is responsible for 
blood pressure reduction. Thus both acetoxy- 
cycloheximide and chloramphenicol are re- 
ported to exert their influences by acting di- 
rectly on the ribosomes to interfere with for- 
mation of polypeptides essential for protein 
synthesis. Actinomycin D, on the other hand, 
has been shown to inhibit protein synthesis 
at  an earlier cellular level by suppressing the 
formation of messenger RNA from DNA. I t  
may therefore require an additional 24 hours 
for ribosomes to utilize the already available 
m RNA before maximum inhibition of arte- 
rial protein synthesis is reflected in fall of 
blood pressure. 

Actually the mechanisms involved in the 
relationship between inhibition of protein syn- 
thesis and hypodynamic response are quite 
obscure. In the report on the depressor effect 
of actinomycin D, it was suggested that blood 
pressure reduction may be mediated by al- 
terations in protein metabolism in extravas- 
cular tissues such as myocardium, nerves and 
kidney, or on arterial muscle proteins ( 1 ) . 
There is limited evidence to indicate that 
these inhibitors may interfere with the pro- 
teins of the peripheral vasculature. This evi- 
dence consists of preliminary data in this 
laboratory showing that actinomycin D sup- 
pressed the uptake of tritiated uridine by the 
rat aorta. Physiological evidence indicates 
that acetoxycycloheximide may lower blood 
pressure without interfering with the phasic 
contractile mechanisms since a normal re- 
sponse to a vasoconstrictor drug was obtained 
during the hypodynamic state. This would 
suggest that if lowering of peripheral resis- 
tance were significantly responsible for the 
fall in blood pressure, such an effect would 
involve tonal rather than contractile protein 
functions. Obviously, additional data are re- 
quired before a firmer conclusion can be 
made. 

No explanation can be offered to account 
for the failure of mn-omycin to lower blood 



AUTOIMMUNE REACTIONS RELATED TO VACCINATIONS 229 

pressure. The first question to be resolved is 
whether puromycin in the dosages used was 
capable of effectively inhibiting the synthesis 
of proteins. It would seem that adequate 
doses were administered; thus puroimycin was 
administered in about 6 times the effective 
dosages, based on toxicity, of acetoxycyclo- 
heximide and actinomycin D. Likewise the 
dose of 50 mg puromycin per rat, which 
failed to reduce blood pressure, is 3 to 5 
times the amount which olther investigators 
used to demonstrate in vivo inhibitory effects 
on various tissue proteins (6) .  This failure 
to lower blood pressure may be related to 
the mechanism by which puromycin inhibits 
protein synthesis in inducing release of nas- 
cent polypeptides from the ribosomes, rather 
than suppression of polypeptide synthesis ob- 
tained with the other compounds. Whether 
this feature is coincident with, or has a physi- 
ologic significance in blood pressure regulation 
remains to be demonstrated. 

Another illustration of how the specific 
mechanisms involved in inhibition of pro- 
tein synthesis may influence circulation may 
be noted in the difference in blood pressure 
response to prednisolone between rats treated 
with actinomycin D and acetoxycyclohexi- 
mide or chloramphenicol. The reduction of 
blood pressure by the first cormpound, which 
suppresses DNA-dependent RNA synthesis, 
including m RNA, is not corrected by this 
steroid. Chloramphenicol and ace t oxycyclol- 
heximide, on the other hand, which have no 
effect on m RNA but with the orderly trans- 
fer of amino acids to form polypeptides, in- 
duce a depressor effect which is opposed by 

prednisolone. While on the surface it may 
appear that the presence of m RNA is essen- 
tial for this hemodynamic response of pred- 
nisolone, it is obviously premature to attempt 
to explain the above results on the basis of 
available information. 

Summaify . Acetoxycycloheximide, an in- 
hibitor of protein synthesis a t  the ribosomes, 
reduces the blolod pressure of normotensive 
and hypertensive rats. Chloramphenicol, 
which has a similar but not identical action, 
also reduces blood pressure of hypertensive 
rats. The degree of blood pressure depres- 
sion to both substances is dose-dependent and 
is appreciable in non-toxic amounts. Puro- 
mycin, which inhibits ribosomal synthesis of 
protein, but through release of rather $than 
suppression of polypeytides, fails to reduce 
blood pressures at much higher dosage levels 
relative to toxicity. Blolold pressure depres- 
sion following acetoxycycloheximide olr chlor- 
amphenicol administration is corrected by 
prednisolone. Rats treated with acetoxycyclor 
heximide respond to 1-norepinephrine with 
normally vigorous blood pressure elevation 
suggesting that phasic contractile prolteins 
remain intact. 
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Rheumatoid factors exhibit a considerable 
degree of specificity for rheumatoid arthritis. 
They can be detected in the great majority 
of sera from active cases of rheumatoid arth- 
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