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Adverse reactions to the tetracycline group 
af antibiotics have been described in increas- 
ing numbers in recent years( 1). In  particu- 
lar, serious and frequently fatal illnesses have 
been reported after intravenous administra- 
tion of excessive amounts of tetracycline( 2-5). 
In  most cases a typical syndrome developed, 
characterized by jaundice, metabolic acidosis, 
and azotemia. These reports have again em- 
phasized that tetracycline may have meta- 
bolic eff cxts which are potentially deleterious 
to patients. In this regard, it is nut generally 
appreciated that tetracycline antibiotics can 
cause inhibition of protein synthesis in m m -  
malian cells(16,7). 

In  earlier toxicology studies (8,9), the 
mechanism of death resulting from large doses 
of tetracycline was not clearly defined. There- 
fore, in the present investigation, studies were 
carried out in an attempt to delineate fur- 
ther the toxic effects of tetracycline and 
determine the mechanism of death. I t  was 
found in the rat that intraperitoneal adminis- 
tration of tetracycline in massive doses re- 
sulted in a severe and overwhelming metabolic 
acidosis and marked hyperkalemia. 

Materials and methods. F h a l e  Wistar 
rats (Harlan Farms, Cumberland, Ind.) 
weighing 140-160 g were fasted 16 hours 
prior to study. A single injection of tetra- 
cycline hydrochloride was given, intraperi- 
toneally, in doses of 20, 200, 300, or 400 
mg/kg; rats Ithat lived for 14 days were con- 
sidered to be survivors. In  other studies ani- 
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mals were sacrificed at  4, 8, and 16 hours 
after intraperitoneal injection of tetracycline 
and serum electrolytes determined using the 
Technicon Autoanalyzer. Arterial pH, car- 
bon dioxide tension, and bicarbonate concen- 
trations were determined by the Astrup 
method using a revised nomogram( 10). The 
tissue and plasma levels of tetracycline were 
determined by a bieassay method employing 
Bacillus cereus as the test organism(l1). 
Sections of small intestine, kidney, and liver 
dbtained from tetracycline-treated rats at  
necropsy were examined by light microscopy. 
Statistical analysis was performed using the 
Student’s t test (12). 

Results. Survival rates of rats after intra- 
peritoneal injection of tetracycline in various 
dosages are shown in Table I. All of 10 rats 
given 2 0  mgJkg and 7 of 10 rats (707%) 
that received 2W m d k g  survived 14 days. 
The survival rate decreased to 44% and 38% 
in rats injected with doses of 300 and 400 
mgJkg, respectively. Most deaths occurred 
within 16-24 hours after injection of tetra- 
cycline. In preliminary studies in this lab- 
oratory, survival rates were similar in non- 
fasted rats and in male rats. 

Data on changes in serum electrolytes and 
b l d  gases after administration of 400 
mg,/kg of tetracycline are shown in Table 11. 
Hematwrits and serum sodium concentra- 
tions were not affected during an &hour 
period. B l d  urea. nitrogen (BUN) increased 
from 15 fr: 3 (1 S.D.) to 41 t 7 mgJlOO 
ml at 8 hours (p<O.OOl). Serum potassium 
increased from 4.8 t 0.4 to 7.6 t 2.4 
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TABLE I. Survival Rates After Treatment with Intraperitoneal Tetracycline. 

Tetracycline r' Survivors \ 

dossage, mg/kg No. rats 24 hr 72 hr 14 days 

20 10 10 (100%) 10 (100%) 10  (1001%) 

3 00 24 12 ( 5 0 % )  11 ( 44%) 11 ( 44%) 
2 010 10 7 ( 70%) 7 ( 70%) 7 ( 70%) 

