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have been a factor in the release of the antibiotic 
from the Volclay bentonite suspensions. 

Upon addition of an acid to bentonite suspensions, 
cation exchange occurs between the available hydro- 
gen ions of the added acid solution and the ex- 
changeable cations of the bentonite. This results 
in a pH fluctuation. The pH values of the anti- 
biotic-bentonite suspensions were determined when 
the equilibrium was established in the system, 
which was denoted by cessation of pH fluctuation. 
It appeared (Table IV) that the concentration of 
acid added to the antibiotic-Volclay bentonite 
suspensions to obtain the various pH values was 
insufficient to  change the nature of the Volclay 
bentonite to the degree of performing as a hydrogen 
bentonite. 

If equal amounts of a clay, saturated with some 
base, are treated with any given concentration of a 
chloride solution of either hTa, K, Mg, Ca, or H, 
amounts of the base which have become replaced 
are found to stand in the order of Na < I( < Mg 
< Ca < H (9). The Ca or Mg ion added to  the 

sodium bentonite-antibiotic suspension (Table V) 
may have replaced the Na ion, thereby demonstrat- 
ing the characteristics of a calcium or magnesium 
bentonite in its release of the antibiotic. The fact 
that oxytetracycline forms complexes with the Ca 
ion may prove to be a factor in the release of the 
antibiotic (10). 
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Intracerebral Injection of Neostigmine and 
Eserine in Conscious Mice* 

By THOMAS J. HALEYt 

Intracerebral injection of 0.5-1.0 pg. of neostigmine or eserine in the conscious 
mouse causes the following effects: tachypnea followed by bradypnea, piloerection, 
lacrimation, salivation, exophthalmos, micturition, defecation, muscle spasms and 
tremors, loss of control of the fore limbs and generalized depression. The  central 

sites of action producing these peripheral effects are discussed. 

ELDBERG AND SHERWOOD (1) observed scratch- 
Fing; changes in  stance, gait and posture; a n  
alteration of awareness and stupor with signs of 
catatonia in conscious cats receiving intraventri- 
cular injections of eserine and diisopropyl fluoro- 
phosphonate. Inasmuch as i t  had been possible 
t o  duplicate Feldberg and Shenvood's (2) early 
work on cats using intracerebral injections in 
conscious mice (3), experiments were initiated 
to  determine the type of response that could be 
obtained with the cholinesterase inhibitor, neo- 
stigmine, and compare it with eserine. 

* Received October 12, 1956, from the Division of Pharma- 
cology and Toxicology, Atomic Energy Project, University 
of California a t  Los Angeles. 

This article is based on work performed under Contract 
No. AT-04-1-GEN-12 between the Atomic Energy Com- 
mission and the University of California a t  Los Angeles. t Chief of the Division of Pharmacology and Toxicology, 
Atomic Energy Project, University of California a t  Los 
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EXPERIMENTAL 

Fifty adult mice, weighing 20-25 Gm., were re- 
strained and direct intracerebral injections were 
made according to the technique described previ- 
ously (3). Neostigmine methyl bromine or eserine 
sulfate in 0.9% sodium chloride solution was in- 
jected in a total volume of 0.05 ml. All doses refer 
to  the salts. Control animals received a similar 
injection of 0.9 per cent sodium chloride solution. 

RESULTS 

Immediately after intracerebral injection of 0.5 
pg. of neostigmine, the respiration accelerated, then 
slowed. There was piloerection, lacrimation, mic- 
turition, and defecation. Generalized muscle spasms 
and tremors with alternating loss of control of 
forelegs, washing of the face and scratching followed. 
A state of depression lasting one to  two hours was 
observed next. When the dose was increased to 
1 pg. these additional effects were noted: a "ques- 
tion mark" tail, salivation, and exophthalmos. 
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Muscle spasms of the extensor variety occurred while 
the forelegs were flaccid and extended rearward under 
the animal (Fig. 1). At other times the mice would 
sit up with forelegs hanging free, the hind legs 
were spread widely apart to  maintain balance and 
the head and neck were hunched over. At this 
time the animals had extensive muscle tremors. 
When the animals relaxed after such episodes, they 
rested part of their body weight on the first joint of 
the forelegs with their paws bent backward (Fig. 2). 
Death occurred within six minutes in 80% of the 
animals receiving the high dose; all the other ani- 
mals survived and showed no external evidence of 
damage 24 hours later. 

Fig. 1.-Mouse after 0.5 pg. of neostigmine, 
Note position of forelegs in relation intracerebrally. 

to hind legs. 

