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Summary 

The effect of I-deprenyl on longevity was examined m male Fischer rats 
Subcutaneous rejections of either Iodeprenyl (0 25 mg/kg) or sahne were 
g~ven every other day starting at 23 to 25 months of age The 
deprenyl-treated animals showed a szgnff~cant increase m both mean and 
maximum survival The differences were largest m the longest surv~wng 
ammals, suggesting that an ead~er onset for treatment may be beneficial 
Analysis of body weights ruled out deprenyl-induced dietary restnctlon as 
an explanation for the group d~fferences m survival To the contrary, 
after about four months of treatment, the ammals on I-deprenyl showed 
a slower rate of decrease m body weight than the controls 

L-deprenyl is a selectwe monoamme oxldase B (MAO-B) mh~bator which is 
widely used as an adjunct in the treatment of Parkinson's d~sease Until recently, the 
primary clinical benefit was thought to be an augmentation of the response to I-dopa 
(1) It Js now known, however, that I-deprenyl also slows the development of severe 
motor symptoms (2) and prolongs the hfespan of patients being treated wtth I-dopa (3) 
It has been hypothesized that these effects are a result of slower degeneration of the 
mgrostnatal dopamme system, possibly due to the protectwe effects of I-deprenyl 
against toxic bi-products of MAO medmted metabolism (4,5) This hypothesis is 
consistent w~th ewdence that I-deprenyl can counteract (4,6) the neurotox~c effects of 
1-methyl-4-phenyl-l,2,3,6-tetrahydropyndme, a drug which can reduce Parkmson-hke 
symptoms and brain damage (7) 

The suggestion that long-term administration of I-deprenyl delays degeneratmon 
of the mgrostnatal dopamme system has prompted speculation that I-deprenyl may 
also have apphcab~hty to normal aging Both dopamme levels and levels of dopamme 
type 2 receptor binding are known to decrease dunng aging (8) Since these 
processes reflect a detenoratJon of brain dopamine systems, Jt was hypothes0zed that 
I-deprenyl might also be able to delay brain aging (5) In support of this hypothesis, 
Knoll, Dallo & Yen (9) reported a sJgnlficant increase in hfespan in rats injected with 
I-deprenyl three t~mes weekly starting at 24 months of age Indeed, they found that 
the first death ~n the deprenyl group occurred almost two months after the last death 
of the control animals Further, the authors observed an increase m sexual actJwty 
m the deprenyl-treated rats These results were attributed to I-deprenyl prowdmg 
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protect=on of the n=grostnatal dopamme system Unfortunately, neither food retake nor 
body weights were reported, and it could not be estabhshed whether maintenance on 
I-deprenyl decreased calonc retake, which is known to prolong survival (10) 

The present work was part of a larger mvestigahon into the effects of I-deprenyl 
on brain aging Here, we report an analys=s of the effects of deprenyl on surv=val =n 
two expenments whach used death of the subjects as the endpomt 

Methods 

Subjects were male Fischer 344 rats obtained from Harlan Sprague Dawley 
breeding farms mn two batches at ages 21-22 months and 22-23 months In the first 
experiment, 62 animals from the first batch were randomly assigned to e~ther a 
deprenyl (N=31) or control group (N=31) at 24 to 25 months of age, three months 
after the animals had been received from the breeding farm Blood samples were 
taken from these an=mals at the start of the experiment and again after 3 months, 
the ammals were not subjected to any other experimental procedures The serum 
chemistries were blindly analyzed by a commercial laboratory (Vita Tech Canada) 
From each sample, blood concentrat=ons were determined for A/G rat=o, albumin, 
b=hrubin, blood urea n=trogen (BUN), creatmme, glucose, total protein, SGOT and 
SGPT 

Seventy animals (35 deprenyl and 35 controls randomly assigned from the 
second batch) were used in the second expenment, wh=ch started when the animals 
were between 23 and 24 months of age, 30 days after the ammals had been rece=ved 
These an=mals were tested bimonthly for sexual behawor and monthly for locomotor 
activity and sensory-motor abihtzes The results of the behavioral testing w~ll be 
reported elsewhere 