40 0 24 11 ( 44%) 9 ( 38%) 9 ( 38%) 

mEq/l (p<O.Ol) with 5 of the 11 p t a s -  
sium values being greater than 9.0 mEq/l. 
Serum carbon dioxide combining power de- 
creased from 25  zt 2 to 13.8 t 3 mEq/l 
(p<l0.02). The presence of a severe meta- 
ibulic ,acidusis only 4 (hours after the injec- 
tion of tetracycline was further corroboirated 
by decreases in arterial pH, carbon dioxide 
tension, and bicarbonate levels. After 8 hours 
arterial pH had decreased further to 7.16 
t 0.15 units, and the bicagbonate level had 
remained stationary at 12.9 t 6 mEq/l. 
Three of 5 arterial pH values were below 
7.10, reflecting the severity of Ithe meta- 
bolic acidosis. To exclude the possilbility that 
the metabolic acid'osis was due to hydro- 
chloric acid land ascorbic acid contained in 
the tetracycline prepration, studies were 
carried out in which 10 rats received an 
intraperitoneal injection of 1.01 ml of a solu- 
tion containing .1 N HCl and 0.15 g of 
ascorbic acid, the final pH being 1.94. These 
amounts of acid were equivalent to the amount 
found in the tetracycline preparation used. 
The mean arterial pH value 8 hours after 
injection of the acid solution was 7.34 k 
~03  units which is not significantly different 
from the control value olf 7.37 t .012 units 

Serum tetracycline levels at various time 
intervals are shown in Table 111. Levels 
decreased from a mean value of 171 t 69 
(-+ 1 S.D.) pdml at 2 hours to 81 t 2 7  
pg/ml at  8 hours. Tissue concentrations of 
tetracycline in animals dying aif ter intraperi- 
toneal injection of the antibiotic are shown 
in Table IV. Rats given 300 mgJkg and 
dying within 24 hours were found to have 
the highest concentrations of tetracycline in 
the kidney and liver. In rats injected with 
400 m d k g  and dying within 24 hours, there 
were greatly increased amounts of tetracy- 
cline in all tissues with the highest levels 

(P>0.1). 
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TABLE 111. Serum Tetracycline Levels After In- 

Time after tetracycline 

traperitoneal Injection of Tetracycline.” 

R7t No. 2 hr 4 hr 8 hr 

Serum tetracycline, pg/ml 
1 313 128 89 
2 177 127 100 
3 147 115 92 
4 108 117 21 
5 127 119 85 
6 153 125 96 

Mean& 1 S.D. 171 & 69 122 2 5 81 2 27 

* 400 mg/kg. 

again being found in the kidney and liver. 
All of the organs examined at  necropsy 

were grossly normal. Histologic examination 
of sections of small intestine revealed focal 
blunting of the villi and a slight increase in 
the number of mononuclear cells within the 
lamina propria. The hepatic Kupffer cells 
in the liver of one rat contained numerous 
prominent dark granules, but otherwise there 
were no changes in the liver as determined 
by light microscopy. There were no signifi- 
cant alterations visible in the kidneys. 

Discussion. That the LD50 dose for rats 
after an intraperitoneal injection of tetracy- 

TABLE IV. Tissue Levels of Tetracycline in 
Animals Dying Within 24 Hours After Intraperi- 

toneal Injection of Tetracycline. 

Tetra- 
cycline Tetracycline, pg/g tissue 

Rat dosage, 
No. mg/kg Jejunum Heart Kidney Liver 

~~ 

1 300 
2 
3 
4 ” 

5 
6 
7 ” 

8 
9 

11 
12 

Mean 
k 1 S I ) .  

14 400 
15 
16 

18 
Mean 
? 1 S.D. 

7 9  

1 9  

7 )  

9 7  

7 9  

7 7  

:: 
,, 

7 9  

9 9  

l7 :: 

174 263 
510 223 
770 246 
313 29G 
371 286 
286 202 
432 286 
552 217 
750 213 
484 282 
569 282 
749 278 
497 256 
206 33 

