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of acetate, log y = 6.57433 - 0.002123 x; (c) 
for total acetate concentration per ml of ru- 
men liquor, y = 0.08152 - 0.00006292 x; 
where x is time in minutes following adminis- 
tration of radioacetate. 

The rate of change of specific activity of 
acetate, that is, rate of dilution, was used to 
compute the rate of acetic acid production. 
The decrease in specific activity of the radio- 
acetic acid, due to dilution by acetic acid syn- 
thesized calculated over the straight line part 
of the curve (33 minutes to 455 minutes), was 

mately 30% of a 140 lb. sheep’s 7-hour main- 
tenance requirement. 

Summzry. I t  has been found by the tech- 
nic of isotope dilution using acetate-1 -C1* that 
the normal sheep on an all-hay ration pro- 
duced acetic acid in its rumen by bacterial 
synthesis at  the rate of 0.126 millimole per ml 
of rumen liquor for the 7-hour period follow- 
ing feeding. Radioactivity was found in the 
other rumen volatile fatty acid (propionic, 
butyric and higher acids) demonstrating their 
formation from acetic acid in the rumen. 
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found to be at  the rate of 50% per 130 min- 1. Phillipson, A. T.7 J. ExP. Bi0l.Y 1942, V19, 186. 
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present per ml of rumen liquor a t  the start of 
3 .  Danielli, J. F., Hitchcock, M. W. S., Marshall, 

administration) and this rate of dilution over 4. McCarthy, D., Halter, J .  Shaw, J. c., 

tion, it was calculated that 0.126 millimok of 
acetic acid were synthesifed per ml of rumen 
liquor per 7 hours. This amounts to 0.00756 
g or 0.0264 Kcals of acetic acid. If one as- 
sumes a rumen content of 5 liters, this then 
would amount to 132 Kcals, which is approxi- 
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Frohlich and Loewi showed that cocaine 
potentiated pressor responses to epinephrine 
( 1). Later, Tainter and Chang found cocaine 
blocked tyramine pressor responses (2). More 
recently, Fleckenstein and Bass (3) and 
Fleckenstein and Stockle (4) demonstrated 
that cocaine altered responses of cat nictitat- 
ing membrane to a series of sympathomimetic 
amines of the phenylalkylamine type, in such 
a way that contractions produced by one 
group of amines were augmented, con tractions 
elicited by a second group were not affected 
and contractions produced by a third group 
were decreased. Recently Maxwell, et al. (5) 

~ 

* Taken from dissertation submitted in partial ful- 
fillment of requirements for Degree of Master of 
Science. 

demonstrated that the central nervous system 
stimulant, methylphenidate, potentiates pres- 
sor actions induced by epinephrine and nore- 
pinephrine while blocking and antagonizing 
pressor responses to amphetamine and ephe- 
drine, respectively. In consideration of this, 
and the fact that the structures and primary 
pharmacological characteristics of cocaine and 
methylphenidate are markedly different, an 
attempt has been made to ascertain whether 
the effects of methylphenidate on cardiovascu- 
lar actions of various phenylalkylamines would 
closely parallel those of cocaine. 

Materials and methods. Mongrel dogs of 
both sexes weighing 7 to 15 kg were used. The 
anesthesia was N a  pentobarbital, an initial 
dose of 30 mg/kg intraperitoneally fob 
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lowed by 0.1 mg/kg 'min infusion throughout 
the experiment. Blood pressures were deter- 
mined by an Anderson glass-capsule mano- 
meter ( 6 ) .  Injections were administered in- 
travenously. All drugs were in aqueous solu- 
tion. Eyperiments were conducted in two 
ways: 1 ) An initial low dose of each pressor 
amine selected to produce a blood pressure 
elevation of a t  least 50 mm Hg was given. 
Fifteen to 30 minutes later 15 mg 'kg of me- 
thylphenidate HCl was administered. Seven 
to 10 minutes elapsed before repeatinp the 
initial doses. In cases where pressure re- 
sponses to repeated control doses of amines 
were blocked, dosage was increased 2 to 40 
times to induce the return of amine responses 
to control levels. When repeated control re- 
sponses were potentiated or were not altered 
by methylphenidate. no multiple doses were 
given. 2 )  To rule out the possibility of tachy- 
phylaxis in studies of amines other than cate- 
cholamines, experiments were run in which 
the effects of initial doses and doses of amines 
given only after methylphenidate administra- 
tion, were obtained in separate animals. 

