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Supplementary Role of Hydralazine in Reversal of Endotoxin Shock with 
Metaraiiiinol and Hydrocortisone. (26309) 

Endotoxin shock in the dog can be reversed 
with a combination of a pressor agent and 
hydrocortisone, but there still remain; the 
problem of decreased renal function due to 
reduced renal blood flow( 1.2 ) . Because hy- 
clralazine has been shown to increase renal 
blood flow( 3-6).  the following experiments 
were designed to measure the additive effect 
of this agent with metaraminol and hydro- 
cortisone in reversal of canine endotoxin 
shock. 

ildethnds. Four groups oi adult male mon- 
grel dogs, anesthetized with ?;a Pentobarbital 
(30 mg, lrg) , were injected intravenouslj- 
with a standardized lethal dose of Escherichia 
coli endotoxin, as previously described ( 1 ) . 
Measurements of lslood pressure and urine 
output were made continuously for 9 hours. 
along with hourly determinations of hemato- 
crit and arterial blood pH. Hydralazinc,* 
metaraminol ,t and hydrocortisone: were ad-  
ministered alone or in combination a t  that 
time after endotoxin administration when 
the animal was manifesting shock with a 
blood pressure of less than 70 mm Hg ~ ~ 7 s -  

~ ~ _ _ _ _ - ~ -  - 

* Supplied as hydralazine HC1 by Research Ilept.. 
Ciba Pharmaceutical Products, Inc., Summit, N. J .  

t Supplied as Araminc Bitartrate 10% by Reseal.cn 
Division, Merck, Sharp and Dohmc, Philadelphia, Pa. 

Supplied as Solu-Cortei by I’pjohn Co., Kalam,i- 
zoo, Mich. 

tolic, and anuria 0: oliguria of less than 4 
mI hr. 

Group 1 consisted of 12 control dogs given 
0.5 5 mg,  kg of endotoxin intravenously. 
Group 2 involved 4 dogs given the same dose 
of endotoxin but treated with varying doses 
of hydralazine according to the output of 
urine measured a t  30 minute intervals. Group 
3 included 10 dogs given the lethal dose of 
endotoxin and then treated with metaraminol 
it nd hydrocortisone. Groups of control ani- 
mals were not treated with either metara- 
ininol or hydrocortisone alone, since previous 
ytudies had shown that neither agent reversed 
endotoxin shock( 1 ) .  T h e  fourth group of 10 
dogs injected with the lethal dose of endo- 
toxin were given hydralazine, and a combina- 
tion of hydrocortisone and metaraminol in 
amounts identical to Group 3. That  is, one 
hundred mg of hydrocortisone was infused 
intravenously, follolwed by a lyh solution of 
metaraminol in amounts that maintained sys- 
lolic blood pressure between 90 and 100 mm 
of Hg. Hydralazine was administered a t  
Frarying periods of time after injection of en- 
tlotoxin. 

To clarify the time-dose relationship of hy- 
dralazine in the fourth group of animals, i t  
is necessary to review briefly the hemody- 
namic effects of endotoxin in the dog. Im- 
mediately following injection of endotoxin a 
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precipitous drop in systolic bloold pressure 
occurs, due in large part to1 the hepato- 
splanchnic pooling of blood(7). Either of 2 
characteristic hernodynamic pstterns follow 
this initial hypotensive period, and each were 
observed in the present study. The first type 
of response is recovery of the blood pressure 
to pre-endotoxin levels, and is associated 
with oliguria or anuria. When this pattern 
was present, hydrslazine was injected in or- 
der to correct the flow of urine, befolre hydro- 
cortisone and metaraminol were adminis- 
tered for sustaining the blood pressure. The 
second pattern oE response differs from the 
first in that the initial hypotension is pro- 
longed, and in such instances hydrocortisone 
and metaraminol were administered first in 
order to support the blood pressure, followed 
by administration of hydralazine. 

None of 12 control dogs given 
endotoxin survived beyond 24 hrs. The mean 
hourly measurements are incorporated in Fig. 
1. The fulminating course of these animals 
was marked by hypotension, severe oliguria, 
hemoconcentration, acidolsis, and output of 
an acid urine. 