230 248 
667 567 
562 287 
911 353 
879 291 
610 349 
250 113 

686 
500 
568 

1045 
718 
515 
806 
879 
752 
733 
717 
805 
727 
147 

360 
1420 
1154 
1056 
1056 
1009 

350 

635 
994 
595 
983 
588 
494 
510 

1086 
707 
780 
386 
820 
690 
216 

624 
796 
874 
816 
863 
795 

90 

cline was about 300 mgJkg and that tetracy- 
cline was concentrated primarily in the 
kidney, liver, and intestinal muscosa are 
consistent with previous o~bservations(9,10,13, 
14). Since histologic changes were minimal, 
however, the mechanism of death from mas- 
sive dosages of tetracycline would appear 
to be metabolic. In  this study it was demon- 
strated that adlministration of 400 mgJkg of 
tetracycline to the rat results in a seveFe 
and overwhelming metabolic acidosis with 
decreased arterial pH, carbon dioxide tension, 
and bicarbonate levels. The acidosis was 
disproportionately severe for the degree of 
azotemila present. Since serum potassium 
levels increased significantly, i t  is possible 
that some animals succumbed to cardiac 
arrhythmias induced by hyperkalemia. The 
rapid onset of severe acidosis and hyper- 
kalemia within 4-8 hours after toxic doses 
of tetracycline was impressive. These data 
are similar to those obtained with the anti- 
biotic, cycloheximide, in animals; rabbits and 
dogs developed a severe metabolic acidosis 
and hyperkalemia within 6-9 hours after in- 
jection of toxic doses of cycloheximide or 
acetoxycycloheximide with arterial pH levels 
as low as 6.81 units, and serum potassium 
concentrations as high as 10.2 mEq/l(l5). 
There is evidence #to suggest that the altera- 
tions in blood gases and electrolytes observed 
in experimental animals receiving toxic dos- 
ages of tetracycline and cycloheximide are 
due to a similar mechanism. Both antibiotics 
have been shown to inhibit protein synthesis 
in mammalian cells( 6,7,15). I t  is pertinent 
that these inhibitory effects on protein syn- 
thesis were demonstrated within 4-6 hours 
after administration of tetracycline( 6,7). 

I t  should be reemphasized that massive 
doses of tetracycline were administered to 
normal rats in order to cause significant 
inhibition of protein synthesis (6,7). In the 
present study the serum tetracycline levels 
at 2,  4, and 8 hours after administration of 
400 mg/kg of tetracycline were 15-30 times 
therapeutic levels. The pertinence of these 
observations to humans, therefore, remains 
uncertain. Patients developing a fatal syn- 
drome after tetracycline received this drug 
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in normal to excessive amounts in dosages 
ranging from approximately 20-70 mg/kg 
(2-5), but no data on tetracycline blood 
levels were described. However, most off these 
patients developed a severe metabolic acido- 
sis which was disproportionately severe for 
the degree of azotemia present. Similarly, 
patients with impaired renal function given 
tetracycline developed acidosis, hyperphospha- 
temia, and azoternia ( 16) . Blood tetracycline 
levels in !these patients were as high as 30 
&ml. The disproportionate acidosis observed 
in these studies(2,5,16) does raise the ques- 
tion of protein synthesis inhibition. It is 
clear that more studies are needed in pa- 
tients receiving tetracycline to determine 
whether significant inhibition of protein syn- 
thesis occurs. 

Summary. Treatment of rats with tetra- 
cycline in a dosage of 400 mg/kg results 
in a syndrome somewhat similar to reported 
cases in humans of death following intra- 
venous administration of large doses of tetra- 
cycline. The rats rapidly developed a severe 
mehbolic acidosis with arterial pH levels 
frequently decreasing to values below 7.10 
units. The acidosis was disproportionately 
severe for the degree of azotemia present. 
In addition, marked hyperkalemia frequently 
developed within 4-8 hours after administra- 
tion of tetracycline. It is suggested that 
death resulted from an overwhelming meta- 
bolic acidosis or cardiac arrhythmias due 
to hyperkalemia. 

We thank Mr. Joseph Hackett for (techniclal assis- 
tance. 
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Although endothelial cells of blood vessels 
are functioaally active and subject to con- 
siderable stress, previous reports have failed 
to demonstrate convincing evidence of their 
mitotic activity or turnover in normal, adult 

from IN&. Heart Imt., USIPHS. 

animals. (1 ) . Indeed, mitotic activity has not 
been established in any layer of the normal 
vascular wall. Mo3t reported observations 
have been confined to morphological examina- 
tion of vascular cells; but a single study by 

* This study wm supponted (by gnantt HE 05415-07 Spraragen et d ( 2 )  noted the d m m e  of 
labeling in the nQrmg1 rabbit aorta following 