Results. Eflect of methylphenidatP on 
blood pressure. Administration of methyl- 
phenidate caused no significant change in 
mean blood pressure. Talble T is a comparison 
of mean blood pressure levels before and after 
15 mg/kg methylphenidate 1.V. in 10 anes- 
thetized dogs. 

Pressor amine responses potentiated or not 

uflected b y  methylphenidate. Pressor response 
to d - 1 norepinephrine HCl 4y/kg, 1-epine- 
phrine bitartrate 4y/kg, epinine HC1 2 5y/kg, 
cobefrine HC1 4y/kg, synephrine tartrate 0.5 
mg/kg and neosynephrine HCl 25y/kg were 
obtained in 3 to 4 animals for each amine. All 
responses were a t  least 50 mm Hg. After ad- 
ministration of 15 mg/kg of methylphenidate, 
the above doses of amines were repeated with 
results that pressor responses to norepine- 
phrine (Fig. 1A): epinine and cobefrine were 
clearly potentiated, while pressor aetions of 
epinephrine, synephrine and neosynephrine 
were not significantly affected (Fig. 1A and 
Table TI). These 6 amines will be referred 
to as Group I. 

Pressor amnine responses reversibly blocked 
by methylphenidate. Control pressor re- 
sponses to ephedrine HCl 0.6 mg/kg, propa- 
drine HCl 0.5 mg/kg and paredrine HBr  0.25 
mg'kg were obtained in 4 to 9 animals for 
each aniine (Table 11). The doses were re- 
peated in 2 to 7 of these animals after injec- 
tion of 15 mg/kg methylphenidate and their 
effects were markedly antagonized. This 
blockade, however, could be overcome by in- 
creasing the doses of amines from 2 to 20 
times (Fig. 1B).  It is interesting that the 
blockade of ephedrine by methylphenidate 
could be overcome by increasing the dose 
level, despite the fact that animals are well 
known to exhibit tachyphylaxis to ephedrine. 

I n  the second type of experiment 2 to 3 
dogs were given above doses of ephedrine, pro- 
padrine and paredrine, for the first time, only 
after administration of rnethylphenidate. As 
in above experiments the pressor responses 
were markedly diminished, and this antagon- 
ism could be overcome by increasing the doses 
of amines from 2 to 20 times. Since the re- 
sults of both experiments were similar the to- 
tal number of animals following pretreatment 
with methylphenidate were grouped together 
and analyzed in Table 11. 

These 3 amines will be referred to as 
Group 11. 

Pressor amine responses irreversibly 
blocked b y  methylphenidate. Control re- 
sponses to amphetamine sulfate 0.3 mg/kg, 
methamphetamine HC1 0.5 mg/kg, vonedrine 
HCl 0.5 mg/kg, tyramine HCl 0.25 mg/kg 
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- TABLE 11. Effect of Methylphenidate on Pressor Amine Responses. 

Methylphenidate pre- Level of signif. 
Controls treated, 15 nig/kg I.V. of differences 

Mean pressor Mean pressor sponses before 
response response and after meth- 

Dose/kg No. of 2 S.E. No. of L S.E. ylphenidatekt 

I > I  -, in pressor re- 

Arnirie (y) animals (nim Hg) animals (mm Hg) (%> 
Group 2 XI x2 

Norepinephrine 4 5 85 ? 12.04 5 135 2 13.04 2 

Epinine 25 7 73 & 8.79 7 109 +_ 10.49 2 

Neosynephrine 25 3 6 7 - 1  12.02 3 73 & 4.42 60 

Ephedrine 600 6 85 r 10.88 4 11 & 3.75 < .1 
Paredriiie 250 9 85 8.29 9 2 +_ 1.21 

