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Figure 11. Maximum alert time Z~scores (N=4) as a function of

benactyzine dose and time (session).
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Figure 12. Maximum fire time Z-scores (N=4) as a function of
benactyzine dose and time (session).
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DISCUSSION

The behavioral responses of 4 Macaca mulatta tc 4 different doses
of benactyzine (0.054, 0.17, 0.54, and 1.7 mg/kg) have been described.
The average time within normal (a=0.05, P=0.95) simultaneous tolerance
limits was inversely proportional to the administered doses. Adjusted
RMS and alert times exhibited the greatest incidence of change in perfor-
mance. An ordering of doses was readily apparent in the adjusted RMS
metric with decreasing control of the equilibrium platform as benactyzine
dose increased. It also appeared in fire reaction times which grew with
dose. On an average case basis, the greatest effects were noted in
adjusted RMS and fire time Z-scores during the first half-hour post-
injection. Mean Z-scores returned to normal levels by session 3 while
mean alert time Z-scores were normal throughout the 6-session run. On
a worst case (maximum Z-score) basis, behavioral recovery times were
longer. Maximum adjusted RMS Z-scores took 1 hour to return to normal
levels while maximum alert and fire times did not return to normal ranges
during the 2 1/2-hour postinjection test period.

For the discrete tasks, these findings must be tempered with the
observation that although reaction times were lengthened, average response
accuracy never went below 93% (as seen in Table 3). We must also caution
the reader that an experiment with an n as small as 4 is at best sugges-
tive of what can happen. Larger sample sizes are needed to maximize the
chance of finding significant dose effects. They are also needed along
with drug testing at more doses to give better definition to the shape
~f any response curve constructed. Preliminary examination of the 4
Joses tested suggests that the composite score vs dose is exponential
with R2=,996 and that the 91.5 percent composite score of normal behavior
at 0.17 mg/kg in Figure 3 represents a decrease in performance.

The findings in this study are in general agreement with the
published results of Larsen (5) and Coady and Jewesbury (2). These
investigators report minimal performance decrements in people exposed to
2 mg of benactyzine. If one assumes these people were of average (75 kq)
weight, then this dose represents 0.0267 mg/kg. The Yugoslavian study
(10 mg benactyzine plus 1 mg pralidoxime) represents a benactyzine dose
of 0.133 mg/kg if we make the same 75 kg human weight assumption. Their
conclusions of poor ability to aim a rifle and poor ability to run an
obstacle course are consistent with the primate data at the .17 mg/kg
dose. It is possible that the Macaca mulatta is less sensitive to
anticholinergics such as benactyzine, and it is possible that other
more sensitive measures may illuminate subtle effects in nonhuman
behavior at doses lower than those reported in this study.

It was concluded that 1.7 mg/kg is a debilitating dose of benacty-
zine in this species, and the maximum sign-free dose is near the minimum
of 0.054 mg/kg dose examined in this report. These conclusions are pre-
sented based on this 4-monkey experiment and it is acknowledged that
larger sample sizes are required to identify either a precise maximum
sign-free dose, or a precise dose-response curve for benactyzine.

22




lo.

11.

12.

13.

14,

REFERENCES

Barnes, D. J. Research with the Primate Equilibrium Platform in a
radiation environment. SAM-TR-68-81, Aug 1968.

Coady, A., and E. Jewesbury. A clinical trial of Benactyzine
Hydrochloride ("Suavitil") as a physical relaxant. Brit Med J
1:485-487 (1956).

Duncan, D. B. Multiple range and multiple F tests. Biometrics
11:1-42 (1955).

Hess, G., and E. Jacobsen. The influence of Benactyzine on reaction
time. Acta Pharmacol Toxicol 13:135-141 (1957).

Larsen, V. The general pharmacology of Benzilic acid, Diethylamino-
ethylester Hydrochloride (Benactyzine NFN, Suavitil R, Parasan R).
Acta Pharmacol Toxicol 11:405-420 (1955).

Leopold, I. H. Ocular cholinesterase and cholinesterase inhibitors.
Am J Ophthalmol 51:885-919 (1961).

Rahe, A. J. On two sided confidence and tolerance limits for normal
distributions. M.S. Dissertation, Virginia Polytechnical Institute,
1967.

Revzin, A. M. Effects of organophosphate pesticides and other drugs
on subcortical mechanisms of visual integration. Aviat Space
Environ Med 47:627-629 (1976).

Smith, P. W., W. B. Stavinoha, and L. C. Ryan. Cholinesterase inhibi-
tion in relation to fitness to fly. Aerospace Med 39 :754 (1968).

Tukey, J. W. Answer to query 1123. Biometrics 11:111-113 (1955).

Upholt, W. M., et al. Visual effects accompanying TEPP induced
miosis. Arch Ophthalmol 56:128-154 (1956) .

Vojvodic, V.,et al. Effects of a mixture of Atropine, Benactyzine,
and Pralidoxime on the body and on certain of the elements of the
fighting qualities of people - volunteers. Vojnosanitetski
Pregled 29(3):103-107 (1972).

Woods, W., et al. Implication of organophosphate pesticide poison-
ing in the plane crash of a duster pilot. Aerospace Med 42:1111
(1971) .

Yochmowitz, M. G., et'al. New metrics for the primate equilibrium
platform. Percept Mot Skills 45:227-234 (1977).

23




-——v

15. Yochmowitz, M. G., and G. C. Brown.

Performance in a 12-hour, 300-

rad profile. Aviat Space Environ Med 48(3) :241-247 (1977).

16. Yochmowitz, M. G., et al. Protracted radiation stressed primate per-
formance. Aviat Space Environ Med 48(7) :598-606 (1977).

24

#rU.S. GOVERNMENT PRINTING OFFICE: 1979~ 671-056/78




