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Pooled rabbit serum containing atropinesterase, pooled rabbit serum lacking 
atropinesterase, and pooled goat serum were tested for their effect on some phar- 
macological parameters of atropine and related compounds. Pooled goat serum 
was found to  contain a previously undescribed enzymatic activity o n  certain of the 
effects of these compounds. These activities were compared to  those of the rabbit 

sera. White male mice were used as the test animal. 

SURVEY OF the literature reveals no refereucr A to any protectivc mechanism of the goat against 
atropine. Even in the folklore of ancient medicine, 
whcre there was midcspread belief in the thcrappeutic 
powers of different parts of the goat’s body, no indi- 
catiou of natural resistance of the goat to atropinc, 
atropine-containing plants, or any atropine-related 
compounds is found (1). 

Metabolic degradation of atropine has been 
studied in several species, including the mouse 
(2-4), rat, kitten, guinea pig ( 5 ) ,  dog (6), and rabbit. 
The most extensive studies have been performed oil 
rabbits, where a geuetically inherited enzymc, atro- 
pincsterase, has been credited with the ability to 
impart resistance to the pharmacological cff ects 
of administered atropine in those rabbits containing 
the enzyme. Atropinesterase from rabbit serum 
has recently been purified and cliaractcrized by 
Margolis and Feigelson (7). 

This paper presents evideiice for thc existence of a 
hitherto unreported atropine-degrading enzyme, 
present in pooled goat serum, which differs from 
atropinesterase in that it has no esterase activity. 

MATERIALS A N D  METHODS 

Chemicals.-Atropine sulfate (Merck and Co.), 
hyoscyamiiie sulfate (Nutritional Biochemicals), 
tropic acid (Nutritional Biochemicals), and liopine 
(K  & K Laboratories) were all commercial products. 
Tropine was purified by vacuum distillation in this 
laboratory. 

Sera.-Stcrile pooled rabbit serum, no preserva- 
tive, was obtained from Courtland Laboratorics 
and Baltimore Biological Laboratories. Sterile, 
pooled, goat serum, no preservative, was obtained 
from Colorado Serum Co. 

Eye Assay.-A modification of the method of 
Pulewka (8) was used. White, male, Swiss mice 
were used as the test animal. Initial pupil di- 
ameter, under the direct light of an 18-w. microscopc 
maintained 10 cm. from the mouse eye, was ob- 
tained using an American Optical binocular micro- 
scope fitted with an ocular scale. Animals then 
received an intrapei-itoneal injection of 0.5 ml. of 
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serum, followed by 0.2ml. of atropine or hyoscyamine 
solution by the same route. Each ariiinal received a 
total dose of 2 mcg. of thc desired alkaloid, with 
stated exceptions. Pupil diameter W L L S  followed a t  
5-miii. intervals until a maximum dilation was ob- 
tained. Maximum pupil diameter increase, in 
arbitrary units, was calculatd, and the data sub- 
jected to a t test (9) for signilicance. Coutrol 
animals received 0.5 ml. of water, followed by 0.2 
ml. of alkaloidal solution. 

Median Lethal Dose Determinations.-White, 
male, Swiss mice, 11-12 Gm. in weight, were ran- 
domized into five groups of 10 mice each. Each 
group was subjectcd to a different dose level, the 
per cent kills obtaiued for each group, and the re- 
sults analyzed by probit analysis after the method 
of De Beer (10). 

Toxicity Studies.-Mice in the test group re- 
ceived 0.8 ml. of serum, followed immediately by 
0.2 ml. of the alkaloidal solution, containing a dose 
of alkaloid a t  the LDsa level. Thc control group 
received 0.8 nil. of water, followed immediately by 
0.2 ml. of the alkaloidal solution. The total number 
of kills was obtained for each group, and the rcsults 
tested for significance, using the x2 method of Batson 
(11). 911 injections were intraperitoncal. 

Esterase Activity.-Warburg respirometer an- 
alyses were run on 2.5-ml. react.ion mixtures, 0.04 M 
in phosphate, 0.04 M in bicarbonate, containing 
1% of atropine free basc and 20% serum, at an 
initial pH of ‘7.8. Carbon dioxide production, 
indicating the hydrolysis of atropine to tropic acid 
and tropitie, was used as the criterion for csterase 
activity (12). 

RESULTS ANT) DISCUSSION 

111 a prelituirlary :ittempt to cotriparc the effcct of 
esterase-containing and csterase-deficient rabbit 
seruiri, and goat se r~ tn ,  on the pharmacological 
:kction of atropine, thc authors eirtployed two pnram- 
ctrrs: inydriatic response and gross toxicity. 

Thr prescncr or absence of esterase activity was 
determined by W:irbtirg st.iidic.s. Substantial car- 
bon dioxide protluction was obsrrved iti the case of 
Courtland rabbit serum, but not with Baltimore 
rabbit serum or goat serum. 0 1 1  this basis, Court- 
land serum was judged to coritairi atropincsterase, 
and the latter two sera mere classified its lacking the 
enzyme. 