Amphetamine 300 4 91 13.90 4 1 1.25 < .1 
Xethamphetarnine 500 5 73 2 2.00 4 12 1.25 
Vonedrine 500 6 77 13.27 4 1 & .72 .7 
T yramine 250 6 94 2 13.74 4 4 & 2.40 < .I 
Phenylethylamine 500 4 108 2 12.50 5 10 2 1.58 
Paredrinol 250 6 98 2 15.79 4 1 2  1.25 .1 

Epinephrine 4 7 80 t 11.95 7 106 9.91 13 

Cobef rine 4 5 75 t 9.75 5 113 _+ 7.00 1.4 
S ynephrine 500 4 86 2 21.64 4 79 20.65 8 0 

Group 2 

Propadrine 500 7 93 & 5.86 5 20 2 2.42 
9 1  

Group 3 

* Changes considered significant when level of significance is equal t o  or  better than 5%. 

t Bignificance of results cletermiiied by 
x = mean. 

z -z' 
t ' ' test of Xnedecor(9) t =I -L-.L. 

SZ, - 2 2  

(Fig. l C ) ,  phenylethylamine 0.5 mg/kg and 
paredrino1 0.25 mg,/kg were obtained in 4 to 
7 animals for each amine. In  2 to 3 of these 
animals, for each amine doses were repeated 
after injection of 15 mg/kg of methylpheni- 
date and the responses were severely inhibited. 
However in contrast to amines in Group I1 
this blockade could not be overcome by in- 
creasing the dose levels from 2 to 40 times 
(Fig. 1C). 

In  a second set of experiments, comprising 
2 animals for each amine the above doses were 
given for the first time only after methylphe- 
nidate administration. The results were simi- 
lar to those where the arnines elicited mark- 
edly reduced pressor responses which could 
not be surmounted by increasing the dose 
levels. Since the results of both experiments 
were similar, all animals following pretreat- 
ment with methylphenidate were grouped to- 
gether and analyzed as a unit (Table 11). 

These amines will be referred to as Group 
111. 

Discussion. Our experiments show that 
inethylphenidate alters cardiovascular re- 

sponses to a series of pressor phenylalkyla- 
mines in 3 ways: 1 )  by potentiating or not 
affecting amine pressor responses; 2 )  by re- 
versibly blocking amine pressor responses : 3) 
by irreversibly blocking amine pressor re- 
sponses. 

The amines in group I possess the configu- 

ration H O - k A -  and are augmented, or 
Ho, 
\=/ 

OH OH 
signilficantly affected (Fig. 2 ) . 

H 
Group I1 amines possess \-r, c-andare 

blocked but this antagonism can be overcome 
by giving higher doses (Fig. 2 ) .  

Group IIT is composed of arnines with the 

- 
OH 

H 
configurations ,c>--#- ~ 

or HO-F\ \=/- and 
H 
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A. GroupI 
B P  NOR-EPINEPHRINE 

mmHa 

4 0  4r'Ka 4i/Ka 
0- - 

8. GroupI I  
PROPAORINE 

Neosynephrinc P n r e d r i n e  P a r e d r i n d  

F'TG. 1. Effcct of intrav. ~~ieth~lpl ie i i i~latc  011 

pressor respoiises to plreri~lulk~laniilles in mongrel 
dogs, anesthetized with pentobarbital. 

FIG. 2. Effect of methylphcnidate on pressor 
responses t o  sympathomimetic amines. 

are blocked to an extent which cannot be over- 
come by administration of higher doses (Fig. 
2 ) .  Paredrine with its configuration con- 

taining HO-\ = / is the only sympathomi- 
- - 

metic amine which has a structure belonging 

in group I11 but is affected by methylpheni- 
date as are Group I1 amines (Fig. 2 ) .  No 
obvious explanation can be given for this 
seemingly anomalous occurrence. 