Although none of the 6 animals in Group 
2 treated with hvdralazine survived, 2 find- 
ings were in contrast to those in the control 
group. The characteristic acidosis did not 
appear, and output of urine was consistently 
greater, although the hypotension persisted. 
Data on this group are presented in Table I, 
showing blood pressure and olutput of urine 
in relation to administered dose of hydrala- 
zir,e. 

Six of the 10 animals in Group 3 treated 
with the combination of hydrocortisone and 
metaraminol survived. On the other hand, 
8 of 10 animals in Group 4 survived when 
given hydralazine in addition to liydrocorti- 
sone and metaraminol. Measurements in 
this group of animals are shown in Table 11. 
Eight of the 10 animals were given hydrala- 
zine before hydrocortisone and metaraminol, 
that is, there was a tendency for the ldolod 
pressure to approach normal after the initial 
decline but oliguria was severe. Two deaths 
occurred in this group. TWQ animals re- 
ceived hydralazine after steroid-pressor 

Results. 

r3 
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Meon Hydrolotine Dose -Group IV 

?' 
20 

Control0 I 2 3 4 5 6 7 8 9 24 
HOURS period 

FIG. I. Time-dose relationship of 4 groups of dogs 
given a lethal dose of endotosin. Group 1 1 UII- 
treated controls; group 2 = treated with hydrala- 
zine alone; group 3 = treated with hydrocortisoiic 
and metaraminol; group 4 = treated with hydro- 
cortisone, inetaraniiiiol and hydralazine. Curves il- 
lustrate avg hourly blood pressure and output of 
urine. Animals surviving 24 hr after endotoxin are 

indicated for each group. 

Discussion. In  studies on the pathogenesis 
of canine endotoxin shock attempts have been 
made to reverse the peripheral vascular col- 
lapse with various agents. After onset of 
hypotension, and oliguria or anuria, the most 
consistently successful results obtained in 
this laboratory have followed administration 
of a combination of hydrocortisone and meta- 
raminol. The present study has demon- 

strated that hydralazine will increase urine 
flow in dogs having severe hypotension. This 
is in contrast to the untreated control series 
of animals that had a higher blood pressure 
but a consistently lower output of urine. 
When the systemic pressure was supported 
with a pressor drug and steroid, hydralazine 
had a favorable effect on output of urine, 
even though the blood pressure was lower 
than in the pressor-steroid treated group. 
These results are sf interest since hydrala- 
zine is usually employed as an anti-hyper- 
tensive drug. 

Summary. Canine endotoxin shock is 
characterized in part by hypotension, oli- 
guria, hernoconcentration and acidosis. The 
"shock" can be reversed in some animals 
with a combination of a pressor drug and 
hydrocortisone. The addition of hydralazine 
to this combination greatly augments the 
flow of urine, and possibly contributes to the 
survival of animals. 

1. Spink, W. W., Vick, J., Circulat. l ies. ,  1961, v4, 

2 .  Hinshaw, L. B., Bradley, G. M., Carlson, C. H., 

3. Reubi, F., Helvet. Med.  Acta, 1949, v16, 297. 
4. Freis, E. D., Rose, J .  C., Higgins, T. F., Finnerty, 

F. A., Jr., Kelly, R. T., Portenope, E. A.,  Circulation, 
1953, v8, 199. 

5 .  Grob, D., McKusick, V. A., Johns Hopkins Hosp. 
Bull., 1955, v96, 164. 

6. Judson, W. E., Hollander, W., Wilkins, R., Cir- 
culation, 1956, v13, 664. 

7. Weil, M. H., MacLean, L. D., Visscher, M. B., 
Spink, W. W., J .  Clin. Invest., 1956, v35, 1191. 

184. 

Am. J .  Physiol., 1959, v196, 1127. 

Received October 31, 1960. P.S.E.B.M., 1961, v106. 

Presence of Two Glutamic-Oxalacetic Transaminases in Serum of Dogs 
Following Acute Injury of the Liver.* (26310) 

G E R A R ~  A. FLEISHER AND KHALIL G. WAKIM 
(With technical assistance of Marcella Pankow, David Osborne and Lester Clapp) 
Sections of Biochemistry and Physiology, M a y o  Clinic and Hayo Poundadion, Rochester, Minn.  

We have reported that human * This investigation was supported in part by re- 
and animal tissues such as heart and liver search grant from Nat. Inst. of Arthritis and Metab. 
contain 2 glutaniic-oxalacetic transamiqases Dis., P.H.S. 