LDSo studies (Table I )  show the relative toxicities 
of atropine and its componcnts. Atropine, the 
racemate, atid hyoscyamine, the lcvorotatory iso- 
mer, were found to  be nearly equal in toxicity, atro- 
pine being somewhat more toxic. These results 
arc in agreement with Buckett’s observation (13) 
that, in white mice, the two isomers possess equal 
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TABLE I.--MEDIAN LETHAL DOSES FOR THE 
COMPOUNDS STUDIED" 

-___- .~___ 

9.57, Confidence 
Compd. I.Dso, mg./Kg.  l imits  of LDra 

Atropine sulfate 180 364-198 mg./Kg. 
Hyoscyaminc 

sulfate 210 181-244 mg./Kg. 
Tropine sulfate ,550 490-616 nig./Kg. 
Tropic acid 

(sodium salt) Nontoxicb . . .  
___- " Median lethal dose and confidence limits were determined * No deaths were observed by the method of JJe Beer (10). 

at maximum dosages of 1500 mg./Kg. 

T A B L E  II.-pROTECTIO€i O F  SERA AGAINST T H E  
LETHALITY OF ATROPINE SULFATE 

. ~~ 

Serum Effect 
Coat Protection 16.16 
Esterase positive 

rabbit Protection 13.00 
Esterase negative 

rabbit Protection 5.12 

J o m d  of Pharmaceufical Sciences 

is obvious that protection, while i t  may be a partial 
function of atropinesterase in Courtland serum, 
cannot be a function of esterase activity in the other 
sera. 

Tropine, the alcohol portion of the ester, ex- 
hibited lesser toxicity than the parent compound. 
Goat serum and esterase-lacking rabbit serum 
were found to protect significantly against its toxic- 
ity (Table 111). Since there are no ester links in 
this alkaloid, additional evidence is afforded that 
protection is due to something other than an es- 
terase. There is an implied association, even in 
sera that contain atropinesterase, of protective ac- 
tion and ability to  degrade or alter the tropine 
moicty. 

The toxic effects of liyoscyarnine were unmitigated 
by all three sera, hence, the protection is stereo- 
specific and involves the dextrorotatory isomer 
(Table IV). This finding the authors regard as 
most significant. Atropinesterase is claimed to be 
specific for the levorotatory isomer (14), and if 
protection had been a function of hydrolysis, it 
would have been observed in the case of the pure 
substrate. This finding also eliminates the possibil- 
ity that protection is due to serum binding of the ad- 
ministered drug. If this were the mechanism, the 
enzyme would have bound the natural substrate, 
the lcvorotatory isomer, just as much if not more 
so, as the racemic mixture of isomers. 

Alteration of mydriasis showed both rabbit sera 
to  significantly decrease the amount of mydriasis 
caused by an injected dose of atropine (Table V), 
again pointing to some activity other than enzy- 
matic hydrolysis. Goat sernm had no effect on 
mydriatic activity. 

Critical values for x': 5Yu = 3.84, 1% = 6.64, O.l'% = 
10.83. 

potencies a t  toxic levels. The authors observed 
that, upon standing in the laboratory, solutions of 
hyoscyamine appear to change in toxicity. A 
solution of hyoscyaminc was followed for several 
hours using a polarimeter. without changc in optical 
rotation. Thcrrfore, racemization does not seem 
to be a possible explanation for the sometimes 
niarkrdly different responses that werc obtained 
from hyoscyatn ine. 

Tropine was found to be about one-third as toxic 
as atropine, arid tropic acid was found to be nontoxic. 
Therefore, thc hydrolysis of atropine by those ani- 
mals containing atropinesterase could servc as a 
protective mcchanism against the lethality of atro 
pine. 

Hydrogen-ion concentration was not a factor in 
the toxicity of the injected drug. Atropine sulfate 
and hyoscyaminc sulfate solutions have a pH of 
5.5, and intraperitorieal injections of dilute solutions 
of sulfuric acid of the same pH caused no deaths or 
apparent discomforts in injected mice. Tropiiie 
solutions were too basic to be used as such, and were 
adjusted to  pH 7.0 with dilute sulfuric acid. Tropic 
acid, in the acid form, is only very slightly solublc 
in water, This compound was administered as the 
sodium salt, pH 7.0, to solubilize enough of the 
tropic acid anion to permit toxicity studies. 

When dose-response curves were run for mydriatic 
activity, the curves for hyoscyamine and atropine 
were indistinguishable from one another. Sub- 
jection of the data to a l test disclosed no significant 
difference in the mydriatic action of atropine and 
hyoscyaminc in male, white mice. These findings 
are in disagreement with Buckett's (13) observation 
that the levorotatory isomer is 29 times as niydri- 
atically potent as the dextrorotatory isomer. 
though Buckctt also used the mouse as the test 
animal, he employed subcutaneous or intravenous 
injections, while this laboratory employcd the intra- 
peritoneal route. 