The results with eserine were identical with those 
obtained with neostigmine, but in addition, there 
were running movements and alternating clonic 
and tonic seizures at the I-pg. dose. When the 
animals assumed the hunched-over position, they 
crossed their forelegs and upon relaxation rested 
on the plantar surface of their feet rather than on 
the first joint. Twenty per cent of each group died, 
but the survivors showed no residual effects 24 
hours later. 

None of the above effects were observed in control 
animals receiving the saline injection. Immediately 
after injection the animals remained quiet for one 
minute then resumed their pre-injection activity. 
There were no residual or detrimental effects from 
the procedure. 

DISCUSSION 

The effects observed in mice after intracerebral 
injection of neostigmine and eserine were almost iden- 
tical with those reported by Feldberg and Sherwood 
(1) for cats receiving eserine or diisopropyl fluoro- 
phosphonate. Whether itching actually occurs in 
the mouse is difficult to ascertain, but after the 
intracerebral injection the animals did scratch 
themselves in the same manner that they do when 
irritated locally on the skin. The action certainly 
was centrally induced because intravenous doses 
five times larger did not produce this effect. Koen- 
igstein (4, 5 )  showed that intracisternal eserine and 
morphine elicit itching in animals and apparently 
the main site of action is in the distal part of the 
floor of the fourth ventricle. The changes in motor 
activity and the unnatural positions assumed by 

the mice are quite similar t o  catatonia in cats ob- 
served by Bailey (6) after midbrain lesions. Defeca- 
tion may be a peripheral effect resulting from motor 
activity of the animals, but Kuntz (7) feels that 
present evidence suggests a defecatisn center in the 
medulla oblongata while Sheenan (8) related such 
action to the pre- and supra-optic nuclear areas of 
the hypothalamus. Uvnas (9) has related micturi- 
tion to  certain areas in the hypothalamus while 
Grossman and Wang (10) reported that the pre- 
optic area, the septum pellucidum, the medial and 
lateral hypothalamus, the central gray matter and 
the area about the central tegmental fasciculus in 
the midbrain were involved in bladder contraction. 
The changes in respiration are probably due to  
action on the respiratory centers in the medulla 
oblongata. Furstenberg and Crosby (11) have re- 
lated salivation to stimulation of the pre-optic hypo- 
thalamus, but the salivatory nuclei may also be 
involved. Fulton (12) has related piloerection to 
stimulation of the lateral hypothalamic areas par- 
ticularly the medial nuclei. However, the premotor 

Fig. 2.-Effect of 0.5 pg. of neostigmine on body 
Animal rests on first joint positioning of mouse. 

of forelegs. 

area of the cerebral cortex may also be involved 
in piloerection (Kuntz, 13). Lacrimation has been 
related to area 8 of the cerebral cortex (Bechterew 
and Mislawski, 14). Such effects on the premotor 
cortex may be brought about by stimulation of 
the parasympathetic centers in the anterior hypo- 
thalamus. Furthermore, the lacrimal gland may 
be activated by impulses from the mammillary 
body to the nucleus of the facial nerve in the 
brain stem. Alexander (15) has related tremors to 
effects on the globus pallidus and substantia nigra 
with impulses going to area 4 of the cerebral cortex. 
However, the dentate nucleus as well as the lobulus 
ansiformis of the cerebellum could be involved in 
the tremor produced by neostigmine and eserine. 
WalIer (16) has shown that the locomotor point for 
running movements is in Forel’s field a t  the level 
of the subthalamic decussation, dorsal to the mam- 
millary body near the subthalamic body of Luys. 
This area could be reached by the drugs and account 
for the running movements seen. 

All of the above possible sites of central activity 
of neostigmine and eserine could be reached by the 
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drug after intracerebral injection because the tech- 
nique used allows introduction into the ventricular 

via the foramina. Intraneuronal connections must 
also play a part in activating centers remote from 
the site of injection. 

JOURNAL OF THE AMERICAN PHARMACEUTICAL ASSOCIATION Vol. XLVI, No. 4 

, (li:i)f(oenigstein, H., Arch. Dermatol. and Syphilol.,  57, 

(6) Bailey. P., J .  Nervous Mental Disease, 107,336(1948). 
(7) Kuntz, A., “The Autonomic Nervous System,” 4th 

(8) Sheenan, D., Research Ptcbls., A S S O C .  Research N C ~ . .  
system as as to the subarachnoid space ed., Lea & Febiger, Philadelphia, Penna., 1953, p. 237. 

~ 0 ~ s  Mental Disease, 2% 589(1940). 

Mcd.  28 285(1955 56). 