L-deprenyl was dissolved in physiolog=cal saline and a 0 25% solution was 
prepared and rejected subcutaneously us=ng a dose of 0 25 mg/kg on every other day 
The controls were injected with an equivalent volume of physiological saline The drug 
dosage and route of admm=strat~on were the same as used by Knoll, Dallo & Yen (9) 
and has prewously been found to be effect=ve =n enhancing actw=ty of the n=grostnatal 
system (11) The endpomt of both expenments was morbid=ty or death In some 
instances ammals were sacnficed because of pers=stent stress or d~scomfort due to the 
growth of tumors These ammals were assumed to have died naturally and were 
included m the analys~s of the data At death, necrops=es were performed The hver, 
spleen, heart, lungs, thymus, prostate, pituitary, adrenals, kidney, and testes were 
removed, wezghed and fixed tn formahn Determination of cause of death was based 
pnmanly on the results of the necropsles This reformation was supplemented by the 
results of the serum b=ochem~stnes =n expenment 1 

Results 

In the analys=s of longevity, ammals were ass=gned a score equal to the=r 
survwal m days following the start of treatment The results include data from 5 
animals, 4 from the deprenyl and one from the saline group wh=ch were sacr=ficed 
because of tumors Exclusion of these animals from the study would not have 
changed the s=gnlficance of the results The d=stnbut~ons of survival t~mes for both 
expenments were found not to dewate s=gmficantly from normahty using a 
Kolmogorov-Sm=rnov test for goodness of fit Furthermore, there was no censonng of 
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data, since all subjects completed the study We therefore used the student's t-test 
for group comparisons 

We first compared the mean survwal times between the two experiments and 
found no s=gnffscant d=fference (p= 457) Consequently, the data from the two 
experiments were pooled for subsequent compansons The results are summanzed 
=n Table I As a group, the deprenyl-treated animals survived sJgmficantly longer than 
d=d the controls Th=s effect was largely due to d=fferences =n the longest survwmg 
ammals, as indicated by the magnitude of the difference between groups in maximum 
(90th percentile) survival 

In the majonty of cases, death could not be attributed to a single factor For 
example, many anzmals had tumors, and hver and kidney problems The data are 
summanzed m Table II and do not reveal any swgnificant differences between groups 

TABLE I 

Effect of L-Deprenyl on Three Measures of Survival in Male Fischer Rats 

Group Mean Maximum 3 Longest Surviving 
(90th Percentale) 

Survival Survwal Animal 

Control (N--66) 114 7 + 7 71 (N=7) 212 1 + 8 92 251 
Deprenyl (N=66) 133 7 + 8 3 (N=7) 248 4 + 11 7 315 

Scores represent means + SEM m days following the start of the expenment 
1Deprenyl treated rats were sigmficantly different from controls (P= 048) using a one 
taded test 
2Difference between groups was slgmficant (P= 015) using a one tailed test 
3Maximum survival refers to the mean of the longest survwmg 10% of the animals 
as defined by Wemdruch and Walford (10) 

TABLE II 

Probable Causes of Death 

Multiple 
Factors Tumor Renal L~ver Other* 

Controls GR 35 15 16 1 0 
Deprenyl Group 31 15 11 6 3 

* GI tract, Cardiovascular 

The serum b~ochemJstry data are shown in Table III The only measure 
significantly affected by I-deprenyl was BUN which was h~gher m the control group at 
the 3 month test 
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Body weights were recorded on alternate days The analys=s of the data was 
based on the mean body weights over successive 8 day penods Standard analysis 
of variance could not be used because of the decrease =n sample size over repeated 
testing Therefore, the groups were compared using repeated student's t tests The 
results are summanzed m Fog 1, wh=ch shows that there were no differences between 
the two groups dunng the first four months of the study In both groups, body weight 
decreased as the populatmons aged Fig 1 also ~llustrates that there was a d~vergence 
=n body wetghts at about four months, and on five subsequent tests (representing a 
40 day penod), rats in the deprenyl group were significantly heavier than the controls 

TABLE III 

Effect of I-deprenyl on Measures of Serum Chemistry 

Measure  

BASELINE 3 MONTHS 
Control  Deprenyl Corre- Control Deprenyl Corre- 

latton lat~on 
N=24 N=29 with N=22 N=23 with 

survwal survwal 

NG Ratio 97 + 02 97 + 03 10 75 + 02 81 + 04 14 
Albummg/L 29 92_+ 71 29 76+ 89 13 240 + 73 25 62+ 74 51"* 
B0hrubm umol/L 3 05 + 25 293 + 24 - 26 4 19 + 41 443 + 98 -35 
BUN mrnol/L 8 4 5 +  29 8 1 8 +  22 -12 14 02+ 161 9 9 5 +  451 -51"* 
Creatmme umol/L 73 1 3 + 1 9 7  70 93+161  -01 85 28+ 582 75 52+ 268 -13 
Glucose mmol/L 7 73 + 1 03 7 19 + 73 11 7 87 + 76 8 50 + 62 38* 
Total Protein g/L 60 5 8 + 4 9 3  60 31+ 95 17 56 73+ 147 57 69 + 93 57** 
SGOTU/L 10896+843 12141+110 07 13532+1710 13579+3200 47* 
SGPT U/L 63 96_+472 64 5 2 + 4 5 6  05 60 04+ 603 67 04 + 1468 45* 