All three sera tested wcre found to  protect against 
the lethality of atropine (Table 11). Since esterase 
activity was present in only the Courtland serum, it 

A1 

TABLE III.---PROTECTION OF SERA AGAINST THE 
1,ETHALlTV OF TROPINE SULFATE 

_ _ - ~  
Serum Effect x2.a 

Goat Protection 5.72 
Esterase positive 

rabbit Kot run . . .  
Estcrasc negative 

rabbit Protection 6.37  

Critical values for x*: 5% = 3-84, 1 %  = 6.64. 

TABLE IV.--PROTECTION OF SERA AGAINST THE 
LETHALITY OF HYOSCYAMINE SULEATE 

Serum Effect x2.a 

Goat None 1.41 
Estcrasc positive 

rabbit None 0.06 
Estcrase negative 

rabbit None . . .  
~- 

a Critical values of x?:  50% = 0.455, 5% = 8.84. 

TABLE V.-PROTECTION OF SERA AGAINST T H E  
MYDRIATIC ACTION OF ATROPINE SULFATE 

Serum Effect t-Testa 
Goat None 1.1 
Esterase positive 

Esterase negative 
rabbit Protccts 8 .02  

rabbit Protects 5.67 
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Freezing Point Curve of Dimethyl Sulfoxide-Water Solutions 
By RUTH N. HAVEMEYER* 

The apparent freezing points have been determined for solutions of dimethyl sulfox- 
ide and water. Several of the samples exhibited increasing viscosity as they were 
cooled and, at their solidification points, formed amorphous glasses rather than 
crystalline solids. It is proposed that these glasses form because of a modified lattice 
structure built of dimethyl sulfoxide and water molecules. The eutectic composition 

occurs in the region of 0.3 M dimethyl sulfoxide. 

IMETHYL SULFOXIDE (DMSO) has been used for D many years as a solvent and a reaction 
medium. It will dissolve many inorganic salts and 
most classes of organic compounds. As a reaction 
medium i t  has been found to increase greatly the 
rates of many reactions beyond what would be 
expected (1). I t  also possesses a number of other 
unusual propcrties: a high dielectric constant for 
an aprotic solvent (2), miscibility with most organic 
solvents, a high hcat of mixing with water (3), and a 
volume contraction when mixed with water (3).  
DMSO has also found use as a prescrvativc and 
freezing medium for biological tissues (4). It has 
been found in this laboratory that DMSO will 
greatly lower the freezing point of water. This 
paper reports on the cryoscopic properties of 
DMSO-water solutions. 

EXPERIMENTAL 
I .  1 wo sets of equipment were employed-one for 

those samples freezing abovc - 40" and one for those 
frcczing below. For the higher freezing solutions, 
the apparatus used for measuring the teniperaturr 
was a copper-coustantin thermocouple connected to 
a Westronics strip chart rccordcr. The recorder 
has a working range of -40' to +180° (or -1.46 
to f8.24 mv.), with an accuracy of 3~0.5". The 
cooling chamber was a Dewar flask (12.3 cm. i.d.) 
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velopment, Syntex Laboratories, Palo Alto, Calif. 

containing the dry ice-glycol ether' cooling fluid 
(temperature about - 75°).a about  21111. ofa DMSO- 
watcr solution was placed in a 7.5  X 1 cm. glass test 
tube. The thermometric probe was threaded 
through a cork stopper in the test tubc and 
positioned iu the center of the liquid. This as- 
sembly was immersed in thc cooling bath inter- 
mittently, to avoid supercooling, until thc contents 
of the tcst tube had frozen. Thc assembly was then 
suspended from a clamp and allowed to warm at  
room temperature until the transition from solid to 
liquid was compkte. The freezing point (melting 
point) o f  the mixture was taken as the point of in- 
flection on the time-temperature curvc. 

For those samples with a freezing point below 
-40'. the equipment used was the Linde RF-3 hio- 
logical freezer. This is a tontrolIed rate freezer 
that uses liquid nitrogen as the cooling medium. A 
differential copper-constantin thermocouple probe 
is used to monitor the temperature diffcrcnce be- 
tween the sample and the cooling chamber. This 
temperature diffrrmce produces a millivolt signal, 
which is balanced against the controller voltage set 
to the desired temperature differential. As a result 
of  the continuous comparison of these two voltages, 
liquid nit.rogen is fed into t h e  freezing chamber as 
needed, through a solenoid valvc that is actuated by 
the controller. Thus, the freezing rate is established 
and maintained. After the conclusion of a particular 
freezing opcration the sample vial< are rcmoved, the 

' Marketed as Dowonol 33B by Dow Chemical Co., Mid- 
laud, Mich. 

2 Determined with a copper-constantin thermncouple atid 
a Brown-Honeywell potentiometer. 
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