(9) Uvnas, B., Proc. SOC. E z p f l .  Biol. Med. ,  64, 181(1947). 
(10) Grossman, R. G., and Wang, S. C., Yale J .  Biol .  and 

( l i )  Gurstenberk, A. C.. and Crosby, E., A n a .  Otol. Rhinol. 

(12) Fulton J. F., “Physiology of the Nervous System,” 

488( 1954). (13) Kuntz, A,, “The Autonomic Nervous System, 4th 

(1954). (14) Bechterew. W. von, and Mislawski, N. van, Netcrol. 

col., in press. ( i5) ’Alexander, L., Research Pubis., Assoc. Reseavch Nrr-  

l(1939). (16) Waller, W. H., J .  Nrurophysiol.,  3 ,  300(1940). 

REFERENCES & Laryngol., 54, 243(1945). 

(1) Feldberg, W., and Sherwood, S. L., J. Physiol.,  125, 

(2) Feldberg, W., and Sherwood, S. I,,, i b id . ,  123, 148 

(3) Haley, T. J., and McC!ormick, W. G., Bri t .  J. Phartna- Zbl .  5 193f1886). 

(4) Koenigstein. H.. Arch. intern. pharnmcodynamic, 6 2 ,  

3rd ed., Oxforh University Press, New York, 1951, p. 252. 

ed., Lea & Febiger, Philadelphia, Penna., 1953, p. 312. 

wous Mental Disease, 21, 77(1942). 

Stabilization of Ethiodol Emulsion 
Intravenous Administration* 

By F. S. HOM,t J. AUTIAN, A. N. MARTIN, J. EDWARD 
J. GEORGE TEPLICK 

for 

BERK, and 

A study was conducted to prepare a stable Ethiodol emulsion for intravenous ad- 
ministration which may be utilized as a contrast medium to visualize the liver and 
splekm. Because Ethiodol is an oil-like substance having a specific gravity greater 
than water, the stabilization problem is more acute. A number of emulsifiers and 
stabilizing agents were utilized in order to prepare an o/w emulsion which would 
remain stable for a reasonable period of time and possess the particle size necessary 
for intravenous administration. Using polyoxyethylene sorbitan monooleatel and 
sorbitan monooleate’ a stable emulsion was formed with the aid of a two-stage 

laboratory homogenizer. 

HE SUCCESSFUL APPLICATION of Ethiodo12 
by Palmer (1) for use in hysterosalping- 

ography has created interest in this contrast 
medium for other diagnostic studies such as 
hepatolienography. Teplick and Berk (2) have 
suggested an emulsion form of Ethiodol to be 
administered intravenously for the radiopaque 
visualization of the liver and spleen. 

Ethiodol is an ethyl ester of iodinated fatty 
acid of poppyseed oil containing 37 per cent 
organically bound iodine. The oil is amber- 

* Received April 13, 1956, from Pharmaceutical Research 
Laboratory, Temple University School of Pharmacy, Phila- 
delphia, Pa. 

Presented to  the Scientific Section, A. PR. A,, Detroit 
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1 Products of Atlas Powder Co., Wilmington, Del. Tween@ 
80-polyoxyethylene sorbitan monooleate; Span@ 8 6  
sorbitan monooleate. 

3 Trademark name of the E. Fougera & Co. Inc.. New 
York, N. Y. for a very fluid contrast medium: It differs 
from “Lipiodol” (brand name by Fougera for Iodized Oil 
U. S .  P.) in that  the Ethiodol is the ethyl ester of iodinated 
fat ty  acid of poppyseed oil. Ethiodol differs from iodized 
oil by i ts  extreme fluidity as compared to the very viscous 
nature of the iodized oil. For further clarification on nomen- 
clature the reader is referred to reference (1). 

colored, is extremely fluid, and has a specific 
gravity of 1.28. 

Oils for intravenous administration present 
certain problems. It is desirable to use an o/w 
emulsion for such materials. The emulsion must 
be prepared in such a manner that a free flowing 
product having a mean particle size of less than 
four microns is produced (3). The particle size 
distribution must not change during storage and 
the finished product must be sterile and com- 
patible with blood. 

This project is divided into three parts covering 
the pharmaceutical aspects, the toxicity studies, 
and clinical trials. This paper is limited to the 
pharmaceutical aspects of the problem. The 
toxicity studies and clinical trials will be pub- 
lished elsewhere. 

EXPERIMENTAL 

The Use of Sorbitan Esters as Emulsifying 
Agents.-Griffin’s (4) method of assigning HLB 
values to surface-active agents was used to deter- 