This differential effect of methylphenidate, a 
central nervous stimulant, on pressor amine 
responses assumes more generalized impor- 
tance with the knowledge that 3 other com- 
pounds of different primary pharmacological 
action and chemical configuration, also influ- 
ence the activity of pressor amines similarly: 

1) Fleckenstein and Bass(3) and Flecken- 
stein and Stockle(4) have shown that intra- 
venous injections of cocaine, a local anes- 
thetic, affects responses of cat nictitating 
membrane to amines in such a way as to 
create 3 classifications. They are: 1) pyro- 

catechol derivatives possessing H O - n  

which are enhanced, 2 )  intermediate sub- 

stances with \ ,-C- which are not essen- 
1 
H 

tially affected and 3 ) neurosympathicomi- 

metics containing ,-/-lC- - which are 

greatly antagonized. 
2 )  Recently 2 compounds have been shown 

to affect pressor amine responses in almost 
identical manner as methylphenidate. One is 
the anti-hypertensive agent hexahydro-l-aze- 
pinepropionamidoxime (Su-4029) demon- 
strated lby Maxwell et a2. (7). The other re- 
ported by same authors(8) is the tranquiliz- 
ing agent, reserpine. 

The degree of similarity in influence of 
these 4 drugs on pressor amine activity is very 
notable. The structures of these compounds 
and their prominent pharmacological charac- 
teristics, as yet, offer no clue as to this paral- 
lelism. 

Szmmary . Methylphenidate alters the 
pressor responses in the dog to a series of 
phenylalkylamines. The amines affected by 
this central nervous system stimulant are in- 
fluenced in such a way as to fall into 3 dis- 
tinct categories, h., 1) potentiated or not al- 

Ho, 
\=/- 

k 7  OH 
- - 

H 

- I  
H 
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tered, 2 )  reversibly blocked and 3) irreversi- 
bly blocked. The differences in structure of 
pressor phenylalkylamines comprising the 3 
groups are reviewed along with reference to 
other compounds which affect pressor action 
of these amines in a similar manner. 

Grateful acknowledgement is expressed to Dr. 
Robert A. Maxwell for his valuable advice. 
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The transport of the sodium ion across the 
frog skin is an example of active transport 
(Huf, Wills and Cooley( 1) ; Ussing and Ze- 
rahn ( 2 )  ) and requires an adequate supply of 
oxygen. Production of the necessary energy 
depends on the integrity of oxidative enzymes 
in the skin. Cass(3) has shown that high 
oxygen tensions (8-35 atmos.) inhibit carbon 
dioxide production by frog muscle, and 
Gerschman et aZ.(4) have postulated that 
high oxygen tensions, like ionizing radiation, 
damage enzyme systems, possibly by increas- 
ing the concentration of free radicles in the 
tissue. The present study was undertaken to 
see whether a high pressure of oxygen inhibits 
sodium transport in the frog skin as it does 
other vital processes. 

Method. The preparation used was essen- 
tially that described by Huf et aZ. (1). The 
skin was stripped from the hind legs of a 
frog and tied off a t  the distal ends to make 2 
bags. Each bag was suspended “inside out7’ 
from the end of a piece of glass tubing inserted 
in the neck of the bag. Well-aerated Ringer’s 
solution was introduced into the skin bag and 
the bag was completely immersed in similar 
Ringer’s solution. The levels of the 2 solu- 

tions were the same inside and out to avoid 
hydrostatic effects. The preparation from 
one leg of each frog was placed in a simulated 
bomb kept a t  room pressure and temperature 
(19 t 1OC) for 24 hours as a control and 
the skin bag from the other leg was placed for 
an equal period in the same room in a bomb 
where the pressure was elevated to 8-12 at- 
mospheres using either 100% oxygen or 2.5% 
oxygen in nitrogen. Gas was introduced 
slowly over a 20 minute period to minimize 
rise in temperature due to compression. A11 
gas that entered the bomb was passed through 
a carbon dioxide absorber to avoid depression 
of sodium transport by high carbon dioxide 
tension ( 2 ) .  The volume and sodium content 
of the Ringer’s solution in the bag was meas- 
ured at  beginning and end of experiment. The 
area of the skin was measured by placing i t  
on squared paper and counting the squares. 
Sodium analysis was carried out by flame 
photometry. The transport of sodium out of 
the bag was calculated as microequivalents 
per square centimeter per hour. ( p  eq/cm2/ 
hr.). 

Results. The itransport in each experi- 
mental preparabion was calculated as a per- 