Scores represent means + SEM Correlattons are with 
I significantly different from controls using a two-taded 
* s=gnlf, cant at 01 level 
** s=gn=ficant at the 001 level 

days surv,val from the start 
test (P= 017) 

of the expenment 

Dlscusston 

These results demonstrate that the hfespan of aged rats can be extended by 
regular admmtstration of I-deprenyl starting late m hfe Measurements of body weight 
provided no evidence that I-deprenyl suppressed food intake Thus, the effect of I- 
deprenyl on survaval ~s not a secondary consequence of d~etary restnct~on Indeed, 
we found a d0vergence m body weights after about four months, w~th the deprenyl 
group being heawer than the controls Thts divergence in body weights is consistent 
w~th the results of the survival data 

As prewously d~scussed, it was ongmally predicted that I-deprenyl would delay 
brain agmg The analysis of the serum chemistries suggests that I-deprenyl also 
affects the aging of other organs At three months, the controls had a s~gnff~cantly 
higher level of BUN Smce h0gh levels of BUN are indicative of renal tmpairment, I- 
deprenyl appears to provide protection of renal function It ~s not clear whether th~s 
ts a direct or mdtrect effect, but the result does provtde one possible explanatton for 
the increase m hfespan m rats treated with I-deprenyl In the present experiments the 
analys~s of the necropsy material neither confirmed nor refuted th~s suggestion, since 
multiple factors contnbuted to the death of the majority of antmals and since k~dney 
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pathology was ewdent =n the vast majonty of both control and deprenyl-treated rats 
m th=s category 

Although our results are consistent w=th prev=ous work by Knoll et al ,  (9), we 
observed a much smaller effect The d~fferences m magn=tude probably reflect strata 
differences Knoll used a hybnd cross between Logan females and W=star males, 
which had a mean hfespan of 35 months In contrast, the mean hfespan of our 
controls was 28 months, and we had no rats survwmg to 35 months Our expenment 
started w=th rats at 23 to 25 months of age Prewous stud=es starting at an earher 
age have reported a mean hfespan of 22 to 24 months for the Fischer 344 rat (12,13) 
On the other hand, d=etary restnct=on starting at 6-7 months can extend the mean 
I=fespan of th~s strata to 35 months (12) 
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Changes ~n body weight Jn deprenyl-treated animals and controls Values 
show means and S E M Levels of sagmficance are ** = p < 05, + = 
p < 10 (two tailed tests) 

The strata differences could be ~mportant for two reasons One poss~bihty ~s 
that many of our ammals were already too old or sick for deprenyl to have had an 
effect It seems unhkely, for example, that much could have been done to prolong 
the hfe of most of the animals which d~ed within the first two months At the start 
of the experiment the body weights of some of the animals were very low, which ~s 
generally indicative of poor health and impending death In other cases, tumongen- 
es~s had already begun The second reason revolves the duration of deprenyl 
treatment It Js conceivable that the effect of deprenyl ~s cumulative, requinng several 
months of treatment before sagmficant effects on mortahty are estabhshed Th~s 
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suggesbon is conssstent with evidence by Knoll et al (9) that deprenyl increased sexual 
behawor max=mally between the 28th and 36th week of treatment 

There are interesting parallels between our results and the results of chn~cal 
tnals on patients w=th Parkmson's d=sease Deprenyl =s less effect=ve when treatment 
Js started at an advanced stage of the disease (14) In a report by B=rkmayer and 
B~rkmayer (3), patients g~ven both I-deprenyl and I-dopa survwed 12% longer than 
patients given only I-dopa Simdarly, our old rats on I-deprenyl survwed 
approximately 16% longer than our controls In contrast, Tetrud and Langston (2) 
studied Parkinsonman pat=ents who had had the d=sease for less than 5 years, and 
found that I-deprenyl delayed the development of the disease by almost 76% Also 
the rats treated w~th I-deprenyl in Knoll's experiment began treatment at a relatavely 
earlier point in their hfespans than d~d rats m our study, and his rats survived 210% 
longer than the controls It seems very hkely, therefore, that age and phys=cal status 
at the start of treatment are cntical covanates m predicting the response to long-term 
admm=strabon of I-deprenyl Further research on the role of both strata and age 
differences is clearly called for 
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